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Abstract: The ongoing chronic use of hydroxychloroquine or chloroquine (HCQ/CQ) in theumatic
patients might impact their outcomes after a SARS-CoV-2 infection. Therefore, we sought to assess
the mortality in rheumatic patients with chronic HCQ/CQ use who developed a COVID-19 infection
through a comparison between individuals chronically using HCQ/CQ with those not taking these
drugs. We performed a systematic review and meta-analysis of studies on PubMed, Embase, and
Cochrane Central. We included full-length reports, prospective observational cohorts, and clinical
trials of adult patients (aged > 18 years) who were diagnosed with a COVID-19 infection. Case
studies, case series, letters, comments, and editorials were excluded. The main outcome was all-cause
mortality. This study is registered with PROSPERO (CRD42022341678). We identified 541 studies, of
which 20 studies were included, comprising 236,997 patients. All-cause mortality was significantly
lower in patients with prior chronic use of HCQ/CQ compared to those with no previous usage (OR
0.76; 95% CI 0.62-0.94; p = 0.01). There was a considerably lower incidence of hospitalization among
patients with chronic HCQ/CQ use compared to their counterparts without HCQ/CQ usage (OR
0.80; 95% CI 0.65-0.99; p = 0.04). All-cause mortality and hospitalization were significantly lower in
rheumatic patients with chronic HCQ/CQ use who developed a COVID-19 infection.

Keywords: coronavirus disease-19; severe acute respiratory syndrome coronavirus 2; chloroquine;
hydroxychloroquine; rheumatic diseases

1. Introduction

The global pandemic of coronavirus disease 2019 (COVID-19) has affected more than
633 million people and led to more than 6 million deaths across the world [1]. Some comor-
bidities, such as diabetes, hypertension, and advanced age, were associated with negative
outcomes [2]. Patients with autoimmune rheumatic disease have underlying immune
dysfunction, in addition to frequent use of diverse immunosuppressant medications. In
this regard, data from the COVID-19 Global Rheumatology Alliance suggest that rheumatic
patients have poorer outcomes [3].

After the outbreak of COVID-19, many medications were considered potential candidates
for the treatment of a Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2)
infection, including antimalarial drugs. Early in the pandemic, considerable attention was
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drawn to hydroxychloroquine (HCQ) and chloroquine (CQ), as in vitro studies found that
these medications demonstrated antiviral activity against SARS-CoV-2 [4-7].

At the beginning of 2020, HCQ was acclaimed as a preventive and therapeutic treat-
ment for SARS-CoV-2 infection without any scientific evidence. Correspondingly, subse-
quent clinical trials have not found any benefit and have shown even possible harm from
HCQ use for COVID-19 infection [8,9]. In the majority of those studies, patients on the
experimental arm received antimalarial medications acutely instead of chronically, which
is an important element considering the pharmacokinetic (PK) and pharmacodynamic (PD)
properties of these antimalarial drugs [8,9].

HCQ and CQ have very large volumes of distribution due to their extensive seques-
tration by tissues [10-12]. Consequently, a very prolonged time is needed to reach stable
plasmatic concentrations, an outcome which could take as long as two months [13]. HCQ
is used as an immunomodulatory drug in the treatment of systemic lupus erythemato-
sus (SLE) and rheumatoid arthritis (RA), whereby clinical improvement is obtained only
after some weeks of treatment [14]. Elevated daily doses lead to higher steady-state con-
centrations and a shorter time to achieve stable plasmatic concentration [13]. However,
significantly high dosage is also associated with increased toxicity [14].

Therefore, we sought to perform a systematic review and meta-analysis to analyze the
outcome of all-cause mortality, hospitalization, COVID-19 infection, ICU admission, need
for mechanical ventilation, and requirement for oxygen therapy, drawing a comparison
between rheumatic patients with chronic use of HCQ or CQ (HCQ/CQ) and those not
taking these drugs.

2. Materials and Methods
2.1. Search Strategy and Selection Criteria

We performed a systematic review and meta-analysis of prospective observational
studies following the recommendations of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement [15]. The protocol was registered in
the Prospective Register of Systematic Reviews database (PROSPERO) under the number
CRD42022341678. In order to be considered for inclusion, studies were required to meet
the following criteria:

e  Full-length reports published in peer-reviewed journals (preprint papers were excluded);
e  Prospective observational cohorts or clinical trials of adult patients (aged > 18 years);
e Patients were diagnosed with a COVID-19 infection through a validated test.

There were no language or time restrictions. Articles found to be case studies, case
series, letters, comments, or editorials were excluded.

PubMed, Embase, and the Cochrane Library were searched. The search was conducted
on 7 July 2022. We checked reference lists of retrieved articles, pertinent review articles,
and personal files in order to identify relevant studies for this meta-analysis. Search terms
included “hydroxychloroquine”, “chloroquine”, and “antimalarial”, which were cross-
referenced with the terms “COVID-19”, “SARS-CoV-2”, and “rheumatic diseases” (see
Appendix A for details of search strategy).

ILSA and VCSD screened citations identified by the initial search and selected poten-
tially relevant titles for the review of abstracts. Among these studies, ILSA, VCSD, and RBS
selected articles for the review of full-length reports. Conflicts regarding study inclusion
were resolved through discussion with a third author (RBS).

Two authors (ILSA and VCSD) independently extracted data from the selected articles.
When available, they recorded the following information: study characteristics (type
of study, study location, type of rheumatic disease, use of glucocorticoid, number of
patients enrolled, method used to diagnose COVID-19); characteristics of patients (age, sex,
premorbid status); and outcomes (COVID-19 infection, all-cause mortality, hospitalization,
intensive care unit (ICU) admission, need for mechanical ventilation, and requirement for

oxygen therapy).
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Accuracy and reliability were verified by a third author (RBS) through the extraction
of data by sampling 10% of the references selected at each stage of the systematic search
and, subsequently, evaluating extracted data against the original reference. Discrepancies
were resolved by discussion among the authors (RBS, ILSA, VCSD, JAP, and PP). If data
had not been reported, we would have contacted first or senior authors by email, although
it was unnecessary as data points were readily available.

