Justus-Liebig-Universitat Giel3en
Fachbereich Medizin
Campus Kerckhoff
Aus dem Zentrum fur Innere Medizin

Abteilung fur Rheumatologie und Klinische Immunologie

Entzundlich-rheumatische Erkrankungen
im Kontext der COVID-19-Pandemie

Kumulative Habilitationsschrift
zur Erlangung der Lehrbefahigung fur das Fach Rheumatologie

im Fachbereich Medizin der Justus-Liebig-Universitat Gielden
vorgelegt von

Dr. med. Rebecca Hasseli-Frabel
Gielden (2022)



Inhaltsverzeichnis

TabelleNVErZEICHNIS. ... ... ettt e e e e e e e e ee e e e e e e e e eeeeeeeeeees 4
ADDIAUNGSVEIZEICNNIS. ...t e e e e e e e e es 4
LAY o] (0| 74U o =T o TSP P PP TPPPPPR 5
Ubersicht der eigenen Originalarbeiten zur ThematiK.............ccoccoveeeeeeieeeceeeceeeeeeeeeee e, 6
1. BINFUNIUNG ...t 10
1.1 Das neuartige Coronavirus SARS-COV-2 ........c.cii it 10
1.1.1 Der Einfluss der COVID-19-Pandemie auf die medizinische Versorgung ........................ 11
1.1.2 Verlauf einer SARS-CoV-2-INfeKtioN ..........ooi i 12
1.1.3 Immunmodulatoren im Einsatz gegen COVID-19 ... 13
1.1.4 Antivirale Therapieansatze gegen COVID-19 ..o 18
1.1.41 MonNOKIONAIE ANTIKOIPET ...ttt e e e e e e e e e e e eeeeas 18
1.1.4.2 REMAESIVIE ...t e e e et e e e e a e e 19
1.1.4.3 NIrMatrelVir/RIEONAVIT.........o et e e 19
1144 0] Lo 0T o] =NV | USRS 20
1.2 Entziindlich-rheumatische Erkrankungen und Virusinfektionen der Atemwege................ 20
1.2.1 Virale Atemwegsinfektionen in der Rheumatologie am Beispiel von Influenza................. 21
1.3 Differentialdiagnosen der COVID-19-assoziierten Pneumonie im Kontext von ERE........ 22
1.4 Der Einfluss von Immunmodulatoren auf das Infektionsrisiko ..........ccccccceviiiiiiiiienenne. 24
1.5 Impfungen bei Patientinnen mit rheumatologischen Erkrankungen............c.cccccoiinnie. 28
1.5.1 INFIUENZA-IMPIUNG ..ot e e 29
1.5.2 PneumokokKen-Impfung ........ ..o 29
1.5.3 COVID-19-IMPFUNGEN ...ttt et et e e enre e e beeeeenreeenns 30
2. Fragestellung und Zielsetzung der Arbeit.............ooooeiiiiiiiiiiiiiiieeeee s 32
3. ErgebniSSe ... 33
3.1 Der Einfluss der SARS-CoV-2-Pandemie auf die Behandlung von ERE......................... 33
3.2 Aufbau eines nationalen Registers zur Erfassung SARS-CoV-2-Infektionen bei
Patientlinnen mit entziindlich-rheumatischen Erkrankungen.............cccccooviiiiiiiiiinnnns 50
3.3 Erhohtes Risiko fiir einen schweren Verlauf von COVID-19 unter Therapie mit Rituximab
bei ERE — erste Fallberichte Weltweit..............oooiiiiii e 67
3.4 Einflussfaktoren flr einen schweren COVID-19-Verlauf bei entziindlich-rheumatischen
EFKIranKUNGEN ...t e e e et e e e e e e e e e e e 72
3.5 SARS-CoV-2-Infektionen bei rheumatoider Arthritis .............cccoociiiiiiiiii e 95
3.6 Die Rolle der Tumor-Nekrose-Faktor-Blockade bei immunvermittelten-entziindlichen
Erkrankungen im Kontext von SARS-COV-2........ccociiiiiiiiie et 117
3.7 COVID-19 bei systemischem Lupus erythematodes und bei Vaskulitiden ..................... 146
3.8 Einstellung der Rheumatologlnnen gegeniber der COVID-19 Impfung........c.cccceeevneee. 169
3.9 Einfluss der erhobenen Register-Daten auf Handlungsempfehlungen hinsichtlich COVID-
TOUNA ERE ...ttt et e et e e et e e e smbe e e snte e e anbeeeenneas 179
4. DISKUSSION ... e 201
4.1 Einfluss der COVID-19-Pandemie auf ERE-Patientinnen...............ccccoiiiiiiiiiiiie 201
4.2 Darstellung des Verlaufs einer SARS-CoV-2-Infektion bei ERE-Patientinnen ............... 202



4.3

Einfluss der Immunmodulation zur Behandlung der ERE im Kontext einer SARS-CoV-2-

1) 2= S o o PSPPSR 203
4.4 Handlungsempfehlungen zur bestmdglichen Betreuung von ERE-Patientinnen im Kontext

(o =T gl = o (=10 1= USRS 205
4.5 Veranderungen des Infektionsgeschehens im Laufe der Pandemie unter Einsatz der

1T o] {8 TaTo [T o T o= IR 206
5. Vorteile des REJISTEIS ......coooiiiiiiiiiiiii e 207
6. Limitationen des RegiSters ..o 207
7. Zusammenfassung und AUSDIICK ...........oooiiiiiiiiii e 208
8. DaNKSAQUNG ... e e 210
9. Erklarung der Habilitationsleistung...........coooiiiiiiiiii e 211
10. Erklarung zu anderweitigen Habilitationen oder Habilitationsversuchen ........... 212
S (=Y (=10 4= o SRR 213



Tabellenverzeichnis

Tabelle 1: Humanpathogene Coronaviren

Tabelle 2: Ubersicht der Immunmodulatoren/Immunsuppressiva und deren Rolle bei viralen

AtemMWEGSINTEKLIONEN ...t 28
Tabelle 3: Ubersicht COVID-19-IMPFStOffe.........cccviiireeeceieeeeceeeee e 31
Abbildungsverzeichnis

Abbildung 1: Verlauf der Daten im Register ... 206



Abkirzungen

AN C A ettt e et eeente e e nareeeanreenn Anti-Neutrophile cytoplasmatische Antikérper
I PR ER B-lymphocyte stimulator
O S URR Konfidenzintervall
L7 ) SRR Coronaviren
(010 XY 15 1 TSRS URSOTR Coronavirus Disease 2019
DGR .. e e e aaa e an Deutsche Gesellschaft fiir Rheumatologie
BV A e e e e ——————aaaaaaaaaans Europdische Arzneimittel-Agentur
ERE ... e e e e e e e e ————————— entziindlich-rheumatische Erkrankungen
L (O 0 XY | SRR Humanres Coronavirus 229E
[ (070 XY e | U L OSSR Humanes Coronavirus HKU1
[ (70 XY | I 2 RS R Humanes Coronavirus NL63
[ (00X 10 o TR Humanes Coronavirus OC43E
HIV et e e e e e e e e e e e e e e e e e ————rraaaaaaaaaaaaaaaaaaaaan Human Immunodeficiency Virus
1 2 2T N Interleukin-12/23-Inhibitoren
| 2 PR Interleukin-17-Inhibitoren
L SRRSO Interleukin-6-Inhibitoren
LEOSS .ot Lean European Open Survey on SARS-CoV-2 infected patients
S SO Middle East Respiratory Syndrome
I RN A ettt e e et e e et e e aeaeaaeeeeeeaeaaaa e aa——————————rarraaaaaaaaaaaaaas messenger Ribonucleic Acid
L P Odds Ratio
O SRS 13-valenter Konjugat-Impfstoff
P P ettt e e e ae et e e e e e anae e e e e e anreeeaaeaanraneaaeaan Pneumocystis jiroveci-Pneumonie
L LY T OSSR 23-valenter Polysaccharid-Impfstoff
RIN A ettt ettt oo oot eee e e e e et ettt e e e e aaaeeeeee e e s teeeeeeaanbeteeaeaatneeeaeeaannteeeaeaaanreeeeeeaanrns ribonucleic acid
SRS e e e —e e et e e e te e e e anteeeanateeateeeanteeennnean Severe Acute Respiratory Syndrome
SARS-COV-2..cooiiiieie et schweres, akutes respiratorisches Syndrom auslésendes Corona-Virus 2
SECURE-IBD.................... Secure Epidemiology of Coronavirus Under Research Exclusion for Inflammatory Bowel Disease
SUP AR et e aaaaaaaaaaaaaaaaaaan soluble urokinase plasminogen receptor
TN e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaeeeaaaaaaaan Tumornekrose-Faktor-Alpha-Inhibitoren
VWHO ettt et e et e e et e e et e e e nee e e eateeeante e e e s teeenaeeeanteeeeneeeaneeenn Welt-Gesundheitsorganisation



Ubersicht der eigenen Originalarbeiten zur Thematik

Originalarbeit 1: Einfluss der SARS-CoV-2-Pandemie auf die Behandlung von ERE ........... 36
Originalarbeit 2: Einfluss der SARS-CoV-2-Pandemie auf die Behandlung von ERE ........... 42
Originalarbeit 3: Aufbau des RegiSters. ... 52
Originalarbeit 4: Aufbau des RegiSters. ... 61
Originalarbeit 5: SARS-CoV-2-Infektion & Rituximab.............cccooiiiii e, 69
Originalarbeit 6: SARS-CoV-2-Infektion & Rituximab.............cccooiiiii e, 70
Originalarbeit 7: schwerer Verlauf einer SARS-CoV-2-Infektion bei ERE.............ccccvveeee... 74
Originalarbeit 8: schwerer Verlauf einer SARS-CoV-2-Infektion bei ERE..............cccvveeee... 82
Originalarbeit 9: SARS-CoV-2-Infektionen bei rheumatoider Arthritis...........ccccccooviiiiiiennnenn. 98
Originalarbeit 10: SARS-CoV-2-Infektionen bei rheumatoider Arthritis...............cccccvvneee.n. 107
Originalarbeit 11: TNFi bei chronisch-entziindlichen Erkrankungen .............cccccooiiieenineen. 120
Originalarbeit 12: TNFi bei chronisch-entziindlichen Erkrankungen ..............ccccooiiieennnneen. 137
Originalarbeit 13: COVID-19 bei SLE..........oooiiiiiiiiieie e 150
Originalarbeit 14: COVID-19 bei Vaskulitiden ... 159
Originalarbeit 15: COVID-19-Impfung bei ERE ............cooiiiii e 171
Originalarbeit 16: Handlungsempfehlungen ... 180
Originalarbeit 17: Uberblick COVID-19 & ERE..........c.c.coveviueeieieeeieeeeeeteeeeeeeee e, 196



Originalarbeit 1:
Schmeiser T, Broll M, Dormann A, Frabel C, Hermann W, Hudowenz O, Keil F, Miller-Ladner U, Ozden F,

Pfeiffer U, Saech J, Schwarting A, Stapfer G, Steinchen N, Storck-Miller K, Strunk J, Thiele A, Triantafyllias K,
Wassenberg S, Wilden E, Hasseli R.

