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Abstract

Objectives. To ascertain if the use of hydroxychloroquine(HCQ)/cloroquine(CLQ) and other conventional DMARDs
(cDMARDs) and rheumatic diseases per se may be associated with COVID-19-related risk of hospitalization and
mortality.

Methods. This case-control study nested within a cohort of cDMARD users was conducted in the Lombardy,
Veneto, Tuscany and Lazio regions and Reggio Emilia province. Claims databases were linked to COVID-19 surveil-
lance registries. The risk of COVID-19-related outcomes was estimated using a multivariate conditional logistic re-
gression analysis comparing HCQ/CLQ vs MTX, vs other cDMARDs and vs non-use of these drugs. The presence
of rheumatic diseases vs their absence in a non-nested population was investigated.

Results. A total of 1275 patients hospitalized due to COVID-19 were matched to 12 734 controls. Compared with
recent use of MTX, no association between HCQ/CLQ monotherapy and COVID-19 hospitalization [odds ratio (OR)
0.83 (95% CI 0.69, 1.00)] or mortality [OR 1.19 (95% CI 0.85, 1.67)] was observed. A lower risk was found when
comparing HCQ/CLQ use with the concomitant use of other cDMARDs and glucocorticoids. HCQ/CLQ was not
associated with COVID-19 hospitalization as compared with non-use. An increased risk for recent use of either
MTX monotherapy [OR 1.19 (95% CI 1.05, 1.34)] or other cDMARDs [OR 1.21 (95% CI 1.08, 1.36)] vs non-use was
found. Rheumatic diseases were not associated with COVID-19-related outcomes.

Conclusion. HCQ/CLQ use in rheumatic patients was not associated with a protective effect against COVID-19-
related outcomes. The use of other cDOMARDs was associated with an increased risk when compared with non-use
and, if concomitantly used with glucocorticoids, also vs HCQ/CLQ, probably due to immunosuppressive action.
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Rheumatology key messages

e Exposure to hydroxychloroquine/chloroquine is not associated with a protective effect against COVID-19-related

outcomes.

o Exposure to other cDOMARD:s is associated with an increased risk of COVID-19-related outcomes.
o Concomitant use of glucocorticoids and cDMARDs might increase the risk of COVID-19-related outcomes.

Introduction

Between the end of December 2019 and 11 March
2021, the global coronavirus disease 2019 (COVID-19)
pandemic due to severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) caused >2.5 million deaths
and >117.1 million infected patients [1]. To accelerate
the identification of drugs potentially preventing or cur-
ing COVID-19, there has been great interest in reposi-
tioning drugs that have already been approved for other
indications. Among these drugs, chloroquine (CLQ) and
HCQ, two molecules with a long-standing history in the
prophylaxis and treatment of malaria and the treatment
of chronic inflammatory diseases such as SLE and RA,
gained particular attention. In vitro studies demonstrated
that these drugs may exert antiviral activity against sev-
eral viruses, including Zika virus [2], Ebola virus [3] and
SARS-CoV-2, probably by blocking endosomal transport
[4, 5], even though there was no evidence that HCQ/
CLQ is beneficial in any acute viral infection in humans.
In addition, a recently published in vivo study ques-
tioned the actual antiviral effect of HCQ/CLQ against
SARS-CoV-2 [6].

Nevertheless, it has been hypothesized that HCQ/CLQ
may be effective in COVID-19 treatment thanks to its
immunomodulatory activity, by reducing cytokine pro-
duction, especially IL-1 and IL-6, and inhibiting toll-like
receptor signalling [7-9]. However, an increasing body
of evidence derived from both experimental and obser-
vational studies seems to suggest that HCQ/CLQ are
not beneficial (or may even be detrimental) in COVID-19
treatment [10-12], including among COVID-19 hospital-
ized patients [13, 14] and outpatients [15, 16] as well as
high-risk patients recently exposed to SARS-CoV-2,
where HCQ was used as post-exposure prophylaxis
[17-20].

Three recent cohort studies investigated the effects of
HCQ on the prevention of SARS-CoV-2 infection [21, 22]
and COVID-19 mortality [21, 23] in patients who
received this drug for the treatment of rheumatic dis-
eases before the pandemic. These studies reported
conflicting findings regarding the role of HCQ in prevent-
ing mortality due to COVID-19 [21, 23].

Despite the controversial evidence on the efficacy of
HCQ/CLQ in the COVID-19 treatment and prevention
and their known side effects (e.g. retinopathy, hypogly-
caemia and cardiomyopathy), these drugs have been
used as self-medication during the first wave of the pan-
demic [24]. Moreover, HCQ/CLQ self-medication is

particularly hazardous in patients for whom HCQ/CLQ
are contraindicated, such as patients with glucose-6-
phosphate dehydrogenase deficiency, in whom these
drugs can trigger haemolytic crises.

On the other hand, it has been demonstrated that ex-
posure to other conventional DMARDs (cDMARDs) in
patients with autoimmune diseases is associated with
an increased risk of COVID-19-related hospitalization
and mortality [25]. Likewise, an increased risk of COVID-
19 hospitalization has been reported with moderate-
high doses of glucocorticoids in patients with rheumatic
diseases [25], as a result of an immunosuppressant ac-
tion. Therefore the aim of the present study was to in-
vestigate the potential decrease in risk of COVID-19-
related hospitalization and mortality in patients with
rheumatic diseases or other immune-mediated inflam-
matory diseases treated with HCQ/CLQ as compared
with other cDMARDs. Secondary objectives of this study
were to explore the risk of COVID-19-related hospitaliza-
tion and mortality related to HCQ/CLQ or other
cDMARDs for rheumatic diseases or immune-mediated
inflammatory diseases vs non-use as well as the pres-
ence of rheumatic diseases vs absence.

Patients and methods

A large-scale nested case—control study in a cohort of
cDMARD users was conducted in the Lombardy,
Veneto, Tuscany and Lazio regions and the Reggio
Emilia (Emilia Romagna) Local Health Unit (LHU) that
cover an overall population of 25.1 million persons (42%
of the ltalian population).