The Newcastle-Ottawa Scale was used to assess the methodological quality of included
studies. This scale has been validated for the assessment of observational studies in
systematic reviews and meta-analyses [16]. The scale, in which a total score ranges from 0
to 9, evaluates three aspects of study methods: study group selection (range 0—4), group
comparability (range 0-2), and the quality of outcome ascertainment (range 0-3). An
acceptable methodological design is reflected by a score of >5 [16].

2.2. Data Analysis

Characteristics of patients and outcomes (COVID-19 infection, all-cause mortality,
hospitalization, ICU admission, need for mechanical ventilation, and requirement for
oxygen therapy) were compared between those with and without chronic use of HCQ/CQ.
Even though some studies did not report the exact time frame of treatment, in all included
studies, patients on HCQ/CQ were taking these drugs to treat rheumatic diseases. In this
regard, we could assume that these patients were already on HCQ/CQ and did not initiate
these drugs acutely in the event of a COVID-19 diagnosis. That is why we used the word
“chronic” in the paper instead of the exact period of treatment. The duration of HCQ/CQ
use was reported in a few studies (Appendix B). The primary outcome of interest was
all-cause mortality. The strength of the relationship between chronic HCQ/CQ use and
all-cause mortality was expressed through an odds ratio (OR) with a confidence interval
(CI) of 95%. Studies with zero events were entered into the analysis to include all data and
reduce bias [17]. To handle studies that reported zero outcomes for mortality, we performed
a series of sensitivity analyses comparing Peto, Mantel-Haenszel, and inverse variance
statistical methods with fixed and random effects with 0.5 continuity correction [18]. Inverse
variance and Mantel-Haenszel methods yielded identical results. We assessed publication
bias by inspecting funnel plots and using the modified Egger test for binary data [19].

Heterogeneity was assessed through the I? statistic, which reflects the amount of
heterogeneity between studies and is robust in terms of the number of studies and the
choice of effect measure [20]. To explore heterogeneity between studies, the effect of study-
specific characteristics on outcome variables was estimated using meta-regression with the
following predictors: age and proportion of men. The values of predictors were averaged
across the groups with and without chronic HCQ/CQ use. Initially, the random-effects
model was selected, on account of the potentially high heterogeneity of the included
studies. If the I2 was <50%, a fixed-effects model was also performed. The outcome variable
was the OR of all-cause mortality, with age and sex as predictors. A sensitivity analysis
was executed in order to investigate the contribution of each study and to evaluate the
robustness of the findings [21]. Analyses were performed utilizing RevMan version 5.4.1.

3. Results
3.1. Search Results

Figure 1 illustrates that 541 studies were identified, of which 427 did not meet the
inclusion criteria and were excluded based on title or abstract review. A total of 63 studies
were fully screened for inclusion. After the evaluation of exclusion criteria, 20 manuscripts
remained and were included in the meta-analysis [22—41].
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previous HCQ/ICQuse no HCQ/CQuse

541 studies identified and screened after
search of PubMed, Embase, and Cochrane
databases

478 excluded:
- Duplicated reports: 51
- Excluded by title/abstract: 427

63 full-text studies assessed
for eligibility

43 studies excluded:
- No outcome stratification by use of
antimalarial drugs: 22
= - Control group is focused on the
general population: 10
- Duplicated data: 7
- No endpoints of interest reported: 4

| 20 studies included in meta-analysis |

Figure 1. PRISMA flow diagram of study screening and selection.

3.2. Characteristics of Included Studies

The mean age of the patients from the included studies ranged from 44 to 67 years;
34.7% were male; 82% had a diagnosis of rheumatoid arthritis; and 16% had systemic
lupus erythematosus. Individual study characteristics are reported in Table 1. A total of
236,997 patients were included, of which 45,111 (19%) engaged in chronic HCQ/CQ use.

3.3. Risk of Bias

Based on the Newcastle-Ottawa Scale (NOS), the quality assessment of each research
study included can be seen in Appendix C; studies showed an acceptable methodological
design, with no study showing a high risk of bias. A sensitivity analysis was performed
for all the studies included and is presented in Appendix D. The funnel plots and Egger
tests are presented in Appendix E, showing a low publication bias. The meta-regression
performed shows a non-significant source of heterogeneity (Appendix F).

3.4. Outcomes
3.4.1. All-Cause Mortality

The primary endpoint of all-cause mortality after a COVID-19 infection was sig-
nificantly lower in patients with previous chronic use of HCQ/CQ (105/31,289; 0.34%)
compared to those with no prior use (586/165,582; 0.35%); (9 studies; OR 0.76; 95% CI
0.62-0.94; p = 0.01; I? = 0%; Figure 2).

Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
ALZAHRANI, 2021 0 14 1 33 04% 0.75[0.03, 19.46)

ANNAMALAI, 2021 1 28 1 57  0.6% 2.07[0.12,34.44]

GENTRY, 2020 i} kKl 7 78 05% 0.15[0.01,2.73]

JUNG, 2021 0 15 1 )| 0.4% 0.66[0.03, 17.06)

PHAM, 2021 2 14 5 28 1.4% 0.77 [0.13, 4.56] =
RENTSCH, 2021 70 30,569 477 164,068 70.5% 0.79[0.61,1.01] |
TREFOND, 2021 4 68 12 183 3.3% 0.89(0.28, 2.86] —
UGARTE-GIL, 2021 28 532 77 1,074 22.4% 0.72[0.46,1.12] &

YE, 2021 0 18 5 30 0.5% 0.13[0.01,2.41]

Total (95% CI) 31,289 165,582 100.0% 0.76 [0.62, 0.94] L 2

Total events 105 586

Heterogeneity: Tau®= 0.00; Chi*= 3.34, df=8 (P = 0.91); F=0% n’m 0:1 1= 160

Testfor overall eflect Z=2.50 (P =0.01)