Einstellung von Patienten mit entziindlich-rheumatischen Erkrankungen zur immunsuppressiven Therapie im
Rahmen der COVID-19 Pandemie — eine Situationsanalyse.

Z Rheumatol. 2020 May;79(4):379-384. doi: 10.1007/s00393-020-00800-8

Ethikvotum der Justus-Liebig-Universitat: AZ32-20

Originalarbeit 2:
Hasseli R, Miller-Ladner U, Keil F, Broll M, Dormann A, Frabel C, Hermann W, Heinmller CJ, Hoyer BF, Loffler

F, Ozden F, Pfeiffer U, Saech J, Schneidereit T, Schlesinger A, Schwarting A, Specker C, Stapfer G, Steinmiiller
M, Storck-Mdller K, Strunk J, Thiele A, Triantafyllias K, Vagedes D, Wassenberg S, Wilden E, Zeglam S,
Schmeiser T.

The influence of the SARS-CoV-2 lockdown on patients with inflammatory rheumatic diseases on their
adherence to immunomodulatory medication - a cross sectional study over 3 months in Germany.
Rheumatology (Oxford). 2021 Mar 11:keab230. doi: 10.1093/rheumatology/keab230

Ethikvotum der Justus-Liebig-Universitat: AZ32-20

Originalarbeit 3:
Hasseli R, Miller-Ladner U, Schmeiser T, Hoyer BF, Krause A, Lorenz HM, Regierer AC, Richter JG, Strangfeld

A, Voll RE, Pfeil A, Schulze-Koops H, Specker C.

National registry for patients with inflammatory rheumatic diseases (IRD) infected with SARS-CoV-2 in Germany
(ReCoVery): a valuable mean to gain rapid and reliable knowledge of the clinical course of SARS-CoV-2
infections in patients with IRD.

RMD Open. 2020 Sep;6(2):e001332. doi: 10.1136/rmdopen-2020-001332

Ethikvotum der Justus-Liebig-Universitat: AZ 52-50

Originalarbeit 4 (Ubersichtsarbeit):

Hasseli R, Pfeil A, Hoyer BF, Lorenz HM, Regierer AC, Richter JG, Schmeiser T, Strangfeld A, Voll RE, Krause
A, Schulze-Koops H, Miiller-Ladner U, Specker C.

German registry www.Covid19-Rheuma.de : Status report after 1 year of the pandemic.

Z Rheumatol. 2021 Sep;80(7):641-646. doi: 10.1007/s00393-021-01034-y

Ethikvotum der Justus-Liebig-Universitat: AZ 52-50

Originalarbeit 5:
Schulze-Koops H, Krueger K, Vallbracht I, Hasseli R, Skapenko A. Increased risk for severe COVID-19 in

patients with inflammatory rheumatic diseases treated with rituximab.
Ann Rheum Dis. 2021 May;80(5):e67. doi: 10.1136/annrheumdis-2020-218075

Originalarbeit 6:
Schulze-Koops H, Krueger K, Vallbracht 1V, Hasseli R, Skapenko A.

Treatment of patients with inflammatory rheumatic diseases with rituximab should be carefully considered during
the SARS-CoV-2/COVID-19 pandemic. Response to: 'Persistence of rT-PCR-SARS-CoV-2 infection and
delayed serological response, as a possible effect of rituximab according to the hypothesis of Schulze-Koops et
al. by Benucci et al.

Ann Rheum Dis. 2020 Aug 4:annrheumdis-2020-218686. doi: 10.1136/annrheumdis-2020-218686




Originalarbeit 9:
Hasseli R, Pfeil A, Hoyer BF, Krause A, Lorenz HM, Richter JG, Schmeiser T, Voll RE, Schulze-Koops H,

Specker C, Miller-Ladner U. Do patients with rheumatoid arthritis show a different course of COVID-19
compared to patients with spondyloarthritis?

Clin Exp Rheumatol. 2021 May-Jun;39(3):639-647. Epub 2021 Mar 30.

Ethikvotum der Justus-Liebig-Universitat: AZ 52-50

Originalarbeit 10:
Sparks JA, Wallace ZS, Seet AM, Gianfrancesco MA, Izadi Z, Hyrich KL, Strangfeld A, Gossec L, Carmona L,

Mateus EF, Lawson-Tovey S, Trupin L, Rush S, Katz P, Schmajuk G, Jacobsohn L, Wise L, Gilbert EL, Duarte-
Garcia A, Valenzuela-Almada MO, Pons-Estel GJ, Isnardi CA, Berbotto GA, Hsu TY, D'Silva KM, Patel NJ,
Kearsley-Fleet L, Schafer M, Ribeiro SLE, Al Emadi S, Tidblad L, Sciré CA, Raffeiner B, Thomas T, Flipo RM,
Avouac J, Seror R, Bernardes M, Cunha MM, Hasseli R, Schulze-Koops H, Miller-Ladner U, Specker C, Souza
VA, Mota LMHD, Gomides APM, Dieudé P, Nikiphorou E, Kronzer VL, Singh N, Ugarte-Gil MF, Wallace B,
Akpabio A, Thomas R, Bhana S, Costello W, Grainger R, Hausmann JS, Liew JW, Sirotich E, Sufka P, Robinson
PC, Machado PM, Yazdany J; COVID-19 Global Rheumatology Alliance. Associations of baseline use of biologic
or targeted synthetic DMARDs with COVID-19 severity in rheumatoid arthritis: Results from the COVID-19 Global
Rheumatology Alliance physician registry.

Ann Rheum Dis. 2021 Sep;80(9):1137-1146. doi: 10.1136/annrheumdis-2021-220418

Ethikvotum der Justus-Liebig-Universitat: AZ 52-50

Originalarbeit 11:
Izadi Z, Brenner EJ, Mahil SK, Dand N, Yiu ZZN, Yates M, Ungaro RC, Zhang X, Agrawal M, Colombel JF,

Gianfrancesco MA, Hyrich KL, Strangfeld A, Carmona L, Mateus EF, Lawson-Tovey S, Klingberg E, Cuomo G,
Caprioli M, Cruz-Machado AR, Mazeda Pereira AC, Hasseli R, Pfeil A, Lorenz HM, Hoyer BF, Trupin L, Rush
S, Katz P, Schmajuk G, Jacobsohn L, Seet AM, Al Emadi S, Wise L, Gilbert EL, Duarte-Garcia A, Valenzuela-
Almada MO, Isnardi CA, Quintana R, Soriano ER, Hsu TY, D'Silva KM, Sparks JA, Patel NJ, Xavier RM, Marques
CDL, Kakehasi AM, Flipo RM, Claudepierre P, Cantagrel A, Goupille P, Wallace ZS, Bhana S, Costello W,
Grainger R, Hausmann JS, Liew JW, Sirotich E, Sufka P, Robinson PC, Machado PM, Griffiths CEM, Barker JN,
Smith CH, Yazdany J, Kappelman MD; Psoriasis Patient Registry for Outcomes, Therapy and Epidemiology of
COVID-19 Infection (PsoProtect); the Secure Epidemiology of Coronavirus Under Research Exclusion for
Inflammatory Bowel Disease (SECURE-IBD); and the COVID-19 Global Rheumatology Allianc; Psoriasis Patient
Registry for Outcomes, Therapy and Epidemiology of COVID-19 Infection (PsoProtect); the Secure Epidemiology
of Coronavirus Under Research Exclusion for Inflammatory Bowel Disease (SECURE-IBD); and the COVID-19
Global Rheumatology Alliance (GRA). Association Between Tumor Necrosis Factor Inhibitors and the Risk of
Hospitalization or Death Among Patients With Immune-Mediated Inflammatory Disease and COVID-19.

JAMA Netw Open. 2021 Oct 1;4(10):€2129639. doi: 10.1001/jamanetworkopen.2021.29639

Ethikvotum der Justus-Liebig-Universitat: AZ 52-50

Originalarbeit 12:

Hasseli R*, Regierer AC*, Schafer M, Hoyer BF, Krause A, Lorenz HM, Pfeil A, Richter J, Schmeiser T, Schulze-
Koops H, Strangfeld A, Voll RE, Specker C, Mueller-Ladner U. TNFi is associated with positive outcome, but
JAKi and rituximab are associated with negative outcome of SARS-CoV-2 infection in patients with RMD.

RMD Open. 2021 Oct;7(3):e001896. doi: 10.1136/rmdopen-2021-001896

*geteilte Erstautorenschaft

Ethikvotum der Justus-Liebig-Universitat: AZ 52-50




Originalarbeit 13:
Ugarte-Gil MF, Alarcon GS, Izadi Z, Duarte-Garcia A, Reategui-Sokolova C, Clarke AE, Wise L, Pons-Estel GJ,

Santos MJ, Bernatsky S, Ribeiro SLE, Al Emadi S, Sparks JA, Hsu TY, Patel NJ, Gilbert EL, Valenzuela-Almada
MO, Jonsen A, Landolfi G, Fredi M, Goulenok T, Devaux M, Mariette X, Queyrel V, Roméao VC, Sequeira G,
Hasseli R, Hoyer B, Voll RE, Specker C, Baez R, Castro-Coello V, Maldonado Ficco H, Reis Neto ET, Ferreira
GAA, Monticielo OAA, Sirotich E, Liew J, Hausmann J, Sufka P, Grainger R, Bhana S, Costello W, Wallace ZS,
Jacobsohn L, Taylor T, Ja C, Strangfeld A, Mateus EF, Hyrich KL, Carmona L, Lawson-Tovey S, Kearsley-Fleet
L, Schafer M, Machado PM, Robinson PC, Gianfrancesco M, Yazdany J.

Characteristics associated with poor COVID-19 outcomes in individuals with systemic lupus erythematosus: data
from the COVID-19 Global Rheumatology Alliance.