Data source

In Italy, residents have access to universal healthcare
services that are provided by the National Health
System (NHS). Use of these services is retrievable
through administrative claims databases that are widely
used for clinical research. The claims data used in this
study were routinely collected using systems that were
in place prior to the start of the study. These databases
provide information on hospital admissions, co-payment
exemptions and pharmacy claims. The latter were
updated as of 31 December 2019 in all catchment
areas. Medical diagnoses were coded using the
International Classification of Diseases, 9th Revision,
Clinical Modification (ICD-CM-9). Exposure to cDMARDs
was assessed using pharmacy claims in the last
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available 12 months. Drug data were recorded using the
Anatomical Therapeutic Chemical (ATC) classification
system and the National Drug Code (NDC) and the
defined daily dose (DDD) was used as the unit of meas-
ure for drug exposure. Co-payment exemption data-
bases were also searched to identify diseases
exempting patients from healthcare co-pays. All these
claims databases were linked to regional/local COVID-
19 surveillance registries available in each catchment
area through unique fully anonymized patient identifiers.
These registries were used to identify patients testing
positive for SARS-CoV-2 RNA by PCR of nasopharyn-
geal/throat swabs and who were hospitalized or subse-
quently died due to COVID-19. The registries’ data were
updated to 21 May 2020 for Lombardy, Veneto, Lazio
and Reggio Emilia and 10 June 2020 for Tuscany. To
perform distributed analyses, the Italian National
Institute of Health developed TheShinISS, an R-based
tool (R Foundation for Statistical Computing, Vienna,
Austria) tailored for the main epidemiological multidata-
base study designs: descriptive, cohort, case—control,
case—cohort and self-controlled case series. TheShinlSS
was employed by each centre for elaborating and proc-
essing, at the local level, data on COVID-19 patients
and health archives through a common data model, per-
forming data quality control, matching cases and con-
trols, executing record linkage and, finally, creating the
anonymized dataset to be shared for centralized data
analyses (Supplementary Fig. S1, available at
Rheumatology online) [26-28].

Study cohort

The study cohort comprised patients >18years of age
who received at least one prescription of cDMARDs for
rheumatic diseases or other immune-mediated inflam-
matory diseases including mycophenolic acid (ATC:
LO4AAQ06), leflunomide (ATC: LO04AA13), sulfasalazine
(ATC: AOQ7ECO01), ciclosporin (ATC: LO4ADO01), MTX
(ATC: LO4AX03, LO1BAO1), azathioprine (ATC: LO4AX01),
auranofin (ATC: M01CBO03), sodium aurotiosulfate (ATC:
MO01CB02), tacrolimus (ATC: L04AD02), CLQ (ATC:
PO1BA01) and HCQ (ATC: PO1BA02) in the period be-
tween 1 January 2019 and 31 December 2019 within
the catchment areas of the centres participating in the
study.

Cases and controls

From the study cohort we identified as cases those test-
ing positive for SARS-CoV-2 RNA by PCR of nasopha-
ryngeal/throat swabs and who were hospitalized due to
COVID-19 as recorded in the COVID-19 surveillance
registries. In addition, as the primary outcome we spe-
cifically evaluated those patients who died within
30days since hospital admission due to COVID-19. For
each case, up to 10 controls were randomly selected
from the cohort of cDMARD users not affected by
COVID-19 and matched for catchment area, sex and
age at the date of hospital admission of the case.

https://academic.oup.com/rheumatology

Exposure definition

Exposure of interest was the use of any cDMARD,
grouped into the following mutually exclusive categories:
HCQ/CLQ monotherapy; MTX monotherapy (main com-
parator); other cDMARDs, except for HCQ/CLQ (sec-
ondary comparator); other cDMARDs, except for MTX
and HCQ/CLQ; and other cDMARDSs plus MTX or HCQ/
CLQ. Patients were considered to be exposed to each
of these categories if they had at least one pharmacy
claim within 3months prior to 31 December 2019, i.e.
the index date (ID). In addition, we classified patients
exposed to the study drugs only during a period ranging
from 12 to 3 months prior to the ID as past users of any
cDMARDs. Exposure to corticosteroids was assessed in
the 3 months prior to the ID (October-December 2019).
Corticosteroids were classified as high cumulative doses
(>40 DDD) and low cumulative doses (<40 DDD) during
the exposure period.

Covariates

The following covariates were considered: age, sex,
catchment area (matching factors); Charlson comorbidity
index, evaluated within 10years prior to the ID; number
of drug claims in the last 12 months; number of hospital-
izations in the last 10years; prior use of drugs for acid-
related disorders, lipid-modifying agents, anticoagulants,
platelet aggregation inhibitors, anti-arrhythmics, antibiot-
ics, anti-HIV drugs, anti-Parkinson’s drugs, anti-epilep-
tics, antipsychotics and antidepressants; recent use of
NSAIDs, corticosteroids, targeted DMARDs and biologic
DMARDs; chronic comorbidities (e.g. cerebro- and car-
diovascular diseases, hepatopathies, diabetes, demen-
tia, hypertension, chronic kidney failure, chronic
obstructive pulmonary disease, cancer) and rheumatic
diseases (overall and specifically restricted to those
approved for HCQ/CLQ treatment, i.e. RA and SLE).
Information on comorbidities was extracted from hos-
pital discharge, co-payment exemption and pharmacy
claims  databases within  the last 10years
(Supplementary Table S1, available at Rheumatology on-
line). Prior and recent drug use was considered as hav-
ing drug claims within the last available 12 and
3 months, respectively.