1]
Favors HCQICQ Favors no HCQ/CQ

Figure 2. All-cause mortality [22,23,28,30,34,36-38,40].
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Table 1. Individual Study Characteristics.
HCQ/CQ Lung Renal
Study Users/HCQ/CQ HCQ/OC Q/Total Male, n (%) Mean Age, RA, n (%) SLE, n (%) Others, n (%) DM, n (%) HTN, n (%) Disease, n CVD, n (%) Disease, n cp Pse, n
(%) (years) o o (%)
Nonusers (%) (%)
Alzahrani, 2021 6 25 10 12 7 21
[22] 14/33 28 12.7) 508 (53.0) ©13) (25.5) (14.8) NA NA NA NA (44.7)
Annamalai, 23 44 13 28 21 22 3 37
2021 [23] 28/57 329 27.0) 477" 617) (153) (32.9) (247) (25.9) NA NA (3.5) (435)
Batibay, 2021 91 17 35 70 36 28 13
o 103/217 22 (o5 479 109 (34.0) ) 194 (60.0) 109) 21.9) (112) 8.7 40) 113 (35.3)
Espinosa, 2021 28 0 0
o 296/104 740 7.0 50.7 00) 400 (100.0) 00) NA NA NA NA NA NA
Emgz]zm 225/976 187 308 (25.6) 56.0 183(152) 140 (11.6) 878 (73.1) 147 (12.2) 296 (24.6) 137 (11.4) (}3063) o ZB) 157 (13.1)
Fernandez- 3 0 0 18
Ruiz, 32/9 78.0 3 470 00) 41 (100.0) 00) NA NA NA NA NA w39)
2020 [27]
Gent[rz)g]ZOZO 12(’1'1%5‘6/ 33 24,531 (76.4) 652* 2(2'92‘31)2 7117 (22.2) 2750 (8.6) NA NA 6771 (211) 13297 (414) 7632 (23.8) 2708 (8.4)
Guillaume, 2021 43 33 33
oo 181/278 39.4 0% 59.4* 149 (324) 193 (42.0) 117 (25.4) o NA o) 167 (36.4) NA 268 (58.4)
Jun[gé(f]w 649/1417 314 574 (27.7) 62.0 1877 (90.8) 299 (14.5) (000> 634 (30.7) 1089 (52.7) 1051 (50.9) NA 233 (11.3) 1891 (91.5)
Kim, 2022 48 0 28 23 11 27 5
i 318/476 40.0 0 NA 511(643) 283 (35.6) 00) o (9 (1) o1 06) 528 (66.5)
Mm[isz’]zm 290/432 402 124 (17.2) 56.5 467 (64.7) (19340) 158 (21.9) NA NA NA NA NA 261 (36.1)
Montero, 2020 2 20 9 13 12 27 14 31 30
133] 9/53 145 (41.9) 609 (322) (14.5) 1) (19.3) (43.5) (22.6) (50.0) NA (48.4)
Pham, 2021 1 18 7 19 12 29 16 5 14
[34] 14/28 333 262) 61.0% 42.8) (16.7) (45.2) (28.5) (67.4) (38.1) NA (119 (333)
Ramirez, 2020 33 0 0 12 40
e 289/128 693 on NA 00) 417 (100.0) 00) 29 123 (29.5) 00 NA NA NA
Rentsch, 2021 167,874 26,763 0
o 30,569,/164,068 15.7 56,197 (28.9) 67.0% P o 00) 34807 (17.9) 83404 (428) 26,680 (13.7) NA 26472 (136) 33,677 (17.3)
Trefond, 2021 16 0 89 % 75 0 19 92
137] 71/191 271 ®.1) 5447 131 (50.0) (16.0) (34.0) ©9.2) (28.6) (163) NA (7.2) 35.1)
Ugarte-Gil, 2021 665/ 188 0 1922 0
el oo 346 08 444 00) 1000) 00) NA NA NA NA 223 (11.6) 825 (43.0)
Walbi, 2022 92 35 78 44 %
Do 207/304 405 180) 45 325(63.6) 151 (29.5) €8 159 105 (20.5) 6o . NA 138 (27.0)
Ye, 2021 60 0 0 6 23 15 2
[40] 18/82 18.0 (60.0) 59.2 (0.0) (0.0) 100 (100.0) (6.0) (23.0) (15.0) NA NA 22.0)
Yousefghahari, 94 56 58 30
i 430/370 53.7 NA NA 473(591) 110 (138) 217 27.1) (118 o0 o iy NA 716 (89.4)

* Values calculated by this meta-analysis’s authors. HCQ/CQ: chronic hydroxychloroquine/chloroquine; RA: rheumatoid arthritis; SLE: systemic
lupus erythematosus; DM: diabetes mellitus; HTN: hypertension: RPD: respiratory disease; CVD: cardiovascular disease; RND: renal disease;
CD: corticosteroid.
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3.4.2. Hospitalization

There was a considerably lower incidence of hospitalization due to COVID-19 infection
in patients with chronic HCQ/CQ use (186/767; 24.3%) compared to the other group
without chronic use of HCQ/CQ (447 /1581; 28.3%); (12 studies; OR 0.80; 95% CI 0.65-0.99;

p =0.04; 2 = 0%; Figure 3).

previous HCQ/CQuse  no HCQ/CQ use Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
ANMNAMALAIL 2021 20 28 38 57 4.6% 1.25[0.47, 3.36) ]
BATIBAY, 2021 1 T 2 23 0.7% 1.75[0.13,22.78)
EVIATAR, 2021 0 3 1 7 0.4% 0.62[0.02,19.58]
FERNANDEZ-RUIZ, 2020 18 32 [ 9  1.9% 0.64 [0.14,3.03] e
GENTRY, 2020 2] 31 19 78 51% 1.27 [0.50, 3.23] —
GUILLAUME, 2021 2 ] 3 12 1.0% 1.50[0.18,12.78) I
JUNG, 2021 0 15 1 31 0.4% 0.66 [0.03, 17.08]
MACIAS, 2021 3 10 4 13 1.4% 0.96 [0.16, 5.80] —
MONTERO, 2020 B 9 36 53 2.0% 0.94 [0.21, 4.24] —lT
TREFOND, 2021 24 " 53 191 13.1% 1.33[0.74, 2.39) o
UGARTE-GIL, 2021 103 532 280 1,074 69.0% 0.68 [0.53, 0.88] L |
WALBI, 2022 1} 23 4 33 05% 014 [0.01,2.72)
Total (95% CI) 767 1,581 100.0% 0.80 [0.65, 0.99] L
Total events 186 447

Heterogeneity: Tau®= 0.00; Chi*=8.40, df=11 (P = 0.68); F=0%
Test for overall effect: Z=2.05 (P = 0.04)

0.005

Figure 3. Hospitalization [23,24,26-30,32,33,37-39].