Ann Rheum Dis. 2022 Feb 16:annrheumdis-2021-221636. doi: 10.1136/annrheumdis-2021-221636

Ethikvotum der Justus-Liebig-Universitat: AZ 52-50

Originalarbeit 14:
Sattui SE, Conway R, Putman MS, Seet AM, Gianfrancesco MA, Beins K, Hill C, Liew D, Mackie SL, Mehta P,

Neill L, Gomez G, Salinas MIH, Maldonado FN, Mariz HA, de Sousa Studart SA, Araujo NC, Knight A, Rozza D,
Quartuccio L, Samson M, Bally S, Maria AT, Chazerain P, Hasseli R, Miller-Ladner U, Hoyer BF, Voll R, Torres
RP, Luis M, Ribeirio SLE, Al-Emadi S, Sparks JA, Hsu TY, D'Silva KM, Patel NJ, Wise L, Gilbert E, Aimada MV,
Duarte-Garcia A, Ugarte-Gil M, Jacobsohn L, Izadi Z, Strangfeld A, Mateus EF, Hyrich KL, Gossec L, Carmona
L, Lawson-Tovey S, Kearsley-Fleet L, Schaefer M, Sirotich E, Hausmann JS, Sufka P, Bhana S, Liew JW,
Grainger R, Machado PM, Wallace ZS, Yazdany J, Robinson PC; Global Rheumatology Alliance. Outcomes of
COVID-19 in patients with primary systemic vasculitis or polymyalgia rheumatica from the COVID-19 Global
Rheumatology Alliance physician registry: a retrospective cohort study.

Lancet Rheumatol. 2021 Dec;3(12):e855-e864. doi: 10.1016/S2665-9913(21)00316-7

Ethikvotum der Justus-Liebig-Universitat: AZ 52-50

Originalarbeit 15:
Hasseli R, Pfeil A, Krause A, Schulze-Koops H, Miller-Ladner U, Specker C; COVID-19 Task Force of the

German Society for Rheumatology (DGRh). A survey to evaluate knowledge, perceptions and attitudes toward
COVID-19 vaccinations among rheumatologists in Germany.
Rheumatol Int. 2021 Nov;41(11):1949-1956. doi: 10.1007/s00296-021-04986-1

Originalarbeit 16:
Specker C, Aries P, Braun J, Burmester G, Fischer-Betz R, Hasseli R, Holle J, Hoyer BF, lking-Konert C, Krause

A, Kriger K, Krusche M, Leipe J, Lorenz HM, Moosig F, Schmale-Grede R, Schneider M, Strangfeld A, Voll R,
Voormann A, Wagner U, Schulze-Koops H.

Updated recommendations of the German Society for Rheumatology for the care of patients with inflammatory
rheumatic diseases in the context of the SARS-CoV-2/COVID-19 pandemic, including recommendations for
COVID-19 vaccination.

Z Rheumatol. 2021 Dec;80(Suppl 2):33-48. doi: 10.1007/s00393-021-01055-7

Originalarbeit 17 (Ubersichtsarbeit):

Hasseli R, Muller-Ladner U.

COVID-19 and inflammatory rheumatic diseases

Dtsch Med Wochenschr. 2021 Nov;146(23):1564-1568. doi: 10.1055/a-1616-8742




1. Einfuhrung

1.1 Das neuartige Coronavirus SARS-CoV-2
Seit dem 11. Marz 2020 spricht die Welt-Gesundheitsorganisation (WHO) von einer
Coronavirus-Pandemie. Erstmalig wurde das Virus im Dezember 2019 in Wuhan in der Provinz

Hubei, China beschrieben '

. Die Infektion wird verursacht durch das neuartige (,2“), ein
schweres, akutes respiratorisches Syndrom auslésendes Corona-Virus 2, abgekirzt SARS-
CoV-2. Die Erkrankung wird COVID-19 genannt (Coronavirus Disease 2019). Bereits bis Juli
2021 wurden weltweit 192 Millionen Félle berichtet 2. Diese Zahl stieg bis August 2022 auf
Uber 586 Millionen Falle an, was die rasante Ausbreitung der Infektion widerspiegelt ®. Trotz
des wahrscheinlich zoonotischen Ursprungs war die Ubertragung von Mensch zu Mensch
verantwortlich fiir die schnelle und weltweite Verbreitung *. Die Ubertragung erfolgt (iber den
respiratorischen Trakt Uber Aerosole. Nach Eindringen in den Korper bindet das Virus an
Rezeptoren und wird mithilfe von Endozytose oder Membranfusion intrazellular aufgenommen
4 Die Replikationsphase, die in der Regel wenige Tage betragt, verlauft mehrheitlich
asymptomatisch. In dieser Phase befallt das Virus den oberen Atemtrakt. Dies kann mit
Symptomen wie Fieber, Abgeschlagenheit oder Husten einhergehen *. Bei ca. 20% der
Infizierten kommt es zu einer Beteiligung des unteren Atemtrakts *, die in ein akutes vaskular-
entziindliches Lungenversagen miinden kann *. Durch die Aktivierung des Immunsystems
kann es zu einer UberschieRenden Immunantwort kommen, die mit einem lebensgefahrlichen
Zytokinsturm einhergehen kann “. Bis Mai 2022 wurden weltweit tiber 6,2 Millionen Todesfélle

gemeldet *.

Coronaviren (CoV) sind RNA-Viren und gehdren zur Familie der Nidovirales °. Zu dieser
Familie gehoren mehrere Hundert Virusarten, deren Auswirkungen sich bislang mehrheitlich
auf Tiere konzentrierten, wie z.B. in Fledermausen, Hiilhnern, Kamelen oder Katzen 2. In den
1960er-Jahren wurde erstmalig Infektionen bei Menschen beobachtet. Diese wurde durch die
Coronaviren HCoV-OC43 und HCoV-229E verursacht (s. Tabelle 1) °. Innerhalb der Gruppe
der humanpathogenen Coronaviren (HCoV) weisen vier Virusarten einen endemischen
Verlauf mit milden Symptomen auf. Zu diesen Arten gehéren 229E, OC43, NL63, and HKU1
(s. Tabelle 1) 2”8, Schwere Verlaufe der Infektionen sind jedoch auch méglich °. Sie waren vor
der COVID-19-Pandemie neben Influenza fir ca. 5-10% der hospitalisierten Virusinfektionen
der Atemwege verantwortlich °.

Im November 2002 wurde das Schwere Akute Respiratorische Syndrom-Coronavirus (Severe
Acute Respiratory Syndrome, SARS) entdeckt, welches schwere Atemwegsinfektionen
verursacht %'°. Es konnte ein Zusammenhang der Ubertragung mit Flederm&usen
nachgewiesen werden %', Seit 2005 wurden weitere neue Arten des Coronavirus entdeckt

2, Sowohl bei SARS als auch beim Middle East Respiratory Syndrome (MERS) im Jahr 2012
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konnte ein Zusammenhang des Virusgenoms mit ursprunglichen Virusvarianten in
Fledermausen nachgewiesen werden ',

Erste Falle von MERS wurden im Jahr 2012 in Saudi Arabien gemeldet 2. Im Verlauf kam es
zu zwei weiteren Ausbrichen in den Jahren 2015 und 2018 sowohl in Saudi Arabien als auch

2, Sowohl SARS als auch MERS kénnen schwere Symptome mit einer

in Sudkorea
krankheitsassoziierten Mortalitdt von 10-30% verursachen °. Innerhalb des Zeitraums von

2002 bis 2014 wurden 774 SARS-assoziierte Todesfalle gemeldet *°.

Humanpathogene Coronaviren

Virus Isolation | Erkrankungen

SARS-CoV-2 2019 Coronavirus-Krankheit 2019 (COVID-19)

MERS-CoV 2012 Respiratorisches Syndrom im mittleren Osten (MERS),
Mortalitatsrate tber 30%

HCoV-HKU1 2005 Erkrankung der oberen & unteren Atemwege

HCoV-NL63 2004 Erkaltung und leichte Atemwegserkrankung

SARS-CoV 2003 SARS, Mortalitatsrate 9%

HCoV-229E 1962 Erkaltung und leichte Atemwegserkrankung

HCoV-OC43 1960 Erkaltung und leichte Atemwegserkrankung

Tabelle 1: Humanpathogene Coronaviren
5

1.1.1 Der Einfluss der COVID-19-Pandemie auf die medizinische

Versorgung

Nach dem Ausbruch von SARS-CoV-2 war unklar, welches Ausmal} diese Pandemie
annehmen wirde. In China konnte ein rasanter Anstieg der Infektionszahlen beobachtet
werden, so dass bereits im Dezember 2020 ein harter Lockdown verhangt wurde, um
Neuinfektionen zu verhindern. Hierfir wurden ganze Provinzen abgeschottet. Die chinesische
Politik verfolgte hierbei eine Zero-COVID-Politik. Es galten strenge Quarantanen,
Ausgangssperren, intensive Kontaktverfolgungen und strenge Einreiseregelungen zur
Einddmmung der Ausbreitung der Infektion. Trotz all dieser MalRnahmen breitete sich das
Virus mit brisanter Geschwindigkeit aus, so dass in kurzester Zeit auch Falle in Japan,
Sudkorea, Iran und Italien gemeldet wurden.

Der erste Fall in Deutschland wurde im Januar 2020 gemeldet ™. Bis Februar 2020 wurden 14
Falle berichtet, die einen gemeinsamen Infektionsbezug zu Wuhan hatten ™. Bis zu diesem
Zeitpunkt war unklar, welche Infektiositat und Inkubationszeit das Virus aufweist und wie
schwer eine Infektion verlaufen kann . Im Marz 2020 breitete sich das Virus von Ischgl

(Osterreich) landeriibergreifend in ganz Europa aus. Bereits im Marz 2020 wurden (iber 16.000
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Falle in Deutschland und 47 Todesfalle berichtet, so dass noch im selben Monat erhebliche
MaRnahmen, wie z.B. Kontaktverbote, SchlieBung des Einzelhandels (ausgenommen
Geschafte des Grundbedarfs und Apotheken) und padagogischer Einrichtungen, zur
Einddmmung des Infektionsgeschehens beschlossen wurden '°. Dies wirkte sich deutlich auf
die wirtschaftliche Entwicklung sowie soziale, politische und psychische Aspekte aus '°.