Statistical analysis

Categorical and continuous variables were reported as
frequencies and medians along with interquartile ranges
(IQRs). We compared the characteristics of cases and
controls through descriptive analysis. In the primary ana-
lysis, risks of COVID-19 hospitalization and/or mortality
were estimated as odds ratios (ORs) along with 95%
Cls, using a multivariate conditional logistic regression
analysis, by comparing HCQ/CLQ vs MTX (primary com-
parator) and other cDMARDs (secondary comparator).
Covariates significantly associated with COVID-19-
related outcomes (potential confounders) were selected
following a stepwise procedure based on the Akaike in-
formation criterion method and subsequently included in
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the final multivariate models. All statistical analyses were
performed using Stata version 16 (StataCorp, College
Station, TX, USA) and R version 3.6. Statistical signifi-
cance was set up at P < 0.05.

Subgroup and sensitivity analyses

To evaluate the consistency of the results and to better
assess the potential confounding effects on the risk esti-
mates, we conducted a number of subgroup and sensi-
tivity analyses. First, we restricted the analysis to
patients with RA or SLE only, approved indications for
HCQ/CLQ. Second, we assessed risk estimates in those
patients concomitantly treated with corticosteroids (as
either any use or high cumulative dosage, i.e. greater
than the median cumulative DDD within 3 months prior
to ID). Moreover, in a sensitivity analysis we conducted
a case—control study in the general population (i.e. not
nested in a cohort of cDMARD users) of Lombardy,
Veneto and Lazio regions and Reggio Emilia LHU to
evaluate COVID-19-related outcomes associated with
recent use of HCQ/CLQ, MTX and other cDMARDs (indi-
vidually) vs non-use and the presence of rheumatic dis-
eases (RA and SLE specifically) vs absence of these
diseases.

Results

Overall, from 21 February 2020 (date of the first COVID-
19 diagnosed patient in Italy) to 21 May 2020 in
Lombardy, Veneto, Lazio and Reggio Emilia and to 10
June 2020 in Tuscany, 1275 cases were included in the
study, with Lombardy accounting for 78.9% of them.
Cases were matched to 12734 controls (Fig. 1). The

median age at ID was 70.0years (IQR 60.0-78.0) and
51% were women (matching factors).

Overall, cases were more likely to have worse pre-
existing health conditions, as documented by a more
frequent history of hospitalizations, and a higher fre-
quency of a Charlson comorbidity index >3 and of sev-
eral relevant comorbidities such as cardiovascular
diseases (e.g. heart failure and ischaemic heart disease),
chronic pulmonary diseases and chronic kidney disease.
Moreover, among others, recent use of corticosteroids,
as well as past use of drugs for acid-related disorders,
lipid-modifying agents, platelet aggregation inhibitors,
anti-arrhythmics, antibiotics and antidepressants were
also associated to COVID-19-related hospitalization and
mortality (Table 1).

In the primary analysis, we found a trend towards a
lower risk of COVID-19 hospitalization associated with
recent HCQ/CLQ monotherapy vs recent use of MTX
[OR 0.83 (95% CI 0.69, 1.00)], which did not reach stat-
istical significance. Instead, a statistically significant
slight reduction of COVID-19 hospitalization risk with
HCQ/CLQ as monotherapy was observed when compar-
ing recent use of HCQ/CLQ vs recent use of other
cDMARDs [OR 0.82 (95% CI 0.69, 0.98)]. Nevertheless,
recent use of HCQ/CLQ was not associated with any
difference in the risk for COVID-19-related mortality as
compared to recent use of MTX [OR 1.19 (95% CI 0.85,
1.67)] or other cDMARDs [OR 1.08 (95% CI 0.79, 1.46)].
Similarly, we found no increased risk for COVID-19 mor-
tality when HCQ/CLQ was compared to MTX as mono-
therapy and other cDMARDs (Table 2).

In the subgroup analysis restricted to patients with RA
or SLE, we did not observe any statistically significant
difference in the risk of COVID-19 hospitalization or mor-
tality associated with recent use of HCQ/CLQ as

Fic. 1 Selection of cases and controls from cDMARD users identified in the data sources used in the study

Cohort of cDMARDs users

Lombardy Veneto
N= 82,588

Reggio Emilia Tuscany Lazio
N= 42,187 N= 4595

N= 34,517 N= 42,606

Cases identification and control matching 1:10

Lombardy Veneto
Cases N= 1006 Cases N= 119
Controls N= 10,045 Controls N= 1190

Reggio Emilia
Cases N= 30
Controls N= 300

Tuscany Lazio
Cases N=T78 Cases N= 42
Controls N= 779 Controls N= 420

Cases N = 1275
Controls N= 12,734

https://academic.oup.com/rheumatology

120z 1snbny ¢ uo 1senb Aq G059zz9/8ycqeay/Abojojewnayl/e60 L 0 L/10p/alonle-aoueApe/ABojojewnayl/wod dno-olwapede//:sdiy wol papeojumoq



Risk of COVID-19 hospitalization and mortality in RA patients treated with HCQ or cDOMARDs

(penuiuo9)

Downloaded from https://academic.oup.com/rheumatology/advance-article/doi/10.1093/rheumatology/keab348/6226505 by guest on 30 August 2021

(62€‘2h') 902
@6’ L ‘st eyt
(8'v ‘89'2) 65°€
(c0'z ‘92’1 6G'+
(L2°€‘¥0'2) S22
(221891
(6z91ske
8 ‘vs2 6te
(Lo'z‘'96°0) 2v'L
(S2°2'vS 190
(802 ‘VO'}) L¥'L
(Lo'e‘0z'2) 28’
(€rzoz oL
Joy
(£9°G ‘20°¢) Lv'¥
(8e°Z '8y’ 1) 88’1
oy

Jojoey buiyorepy

Jojoey) buiyorepy

Jojoe) buiyorepy

(19 %S6)
d0

(8°1) g9
(e21) ge9
(29) 9ve
(I'12) 622
(2°2) 282

(6°G1) 985
(0°21) 929
(29) 2ive

(e2) 92
(eve) 29zl
(989) 8Ste

(0'28-0'69) 09,
(r'ev) 665+

(b9 = u)
s|043u0)

eriow pajejal-6L-dlINnOD

$|0J3U0D PaYOIeW JIBY) PUB 6 L-JIAQD 40 8snedsq paIp Jo pazijendsoy aiem oym sjusiied Jo soljsusiorIeyD [eoluljo pue olydelbowsq | F1av]

