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Abstract

In the context of the current COVID-19 pandemic,a@aducted a meta-analysis on the
effects of chloroquine derivatives in patients,dzhen unpublished and published reports
available publicly on the internet as of May, 2020Q. The keywords “hydroxychloroquine”,
“chloroquine”, “coronavirus”, “COVID-19” and “SAR&o0v-2” were used in the PubMed,
Google Scholar and Google search engines withgutestrictions as to date or language.
Twenty studies were identified involving 105,04Qigats (19,270 treated patients) from nine
countries (Brazil, China, France, Iran, Saudi Asaldouth Korea, Spain, and USA). Big data
observational studies were associated with cordfiabterest, lack of treatment dosage and
duration, and absence of favorable outcome. Clisitalies were associated with favorable
outcomes and details on therapy. Among clinicalist three of four randomized controlled
trials reported a significant favorable effect. Amgcclinical studies, a significant favorable
summary effect was observed for duration of cou@thds ratio (OR), 0.19, p =.00003),
duration of fever (0.11, p = .039), clinical cuel, p = .0495), death (0.32, p = 4.1X10

and viral shedding (0.43, p = .031). A trend fdaeorable effect was noted for the outcome
“death and/or ICU transfer” (0.29, p = .069) witp@nt estimate remarkably similar to that
observed for death (~0.3). In conclusion, a metyais of publicly available clinical reports
demonstrates that chloroquine derivatives are &ffeto improve clinical and virological
outcomes but, more importantly, it reduces mostddit a factor 3 in patients infected with
COVID-19. Big data are lacking basic treatmentmigbns and are linked to conflict of

interest.
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Introduction
In periods of large epidemics such as the curr@WID-19 pandemic, information spread
very fast with different levels of reliability inatling fake-news, press releases, pre-prints and
peer-reviewed published reports. In addition, @&mse that there is a competition between low-
cost generic medications that are potentially ¢ffeagainst SARS-CoV-2 and very
expensive new drugs that are not yet approved yimgpfinancial and organizational issues,
stakeholders expectations, and administrative/palamplexity. This may lead to positions
that are not only driven by science and public theal

In this context, we aimed to conduct a meta-analgsi the effects of chloroquine
derivatives (i.e. hydroxychloroquine (HCQ) or cldquine (CQ)) in COVID-19 patients,
based on all available information from pre-priatel peer-reviewed published reports. For
pre-prints, we asked two reviewers of our team ravide an open review of the content
(Supplementary data) and we considered the comofesm external scientist (1). We were
surprised to find major discrepancies between stoolyclusions ranging from dramatic
clinical improvement to dramatic increase in matyatates under chloroquine derivative
treatment. We sought to understand what could expdach differences. We recently
discussed the fact that it does not make sensenvestigate a summary effect when
inconsistent studies and unexplained heterogemadkes the average effect difficult to
interpret and potentially misleading (2). Thus, Jiest investigated the differential
characteristics of studies showing a very favoratffect of the treatment and of those
showing a clearly deleterious effect.

First, we found that a clear standardized protéaotreatment (3) and follow-up was
detailed in studies conducted by clinicians (chhistudies), whereas it was completely

lacking in studies conducted by public health etppen a large number of patients whose
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data were extracted from electronic medical recdbay data). We have already pointed out
the limitations of these “big data” analyses iratigin with clinical inaccuracy (4).

Adequate timing (early versus delayed administrgtiodosage, screening of
contraindications, adjuvant measures and monitofoligwing standardized protocols are
critical in the benefit risk ratio of any drug agst infectious diseases (3). Based on our 30-
years’ experience of treating hundreds of patiesuffering Q fever endocarditis and
Whipple’s disease with HCQ 600 mg/day (200 td) (5,6), we know that this drug is
effective with negligible side effects when comphte the fatal outcome of both diseases.
Chloroquine derivatives (and paracetamol) can leel i commit suicide with overdose (7)
and may be fatal, at therapeutic dosage, whenaiadications and adjuvant measures are not
carefully followed. In this context, it is expectétht studies using double dose HCQ (1200
mg/day) in COVID-19 would be associated with toticf8). Accordingly, we investigated
whether a well described treatment protocol, inicigddosage, for at least 48 hours was
associated with outcome.

From our seminal study (9), we observed an impraféidacy of the combination of
HCQ and azithromycin (AZ) when compared to HCQ aloA synergistic effect was
confirmed byin vitro studies (10). This led us to change our standeddmotocol by shifting
from a mono-therapy to a combined therapy. Thisldoation could not be neglected in the
treatment of COVID-19 and was therefore also aralym the present study.