3.4.3. COVID-19 Infection

0.1
Favors HCQ/CQ Favors no HCQ/CQ

200

Among studies that reported the rates of COVID-19 infection, no significant difference

was found in the rates of infection between chronic HCQ/CQ (192/13,691; 1.4%) versus
non-chronic HCQ/CQ usage (297/26,108; 1.14%); (11 studies; OR 0.92; 95% CI 0.76-1.11;
p = 0.38; 12 = 0%; Figure 4).

HCQ/ICQuse noHCQ/CQuse Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
BATIBAY, 2021 7 103 23 217 48% 0.62(0.25,1.48) —
ESPINOSA, 2021 3 296 1 104 07% 1.05([0.11,10.25)
EVIATAR, 2021 3 225 7 976  2.0% 1.87[0.48,7.29]
GENTRY, 2020 31 10,703 78 21,406 21.6% 0.79(0.52,1.20) i
GUILLAUME, 2021 6 181 12 278 38% 0.76[0.28, 2.08] —
JUNG, 2021 15 649 kil 1,417 9.6% 1.06[0.57,1.97] —
Kind, 2022 23 318 30 476 11.8% 1.16 [0.66, 2.03] —
MACIAS, 2021 10 290 13 432 53% 1.15[0.50, 2.66) —
RAMIREZ, 2020 3 289 2 128 1.2% 0.66(0.11, 4.00]
WALBI, 2022 23 207 33 304 118% 1.03([0.58, 1.80) —
YOUSEFGHAHARI, 2021 68 430 67 370 27.3% 0.85(0.59,1.23] —-
Total (95% CI) 13,691 26,108 100.0% 0.92 [0.76, 1.11] <&
Total events 192 297
Heterogeneity: Tau*= 0.00; Chi*= 4.05, df=10 (P = 0.95), F= 0% oh 02 05 ! : 10

Testfor overall effect Z=

0.87 (P=0.38)

Favors use HCQ/CQ Favors no HCQ/CQ

Figure 4. COVID-19 infection [24-26,28-32,35,39 41].

3.4.4. ICU Admission

The rate of ICU admission due to a COVID-19 infection was not statistically different
between the chronic HCQ/CQ group (8/83; 9.64%) and the non-chronic HCQ/CQ group
(11/170; 6.47%); (4 studies; OR 1.55; 95% CI 0.57—4.24; p = 0.39; I? = 0%; Figure 5).

previous HCQUCQ use  no HCQICQ use Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl
GENTRY, 2020 2 | 4 78 O33.0% 1.281[0.22,7.35] ——
JUMG, 2021 0 15 1 3 9.5% 0.66 [0.03, 17.06]
PHAM, 2021 4 14 G 28 46.8% 1.47 [0.34, 6.38] — T
WALBI, 2022 2 23 a 33 106% 7.79[0.36,170.24]
Total (95% CI) a3 170 100.0% 1.55[0.57, 4.24] i
Total events g 11

ity: Tau?= CChir= = = = 1 t } }
Heterogeneity: Tau = 0.00; Ch*F=1.39,df=3{P=071), F=0% on 01 10 100
Test for overall effect Z=0.85 (F = 0.39) Favors HCQICO Favors no HCQUCQ

Figure 5. ICU admission [28,30,34,39].
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3.4.5. Mechanical Ventilation

Similarly, the need for mechanical ventilation showed no statistical difference among
patients with chronic HCQ/CQ use (4/43; 9.3%) compared to individuals with non-chronic
HCQ/CQ usage (10/92; 10.9%); (3 studies; OR 1.01; 95% CI 0.30-3.44; p = 0.99; I? = 0%;
Figure 6).

previous HCQ/ICQuse no HCQICQ use Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
ALZAHRAMI, 2021 1] 14 3 33 16.4% 0.30[0.01,6.21]
JUNG, 2021 1] 15 1 31 141% 0.66 [0.03, 17.06]
PHAM, 2021 4 14 B 28 B9.5% 1.47[0.34, 6.38] —i—
Total (95% CI} 43 92 100.0% 1.01 [0.30, 3.44] —atli——
Total events 4 10
Heterogeneity: Tau®=0.00; Chi*=0.85, df= 2 (P =062), F=0% u.hz D'1 1'D 5'0

Testfor overall effect Z=0.02 (P = 0.99)

Favors HCQICQ Favors no HCQUICQ

Figure 6. Mechanical ventilation [22,30,34].

3.4.6. Oxygen Therapy

Likewise, there was no statistical difference in the requirement for oxygen therapy
between the groups, where 7 out of 44 patients (15.9%) with chronic HCQ/CQ use required
oxygen therapy versus 22 out of 84 patients (26.2%) in the non-chronic HCQ/CQ group
(3 studies; OR 0.54; 95% CI 0.18-1.59; p = 0.26; 1> = 0%; Figure 7).

previous HCQICQ use  no HCQICQ use Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
BATIBAY, 2021 1 7 2 23 178% 1.7510013, 2278
PHAM, 2021 fi 14 17 28 B9.2% 0.48[0.13,1.78] ——
WALEI, 2022 0 23 3 33 129% 0190001, 3.77]
Total (95% CI) 44 84 100.0% 0.54 [0.18, 1.59] -
Total events 7 22
Heterogeneity: Tau®= 0.00; Chi*=1.33, df= 2 (P = 0.51%; F= 0% D=D1 051 150 1D=D

Test for overall effect £=1.12 (F = 0.26)

Fa\.'o-rs HCQICQ  Favors no HCQICQ

Figure 7. Oxygen therapy [24,34,39].

The summary measures across the studies using fixed-effects models are provided in
Appendix G.

4. Discussion

In this systematic review and meta-analysis, outcomes were compared between the
group with prior chronic HCQ/CQ use and the group which had no previous chronic
use of the aforementioned drugs, in the context of COVID-19. The main findings from
the pooled population analysis were as follows: (1) the primary end-point of all-cause
mortality was considerably lower in patients with prior chronic HCQ/CQ use; (2) the
incidence of hospitalization due to COVID-19 infection was also notably lower in the
HCQ/CQ group; (3) there was no significant difference between groups regarding rates of
COVID-19 infection, ICU admission, need for mechanical ventilation, or the necessity of
oxygen therapy.