(se) el
(9¢2) /8
(1'02) ¥2
(8°62) Ok
(e81) 29

(1961
(ov8) zie

(1) 65

(28) ce
(e81) 29
(L)

(cze)6LL
(6l 2L
(c8y) 8.1

(c6l) 1L
(ev) ssi
(88¢) ev it

(2201
(9¢g) vzt
(679¢) 9¢t
(781 89

(62) 62

(soz

009z
(Frev) 091

(e2) 12
(29 12
(((XNNE
(z2 s
(8°18) 20€

(69c =u)
sesen

(052 ‘90°1) €9°t
(lzr'se syt
(see‘sce)e8e
(2oL 9z’ L) sv'L
(662912 vSC
s 20 0v' L
QLeeol) 8L
(v6'2 ‘26'1) 882
S8y L) syt
(661 ‘8S°1) 99°L
F9'L ‘vo'L) LE'L
(e6'2 ‘022 €S2
(681 2e1) BG°L
1oy
(0s'c‘0972) L1°€
(861 ‘vS1) G L
1oy

Jojoey buiyorepy

J030e) buiyorepy

J03oe) buiyorepy

(19 %S6)
t-[o)

(2’1 9st
(67v1) 5681
(L9)es.
(521) ez2e
(6°2) LOOL
(2°¢) 99v
(ev9) /818
(e'¥) 628
(2v) 965
(¢'8) evol
(8'5) 9g2

(6€L) €LLL
(891 6ELT
(e'69) 2288

(99) gL
(1) 686€

(0'82-0"09) 00°02
(0'19) 96v9

(€'6) 0611
(L9) 622
(¥"2) 00€
(e¢) ozv
(6782) Gv0 O

(veL 2L =)
$|043U09

uonezijeydsoy pajela.l

(02) se
(#°02) 092
((NCTHEST]
(z'e2) 962
(7'21) 222

09 v9
(9°52) ¥96
AN

(99 8
(921) 191

(72) v6

(£92) ove
(2'02) 852
(kes) 229

(221) 291
(Lov) L1S
(z°2¥) 209

(@1 oz
(z'02) 262
(50¢) 68€
(1've) 208
(z's1) v6l

(5'8) 801

(0'82-0°09) 0°02
(0°15) 069

(21 =u)
sasen

Blluswag
J90URD
aseas|p Aeuow|nd oluoiyn
snyjjjew seeqgelq
aseas|p Asupy dluoIyd
salyredoledaH
uoisuspadAH
aJinjie} yeaH
uone|uql ety
asessIp Meay olwseyos|
S9SEas|p JejnoseAoIqaia)
(%) U ‘sieaA Q| snoinaud sy} ul sallPIGIOWO)
<
L
0
(9%) u ‘saeah g snoinaud ayy ul suonezieudsoH
<
I
0
(%) U ‘xapul ApIgIOWOD Uos|eyD
06<
68-08
6.-0L
69-09
65-09
6781
(%) U ‘(s1eak) aby
sieah {(4O|) ueipaw ‘aby
alewa
(%) U ‘Jopusan
[GETEYY
Aueosn |
elw3 oibbay
oize
Apsequio]
(9%) u ‘anuan

sonsualoeIRy)

https://academic.oup.com/rheumatology



Stefania Spila Alegiani et al.

Downloaded from https://academic.oup.com/rheumatology/advance-article/doi/10.1093/rheumatology/keab348/6226505 by guest on 30 August 2021

"ql 03 Joud syuow ¢ B|ge|leA. 1SE| SUL UyNm swied Aoeweyd Buisn psjeniens, "l o3 Joud syjuow gl d|qe|iene ise|
syl uiyum swieo Aoewdeyd Buisn pejenjend, ‘selyredojApuods Aiojewweyul Jsyio pue siiiApuods Buisolfyue ‘Ayredoaype oneuosd ‘eonewnsys eibjeAwAjod ‘snusue sjj@o juelb
:8p00 uoNdWexd IO UOHEZIENASOH,, "(9SESSIP 8NSSi} 8AIJ0SUUO0D SSNYIP PalIoadsun pue sIS0IS|0S DIWSISAS "9'l) SIHAIKOBUUOD JBYI0 ‘IS ‘YH :9P0d uoidwoxe JO Uo JezieNdsoH,

(P2 ‘22700890 Ly ez (€e et (8071 ‘€9°0) 28°0 (29)eeL (8) 19 sayvINg 21bojolg
(0re‘8z°0) €60 (670) 2e (80) e (£9°1 ‘8¥°0) 06°0 (01 eetk (60) LL sadvINg peiebiel
(P&t ‘921 9g°L (2°¢€€) ove L (evv) €91 (@6t es ) 1Lt (5'0g) z88¢ (L72¥) vvs 8sN O|Wa}SAS 10} SPI0JS}SO0D
(oe'+ ‘69°0) ¥6°0 ovhvis (eer ev (Zz116°0)80°L (@v1) co8l (1's1) g6l sdIVSN