In the context of a pandemic with an unknown videsyelopment of new drugs is a
major opportunity for “big pharma” industry, andgshs potentially associated with a very
high risk of conflicts of interest. This led us tonsider these conflicts of interest as a
moderator variable in the present work. As majoaficial issues are at stake, and may impact
the interpretation of scientific data, we felt iasvimportant to mention that none of us have

conflict of interest with any pharmaceutical compan
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We performed this meta-analysis taking into accotimee important moderator
variables: clinical studies or studies based omtedaic registry data analysis (big data),
studies based on a mono-therapy (chloroquine derd&s or a combined therapy (HCQ-AZ),
and finally studies where authors had potentiaffleia of interest and study where authors
had no conflicts of interest. In the context of therent pandemic, providing a timely and
critical analysis of available data on this topeems appropriate to us, in a public health

perspective.

Methods
We conducted a meta-analysis of studies evalugtmegffects of chloroquine derivatives
against SARS-CoV-2 in groups of COVID-19 patierasampared to control groups of
patients who did not receive chloroquine derivativa these studies, groups were expected
to be similar with respect to demographics, chraoieditions, clinical presentation at
enrolment and use of other antiviral drugs durlmgdourse of the disease. The keywords
“hydroxychloroquine”, “chloroquine”, “coronavirus"COVID-19” and “SARS-Cov-2" were
used in the PubMed, Google Scholar and Google Isesrgines without any restrictions as to
date or language. Preprints were also includedn@@aews and reviewer’s
recommendations regarding preprints are availabteae supplementary data. Articles
published in peer-reviewed journals, pre-prints arittles available on the internet, even
when not published on official websites, were ided.

The following outcomes were considered: hospitatirarate, duration of cough,
duration of fever, clinical cure, lymphocyte cou@tyeactive protein level, Interleukin-6
level, thoracic CT-scan imaging, aggravation toeseydeath, transfer to intensive care unit

(ICU), ventilation, length of hospital stay and gistent viral shedding as assessed by PCR.
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Only studies comparing a group of COVID19 patidrgated with a chloroquine
derivative to a control group without chloroquirerigatives were included. Non-comparative
(single arm) studies and studies comparing twomgdreated with chloroquine derivatives at
different dosages or with different delay of treatrtnwere excluded.

Studies were classified as “big data” studies wemmucted on electronic medical
records extracted by public health specialistsegmdemiologists who did not care COVID-
19 patients themselves. Conversely, studies wassified as “clinical studies” when
mentioning details of treatments (dosages, durationtraindications, monitoring...) and
conducted by authors physicians (infectious diseasd internal medicine specialists, and
pulmonologists) who cared COVID-19 patients thewesl Conflicts of interest were
retrieved from author statements in the articleother check was performed using Euros for
Docs (https://www.eurosfordocs.fr/) and Dollars Bwcs
(https://projects.propublica.org/docdollars/) wédsi We considered that there was a conflict
of interest when funding by the pharmaceutical siduexceeds 50,000€, over seven years.

Studies were classified as “Pro”, when at least@mparison reported a significant
improvement, and none were associated with a signif deleterious effect in the treated
group. Studies were classified as “Cons” when radriae comparisons reported a significant
favorable outcome and/or at least one comparigoorr@ significant deleterious outcome.

The meta-analysis was performed with a randomizedeainusing Comprehensive
Meta-Analysis v3 (Biostat, Englewood, NJ, USA) asammended by Borensteghal. (11).
This software made it possible to include dichotamoutcomes (number of events out of the
total) and quantitative outcomes (mean in eachgrsample size, p-value). Heterogeneity
was considered substantial whér150%. A p-value < 0.05 was considered significant
heat map analysis was performed to test a posdidéering between Pro and Cons studies,

clinical and big data study design, well descritredtment protocol and not described
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treatment protocol, and conflict of interest andcoaflict of interest, using XLSTAT

v2020.2.2 (Addinsoft, Paris, France).
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Results

Twenty-three comparative studies were screeneceelstudies were excluded because they
compared two groups treated with a chloroquinevdéxie (delayed initiation of treatment
(12), high versus low dose (8), combination thenagif or without zinc (13)). As a result,
twenty studies were identified involving 105,04Qigats (19,270 patients treated with a
chloroquine derivatives including 11,247 in combio@ with a macrolide) from nine
countries (Brazil, China, France, Iran, Saudi Aaaldouth Korea, Spain, and USA) (Table
S1). The 20 studies included 8 published papepse$rints published on MedRXxiv, 1 pre-
print published on preprints.org, and 2 availalvidlee internet (uniform resource locator (url)
provided in Table S2). All but 2 papers in Chin€s#) and French (15) were written in
English. The Chinese study (14) was translatedraridded.