HCQ/CQ have demonstrated in vitro antiviral activity against SARS-CoV-2 [4-7]. It
is suggested that the antiviral effect is caused by a series of steps, which includes inhibition
of the entry phase by SARS-CoV-2, as well as post-entry phases of the virus [4-7]. The drug
prevents endosomal maturation and the fusion of viral and endo-lysosomal membranes
by increasing endosomal pH [42]. In addition, it is believed that the immunomodulatory
effect of HCQ and CQ could control the cytokine storm caused by SARS-CoV-2 through a
reduction in CD154 expression by T cells [6,7]. Because of this in vitro antiviral effect of
HCQ/CQ, studies were conducted to evaluate if it was possible to translate this in vitro
finding to an in vivo setting.
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Initially, preliminary studies on HCQ and CQ indicated a beneficial effect in treating
SARS-CoV-2, as it was associated with a reduction in the time to clinical recovery, along
with an improvement in COVID-19 pneumonia as shown through amelioration in chest
imaging findings [43,44].

Subsequently, two extensive cohort studies, including hospitalized patients with
moderate to severe COVID-19, demonstrated that HCQ—alone or in association with
azithromycin—was neither associated with significant differences in the need for intubation
nor in-hospital mortality [45,46].

The RECOVERY trial was a large open-label randomized trial that involved 12,000 hos-
pitalized patients with COVID-19 in order to evaluate the efficacy of a wide variety of
drugs, including HCQ, in reducing all-cause mortality within 28 days. On 5 June 2020, the
RECOVERY trial reported the closure of the HCQ arm due to the absence of benefits [47].

Therefore, on 15 June 2020, the FDA revoked the authorization for the emergency
use of HCQ and CQ to treat COVID-19 [48]. Subsequently, on 4 July 2020, the World
Health Organization accepted the recommendation from the Solidarity Trial’s International
Steering Committee to discontinue the HCQ treatment arm for hospitalized patients with
COVID-19 [49].

Given those studies, there was no effect of the acute use of HCQ/CQ on COVID-19 in
several outcomes, namely mortality.

It is important to reflect on the disparity between the strong in vitro antiviral effect
of HCQ/CQ and the absolute lack of effect of this therapy in vivo, especially given these
drugs’ PK and PD properties. The absorption of HCQ is extremely variable, ranging from
25 to 100% [50]. From a PK perspective, CQ and HCQ display a large volume of distribution
(Vd) that can exceed 44,000 L in a patient with an average weight of 63.5 kg [42].

This high Vd is explained by the significant sequestration of HCQ/CQ by tissues
which is specially related to the lysosomotropic characteristic of these drugs [10-12,42].
A considerably elevated amount of HCQ/CQ is taken into lysosomes, with an expected
lysosomal accumulation ratio compared with cytosol as high as 56,000-fold [42]. The
aforementioned high Vd with trapping inside endosomes explains the potential efficacy
of HCQ in the case of viral pneumonia [50]. As a result of this significant Vd, these drugs
present a prolonged period to achieve a steady state [13]. With a daily dosage of 0.6 mg/kg,
CQ requires at least two months to achieve a steady state [13]. Accordingly, this slow
accumulation of HCQ suggests that the administration of this drug as early as possible
could increase the efficacy of the treatment of viral pneumonia [50].

Therefore, the prolonged period required for HCQ/CQ to achieve stable plasmatic
concentration might serve to explain why chronic use of HCQ/CQ by rheumatic patients
was associated with positive outcomes, whereas previous studies analyzing acute use of
HCQ/CQ showed no efficacy as a treatment for COVID-19.

HCQ/CQ are diprotic weak bases dependent on the pH for lysosomal uptake and
lung accumulation [51]. In viral infections, the recruitment of neutrophils associated with
leaky endothelial cells results in low interstitial pH [51,52]. Accordingly, the acidic pH
encountered reduces the lipid-soluble form of HCQ/CQ, which thereby decreases the
uptake of these drugs by lung tissue [50]. For every pH unit of external acidification, there
is a 100-fold decrease in the cellular uptake of CQ [51]. This situation worsens further in
the case of a severe SARS-CoV-2 infection, where mechanical ventilation also contributes
to the acidification of lung tissue [51]. Consequently, the benefits of lung sequestration of
HCQ/CQ can be lost in the case of a severe COVID-19 infection [51].

Regarding PD, the full effects of HCQ or CQ therapy can take from three to six months
to develop [53]. Scherbel’s group reported that, in a large open study of 805 rheumatic
patients, the onset of the HCQ'’s clinical effect was delayed for at least six weeks [54].
Concerning CQ), an early clinical response was also not evident in patients with rheumatic
diseases since it is rare to encounter a favorable effect in less than two weeks of medication
usage [55].
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Our study suggests that prior chronic use of HCQ/CQ is associated with significantly
lower all-cause mortality and hospitalization in rheumatologic patients who developed
a COVID-19 infection compared to their counterparts with non-chronic HCQ/CQ usage.
These findings could be related to the PK and PD properties of HCQ/CQ, given that
plasmatic and tissue concentrations are markedly dependent on the length of time the drug
was taken (acute versus chronic use).

It is also relevant to point out that malaria-endemic countries showed a low preva-
lence of COVID-19 coupled with a low fatality rate [56]. Although it is not possible to
exclude the underestimation of COVID-19 cases, the data show a disproportionately low
spread of COVID-19 in malaria-endemic regions [57]. Moreover, in African countries, no
official report has documented an increase in the death rate from pneumonia of unknown
causes [56]. In malaria-endemic regions, antimalarial drugs are widely used as a treatment
and prevention [58]. Therefore, a strong hypothesis has already been postulated as to
whether the widespread use of antimalarial drugs might have contributed to the lower
mortality rate in these countries [56].