o(%) U “@sn Bnip jueoey
(P21 ‘66°0) 2€°L (0'91) 06S (861 €L (6v'L 0L 1) 82’1 (5G1) 6961 (8'81) otz sjuessaldapiuy
(coe‘s60 €L (r2) 68 (Lv) st (€81 ‘2670 0E°L (e72) 562 (0e) 8¢ sonoyoAsdnuy
(88°} ‘26°0) GE' (9°6) 25e (szh) 9r (S21'ez 1) Lv't (c6) 99t (62 ¥9t sofjdajide-nuy
(¥6'2 ‘99°0) 'L (9 1) 8s €28 (lzz‘e0) vt (e1) 691k (671 ve sBnup s,uosuped-iuy
(202820 6V'L (€2 v8 (€e el (8zz 021 S9'L (c2) s8e (9¢) ov sbnip AIH-1uY
(68} ‘2T 1) 2GS’k (505) 0981 (£09) vee (9oL ‘8z' L vt (c'09) 2629 (1°69) ¥52 sonolqnuy
(09zct'b) L2t |1 221 (672) 62 (8671 ‘811 €G°L (87¢) 8y (99) 2L 1l pue | sse|o ‘solwyihyiie-iuy
(CEER TR (€08) LLLL (8'8¢) eVl (€9t 9z D vvL (6ve) eLie (8" 1e) 901 sionqiyur uonrebeibbe 1s|8ield
(80z‘22' 129t (9°81) 989 (892) 66 (88°L ‘2’1 v’k (091) 2v02 (5°c2) ooe sjue|nBeoonuy
(8971 ‘801 GE'L (b-ee) ogzh (Lov) syt (P27 9e ) vS'L (1'62) LLLE (1-8¢) 981 sjusbe BuiAypow-pidi
(L2285} 202 (129) €212 (508) 262 (8zz'cL 1) 66°L (e729) £€62 (1'92) 026 SiopJosip pajejeI-pioe Joy sbniq

5(%) u ‘e@sn Brup Joud

oo 2oL (65 ‘v2) O (18-28) €5 (oL 10D 1Ot (00'vS-00'61) ¥ (00v2-00'62) 6% (401 uelpew ‘Jeak snoineid ayy ul swirelo Bnig
(611 ‘250 280 OV vor (e ve (911 °18°0) 260 (€21 6951 (0eh est qSOSEssIp dlewnNayYl JSYI0
(¥0'+ ‘99°0) €8°0 (5°8¢) 02v k ¥ve) 221 (96'0 ‘'52°0) G8°0 (6'6€) G205 (c'9¢) g9t £9SN D1D/0DH 40} panoidde sesess|p onewnayy

(19 %S6) (r89e = u) (69g =) (19 %S6) (reLzL=u) (2L =u)
do sjo43uo0) sase) do s|o4u0) sase)

Ayjepow pejejes-61-aIN0D uonezijendsoy paiejei-61-aIN0D sansualoRIEYD

panupRuo) | I1av]

https://academic.oup.com/rheumatology



Risk of COVID-19 hospitalization and mortality in RA patients treated with HCQ or cDOMARDs

Downloaded from https://academic.oup.com/rheumatology/advance-article/doi/10.1093/rheumatology/keab348/6226505 by guest on 30 August 2021

"(SQYVINGO 40} UOIBDIPUI INOYNM JO UIM) SSSESSIP dljewunays ‘eseasip oelpJed Alape ‘swsejdosu ‘eseasip Aseuownd aA1ONJISQO OIUOIYD ‘aunjie} Asupiy dluoJyo
‘enuawep ‘salogelp ‘salyledoledsy ‘saseasip JenoseAolgalad ‘uoisusuadAy ‘sgyVING 2160[01q ‘sQUVING Pa1ebiel ‘Sploia1sodiuod ‘sOIYSN ‘solwylAyse-ijue ‘syjuessaidapiiue
‘sonoyoAsdiue ‘sondejide-ijue ‘sbnip uosuied-iue ‘sbnip AJH-lUe ‘sonoignue ‘sjuebe BulAypow-pidil ‘uonebeaibbe jsjeield ‘syueinbeoonue ‘yeon onded Joy sbnup ‘suonduos
-ai4d Jo Jegquinu ‘xapul AjpIgJowod uosley) ‘suonezieydsoy jo Jaquinu :ssa|qeuen a|qibie Buimoljo} sy} 4o} paisnipe pue Jepusb pue abe ‘eijusd Joy paydjew (GLy8'E =3I UOoLS}
-1O uoleLIOjUl BXIeXY UO paseq pJemioj asimdals) [opow uoissaifias o)siBo| [BUOIIPUOD S1eLBAININ, Jopusb pue abe ‘@Jjud Joj PaYdJeWw [9POW O)sIBO| [BUOIHPUOD 8}l BAIUN,

(ov'+‘62°0080°L  (b2'L‘020)e60  (S1E)619 (862 18 (8606900280 (1808500690 (£ 0£)9L02  (9°21)See Adessyjouow O10/O0H
oY oy (589) 2veL (202 L6 Joy oy (e69) 9vSy  (8°GS) gL (D710/D0H 1deox8) sadvyINaD 18Yi0

JO 8SNn JUusd8y

(29'r'98°0)06LL  (S8°L‘96°0)€C L  (Sv2) 206 (Gze)es  (Or1L'82z0e60 (LL'L'620160 (592) 698  (¢2e) €82 s@dvnao Aue jo asn ised

(ore‘zol)8L L (geech ) ep’t (9¢) vet (6%) 81 (09'1L‘06°0002°F (28°L ‘vO'}) LSk ev) 1vs (eg) 29 (D710/D0H 40 XLIN UHM) sSQHVINGD 4840
(8oz'zoov'L (Bze‘ssHore (06L00L  (Fogzkk  (e1L960)GHE  (00Z‘syHoL L (€129t Wig)ooy  (O10/O0H 40 X1IN 1deoxs) sadvINgD 18Ul0
(29'L'sg0)6LL (b8 L‘Ss60)cet  (5€2) ¥98 (0z2) 18 (0071 ‘69°0)€8°0 (S0°F ‘20880 (8 & €12z (921 sze Adessyjouow O10/O0H
Jod Jod (#'62) ¥80L  (€02) S2 Joy JoH (e9z)seee (s mu 00¢ Adessyjouow X 1IN

JO 8sn U808y

(12 %S6) HO (12 %S6) HO (r89e=u) (69c=U) (12 %S6) HO (19 %S6) HO (beL2L=u) (SL21L=uU)
avowwz_ve. <paisnipeun s|0Jju0) sasen avowwz_ve. <paisnipeun s|oJjuo) sase)

Ayjeriow pajejoi-61-aiN0D uonezijendsoy paje|as-61-AINOD asn Bniqg

Ayljerow pue uoiezieydsoy paie|al-6 L-aIAOD PUB SQHVINGD 48410 pue X1 N SA D1D/0DH 40 9SN 1usda) UsoM}aq UOBIO0SSY g J1av]

https://academic.oup.com/rheumatology



Stefania Spila Alegiani et al.