We noted that registry studies based on electioedical records did not mentioned
the dosage or included several dosages of theazhlore derivatives used (16-20). We found
that in several studies, patients used severalaulae with established or potential antiviral
properties. For instance, in China and Iran, almbgiatients used multiple antivirals:
lopinavir/ritonavir, oseltamivir, entecavir, ribawi, umifenovir and nebulisation of interferon
aerosol. In eight studies (15,18-24) patients useccombined therapy that we have
recommended (HCQ and AZ combination (9)). Four R@&ee included in this analysis
(14,25-27).

We observed major methodological pitfalls in sortueli®s. Lymphopenia, a marker
of severity (28), was significantly more frequemthe treated group in one study (17). In
another study, 8 patients received HCQ in the &ated” group (29). In this study, none of
the 15 patients treated with combined therapy (HC£ithromycin) died or were transferred
to the ICU, and the difference was significant vitie untreated control group. Strikingly, this

was not analyzed because it was not prespecifidgteistudy protocol. In another work (27),
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all results reporting a favorable effect of HCQhe first version of the preprint (30) on
alleviation of symptoms and C-reactive protein wemaoved in the final preprint version
(27) and in the published version of the article)(Finally, the largest study that has been
done (18), is impossible to analyze because tisane notification of hospital sources or
referral to any physician. It is not known if thetlaors of this study saw a single patient

infected with COVID-19.

Big data and clinical studieswere perfectly discriminated by unsupervised clustering

As we observed that several studies reported afeearable effect (15, 21-23, 25, 26, 30,
32-35) but others reported no (14,16,17,19,24,29) @ear deleterious effect (18), we
primarily performed a unsupervised clustering asialyncluding the following variables :
“Pro” / “Cons” studies, “big data” versus “clinicatudies”, “detailed” or “absence of detailed
treatment”, presence or absence of a conflict teir@st (Figure 1).

In this unsupervised analysis, only the variablig ttata” versus “clinical” studies
yielded to a perfect clustering. All other variableonflict of interest, Pro / Cons, detailed
treatment) did not provide a perfect clustering. SMbsequently investigate whether each of
these parameters was significantly associatedvtwrdble or unfavorable effect.

All “big data” studies reported a lack of benefle#fect of the treatment and were
significantly more likely associated with “Cons’nable (5/5 vs 3/15, p = .004). This was
also observed by examination of the meta-analgsest plot (Figure 2, Table S3 to S8). In
addition, both “conflicts of interest” (p = .01)&finot described treatment protocol”
variables (p = .004) were associated with “Consfalde. Conversely, clinical studies were
more likely to report a favorable effect of chlounge derivatives in COVID-19 patients (p <
.05). Consistently, clinical studies with detaitegiatment protocol were more likely

associated with the observation of a favorablecefiéthe treatment (p < .05).
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Conflict of interestsarelinked to a part of the biasesin favor of Cons
We found 4 studies with author conflicts of intér@Sgure 1, Table S1). "Conflicts of
interest” variable was associated with big datdisti(3/5 vs 1/15, p < .05) and with a

negative direction of treatment effect (p < 0.0guiFe 1).

Thedirect careor patients(clinical versus big data) explainsthe direction of effect

We primarily tested if the studies involving direetre of patients (clinical studies performed
by physician who took care of patients) were asgediwith a different direction of effect
compared to “big data” studies (Figure 2). The alsexamination of the forest plot clearly
evidenced that “big data” studies reported no (1.89,20) or deleterious effect (18). In
contrast, several clinical studies reported sigaiit favorable effects notably regarding
hospitalization rate (21), duration of fever (25,3Buration of cough (23,25), clinical cure
(15,30), C-reactive protein levels (30), interleuki levels (35), thoracic CT-imaging (25),
length of hospital stay (23,26), death or ICU tfan§22,32), death (34,35) and persistent
viral shedding (9,23,33).