Im Marz 2020 wurde seitens der Bundesregierung beschlossen, alle planbaren Aufnahmen,
Operationen und Eingriffe im Gesundheitswesen zunachst zu verschieben, um
Behandlungskapazitaten fir SARS-CoV-2-infizierte Patientinnen zu schaffen . Dies fiihrte
auch dazu, dass Patientinnen mit chronischen Erkrankungen zunachst weniger intensiv
betreut werden konnten und beispielsweise intravendse Therapieoptionen bei Patientinnen mit
entzundlich-rheumatischen Erkrankungen (ERE) nicht in den gewohnten Zeitintervallen
erfolgten. Auch bei anderen medikamentésen Therapien kam es zwangsweise zu
Therapiepausen, da die arztlichen Kontakte deutlich eingeschrankt waren. Zudem wurden
nicht-medikamentése  Therapien, wie z.B. physikalische = MalRnahmen, oder
Bewegungstherapien in der Gruppe in dieser Zeit pausiert, so dass ein weiterer wichtiger
Baustein der rheumatologischen Therapie nicht erfolgen konnte. Ambulante arztliche
Vorstellungen zur Kontrolle der medikamentdésen rheumatologischen Therapie sowie der
Krankheitsaktivitat konnten nicht wie gewohnt umgesetzt werden. Zusatzlich herrschte seitens
der Arztinnen und Patientinnen groRRe Unsicherheit, da bis zu diesem Zeitpunkt noch unklar
war, inwiefern Patientinnen mit ERE ein hoheres Risiko flir einen schweren Verlauf von
COVID-19 aufweisen kénnten. Der fehlende Kontakt zwischen Patientinnen und Arztlnnen
begtinstigte die Unsicherheit. All diese Faktoren fuhrten dazu, dass sich eine ohnehin bereits
bestehende rheumatologische Versorgungslicke fir ERE-Patientinnen verscharfte und
zudem ein Risiko bestand, dass durch Therapiepausen eine Exazerbation der ERE induziert
werden konnte, mit potenziell lebensbedrohlichen Folgen. Verschiedene rheumatologische
Kliniken und Schwerpunktpraxen versuchten, mit einem verstarkten Einsatz von Telemedizin
entgegenzuwirken. Dennoch konnte der Bedarf der rheumatologischen Versorgung dadurch

nicht ausreichend kompensiert werden.

1.1.2 Verlauf einer SARS-CoV-2-Infektion
Flhrend wurden folgende Symptome bei Infizierten gemeldet: Husten (42%), Fieber (26%),

Schnupfen (31%), Einschréankung des Geruchs- oder Geschmackssinns (19%) '®. Dabei war
eine groRRe Variation der Symptomstarke und des Krankheitsverlaufs zu beobachten. Bis
November 2021 lag die COVID-19-assoziierte Letalitat in Deutschland bei 1,8% '®. Besonders
altere Menschen und Personen mit relevanten Komorbiditaten gehéren zur Risikogruppe fur

schwere COVID-19-Verlaufe '. Die Verteilung einer Infektion in Bezug auf die Geschlechter
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ist in etwa gleich. Es konnte jedoch gezeigt werden, dass das mannliche Geschlecht fur
schwere Verlaufe pradisponiert ist '8,

Ein kritischer Aspekt im Krankheitsverlauf von COVID-19 stellt die Hyperinflammation dar.
Zwar tritt die Hyperinflammation in seltenen Fallen auf, jedoch ist sie mit einer hohen Mortalitat
assoziiert '®. Dabei kann COVID-19 drei Erkrankungsphasen aufweisen: 1) friilhe Phase der
Infektion mit hoher Virusreplikation, 2) pulmo-vaskuléare Erkrankung, 3) Hyperinflammation 8.
In der Phase der Hyperinflammation spielt die Virusreplikation keine fihrende Rolle mehr. Es
kommt zu einer ungezielten Produktion und Sezernierung von proinflammatorischen

Mediatoren, die schlussendlich zu einem Multiorganversagen fiihren kann 8.

1.1.3 Immunmodulatoren im Einsatz gegen COVID-19

Vor allem der lebensbedrohliche Zytokinsturm im Rahmen der Hyperinflammation stellt bei
COVID-19 eine Herausforderung der Behandlung dar. Zu Beginn der Pandemie gab es noch
keine erfolgreiche Therapieansatze zur Behandlung. Neben der damals noch nicht
verfugbarenr antiviralen Therapie stand somit die Behandlung des Zytokinsturms zur
moglichen Reduktion der Mortalitat im Fokus. Hierbei wurden vor allem immunmodulierende
Medikamente, die beispielsweise auch in der Rheumatologie eingesetzt werden, intensiv
diskutiert und untersucht. Im Rahmen dieser Studien wurden jedoch Patientinnen, die
beispielsweise bereits im Rahmen ihrer ERE unter einer solchen Therapie standen,
ausgeschlossen.

In einer Publikationen wahrend des Zeitraums Mai bis Juni 2020 wurden 358 Patientinnen mit
einer rheumatoiden Arthritis oder Spondyloarthritis hinsichtlich ihrer SARS-CoV-2-Serologie
untersucht . 18% der Personen wiesen Antikdrper gegen SARS-CoV-2 auf. Diese
Ergebnisse waren vergleichbar mit der Kontroligruppe '°. Beinahe 60% der SARS-CoV-2-
positiven Patientinnen wiesen hierbei einen asymptomatischen Verlauf auf. Komorbiditaten
und der Einsatz von Glukokortikosteroiden waren, im Gegensatz zu konventionellen
Basismedikamenten und Zytokininhibitoren, mit einem haufigeren Nachweis einer positiven
SARS-CoV-Serologie assoziiert *°.

In einer weiteren Studie wurden von Februar bis April 2020 bei 213 Patientinnen mit
immunvermittelten Erkrankungen in 36% der Falle eine SARS-CoV-2-Infektion nachgewiesen
2 Im Vergleich zur Allgemeinbevdlkerung war das Vorliegen einer ERE nicht mit einer
vermehrten COVID-19-bedingten Hospitalisierung oder Notwendigkeit einer Beatmung
assoziiert. Der Einsatz von TNF-Hemmern war in dieser Studie mit milderen COVID-19-
Verlaufen assoziiert %°.

Bei Patientinnen der Gastroenterologie, Dermatologie und Rheumatologie, die unter einer
Therapie mit Zytokininhibitoren standen, konnte bei signifikant weniger Personen in der ersten

Welle der Pandemie Antikdrper gegen SARS-CoV-2 serologisch nachgewiesen werden als bei
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21 Zuséatzlich wurde im Zeitraum Februar bis April 2020

Personen der Kontrollgruppen
signifikant weniger Symptome von Atemwegserkrankungen bei diesen Patientinnen
beobachtet ?'. Basierend auf diesen Daten schlussfolgerten die Autoren, dass Patientinnen
mit chronisch-entziindlichen Erkrankungen aus den Bereichen Gastroenterologie,
Rheumatologie und Dermatologie kein erhdhtes Risiko einer Infektion mit SARS-CoV-2 unter
der Therapie mit Zytokininhibitoren im Vergleich zur Kontrollgruppe aufwiesen und dass eine
Infektion durch SARS-CoV-2 mdglicherweise bei diesen Patientinnen weniger schwer
verlaufen kénnte 2'. Die Daten wurden jedoch teilweise missinterpretiert, so dass der Hinweis
verbreitet wurde, dass der Einsatz von Zytokininhibitoren Patientinnen mit chronisch-
entziindlichen Erkrankungen vor einer Infektion durch SARS-CoV-2 schitzen kénnte. Um
dieser Missinterpretation entgegenzuwirken und die Verbreitung von Fehlinformationen
vorzubeugen, veroffentlichten die Autoren gemeinsam mit der Deutschen Gesellschaft flr
Rheumatologie eine Pressemitteilung. Diese stellte klar, dass diese Daten keinesfalls eine
Schlussfolgerung dahingehend zulassen, dass Patientinnen mit entzindlichen
rheumatologischen, gastroenterologischen oder dermatologischen Erkrankungen durch ihre
Therapie vor einer Infektion oder vor einem potenziell auch tédlichen Verlauf einer SAR-CoV-
2-Infektion geschiitzt sind %2.

Zu einem spateren Zeitpunkt erfolgte durch dieselben Autoren eine Querschnittsstudie, in der
2869 Patientinnen mit immunvermittelten Erkrankungen und 1639 Personen als

Kontrollgruppe eingeschlossen wurden 23

. Eine positive SARS-CoV-2-Serologie konnte
sowohl bei ca. 6% der Patientinnen, als auch in derselben Zahl in der Kontrollgruppe
nachgewiesen werden 23, Patientinnen unter Zytokininhibitoren wiesen niedrigere Spiegel an
SARS-CoV-2-Antikdrpern im Vergleich zur Kontrollgruppe auf 2°. Im Gegensatz dazu war der
Antikodrperspiegel unter Therapie mit den konventionellen Basismedikamenten als auch bei
nicht mit Immunmodulatoren behandelten Patientinnen vergleichbar mit der Kontrollgruppe 2.
Daraus resultierte die Schlussfolgerung, dass Patientinnen mit immun-vermittelten
Erkrankungen unter Therapie mit Zytokininhibitoren, eine geringere Pravalenz von SARS-
CoV-2-Antikérpern aufweisen.

Nichtsdestotrotz konnte bisher nicht eindeutig geklart werden, ob beispielsweise ERE-
Patientinnen unter Immunmodulation, welche sich mit SARS-CoV-2 infizieren, genauso von
einer Therapie der COVID-19-bedingten Hyperinflammation profitieren als Personen, die zuvor

keine Immunmodulation erfahren haben.

Hydroxychloroquin
Das ursprungliche Antimalariamedikament Hydroxychloroquin wird in der Rheumatologie vor
allem bei Kollagenosen eingesetzt. Bereits zu Beginn der Pandemie wurden verschiedene

antivirale Therapien im Einsatz gegen COVID-19 diskutiert, unter anderem auch der Einsatz
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von Hydroxychloroquin .

Zusatzlich veroffentliche unter anderem der ehemalige
amerikanische Prasident Donald Trump gemeinsam mit seinem damaligen Leibarzt Sean
Conley ein Schreiben, in dem sie fiir den Einsatz von Hydroxychloroquin warben ?. Dies flihrte
unter anderem zu vorratigen Beschaffungen von Hydroxychloroquin und dadurch zeitweise zu
Lieferengpassen in der Behandlung von Patientinnen mit ERE. Aufgrund der mangelnden
Verfugbarkeit waren betroffene Patientinnen von einer Zunahme der Krankheitsaktivitat ihrer
ERE akut bedroht. Dadurch ware zwangsweise eine Intensivierung der Immunmodulation
durch einen Steroidsto3 notwendig gewesen. Dies hatte mal3geblich das Infektionsrisiko sowie
das Risiko fur einen schweren Verlauf negativ beeinflussen koénnen. Die Deutsche
Gesellschaft fur Rheumatologie wendete sich aus diesem Grund bereits im April 2020 an das
Bundesministerium fur Gesundheit, um die Versorgung von rheumatologischen Patientinnen
sicherzustellen. Basierend darauf veranlasste das Bundesministerium fir Gesundheit, dass
hydroxychloroquinhaltige Arzneimittel daher ambulant nur noch unter Angabe einer

zugelassenen Indikation verordnet und abgegeben werden sollten.