This meta-analysis has some limitations. Firstly, most studies described the use of
HCQ/CQ in association with other immunosuppressors in the treatment of different
rheumatic diseases. This factor contributes to the heterogeneity of the studies, limiting
our ability to analyze the isolated effect of HCQ/CQ and meta-analyze data on specific
subgroups. Accordingly, as it was not possible to separate patients taking other immunosup-
pressive drugs from those not on these medications, the use of immunosuppressants could
represent a potential confounding bias in this study. Secondly, the HCQ/CQ sample sizes
varied significantly, ranging from 9 patients in the smallest cohort study to 30,569 patients
using HCQ/CQ in the largest sample. However, the quality of each study included was
assessed in addition to a sensitivity analysis being performed to explore the effect of each
study in this meta-analysis. Thirdly, some overlap of reported cases from the same database
may generate some bias, although we believe that the large sample size and similarity
of patients can minimize this effect. Furthermore, studies did not evaluate the degree of
progression of pulmonary comorbidities, such as collagen-related lung diseases, which
could affect the severity and prognosis of a COVID-19 infection. Additionally, vaccination
status was not reported or evaluated in any of the included studies, which could affect
COVID-19 outcomes and lead to bias. Moreover, the rheumatic diseases’ state of control
was only mentioned in a few studies; therefore, a subanalysis regarding the outcomes of
COVID-19 was not feasible for those groups of patients. Lastly, no study assessed long-term
outcomes, which could be considered in future studies.

Regarding the strengths, this meta-analysis has resulted in an I2 statistical value of
zero in all outcome analyses, showing a markedly low heterogeneity. In addition, the
sensitivity analysis performed on our primary outcome (all-cause mortality) did not show
any noteworthy difference when deleting any study. Furthermore, a considerable sample
size of more than 236,000 patients was included in this study. Ultimately, to our best
knowledge, this is the first meta-analysis evaluating the effects of chronic HCQ/CQ use by
rheumatic patients on the clinical outcomes of a COVID-19 infection.

5. Conclusions

This meta-analysis, involving more than 236,000 patients, suggests that prior chronic
use of HCQ/CQ is associated with significantly lower all-cause mortality and hospital-
ization in rheumatic patients who developed a COVID-19 infection compared to their
counterparts with non-chronic HCQ/CQ usage.

These findings could be related to the pharmacokinetic and pharmacodynamic prop-
erties of HCQ/CQ, given that plasmatic and tissue concentrations are influenced according
to the length of time the drug was taken (acute versus chronic use).
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Appendix A

Search Strategy

1-PubMed

(((((chloroquine[MeSH Terms]) OR (chloroquine OR (CQ))) OR ((hydroxychloroquine[MeSH
Terms]) OR (Hydroxychloroquine OR (HCQ)))) OR ((antimalarialsiMeSH Terms]) OR (An-
timalarial*))) AND ((((((COVID-19[MeSH Terms]) OR ((COVID-19) OR “2019 nCoV” OR
2019 Novel Coronavirus” OR “2019-nCoV” OR “2019-New Coronavirus” OR “Coro-
navirus Disease 19”7 OR “Coronavirus Disease 2019” OR “Coronavirus Disease-19”OR
“COVID 19” OR “COVID19” OR “Disease 2019, Coronavirus” OR “SARS Coronavirus
2” OR “SARS-CoV 2”)) OR ((SARS-CoV-2[MeSH Terms]) OR (“Severe Acute Respiratory
Syndrome coronavirus 2” OR (SARS-CoV-2)))) OR ((Coronavirus Infections[MeSH Terms])
OR (Coronavirus))) OR ((Betacoronavirus[MeSH Terms]) OR (Betacoronavirus))) OR (coron-
avirus[MeSH Terms]))) AND (((((((((((((((((((arthritis]MeSH Terms]) OR (arthritis OR Arthri-
tides)) OR ((arthritis, rheumatoid[MeSH Terms]) OR ((Arthritis, Rheumatoid) OR (RA))))
OR ((((arthritis, juvenile chronic[MeSH Terms]) OR (arthritis, juvenile idiopathic[MeSH
Terms])) OR (arthritis, juvenile rheumatoid[MeSH Terms])) OR (Arthritis, Juvenile))) OR
((Spondylitis, Ankylosing[MeSH Terms]) OR (Spondylitis, Ankylosing))) OR ((theumatoid
vasculitisfMeSH Terms]) OR ((Rheumatoid Vasculitis) OR (Rheumatoid Vasculitides)))) OR
((Lupus Erythematosus, Systemic[MeSH Terms]) OR ((Lupus Erythematosus, Systemic)
OR (SLE)))) OR ((osteoarthritisilMeSH Terms]) OR (osteoarthritis))) OR ((arthritis, pso-
riaticiMeSH Terms]) OR ((arthritis, psoriatic) OR (PsA)))) OR (((spondylarthritisfMeSH
Terms]) OR (spondylarthritis)) OR ((SpA)))) OR ((theumatic diseases|[MeSH Terms]) OR
(rheumatic diseases))) OR ((musculoskeletal diseases|[MeSH Terms]) OR (Musculoskeletal
Diseases))) OR ((Axial SpondyloarthritisfMeSH Terms]) OR (Axial Spondyloarthritis)))
OR ((Connective Tissue Diseases[MeSH Terms]) OR (Connective Tissue Diseases))) OR
((Sjogren’s Syndrome[MeSH Terms]) OR ((Sjogren’s Syndrome) OR (pSS)))) OR ((sclero-
derma, systemic[MeSH Terms]) OR (scleroderma, systemic))) OR ((dermatomyositis|MeSH
Terms]) OR (dermatomyositis))) OR ((sarcoidosis|[MeSH Terms]) OR (sarcoidosis))) OR
((polymyositisfMeSH Terms]) OR (polymyositis)))

2-Cochrane Central

chloroquine OR CQ OR hydroxychloroquine OR HCQ in Title Abstract Keyword

AND

COVID-19 OR “2019 nCoV” OR “2019 Novel Coronavirus” OR “2019-nCoV” OR “2019-
New Coronavirus” OR “Coronavirus Disease 19” OR “Coronavirus Disease 2019” OR
“Coronavirus Disease-19” OR “COVID 19” OR “COVID19” OR “Disease 2019, Coron-
avirus” OR “SARS Coronavirus 2” OR “SARS-CoV 2” OR SARS-CoV-2 OR “Severe Acute
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Respiratory Syndrome coronavirus 2” OR SARS-CoV-2 OR “Coronavirus Infections” OR
Coronavirus OR Betacoronavirus in Title Abstract Keyword AND