We compared the proportion of comparisons reposiggificant differences
according to treatment. In the big data analysesmparisons reported a significant effect,
and all were deleterious (4/4). In the clinicaldsés, 17 comparisons reported a significant
effect, and all were beneficial. The difference \waghly significant (4/4 vs 0/17, Bilateral
Mid-P exact test, p = .00016). This was also suigaldoy the significant heterogeneity
between the two subgroups (big data vs. cliniaadiss, mixed effect analysis, Q-value 51.8,

p <.001).
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Three of four randomized controlled trialsreported a significant favorable effect

Four RCTs were included (14,25-27,30,31). All weeeformed in China. Three of them
reported significant favorable effects. Chegrtal. (25) reported a significant favorable effect
on duration of fever, duration of cough and thard€T-scan imaging. Huang reported a
significant reduction of length of hospital stay)2Interestingly, Tang et al. (27) reported in
the first version of their preprint (30) a signditt favorable effect on alleviation of symptoms
(post hoc analysis) and C-reactive protein redadgtsabgroup with baseline increased C-
reactive protein), but these results were remorete final published version of the
manuscript (27,31). This was requested by editodsraviewers from the British Medical
Journal (open review) where the final version walslighed because this was not prespecified
in the study protocol. In addition, they were caneel about the justification of including
these secondary outcomes results and post-hocseailyn under-powered sample size (due
to early termination). This is surprising sinceaed of power may be associated with a risk of
not finding a difference when there is one, butwith a risk of finding a difference when

there is none. None of these RCTs reported a signifdeleterious effect.

Effect of chloroquine derivatives without azithromycin

As several studies addressed the effectivenes® aambination of chloroquine derivatives
with a macrolide, specifically AZ, we tested if tfeorable clinical effect (observed in
clinical studies) remained after exclusion of congzmns with combination therapy
(Supplementary Figure 1). A favorable effect wasabserved for duration of cough (n =1,
point estimate 0.12, p = .001), duration of fever(2, 0.05, p =.002), clinical cure (n = 2,
0.48, p =.022), C-reactive protein levels (n .55, p = .045), interleukin-6 levels (n = 1,
0.43, p =.002), and death (n= 3, 0.31, p < .Obt¢restingly, the effect was not significant

anymore for persistent viral shedding (n =7, 0620-1.33, p = 0.17).
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Outcomes with a significant summary effect in clinical studies

We found a favorable summary effect on durationaafgh (n = 2, point estimate 0.19, 95%
confidence interval 0.09-0.42, p = .00003 = 0%), duration of fever (n = 3, 0.11, 0.01-0.90,
p=.039 —1 = 91%, p < .001), clinical cure (n = 3, 0.21, B, p = .0495 —*I= 81%, p <
.001), and death (n = 4, 0.32, 0.19-0.52, p = 4.0% > = 0%, p = .71 — Table S9). A trend
for the outcome “death or ICU transfer” was alstedqn = 3, 0.29, 0.08-1.10, p = .06%=|
85%, p <.002) with a point estimate very similathat observed for the death outcome (0.3,
e.g. a 3 fold decrease in the risk of ICU tranafai/or death). For persistent viral shedding,
10 comparisons were included with a significanofable effect on persistent viral shedding

(n = 10, point estimate 0.43, 0.20-0.92, p = .034=75%, p < .001).

Discussion
Chloroquine derivatives present a paradox. On amel hthe heterogeneity of patients and
treatment schemes make it difficult to obtain aclgcture while the epidemic is still
ongoing. On the other hand, despite controversly, drloroquine derivatives have been used
by physicians on a large-scale basis as treatre@®VID-19 (36). According to the Sermo
Real Time Covid-19 Barometer (https://www.sermo.tauansulted 27 May), for over
20,000 physicians across 30 countries, chlorogdénatives are the first medication used to
treat COVID-19 patients in ICUs (43% - except oxygenti-clotting / anticoagulants,
steroids and norepinephrine) and in other hospétings (52% - except oxygen), and the
second in outpatient settings (33%, after AZ andlar antibiotics).