Im Verlauf konnte jedoch in Studien keine Wirksamkeit von Hydroxychloroquin im Rahmen
von COVID-19 nachgewiesen werden — weder als Prophylaktikum in Bezug auf die Infektion
noch im Falle von schweren Verlaufen von COVID-19 ?*?¢. Die amerikanische Lebensmittel-
und Arzneimittelbehérde (FDA) sprach sogar eine Warnung beim Einsatz im Kontext von
COVID-19 aus, da lebensgefahrliche Herzrhythmusstérungen und in Kombination mit einer
antibiotischen Therapie sogar hoéhere Mortalitdtsraten bei COVID-19 beobachtet werden

konnten 5.

Glukokortikosteroide

Bei erhdhter Krankheitsaktivitat oder einem Schub der ERE werden Glukokortikosteroide als
temporare StofRtherapie eingesetzt und in der Regel unter Hinzunahme von steroidfreien
Immunmodulatoren kontinuierlich reduziert. Eine Langzeittherapie mit Glukokortikosteroiden
in einer Dosis von bis zu 5 mg pro Tag (Prednisolonaquivalent) kann als Begleittherapie zur
steroidfreien Immunmodulation oder als Monotherapie durchgefiihrt werden, beinhaltet aber
immer noch ein erhohtes Risiko fur Infektionen, v.a. bei alteren (multimorbiden) Menschen
2128 Eine Prednisolondosis von 5 mg pro Tag erhéhte das Risiko schwerer Infektionen in
dieser Altersgruppe um 30%, 46% bzw. 100%, bei einer kontinuierlichen Einnahme tber 3, 6
bzw. 36 Monate %.

Glukokortikosteroide sind auch bei unkontrolliertem Kreislaufversagen im Rahmen der Sepsis
im Einsatz **3', Hierbei spielt die antiinflammatorische Rolle der Glukokortikosteroiden eine
wichtige Rolle. Sie reduziert die Gefallpermeabilitat und die Migration der Leukozyten zum

Inflammationsherd und begiinstigt die Produktion von antiinflammatorischen Molekilen 3'.
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Basierend aus diesen Erkenntnissen wurde der Einsatz bereits frih bei COVID-19 diskutiert.
In der RECOVERY-Studie konnte im Rahmen einer randomisierten, Placebo-kontrollierten
Studie in der Gesamtkohorte eine Reduktion der 28-Tage-Mortalitat unter dem Einsatz von
Dexamethason um 17% gezeigt werden 2. Auch bei Patientinnen mit Sauerstofftherapie
(nicht-invasiv und invasiv) konnte eine signifikante Reduktion der Letalitat erreicht werden. Im
Gegensatz dazu zeigte sich ein Anstieg der Letalitat im gleichen Zeitraum bei Personen ohne
initiale Sauerstofftherapie *2. Somit befirwortete die Europaische Arzneimittel-Agentur (EMA)
den Einsatz von Dexamethason bei COVID-19-Patientinnen mit Sauerstofftherapie im
September 2020. Die Therapie erfolgt in der Regel flir maximal 10 Tage mit einer Dosierung

von 6 mg Dexamethason taglich *°.

Interleukin-6-Inhibitoren

Bei der rheumatoiden Arthritis, Riesenzellarteriitis und beispielsweise juvenilen idiopathischen
Arthritis  wird die Interleukin-6(IL-6)-Blockade bereits seit Jahren eingesetzt.*. Zwei
verschiedene Antikorpertherapien stehen hierfur zur Verfigung: Tocilizumab und Sarilumab.
Die Therapie erfolgt bei Tocilizumab als wochentliche subkutane Applikation oder monatliche
intraventdse Gabe. Sarilumab wird alle 14 Tage subkutan injiziert.

Bei Patientlnnen, die mit einer extrakorporalen Membranoxygenierung versorgt werden,
kénnen  extrakorporale  Zytokin-Adsorber  eingesetzt werden, die  bestimmte
proinflammatorische Mediatoren, wie z.B. Interleukin-6, binden kénnen. Somit kann das
Ausmal der Hyperinflammation reduziert und das Outcome der Patientinnen bei einer Sepsis
verbessert werden *.

Aus diesem Grund wurden Zytokinblocker, wie z.B. IL-6-Inhibitoren, sehr frih im Einsatz zur
Reduktion der COVID-19-assoziierten Hyperzytokinamie diskutiert. Erste Daten weckten die
Hoffnung eines moglichen Therapieansatzes durch IL-6-Inhibitoren im Rahmen von schweren
COVID-19-Verlaufen 3¢%. Leider konnten in der COVACTA-Studie weder der primare
(Verbesserung des klinischen Status des Patientinnen bei COVID-19-assoziierter Pneumonie)
noch der sekundare Endpunkt (Reduktion der COVID-19 assoziierten Mortalitat) durch den
Einsatz von Tocilizumab erreicht werden . Auch in der EMPACTA-Studie zeigte sich keine
Besserung der Uberlebensrate *. Dagegen konnte in der REMAP-CAP-Studie durch den
Einsatz von Tocilizumab in Kombination mit Glukokortikosteroide ein verbessertes Outcome
sowie eine Reduktion der Mortalitat bei Patienten mit Sauerstofftherapie oder nicht-invasiver
Beatmung gezeigt werden *. Die Post-hoc-Analyse der CORIMUNO-TOC-1-Studie wies eine
signifikante Reduktion der 90-Tage-Mortalitat und der Notwendigkeit einer invasiven/nicht-
invasiven Beatmung auf, wenn die Gabe von Tocilizumab vor dem Anstieg des C-reaktiven
Protein-Spiegels iber 150 mg/l erfolgte *°. Der Einsatz wird bei COVID-19-Pneumonie mit

ausgepragter pulmonaler Hyperinflammation und radiologischen Milchglasinfiltraten in
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Kombination mit Dexamethason empfohlen 3. Die Gabe erfolgt einmalig in einer Dosierung
von 8 mg pro Kilogramm Korpergewicht bis zu einer Maximaldosis von 800 mg nach
Ausschluss von Kontraindikationen 3.

Aufgrund der Empfehlung des Einsatzes von IL-6-Inhibitoren bei COVID-19 kam es weltweit
zu gravierenden Lieferengpassen, so dass auch hier die Versorgung von den betroffenen
ERE-Patientinnen deutlich erschwert war. Somit drohte auch hier eine Zunahme der
Krankheitsaktivitdt der ERE. Neben einer dadurch notwendigen Intensivierung der
Immunmodulation in Form eine SteroidstoRes, waren Patientinnen mit einer

Riesenzellarteriitis bei Zunahme der Krankheitsaktivitat auch vital bedroht gewesen.

Interleukin-1-Inhibitoren

Bei bestimmten autoinflammatorischen Erkrankungen, wie z.B. beim adulten Still-Syndrom,
aber auch bei der rheumatoiden Arthritis wird der Interleukin-1 Rezeptorantagonist Anakinra
zur Interleukin-1-Inhibition eingesetzt. Die Gabe erfolgt taglich in einer Dosis von 100 mg
subkutan.

In der randomisierten CORIMUNO-ANA-1-Studie bei hospitalisierten COVID-19-Patientinnen
mit geringgradiger Sauerstofftherapie konnte zunachst keine Verbesserung der Mortalitat oder
des klinischen Status beobachtet werden *'. Ende des Jahres 2021 wurde der Einsatz von
Anakinra basierend auf weiteren Daten zur Behandlung von COVID-19-Patientinnen mit
Sauerstofftherapie in Kombination mit Dexamethason zugelassen. Wichtig hierbei ist zu
beachten, dass die Gabe sich am Spiegel des suPAR (soluble urokinase plasminogen
receptor) orientiert. Der Spiegel sollte mindestens 6 ng/ml betragen und ein hohes Risiko fir
ein schweres respiratorisches Versagen vorliegen ***2. Die Gabe erfolgt zeitlich begrenzt tiber

10 Tage mit einer taglichen Dosis von 100 mg subkutan 3.

Januskinase-Inhibitoren

Seit 2017 sind Januskinase-Inhibitoren im Einsatz, unter anderem bei inflammatorischen
Arthritiden. Inzwischen stehen vier verschiedene Praparate zur Verfigung, die taglich
eingenommen werden: Baricitinib, Tofacitinib, Upadacitinib und Filgotinib.

Die meisten Daten zur Untersuchung einer mdglichen Wirkung bei COVID-19 liegen zu
Baricitinib und Tofacitinib vor. Durch den Einsatz der Januskinase-Inhibitoren konnte in
Studien eine antiinflammatorische Wirkung und Inhibition der viralen Endozytose beobachtet
werden %43, Unter der Therapie mit dem Januskinase-Inhibitor Baricitinib konnte zwar keine
Verbesserung der Sauerstoffoehandlung gezeigt werden, es kam jedoch zu einem deutlichen
Rickgang der Mortalitat auch bei Patientinnen, die bereits mit Glukokortikosteroiden
behandelt wurden **. Auch unter der Kombination mit Remdesivir konnte eine Verbesserung

des klinischen Status erreicht werden ***°. Somit wurde die Empfehlung ausgesprochen,
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Baricitinib bei COVID-19-Pneumonie und Sauerstofftherapie oder nicht-invasiver Beatmung
unter Beachtung der Kontraindikationen einzusetzen “°. Die Dosierung betragt 4 mg taglich fur

maximal 14 Tage und erfolgt in Kombination mit Dexamethason **.

1.1.4 Antivirale Therapieansatze gegen COVID-19

Die antivirale Therapie hemmt direkt oder indirekt die Virusreplikation durch Einflussnahme
auf den viralen Replikationszyklus oder andere Strukturen, die fir die Replikation eine wichtige
Rolle spielen 6. Virusneutralisierende monoklonale Antikérper interagieren mit dem SARS-

4 Der ideale

CoV-2 Spikeprotein und verhindern dadurch den Viruseintritt in die Zelle
Therapiezeitpunkt liegt hier unmittelbar nach der Virusexposition (maximal 5-7 Tage nach
Symptombeginn oder nach vermuteten Infektionszeitpunkt), was die Anwendung in der Praxis

haufig limitiert “*%, In dieser Phase ist noch keine eigene Immunantwort etabliert *’.

1.1.4.1 Monoklonale Antikorper

Initial wurde die passive Immunisierung mit SARS-CoV-2 neutralisierenden Antikérpern
besonders bei vulnerablen Patientengruppen empfohlen “¢. Mit zunehmenden Virusvarianten
kdnnen sich Resistenzen gegen die verfugbaren monoklonalen Antikdrper entwickeln, so dass
der Einsatz der Praparate kontinuierlich evaluiert werden muss.