(arthritis OR Arthritides) OR “rheumatoid arthritis” (RA) OR “juvenile arthritis” OR
“Ankylosing Spondylitis” OR “rheumatoid vasculitis” OR “Rheumatoid Vasculitides” OR “
Systemic Lupus Erythematosus” OR (SLE) OR osteoarthritis OR “psoriatic arthritis” OR
(PsA) OR spondylarthritis OR (SpA) OR “rheumatic diseases” OR “rheumatic disease” OR
“musculoskeletal diseases” OR “Musculoskeletal Disease” OR “Axial Spondyloarthritis”
OR “Connective Tissue Disease” OR “Connective Tissue Diseases” OR “Sjogren’s Syn-
drome” OR (pSS) OR “systemic scleroderma” OR dermatomyositis OR sarcoidosis OR
polymyositis in Title Abstract Keyword (Word variations have been searched)

3-Embase

(chloroquine:ti,ab,kw OR hydroxychloroquine:ti,ab,kw OR ‘hydroxychloroquine sulfate”:ti,ab,kw
OR “antimalarial agent”:ti,ab,kw) AND (‘coronavirus disease 2019':ti,ab,kw OR ‘severe acute
respiratory syndrome coronavirus 2":ti,ab,kw OR ‘coronavirus infection’:ti,ab,kw OR beta-
coronavirus:ti,ab,kw) AND (arthritis:ti,ab,kw OR ‘rheumatoid arthritis”:ti,ab,kw OR “psori-
atic arthritis”:ti,ab,kw OR osteoarthritis:ti,ab,kw OR spondylarthritis:ti,ab,kw OR ‘juvenile
rheumatoid arthritis”:ti,ab,kw OR spondylitis:ti,ab,kw OR “ankylosing spondylitis”:ti,ab,kw
OR vasculitis:ti,ab,kw OR ‘lupus erythematosus”:ti,ab,kw OR ‘systemic lupus erythemato-
sus’:ti,ab,kw OR ‘rheumatic disease’:ti,ab,kw OR ‘musculoskeletal disease’:ti,ab,kw OR
‘axial spondyloarthritis’:ti,ab,kw OR ‘connective tissue disease’:ti,ab,kw OR ‘sjoegren syn-
drome’:ti,ab,kw OR ‘systemic sclerosis’:ti,ab,kw OR scleroderma:ti,ab,kw OR dermato-
myositis:ti,ab,kw OR sarcoidosis:ti,ab,kw OR polymyositis:ti,ab,kw)

Appendix B

Duration of HCQ/CQ treatment
Duration of HCQ/CQ treatment reported in the studies:

(1) Espinosa, 2021: at least 6 months;

(2) Gentry, 2020: at least 3 months;

(3) Guillaume, 2021: at least 6 months;

(4) Kim 2022: at least 3 months;

(5) Macias, 2021: approximately 4 months;
(6) Pham, 2021: at least 1 month;

(7) Rentsch, 2021: at least 6 months;

(8) Walbi, 2022: at least 6 months;

(9) Yousefghahari, 2021: at least 8 months.
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Appendix C

Table Al. Quality Assessment.

. o1 NOS
Selection Comparability Outcome Considered Score
Demonstration that -
. TV T Was follow-up lon,
NOS Representativeness of  Selection of the non- Ascertainment of outcome of interest M . a8 OOWLp 018
recommendation the exposed cohort  exposed cohort was not present at cohorts on the basis Assessment of outcome  enough for the outcomes Adequacy of follow-up of cohorts

exposure

the start of the study

of the design or analysis

to occur?

(a) representative of

(a) drawn from the
same source and

(a) secure record

(a) yes (all patients

(a) sample
characteristics clearly

(a) complete
follow-up—all
subjects accounted
for ¥

(b) subjects lost to
follow-up unlikely

a general population ~ exposure and ‘o laborat described . sex, ! "
non-exposure (e la (;i ory gg&lﬁgﬁ%d fo; escribe (ag'e se; (a) independent blind (a) yes (follow all to introduce bias
roupSs wer records) an and sample size) * atients at least until (small number
; (b) selected group of ~ 8TOUPS were d p assessment patients at leas o
Considered to . g M (b) structured exposure an (b) study describes at . * hospital discharge or lost, >90%
score users (e.g., age, sex identified interview ¥ non-exposure least one characteristics  (b) record linkage * follow-up, or
not described) (b) drawn from a (0) written groups were of the sample (age, sex, (c) self-report death) description
(c) no description of different source g . (d) no description (b) no ided of th
the derivation of the () no description of self-report 1§ent1f1ed) * or sample size) * prov1*e ot those
cohort the derivation of the (d) no description (b) no (0) stt_ldy does n(_)t lost)
non-exposed cohort describe the period iC)géS/HOWéup rate
o and no
description of
those lost
(d) no statement
Alzahrani, 2021 [21] 3% ¥ * * * * * 7
ér;ilamalal, 2021 * * * * * * * 7
Batibay, 2021 [24] 3 3 3 3k e e e 7
Espinosa, 2021 [25] 3 e 3 e 3 ¢ 6
Eviatar, 2021 [26] * #* * * * * * 7
Fernandez-Ruiz,
2020 [27] * * ¥ ¥ * * 6
Gentry, 2020 [28] L3 * * ¥ 3 * * 7
[Czhgxillaume, 2021 * * * * * * * 7
Jung, 2021 [30] 3 3 ¥ e * * ¥ 7
Kim, 2022 [31] #* * ¥ ¥# * 5
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Table A1. Cont.