Downloaded from https://academic.oup.com/rheumatology/advance-article/doi/10.1093/rheumatology/keab348/6226505 by guest on 30 August 2021

"SUOIIBAISSCO JUBPIODSIP M} 00} J0 pafiieAuod jou [spow 8jeUBAIIN, "610Z Joquwsdsq 0} 610z 49090100
W0J} POSSOSSe SeM SPI0JSISODILOD 0} ainsodx3, *(SAYVINGD 40} UolEdIPUl INOYLIM IO YUM) SOSessIp dljewnayl ‘esessip oelpJed Alsue ‘swsejdosu ‘qdQD ‘ednjie} Asupiy oluoyo
‘enuawiep ‘selogelp ‘selyiedoleday ‘seseasip JBNOSBA0ICQRI9D ‘uoisusuadAy ‘sauVING 2160[01q ‘sSQUVING poleblel ‘SploJalsodiuod ‘SOIYSN ‘SollylAyle-nue ‘syuessaidapiiue
‘soljoyoAsdiue ‘soids|ide-ijue ‘sbnup s,uosupued-iiue ‘sbnup A|H lue ‘soioigiue ‘syusbe BulAypow-pid) ‘uonebaibbe jsjereld ‘sjueinbeoonue ‘yeojn ondad Joy sbnup ‘suonduos
-aid jo Jegquinu ‘Xxapul A}pIgJowod uospey) ‘suoleziendsoy jo Jagquinu :sejgenen a|qibiie Buimoljo) sy Joy palsnipe pue Jspusb pue abe ‘aijusd U0y paydlew (GLy8'e = uous}
-1IO UOHEWLIOJUI 9)E)Y UO PaBsEq piemio} asimdals) [opow uolssaifal oisifo| [euoiipuod eleueAilnin, Jopusb pue ebe ‘@jusd 4o} payolew |gpow oisiBo| [euopuOD BjeLeAIuN,

b (091 ‘€1°0) G¥°0 (L"22) 61 (06l 8 (980 ‘€2°0) G¥'0 (¢20'€20) L0 (r62) €L (€9l ge Adessyjouow TOD/OOH

oy ‘Joy (622) 1S (0'18) ve 1oy 1oy (9°02) 621 (8c8) 621 SQYVINGD J8Ul0

o (e ‘LL0) 290 (e9v) 52 (oov) 0L (€6°0 ‘S1°0) LE0 (901 ‘92°0) 250 (6's¥) 06 (¢2e) 62 Adessyiouow TOO/OOH

Jod Joy (2729) 62 (009) 51 Jod Jod (F¥9) 901 (829 19 Adessyjouow se X 1IN
,(aaa ov<) spioie1soo109 8sop-ybiy JO asn Jusdey

(2571 ‘e5°0) 26°0 (#S'L ‘85°0) ¥6°0 (90¢) 001 (082) €€ (260 ‘15°0) 890 (58°0 ‘8¥°0) €970 (8°1€) 02E (6'+2) 98 Adessyiouow TOO/OOH

Jod Jod (r'69) 222 (0z2) s8 Jod Jod (c89) 989 (1'82) 90¢ S@YvINGD Jeul0

(2e72'c90) €21 (6v'2‘eL°0) GEL (@ 1v) 8zt (Lvv) ve (€11 ‘'$S5°0)82°0 (2171 '85°0) €8°0 (evv) vov (1'8¢) 88 Adessyjouow TOO/ODH

Joy oy (8789) €81 (e'59) v Jjod Jod (8°GG) 605 (6719 eVt Adeseyiouow se X 1IN
ow—u_o\_muwoo_too J0O 8SNn JUusd8y

(95°€ ‘v8'0) €Lk (y02 ‘v2'0)ESk (9°6¢€) 89 (F'vv) 0g (90°1 ‘¥G'0) G20 (201 ‘96°0) 2270 (e°2€) 292 (81€) 82 Adessyjouow 1OD/O0H

oy Joy (rv9) ezt (67G9) 8¢ Joy Joy (2°29) v (289) 291 SayvINGo Jeui0

(ov'€ ‘08°0) 59°1 (90°¢ ‘¥8°0) 09°L (rov) ot (5'es) e (911 ‘25'0) 28°0 (e’ ‘19°0) 280 (" 1v) €8¢ (2'6%) 28 Adessyjouow TOO/OOH

oy Joy (9°69) GGt (52v) 62 oy 1oy (9°89) evG (€09) zgk Adessyjouow X 1IN

IS 40 Y Aq pajosye sjusied

(1D %56) HO (1D %S6) HO (%) u (%) u (1D %S6) HO (1D %S6) HO (AN (%)
qPesnipy <Paisnipeun ‘sj0u0D ‘sasen qPeisnipy <Paisnipeun s|o1juo) u ‘sase)n

Ayjepiow pejejel-6L-dINOD uonezijendsoy paje|as-61-dIAOD asn bniqg

SAYVINGD 48410 PUB X1 N SA TOD/ODH 10 8SN 1Uusdal 8yl Yim paleloosse Aljeow pue uolezijendsoy parejal-gL-gIAOD 4O XsU 8y} Jo sishjeue dnolbgng ¢ 31av]

https://academic.oup.com/rheumatology



Risk of COVID-19 hospitalization and mortality in RA patients treated with HCQ or cDOMARDs

Downloaded from https://academic.oup.com/rheumatology/advance-article/doi/10.1093/rheumatology/keab348/6226505 by guest on 30 August 2021