Gemal der Leitlinie zum Einsatz von monoklonalen Antikérpern (Stand Juli 2022) wird
empfohlen, dass monoklonale Antikérper bei Patientinnen mit unvollstandigem Impfschutz
oder mit relevantem Risiko flr unzureichendes Impfansprechen und einem Risiko fir einen
schweren Verlauf sowie bei Patientinnen mit Immunkompetenz und vollstandiger Impfung bei
komplexen Risikofaktoren eine Therapie mit Virostatika oder neutralisierenden monoklonalen
Antikdrper in Erwagung gezogen wird . Seit 17.12.2021 ist das Praparat Sotrovimab in der
Européaischen Union zugelassen, gefolgt  von dem Kombinationspraparat
Tixagevimab/Cilgavimab, welches seit dem 25.03.2022 von der Europaischen Union
zugelassen wurde “°°°. Beim Einsatz von Tixagevimab/Cilgavimab handelt es sich aktuell
(Stand Juli 2022) noch um einen sogenannten Off-label-Use zur Therapie von COVID-19, so
dass der Einsatz priméar nur zur Praexpositionsprophylaxe empfohlen wird *. Aufgrund der nur
mafig reduzierten Wirksamkeit der Omikron-Variante BA.4/BA.5 in vitro, wird der Einsatz von
Tixagevimab/Cilgavimab als 1. Wahl empfohlen. Sotrovimab kann als 2. Wahl eingesetzt
werden “8. In vitro konnte unter dem Einsatz von Sotrovimab bei BA.2 und BA.4/BA.5 eine
deutlich reduzierte Wirksamkeit beobachtet werden, so dass hier hohere Dosen diskutiert

48

werden Der Einsatz erfolgt in der Fruhphase der Erkrankung (£ 5 Tage nach

Symptombeginn)

(Tixagevimab/Cilgavimab) und der COMET-ICE-Studie (Sotrovimab), die eine signifikante

. Diese Empfehlungen basieren auf den Daten der TACKLE-Studie
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Reduktion des Risikos fur schwere COVID-19-Verlaufe unter Einsatz der jeweiligen
Medikamente nachweisen konnten °'%2,

Sotrovimab wird einmalig in einer Dosierung von 500 mg intravends appliziert 6. Bei
Infektionen mit Virusvarianten mit reduzierter Empfindlichkeit kann eine Dosiserhéhung auf
1000 mg in Erwégung gezogen werden “¢. Die Applikation von Tixagevimab/Cilgavimab erfolgt

mit jeweils 150 mg intramuskular 2.

1.1.4.2 Remdesivir

In der PINETREE-Studie konnte bei nicht-hospitalisierten COVID-19-Patientinnen mit einem
hohen Risiko fir einen Progress der Infektion unter Einsatz von Remdesivir Uber 3 Tage eine
Reduktion der Hospitalisierungsrate sowie der COVID-19-assoziierten Mortalitat gezeigt
werden 3. Diese Studie stiitzt den Einsatz von Remdesivir in der Frihphase der Infektion, so
dass in der Leitlinie eine Empfehlung fir den Einsatz innerhalb von 7 Tagen nach
Symptombeginn (Expertenmeinung) ** bei Patientinnen ohne Impfschutz und mindestens
einem Risikofaktor flr einen schweren Verlauf von COVID-19 ausgesprochen wurde.

Der Einsatz bei spateren Krankheitsstadien ist bisher nicht eindeutig geklart. Die
Studienergebnisse diesbeziiglich variieren stark **-°8. In einer Meta-Analyse der zur Verfligung
stehenden Studien bei insgesamt 7865 Patientinnen konnte kein Vorteil bei hospitalisierten
Patientinnen in Hinsicht der 28-Tage-Sterblichkeit nachgewiesen werden “¢. Die Behandlung
von invasiv-beatmeten COVID-19-Patientinnen wird nicht empfohlen “6. Remdesivir wird (iber
drei Tage in einer Dosierung von 200 mg an Tag 1 und 100 mg an den Tagen 2 und 3

intravends appliziert *°.

1.1.4.3 Nirmatrelvir/Ritonavir

Der Einsatz von Nirmatrelvir/Ritonavir zu Beginn der Infektion wurde bei 2246 in einer
randomisierten Studie bei ungeimpften COVID-19-Patientinnen mit einem hohen Risikoprofil
fiir eine Exazerbation der Infektion untersucht *°. In dieser Studie konnte ein positiver Effekt
auf den kombinierten Endpunkt (COVID-19 assoziierte Hospitalisierung und 28-Tage-
Sterblichkeit) nachgewiesen werden *°. Der Einsatz in einer spateren Phase der Infektion ist
bisher nicht eindeutig geklart.

Ritonavir dient durch die Inhibition von CYP-3A4 als pharmakologischer Booster. Dadurch
bestehen Wechselwirkungen mit anderen Medikamenten wie z.B. Statinen und oralen
Antikoagulantien “°. Aufgrund dessen missen, trotz der guten Vertraglichkeit und dem
positiven Sicherheitsprofil, vor Beginn der Therapie Interaktionen mit bestehenden
Medikamenten (iberpriift werden “°.

Die Dosierung von Nirmatrelvir/Ritonavir betragt (300 mg+100 mg) 2x/d oral tiber 5 Tage “°.
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1.1.4.4 Molnupiravir

In 4 verschiedenen randomisierten Studien bei insgesamt 1930 Patientinnen konnte eine
positive Wirkung auf den kombinierten Endpunkt (COVID-19 assoziierte Hospitalisierung und
28-Tage-Sterblichkeit) bei Patientinnen in der Frihphase (innerhalb von 5 Tagen nach
Symptombeginn) der Infektion nachgewiesen werden 6062,

Der Einsatz in einer spateren Krankheitsphase wies bei insgesamt 293 hospitalisierten
Patientinnen keinen Benefit auf und war in manchen Fallen sogar mit einer erhdhten
Sterblichkeit assoziiert 3.

Basierend auf diesen Daten wurde in der Leitlinie aufgrund des guinstigen, jedoch schwachen
Effekts auf das Risiko der Hospitalisierung oder Tod vor dem Auftreten der Omikron-Variante
eine Empfehlung fir den Einsatz in der Friihphase der Infektion bei nicht-immunsupprimierten

4 Diese

Patientinnen innerhalb von 5 Tagen nach Symptombeginn ausgesprochen
Empfehlung gilt, falls keine anderen Therapieoptionen verfligbar und klinisch angemessen
sind “°.

Unter der Therapie mit Molnupiravir konnten im Tiermodell teratogene Effekte nachgewiesen
werden, so dass unter dieser Therapie bei Frauen im gebarfahigen Alter eine Kontrazeption
notwendig ist und Manner wahrend der Behandlung bis 3 Monate danach kein Kind zeugen

sollten 4664,

Die Dosierung von Molnupiravir betragt 2 x 800 mg als Tablette fiir 5 Tage “¢%.

1.2 Entzindlich-rheumatische Erkrankungen und Virusinfektionen der

Atemwege

Arthralgien treten haufig bei viralen Infektionen auf, unabhangig von dem Vorliegen einer
entziindlich-rheumatischen Erkrankung . Die Symptome sind dabei zeitlich begrenzt und es
konnte beispielsweise bei Infektionen mit Rételn oder Parvovirus-B19 gezeigt werden, dass
die Arthropathien auch selbstlimitierend sind, da das Immunsystem die Infektion selbst
kontrolliert und nach Abschluss der Infektion keine weiteren Symptome verbleiben. Viele
Virusinfektionen gehen mit der Produktion von Autoantikérpern einher, und virale Proteine
haben tiefgreifende Auswirkungen sowohl auf die Antigenprasentation als auch auf die
ausfuhrende Wirkung des Immunsystems. Als mégliche Ursache hierfur wird ein sogenanntes
molekulares Mimikry diskutiert, da Erreger und Menschen ahnliche Aminosauremotive
prasentieren konnen und dadurch eine Autoimmunitat durch eine Infektion induziert werden
kann ®. Die Chronifizierung der Arthropathie kdnnte mit einer Viruspersistenz oder latenten
Virusinfektion, virusinduzierter Autoimmunitat, Aktivierung von polyklonalen B-Zellen oder
einer Virus-induzierten Immundefizienz assoziiert sein .

ERE beruhen auf einer Fehlregulation des Immunsystems, welche unabhangig von der

67

Therapie mit einer verstarkten Infektanfalligkeit einhergehen koénnen °’. Literaturquellen
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weisen auf eine erhohte Infektneigung von Patientinnen mit rheumatologischen Erkrankungen

6869  Um das Infektionsrisiko fiir diese

hin, auch in Anbetracht der Immunmodulation
Patientinnen abschatzen zu kénnen, sind individuelle Betrachtungen von Grunderkrankung
und immunmodulierender bzw. immunsuppressiver Therapie notwendig. Ein weiterer wichtiger
Aspekt flir das Infektionsrisiko ist die Krankheitsaktivitdt. Das Infektionsrisiko sinkt bei
Remission "°. Weitere unabhangige Faktoren, die das Infektrisiko beeinflussen, sind das Alter
(Immunoseneszenz) und die Komorbiditdten der Patientinnen ®¢”". Die erhohte Infektneigung
kann zudem durch die Organmanifestation der ERE begunstigt werden, wie z.B. bei
pulmonaler Beteiligung in Form einer interstitiellen Lungenerkrankung "2. Eine idiopathischen
Lungenfibrose ohne zugrundeliegende Erkrankung kann 2zu einer ausgepragten
Verschlechterung der Lungenfunktion durch eine akute Infektion filhren 73. Auch bei ERE mit

Lungenfibrose wurden vermehrt Infektionen beobachtet.