Indeed, we were challenged by the major discreparmtween the results of the
various published studies and our experience dttblewvhere 7800 ECGs were performed in

4000 patients. In order to understand which elemeoald lead to contradictory results, we
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compared the results of studies carried out byatdins (real world) and those carried out by
database analysts (virtual world of big data - Fegl). The clinical studies used a
standardized treatment protocol with methods thatided assessment of contraindications,
daily dosage, adjuvant measures and duration atintrent with at least 48 hours of treatment
before the objective could be assessed. For exaagdessment of kalemia and
electrocardiogram is critical prior to treatmergpecially when the chloroquine derivative is
combined with AZ (37). At the same time, we obsdriket virtual big data studies did not
mention these elements and considered the preséobéroquine derivative prescription in
electronic records in a binary fashion. Obviousihg number of patients included in the
database analyses was much higher than the nurhpatients included in the clinical
studies, because these databases are made upisdinids of electronic medical records
(EMR). As mentioned in the past (4), this typetoidses have tremendous statistical power
but are limited by clinical inaccuracy that makiesit conclusions difficult to believe.

As a matter of fact, we cannot believe that in sgerees there is up to 8% of deaths
due to cardiac rhythm disorders (18), whereashalkelectrocardiograms performed in the
IHU (our center) for 4000 patients and analyzea@lbgam of cardiologists specializing in
rhythmology have not seen any, except for an irsa@a QTc which justified stopping
treatment in only 3 cases (38). Under these canditive thought that people who really
observed the patients had a very different peroef the results from people who had not
observed the patients but retained observatiors nfdjor elements of this study are that,
overall there is an extremely significant differerimetween the analyses of data not collected
directly by the doctors who cared patients andsthdies carried out by the physicians who
set up these studies and cared patients, includengandomized studies. The second thing is
that in these studies conducted electronicallyitb@tment is never really specified, with the

dosage and duration of treatment making it impdsddassess efficacy (dose too low) or



279  toxicity (dose too high). In addition to this majwas, we also noted a significant bias when
280 the authors had conflicts of interest due to thedmtionship with industrialists trying to

281  market molecules in the same therapeutic framewonkpeting with HCQ.

282 For discrepancies in published data, favorableesnad for chloroquine derivatives is
283  sometimes censored by the journal (open reviewaoly®s randomized controlled trial,

284  published in the British Medical Journal (27,30)3Epr the article by Mahevasal. (29),

285 one of us (DR) had contact with one of the autliBr&odeau) who told him that it was the
286  methodologist (P Ravaud) who did not want to catrithe statistical tests demonstrating the
287  superiority of dual therapy over the control grgdpath or transfer to ICU, 0/15 versus 16/63,
288  bilateral Mid-P exact test p =.02).

289 Overall, and as previously published, the relevarfdbe analysis of important

290 medical data depends on clinical accuracy (4).dddée discrepancy between clinicians and
291  epidemiologists reflects a major trend, that ofdhalysis of large medical data, with database
292 warehouse more or less well filled by individualsorare not directly included in the work

293  reported. This analysis is unrelated to the obsenv& made by physicians who are in direct
294  contact with patients and which lead to divergaterpretations and opposite conclusions,
295  which are of real interest and show that the wprktlicted by Baudrillard (39); that of a

296  parallel world of numerical analysis completelyadisnected from reality; is being born.

297 Under these conditions, a meta-analysis allowimdlfe combination of different

298  studies makes it possible to identify a generadr@ his makes it possible to reconcile the
299  chloroquine derivative efficacy that many doctoasédn perceived with the results of the first
300 published studies. This meta-analysis is baseatweral studies, including four RCTs, and
301 identifies a favorable trend toward the benefitlooroquine derivatives in the treatment of
302 COVID-19 patients, enabling us to make a gradedmemendation for its use against the

303 disease.
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Figurelegends

Figure 1. Unsupervised analysis evidencing an association between big data studies, inaccurate
treatment protocol, conflict of interest and absence of beneficial effect of chloroquine derivative
RCT: randomized controlled trial (hatched linesp Pstudy reporting a favourable effect of
chloroquine derivative, Con: study that report nadeleterious effet, Clinical : study performed by
physician who take care of patients, Big data: yspetformed by specialists in data analysis who do
not take care of patients, Detailed treatmentagpeutic protocol detailed in the method with dosage

for 48 hours before outcome assessment. Three afnan&®CTs found a beneficial effect.

Figure 2. Forest plot of meta-analysis on the effect of chloroquine derivativesin COVID-19
infected patients

Cl: confidence interval, ICU: intensive care udi-scan: computed tomography scanner, HCQ:
hydroxychloroquine, CQ: chloroquine, AZ: azithrormydRCT: randomized controlled trial, (H)CQ:

chloroquine derivatives (hydroxychloroquine (HCQ@)xbloroquine (CQ)).
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