“(sadvingo
JO} UONEDIPUl INOYUM JO UYM) SOSESSIP Oljewnayl ‘esessip oelpied Aspe ‘swisejdosu ‘esess|p Aleuowind 8A13ONJISQO OlUOCIYD ‘@unie) ASupiy OlUOIYD ‘BllUSWSP ‘Sjegelp ‘Salyl
-edojeday ‘seseas|p JENOSEA0IQEIRD ‘uoisuapadAy ‘sgyyING 2160]j01q ‘sQUVING Peiebiel ‘Splosalsodlpod ‘sbnip Alojewwejjul-ijue [eplioJals-uou ‘solwylAyie-ijue ‘syuessaidapiiue
‘sonoyoAsdinue ‘sondsjida-nue ‘sbnip s,uosupjed-iiue ‘sbnip A|H-ue ‘sonoiqiue ‘syuabe BuiAypow-pidl ‘uonebalbbe 1oje1e|d ‘syueinbeoonue ‘49ojn ondad Joy sbBnip ‘suonduos
-a4d jJo Joquinu ‘xapul AJpIgJowod uospey) ‘suoljezieydsoy jJo Jaquinu :sajqeleA a|qibiie Buimojjoy sy} 4o} paisnipe pue Jspusb pue abe ‘asusd oy paydrew (S8 e =3 Uous}
-1O UOlJEWLIOJUl SX[e)y UO Paseq piemio} osimdsis) [epow uoissaibal oisiBo| [BUOHPUOD SjelBAIN|A, “Jopush pue abe ‘@Jjusd Joj payorew [opow oNisifo| [eUORIPUOD SlelBAIUN,

(oL ‘v200880 (b8 2E 1) BGL (01 Lselt SHie (20°+ ‘68°0) 86°0 SO I est (8°0) ve6Y @1 12 sek ‘3718 Jo vy
Joy JoY (0e6)00L6EL  (5°86) 8S. €L oY oY (c'66) 181 265  (8'86) 6EL 8S ou ‘J1S Jo vy

(90°1 ‘€800 ¥6'0  (8L°L ‘v 1) 09'L (8'1)ol9z (62 ety (20"} ‘¥6°0) 00°k (09} ‘e’ 2s't (9°1) 6956 (72 9evi soA ‘esessip olewnayy
Joy oY (cse)ooL 6l (L'26)8SL €L oY oY (b86) L8L 26S  (9726) 6EL 8S ou ‘esessIp oljewnayy
(OT1D/0DH 40 X 1IN Unm)

(rez'os00et  (lwe‘0gHeoe (1'0) g8 (1o) 21 (26 L'06°0) BL°L (2e2'8e1) 18°L (1°0) Lve (1o) 19 S@dvINgd 48U10
(010/00H 40 X LN 1de0oxs)

s rervert (v 2872 .6€ (co)sie (870) L L1 (og'L ‘801 121 (81'¢ 252 98¢ (€0 ovsH (270) 9ev SadvINGo Jeui0
(Le'r22066'0  (S271°20°1) €L (°0) ovs (S0 gL (Fe Lo’ 6Lk (€8t ‘v 29t (¢70) o002 (5'0) oze Adessyjouow se X 1IN
(lor‘oo B 22’ (Brz'sehelL (°0) 805 (9°0) 28 (0z'+‘16°0) vO'L (lok‘ez’b) 'L (€0 6SLH (°0) sve Adessyiouow se TOD/OOH
Joy ‘Jod (0e6)z9zovE  (0°86) €88 €L ‘Jod ‘Jod (1'66)0LL 965  (2'86) €L BS SAYVYINGO ON

(1D %56) HO
qPaISNipy

(19 %S6) HO
<Paisnipeun

(OLLIWpL=U
) s|jo1u0)

Ajjepow pajejas-6L-AINOD

(LLL YL =U) (19 %S6)
sase) HO gpaisnipy

(19 %S6)
HO .Paisnipeun

(0SZ 109 = u)
s|ouo)

uonezijeydsoy paje|a-6L-aINOD

(2109 =U)
sasen

a|qeuep

poyoo paseq-uoiendod ayy ul (8ousasge sA) Ajleoioads J1S/vY 40 SOSEasIp dljewnayJ Jo aouasaid
3} pue (8sn-uou sA) asn sgyVYINGD 48410 40 X1 ‘O1D/00H pue Aljepow/uoneziendsoy pajeal-6 L-AIAOD JO MSH USSMISg UOIIBIO0SSE 8y} JO SisAjeue AYAIISUSS  J1av]

https://academic.oup.com/rheumatology



Stefania Spila Alegiani et al.

compared with either recent MTX monotherapy [OR
0.82 (95% CI 0.57, 1.16) and OR 1.65 (95% CI 0.80,
3.40), respectively] or recent use of other cDOMARDs [OR
0.75 (95% CI 0.54, 1.06) and OR 1.73 (95% CI 0.84,
3.56), respectively], even though an opposite trend for
the two outcomes was reported. The restriction of the
analysis to patients concomitantly treated with high
doses of corticosteroids before 3months of the ID
showed that, compared with MTX monotherapy, HCQ/
CLQ monotherapy was associated with a statistically
significant reduction in COVID-19 hospitalization [OR
0.37 (95% CI 0.15, 0.93)] (Table 3).

The sensitivity analysis carried out in the general
population showed no increased risk of COVID-19 hos-
pitalization among recent users of HCQ/CLQ as com-
pared with non-use, whereas a mild statistically
significant increased risk for recent use of MTX as
monotherapy [OR 1.19 (95% CI 1.05, 1.34)] or other
cDMARDs, except MTX or HCQ/CLQ [OR 1.21 (95% CI
1.08, 1.36)], vs non-use was found. The slight increase
in the risk for mortality was confirmed only for recent
use of other cDMARDs, except MTX or HCQ/CLQ, vs
non-use [OR 1.43 (95% CI 1.12, 1.82)]. Finally, we found
that rheumatic diseases in general and RA/SLE specific-
ally were not associated with the risk of COVID-19 hos-
pitalization [vs absence; OR 0.98 (95% CI 0.89, 1.07)] as
well as mortality [vs absence; OR 0.88 (95% CI 0.74,
1.05)] (Table 4).