In einer Studie zur Untersuchung des Infektionsrisikos bei Personen mit rheumatoider Arthritis
waren in einer multivariaten Analyse die Faktoren rheumatoide Arthritis in Kombination mit
einer interstitiellen Lungenerkrankung im Rahmen der Grunderkrankung als Pradiktor fur
Infektionen gewertet worden 8. Neben der direkten pulmonalen Manifestation kénnen weitere
Umstande das Risiko fur Infektionen der oberen Atemwege beglnstigen, wie z.B. die
Osophagusbeteiligung bei der systemischen Sklerose. Aufgrund der Motilitatsstorung, der
damit verbundenen Dysphagie und des Refluxes kdnnen Infektionen der Atemwege begunstigt

werden "4,

1.2.1 Virale Atemwegsinfektionen in der Rheumatologie am Beispiel von

Influenza

Trotz vieler klinischer Parallelen zu einer viralen Infektion der oberen und unteren Atemwege
mit Influenzaviren, mit einer vergleichbaren initialen Klinik (Husten, Fieber, Cephalgien und
Myalgien), dem Ubertragungsweg (Tropfcheninfektion) und der sehr variablen Symptomatik
von symptomlos bis zu kurzen letalen Verlaufen, gab es bis zu dieser COVID-19-Pandemie
keine Handlungsempfehlungen zum Umgang mit Virusinfektionen basierend auf
evidenzbasierten Daten fur Patientinnen mit ERE. Dasselbe galt fur die Bedeutung oder den
Einfluss einer dauerhaften immunsuppressiven oder immunmodulierenden Therapie bei
Virusinfektionen . Es konnte somit kein Wissen aus bisherigen Virusinfektionen auf die
COVID-19-Pandemie transferiert werden.

In der Influenza-Saison vor der COVID-19-Pandemie (40. Meldewoche (MW) 2018 bis 20. MW
2019) wurden laut des Robert-Koch-Instituts (RKI) 182.000 labordiagnostisch bestatige Falle

dokumentiert. Davon waren 98,5 % durch Influenza A verursacht. Lediglich bei 0,7 % der
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Patientinnen konnte Influenza Typ B nachgewiesen werden. Dies legt laut RKI die Vermutung
nahe, dass eine hoéhere Immunitdt gegen Influenza Typ B herrscht und kénnte dadurch
begriindet sein, dass die vorausgegangene Influenza-Saison vordergrindig durch Influenza
Typ B verursacht wurde. 33 % der Falle wurden in der Altersgruppe 35-59 dokumentiert. 25 %
der Betroffenen waren Uber 59 Jahre. Die Altersgruppe 5-14 Jahre war dagegen am
wenigsten betroffen. Unter den diagnostisch bestatigten Fallen befanden sich 40.000
hospitalisierte Falle. Diese teilten sich auf in 54 % Betroffenen Gber 60 Jahre, 19 % in der
Altersgruppe 35-59 Jahre und 6% in der Altersgruppe 5-14 Jahre auf. 64 % der
hospitalisierten Falle wiesen ein Alter Gber 79 Jahre auf. Schwere Komplikationen, wie z. B.
eine schwere Pneumonie oder Lungenversagen (ARDS), waren in allen Altersgruppen
nachweisbar. Bei der alteren Patientengruppe (>79 Jahre) war ein héherer Anteil an letalen
Verlaufen als Falle mit notwendiger Beatmung zu verzeichnen. Der Altersmedian der
gemeldeten Falle lag bei 40 Jahren, bei den hospitalisierten Falle bei 63 Jahren und bei den
letal verlaufenden Fallen bei 78 Jahren. Insgesamt wurden 954 Influenza-bedingte Todesfalle
gemeldet. 52 % der Verstorbenen waren mannlich, 86 % uber 59 Jahre und 12 % in der
Altersgruppe 35-59 Jahre. Da die Meldung von Influenza an den labordiagnostischen
Nachweis gekoppelt ist, die meisten Erkrankungen im Verlauf einer Grippewelle aber rein
klinisch diagnostiziert werden, liegt wahrscheinlich eine erhebliche Untererfassung von
Influenza-Erkrankungen vor . Nichtsdestotrotz zeigt sich, dass auch hier Personen iiber 60
Jahren einen schwereren Verlauf aufwiesen. In Anbetracht der Tatsache, dass beispielsweise
die rheumatoide Arthritis als haufigste Vertreterin der ERE mehrheitlich im Alter von 50 bis 70
Jahre auftritt, kann das hohere Lebensalter bei Patientinnen mit ERE mit einem hdheren

Infektionsrisiko bzw. Risiko fiir einen schweren Verlauf der Infektion einhergehen.

In einer Studie zur Untersuchung des Verlaufs einer Influenza bei Patientinnen mit einer
inflammatorischen Arthritis konnte innerhalb des Zeitraums 2015-2019 zwar ein erhdhtes
Risiko fur einen schweren Verlauf einer Influenza sowie einer diesbezuglichen Mortalitat im
Vergleich zur Allgemeinbevolkerung in Schweden nachgewiesen werden, das Risiko war
jedoch durch den Einsatz von Biologika oder JAK-i nicht zuséatzlich erhdht 77, Zusétzlich zeigte
sich, dass der Unterschied zur Allgemeinbevoélkerung mit Hinzunahme von weiteren Faktoren,

wie z.B. anderen relevanten Komorbiditaten, sank 7.

1.3 Differentialdiagnosen der COVID-19-assoziierten Pneumonie im
Kontext von ERE

Die Symptome von COVID-19 variieren stark und kdénnen, neben Husten und Fieber, auch
Myalgien, Kopfschmerzen und Luftnot aufweisen. Aber auch Diarrhéen, Ubelkeit und

Einschrankungen des Geschmack- und Geruchssinns treten auf. Die Symptome sind nicht
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spezifisch fur COVID-19 und kénnen somit auch bei anderen Infektionen oder nicht-infektidsen

Erkrankungen auftreten

. Pneumokokken-induzierte Pneumonien sowie Pneumocystis
jirovecii-induzierte Pneumonien spielen bei ERE-Patientinnen eine wichtige Rolle und stellen

eine Differentialdiagnose zur COVID-19-Pneumonie dar.

Pneumokokken-induzierte Pneumonie

Die Streptokokken-induzierte Pneumonie gehort weltweit zu den fihrenden Infektionen und ist
fur etwa 30-50% der ambulant erworbenen Pneumonien in den Vereinigten Staaten von
Amerika und in Europa verantwortlich . Patientinnen mit ERE weisen ein erhdhtes Risiko fiir
eine Pneumokokken-Infektion auf %8283 Dije respiratorische Klinik ahnelt sehr einer COVID-
19-Pneumonie. Dennoch gibt es Unterschiede. Im Vergleich zur COVID-19-Pneumonie
konnten bei Pneumokokken-induzierten Pneumonien héhere Spiegel des C-reaktiven Proteins
und niedrigere Lymphozytenzahlen nachgewiesen werden. Radiologisch betrifft die
Pneumokokken-induzierte Pneumonie selten beide Lungen 5. Obwohl Patientinnen mit
Pneumokokken-Pneumonie in den Scores klinisch schlechter abschnitten, wiesen
Patientinnen mit COVID-19-Pneumonien eine héhere Hospitalisierungs- und Mortalitatsrate

auf 8,

Pneumocystis jirovecii-induzierte Pneumonien

Pneumocystis jirovecii gehdrt zu den opportunistischen Erregern, der bei immunsupprimierten
oder immundefizienten Patientinnen und bei malignen Erkrankungen mit einer erhdhten
Mortalitat assoziiert ist %', Die Rolle der Pneumocystis jirovecii-induzierten Pneumonie ist in
den letzten Jahren aufgrund von zunehmenden Organtransplantationen, Chemotherapien und
Einsatz von Immunmodulatoren bedeutsamer geworden ®. Der Einsatz von
Glukokortikosteroiden, verschiedenen Biologika und Cyclophosphamid kann das Risiko einer
Pneumocystis jirovecii-induzierten Pneumonie (PJP) bei ERE-Patientinnen erhéhen 8:899,
Die PJP-assoziierte Mortalitdt bei Personen ohne HIV (Human Immunodeficiency Virus)-
Infektion liegt schatzungsweise bei 39-59% ', was die Notwendigkeit einer Prophylaxe zur
Reduktion der Mortalitat untermauert. Neben der ERE und Immunmodulation selbst, kdnnen

Begleiterkrankungen, wie z.B. interstitielle Lungenerkrankungen, das Risiko fir PJP erhéhen
87

Die Diagnose einer PJP basiert neben klinischen Parametern auf typischen radiologischen
Infiltraten und wenn mdglich auf dem Erregernachweis aus der bronchoalveolaren Lavage .
Trotz der hohen Letalitdt und der damit verbundenen Empfehlung einer Prophylaxe mit
Cotrimoxazol, stehen nur wenigen Daten zur Verfigung. Diese konzentrieren sich auf den

Einsatz von Cotrimoxazol bei Patientinnen mit ANCA (antineutrophile zytoplasmatische
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Antikdrper)-assoziierten KleingefaRvaskulitiden unter Therapie mit Cyclophosphamid .
Aufgrund dieser Daten wird die Ausdehnung auf andere ERE bei entsprechendem Risikoprofil
diskutiert 909293,
Folgende Faktoren scheinen hierbei das Risiko einer PJP besonders zu erhéhen %:

e Lymphopenie, Mangel an CD4-positiven T-Zellen

¢ Einsatz von Cyclophosphamid, Rituximab oder TNF-Hemmern

¢ Glukokortikosteroide > 60 mg (Prednisolonaquivalent)/Tag
Basierend auf diesen bisherigen Daten wurde seitens der DGRh im Kontext der COVID-19-
Pandemie empfohlen, bei ERE-Patientinnen unter Therapie mit Cyclophosphamid oder
Glukokortikosteroiden > 10 mg (Prednisolon)/Tag eine PJP-Prophylaxe mit Cotrimoxazol

durchzufiihren, um das Risiko einer Begleitinfektion zu reduzieren *.

1.4 Der Einfluss von Immunmodulatoren auf das Infektionsrisiko
Neben der entzundlich-rheumatischen Erkrankung selbst, kann die immunmodulierende
Therapie ebenfalls mit einer gewissen Infektneigung assoziiert sein ¢. In Tabelle 2 sind alle
Immunmodulatoren/Immunsuppressiva, die in der Rheumatologie in Deutschland bis zum Mai
2022 im Einsatz sind, in Bezug auf das Risiko von Atemwegserkrankungen aufgelistet. Die
Tabelle verdeutlich die limitierende Datenlage bezuglich viraler Atemwegserkrankungen bei
ERE.