Selection Comparability Outcome ngsidered Score
Macias, 2021 [32] L3 * * k3 * * * 7
Montero, 2020 [33] 3 * * * #* * * 7
Pham, 2021 [34] L3 * * k3 * * * 7
Ramirez, 2020 [35] * * k3 3 * * 6
Rentsch, 2021 [36] L3 * * k3 * * * 7
Trefond, 2021 [37] ¥ * * ¥ ¥ ¥ * 7
Egiirte-Gil, 2021 * * * * * * * ;
Walbi, 2022 [39] * ¥#* ¥ * * ¥# ¥ 7
Ye, 2021 [40] 3 3 ¥ 3 3 L3 ¥ 7
Yousefghahari, 2021 * * * * * 5

[41]

%: this symbol represents one point in the NOS.
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Appendix D
Sensitivity Analysis

A sensitivity analysis was executed by sequentially deleting each study and re-
analyzing the pooled estimate for the remaining studies. The sensitivity analysis for
the outcome of all-cause mortality did not show any noteworthy difference when deleting
any of its studies. However, concerning the hospitalization outcome, the Ugarte-Gil study
demonstrated a substantial influence on the pooled OR. Following the exclusion of this
study, the pooled OR became 1.15 (95% CI 0.79-1.69; p = 0.46; I? = 0%). When it came to
excluding any other study related to the hospitalization outcome, there was no significant
impact on the OR result.

previous HCQ/CQuse  no HCQ/CQ use Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
ANNAMALAI, 2021 20 28 38 57 14.8% 1.25(0.47,3.36] S
BATIBAY, 2021 1 7 2 23 22% 1.75(0.13,2278] E—
EVIATAR, 2021 0 3 1 7 1.2% 0.62(0.02,19.58]
FERNANDEZ-RUIZ, 2020 18 32 6 9 6.0% 0.64(0.14,3.03] —_—
GENTRY, 2020 9 3 19 78 16.6% 1.27[0.50,3.23] i
GUILLAUME, 2021 2 6 3 12 31% 1.50(0.18,12.78] S i TE—
JUNG, 2021 0 15 1 il 1.4% 0.66 (0.03,17.06]
MACIAS, 2021 3 10 4 13 45% 0.96 [0.16, 5.80] S E—
MONTERO, 2020 B 9 36 53  6.4% 0.94[0.21,4.24] 1
TREFOND, 2021 24 il 53 191 42.2% 1.33(0.74,2.39] -
UGARTE-GIL, 2021 103 532 280 1,074 0.0% 0.68(0.53,0.88]
WALBI, 2022 0 23 4 33 16% 0.14[0.01,272] -
Total (95% CI) 235 507 100.0% 1.15[0.79, 1.69] >
Total events a3 167
Heterogeneity: Tau*= 0.00; Chi*= 3.32, df= 10 (P = 0.97); F= 0% D005 200‘

Test for overall effect: Z= 0.73 (P = 0.46)

Figure Al. Sensitivity Analysis [22,23,28,30,34,36-38,40].

Appendix E

01 10
Favors HCQ/CQ Favors no HCQ/CQ

Funnel Plots with Fixed-Effect

The graphics below are the funnel plots for each outcome using a fixed-effect. Each dot
indicates a study included. The outer dashed lines represent the triangular region within
95% of studies are expected to locate in the absence of bias and heterogeneity.
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Figure A2. Funnel Plot: All-cause mortality—Fixed-effect.
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Figure A3. Funnel Plot: Hospitalization—Fixed-effect.
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Figure A4. Funnel Plot: COVID-19 infection—Fixed-effect.
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Figure A5. Funnel Plot: ICU admission—Fixed-effect.
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Figure A6. Funnel Plot: Mechanical ventilation—Fixed-effect.
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Figure A7. Funnel Plot: Oxygen therapy—Fixed-effect.
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Appendix F

The meta-regression performed on the outcome of all-cause mortality related to the
mean age of patients and the one related to the proportion of men showed a Chi? = 1.28, df
=7,Sig. = 0.989.

The meta-regression on the outcome of hospitalization related to the mean age showed
a Chi? = 2.65, df = 10, Sig. = 0.989. The one performed for the proportion of men resulted in
a Chi? = 6.22, df = 10, Sig. = 0.797.

Appendix G
Forest Plots with Fixed-Effect

previous HCQ/CQuse no HCQ/CQuse 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
ALZAHRANI, 2021 0 14 1 33 04% 0.75(0.03,19.45)
ANNAMALAL 2021 1 28 1 57  03% 207[012, 34.44]
GENTRY, 2020 0 31 7 78 2.0% 0.15[0.01,2.73)
JUNG, 2021 0 15 1 31 0.4% 0.66[0.03,17.06]
PHAM, 2021 2 14 5 28 1.3% 0.77[0.13, 4.56] .
RENTSCH, 2021 70 30,569 477 164,068 6B8.7% 0.79[0.61,1.01] [
TREFOND, 2021 4 62 12 183 2.8% 0.89[0.28, 2.86) —_—
UGARTE-GIL, 2021 28 532 77 1,074 222% 0.72[0.46,1.12] =T
YE, 2021 0 18 5 30 1.9% 013[0.01,2.41)
Total (95% CI) 31,289 165,582 100.0%  0.75[0.61,0.93] L
Total events 105 586
Heterogeneity: Chi = 334, df=8(P=091);F=0% U.tl1 Elf1 1-[' 1E'IU
Test for overall effect: Z= 2.64 (P = 0.008) Favors HCQ/CQ  Favors no HCQ/CQ

Figure A8. All-cause mortality: Fixed-effect [22,23,28,30,34,36-38,40].
previous HCQ/CQuse no HCQ/CQuse 0Odds Ratio Odds Ratio
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ANNAMALAIL 2021 20 28 38 57 36% 1.25[0.47, 3.36]  ae—
BATIBAY, 2021 1 5 2 23 04% 1.75[013,22.78]
EVIATAR, 2021 0 3 1 7 04% 0.62[0.02,1958]
FERNANDEZ-RUIZ, 2020 18 3z [ 9 20% 0.64[0.14 303 S
GENTRY, 2020 g 3 19 78 3.8% 1.27[0.50, 3.23] 1
GUILLAUME, 2021 2 B 3 12 07% 1.50[018,12.79] I
JUNG, 2021 0 15 1 N 05% 0.66[0.03,17.086]
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Figure A9. Hospitalization: Fixed-effect [23,24,26-30,32,33,37-39].
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Figure A10. COVID-19 infection:
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Fixed-effect [24-26,28-32,35,39,41].
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Figure A11. ICU admission: Fixed-effect [28,30,34,39].
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Figure A12. Mechanical ventilation: Fixed-effect [22,30,34].
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Figure A13. Oxygen therapy: Fixed-effect [24,34,39].
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