Discussion

The main finding of this large-scale ltalian nested case-
control study was that recent exposure to HCQ/CLQ
was not associated with a protective effect regarding
COVID-19-related hospitalization and mortality com-
pared with MTX monotherapy in rheumatic patients.
This finding was confirmed when assessing those risks
in association with HCQ/CLQ vs non-use in a non-
nested population. The absence of a protective effect of
HCQ/CLQ against COVID-19-related severe outcomes is
in line with a large body of evidence from both in- and
outpatient settings accumulated so far [29], especially in
rheumatic patients [21, 23].

Conversely, we observed an increased risk of COVID-
19-related hospitalization and mortality among other
cDMARD users vs HCQ/CLQ, as well as vs MTX. Other
cDMARDs include several compounds that are used in
indications other than autoimmune disease, such as
transplanted patients, who may also be more likely to
develop severe COVID-19. Accordingly, differences in
the risk of COVID-19-related negative outcomes be-
tween HCQ/CLQ and other cDMARDs disappeared
when the analysis was restricted to RA/SLE patients.
The association between the use of other cDMARDs
and the increased risk of COVID-19-related hospitaliza-
tion and mortality has also been documented in a recent
systematic review and meta-analysis of both experimen-
tal and observational studies assessing the risk and
prognosis of COVID-19 in  immune-mediated

10

inflammatory diseases [25] and in a Danish observation-
al study that found an increased risk of being hospital-
ized for COVID-19 in patients treated with ciclosporin,
tacrolimus and thiopurines [30].

Nevertheless, we found a statistically significant mar-
ginal increase in risk of COVID-19-related hospitalization
(and mortality only for other cDMARDs) with both MTX
as well as other cDMARDs when compared with non-
use in the general population. This finding may be due
to the immunosuppressive effects of these drugs, which
are known to be associated with an increased risk of
infections [31]. Instead, no increase in such a risk with
HCQ/CLQ was observed, as these drugs exert immuno-
modulatory and not immunosuppressant action.
Accordingly, a statistically significant protective effect
against COVID-19-related hospitalization and mortality
for HCQ/CLQ vs MTX and other cDMARDs in rheumatic
patients was only observed in patients who were con-
comitantly treated with high cumulative dosages of cor-
ticosteroids, thus emphasizing an even more
pronounced risk of severe COVID-19 in the presence of
synergistic immunosuppressant effects, as reported by
several recently published papers [30, 32-35].

In general, being affected by rheumatic diseases, and
RA/SLE specifically, was not found to be a risk factor
for COVID-19 hospitalization and mortality, thus indicat-
ing the absence of confounding by indication, when
assessing the risks associated with drugs used for the
treatment of these diseases. However, MTX and other
cDMARDs may be used in more severe forms of rheum-
atic diseases (and other immune-mediated inflammatory
diseases) than HCQ/CLQ and as such we cannot rule
out that the slight increased risk of COVID-19 hospital-
ization with use vs non-use is partly due to confounding
by severity and not to immunosuppressive effect alone.

The strengths of our study include the use of a large
multicentre database network with real-world data for
>200 000 cDMARD users from five Italian regions. This
large sample size allowed us to perform a number of
subgroup and sensitivity analyses, increasing the robust-
ness of our findings. The use of the COVID-19 patient
registries, which are daily updated by the Italian NHS,
leverages accurately collected data on patients testing
positive for SARS-CoV-2 RNA by PCR on nasopharyn-
geal/throat swabs. Linking Italian claims databases to
the COVID-19 registries at the individual patient level,
we were able to adjust the analyses for a large number
of potential confounders. Furthermore, since MTX is the
reference drug in the treatment of arthropathies and it
has a similar use pattern as HCQ/CLQ, we selected this
drug as the main comparator as well as carrying out a
subgroup analysis in patients with SLA/RE (approved
indications for HCQ) to better control for confounding
effects. However, this study also has some limitations.
As we assessed drug exposure until 31 December 2019
and identified COVID-19 cases until June 2020, we may
have misclassified drug exposure if patients stopped/
switched therapies in the period preceding COVID-19-
related hospitalization or mortality. However, it is
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reasonable to suppose that it is unlikely that patients with
rheumatic diseases changed or stopped treatment after
the beginning of the pandemic, as recommended by the
current guidelines of international societies of rheumatol-
ogy [36, 37]. Information on known risk factors for death
in COVID-19 patients, such as obesity and smoking, was
not available; however, the adjustment of the analysis for
comorbidities strongly correlated to these variables (e.g.
diabetes mellitus and chronic obstructive pulmonary dis-
ease), potentially accounting for their confounding effect.
Moreover, since some chronic comorbidities are not a
frequent cause of hospitalization, they may have been
partly underestimated, as they were mainly identified
from hospital discharge diagnoses.

Conclusion

In this large Italian nested case—control study, recent expos-
ure to HCQ/CLQ in rheumatic patients was not associated
with a protective effect against COVID-19-related hospitaliza-
tion and mortality compared with MTX. A slight statistically
significant increased risk for recent use of MTX as monother-
apy or other cDMARDs, except MTX or HCQ/CLQ, when
compared with non-use was found. Furthermore, when com-
pared with HCQ/CLQ, we observed an increased risk of
COVID-19 hospitalization and mortality in patients receiving
other cDMARDs, especially if concomitantly treated with
high-dose glucocorticoids. This is likely attributable to a syn-
ergistic immunosuppressive effect of those drugs, leading to
an increased risk of severe SARS-CoV-2 infection rather
than to an HCQ/CLQ protective effect.
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