Wirkstoff Daten beziiglich Atemwegserkrankungen

Glukokortikosteroide | ¢  Nachweis eines erhdhten Infektionsrisikos fir Virusinfektionen
unter dem Einsatz von Glukokortikosteroiden bei ERE, wie z.B.

rheumatoide Arthritis oder systemischer Lupus erythematodes,
95-97

e Dosis der  Glukokortikosteroide  und  Therapiedauer
ausschlaggebend 279819

o Infektionsrisiko unter 5 mg Prednisolon/Tag fir schwere
Infektionen steigt bei alteren Patienten um 30%, 46% bzw. 100%
tiber eine Therapiedauer von 3, 6 bzw. 36 Monaten %°

Konventionelle Basismedikamente

Hydroxychloroquin e urspringlich als Antimalariamedikament eingesetzt
e vor allem im Einsatz bei Kollagenosen

e bislang keine eindeutigen Hinweise fir ein erhdhtes
Infektionsrisiko oder Infekt-assoziierter Mortalitat -1

e mogliche protektive Wirkung bei Patientinnen mit systemischen
Lupus erythematodes bezuglich Infekt-assoziierter Mortalitat in
Diskussion 1%,
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Sulfasalazin

kaum Daten verflugbar

Einsatz von Sulfasalazin ist moglicherweise mit einem geringeren
Risiko fir Pneumonien bei Patientinnen mit rheumatoider
Arthritis assoziiert 821°2,

Leflunomid

kaum Daten verflugbar

signifikante Assoziation von Leflunomid mit Infektionen der
unterem Atemwege sowie eine dadurch notwendige stationare
Behandlung in einer prospektiven Studie %2

keine Kongruenz der Ergebnisse zu Leflunomid in anderen

Studien, da hier nur geringe Infektassoziation nachweisbar
83,103,104

Methotrexat

kein Nachweis eines erhdhten Risikos flr Infektionen der unteren
Atemwege bei 1522 Patientinnen mit rheumatoider Arthritis;
Patientinnen ohne Immunmodulation wiesen im Vergleich dazu
ein héheres Risiko fir Infektionen der untere Atemwege auf '

kein erhohtes Risiko flir Pneumonien bei 16.788 Patientinnen mit
rheumatoider Arthritis 8

Meta-Analyse von Daten aus den Jahren 1980-2017 zeigte
ebenfalls kein erhohtes Infektionsrisiko auf "%

Immunsuppressiva

Azathioprin kaum Daten verfligbar
1%-ige Inzidenz einer Pneumonie bei 111 SLE-Patientlnnen "%

Mycophenolat Einsatz vor allem bei mittelschwerer Organmanifestation im
Rahmen des systemischen Lupus erythematodes, meist in
Kombination mit Glukokortikosteroiden 1%
keine spezifischen Untersuchungen zum Auftreten von
Virusinfektionen der Atemwege
in Studien mit geringer Patientenzahl lag die Inzidenz von
Infektionen der Atemwege zwischen 13-32% '%°
Einflussfaktoren, wie z.B. Krankheitsaktivitdt und Einsatz von
Glukokortikosteroiden als Begleittherapie, nicht ausreichend zu
unterscheiden

Ciclosporin Keine ausreichenden Daten verfugbar

Cyclophosphamid Keine ausreichenden Daten verfugbar
Einsatz der Praparate bei hdherer Krankheitsaktivitdt der ERE,
vor allem bei Cyclophosphamid, und in Kombination mit
Glukokortikosteroiden

Biologika

Tumornekrose- Einsatz bei inflammatorischen Arthritiden und Spondylitis

Faktor-Alpha- ankylosans

Inhibitoren (TNFi)

Wirkstoffe: Golimumab, Etanercept, Infliximab, Adalimumab,
Certolizumab

kein signifikant haufigeres Auftreten von Atemwegserkrankungen
im Vergleich zur Placebo-Gruppe 9711912,
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bisher keine eindeutigen Daten, die auf ein hdheres
Infektionsrisiko bezlglich Virusinfektionen der Atemwege
hindeuten

dies scheint fiir alle Wirkstoffe der TNFi zu gelten ¥’

Interleukin-17-
Inhibitoren (IL17i)

Interleukin-12/23-
Inhibitoren (IL12/23i)

IL17i werden vor allem bei Psoriasisarthritis und Spondylitis
ankylosans eingesetzt

IL17i-Wirkstoffe: Secukinumab, Ixekizumab

kein hoheres Risiko fir das Auftreten von Infektionen der
Atemwege unter 1L17j 97124128

IL-12/23i werden vor allem bei der Psoriasisarthritis eingesetzt

IL12/23i-Wirkstoffe: Ustekinumab (IL-12/23i) und Guselkumab
(IL-23|) 129-131

kein hoheres Risiko fur Virusinfektionen der Atemwege unter
IL12/23i oder IL-23i bislang erkennbar '3

Interleukin-1-
Inhibitoren (IL-1i)

Einsatz bei refraktarer rheumatoider Arthritis,
autoinflammatorischen Erkrankungen oder unkontrollierbarer
Formen einer Gichtarthropathie

Wirkstoffe: Anakinra und Canakinumab

kein erhohtes Auftreten von respiratorischen Infektionen
Placebo-kontrollierten Studien '**'** oder im Vergleich zu
anderen Immunmodulatoren '*>'3 zy beobachten

Interleukin-6-
Inhibitoren (IL-6i)

Therapie der rheumatoiden Arthritis und Grol3gefaRvaskulitis

In Placebo-kontrollierten Studien kein hoheres Auftreten von
respiratorischen Infektionen zu beobachten 97137140

Abatacept T-Zell-gerichtete Therapie
in Placebo-kontrollierten Studien '#"'2 und gepoolten Analysen
43 Auftreten von viralen Infektionen der Atemwege vergleichbar
mit Placebogruppe ¥’

Rituximab bei refraktarer rheumatoider Arthritis und bei ANCA (Anti-

Neutrophile cytoplasmatische Antikdrper) - assoziierten
Vaskulitiden eingesetzt

B-Zell-gerichtete Therapie

Therapie erfolgt in der Regel in Kombination mit
Glukokortikosteroiden

bei rheumatoider Arthritis zusatzlich in Kombination mit
Methotrexat

geringe allgemeine Infektionsrate in Phase-llI-Studie zur
Zulassung bei Patientinnen mit rheumatoider Arthritis "4

insgesamt kaum Daten bezlglich konkreter Erfassung von
Virusinfektionen der Atemwege verfligbar

Inzidenz flr Infektionen der oberen Atemwege in verschiedenen
Studien bei 30-35% %9418 ‘jedoch Vergleichbar mit Placebo-
Gruppe 149,150
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Limitation der Studien: Beobachtungszeitraum von meist ca. 3
Jahren, somit keine Aussage Uber Langzeittherapie moglich

Belimumab

Seit 2011 in Europa zugelassen
zur Behandlung des systemischen Lupus erythematodes

bindet an den Idslichen B-Zell aktivierenden Faktor BLys (B-
lymphocyte stimulator) und reduziert dadurch die Lebensdauer
von B-Lymphozyten'’

Meta-Analyse bei insgesamt 7974 Patientinnen zeigt kein
erhéhtes Infektionsrisiko unter Therapie mit Belimumab '’

Anifrolumab

Seit Februar 2022 in Europa zugelassen

Zur Behandlung des moderaten bis schweren systemischen
Lupus erythematodes'®?

Monoklonaler Antikdrper gegen Typ-1-Interferon-Rezeptor'®?

Vermehrtes Auftreten von Herpes-Zoster-Infektionen sowie
Infektionen der Atemwege'®?

Einsatz bei hoherer Krankheitsaktivitat der ERE und in
Kombination mit Glukokortikosteroiden'®?

Mepolizumab

Seit 2015 in Europa zugelassen

Zur Behandlung von schwerem eosinophilem Asthma, der
eosinophilen Granulomatosen mit Polyangiitis, chronischer
Rhinosinusitis mit Nasenpolypen und des hypereosinophilen
Syndroms

Monoklonaler Antikorper gegen Interleukin-5

Keine eindeutigen Daten hinsichtlich des Infektionsrisikos der
Atemwege

Januskinase-Inhibitoren (JAKi)

Seit 2017 in Deutschland zugelassen

zur Behandlung der inflammatorischen Arthritiden und
mittlerweile auch zur Behandlung der Spondylitis ankylosans '3

Wirkstoffe: Tofacitinib, Baricinitinib, Upadacitinib und Filgotinib ">

fihren intrazelluar Gber den Januskinase-Signalweg zu einer
Immunmodulation

Signalweg spielt bei Virusinfektionen eine wichtige Rolle,
deswegen vermehrtes Auftreten von Zoster-Infektionen und
Zoster-Reaktivierungen unter dieser Therapie ">

geringgradige Haufung von viralen Atemwegserkrankungen '**
162

Limitation der Studien: kurzer Beobachtungszeitraum & geringe
Fallzahl

Weitere Imnmunmodulatoren und Antirheumatische Medikamente

Apremilast

Einsatz bei Psoriasis, Psoriasisarthritis und M. Behcet

in Placebo-kontrollierter Studie und gepoolter Analyse im
Vergleich zur Placebogruppe keine relevanten Unterschiede
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hinsichtlich des Auftretens von Infektionen der oberen Atemwege
[52, 117, 118].

Colchicum e Therapie der Gicht und autoinflammatorische Erkrankungen, wie
z.B. Familiares Mittelmeerfieber

o keine eindeutige Datenlage

e nach aktuellem Stand nicht mit einem erhohten Infektionsrisiko
assoziiert '

Nichtsteroidale e bei sehr milden Varianten einer rheumatoiden Arthritis.
Antirheumatika Erstlinientherapie bei einer Spondylitis ankylosans oder bei
(NSAR) Arthrose

e in Placebo-kontrollierter Studie bei Personen mit Arthrose sowie
in einer Studie zum direkten Vergleich von Celecoxib und
Diclofenac keine Hinweise fiir ein vermehrtes Auftreten von
Infektionen der oberen Atemwege 7164165

Tabelle 2: Ubersicht der Immunmodulatoren/Immunsuppressiva und deren Rolle bei viralen Atemwegsinfektionen

1.5 Impfungen bei Patientinnen mit rheumatologischen Erkrankungen
Um das Risiko einer Infektion bzw. eines schweren Verlaufs einer Infektion zu reduzieren,
spielen Impfungen eine besondere Rolle. Durch die Grunderkrankung und durch den Einsatz
verschiedener Immunmodulatoren kann ein héheres Infektionsrisiko vorliegen . Impfungen
bieten eine gute Mdéglichkeit das Risiko von Infektionen und schweren Verlaufen zu reduzieren.
Die Standige Impfkommission empfahl im Jahr 2005 bei Patientinnen mit Immunsuppression
altersunabhangig die Impfung gegen Pneumokokken, Influenza, Meningokokken und

167

Haemophilus influenzae B Bislang zeigte sich im europaweiten Vergleich eine

168-170 Neben der mangelnden Empfehlung

unzureichende Umsetzung dieser Empfehlungen
seitens der behandelnden Arztinnen stellten sich in den Untersuchungen auch die
Unsicherheit beziiglich der Effektivitat und Vertraglichkeit der Impfungen seitens der Arztinnen

167170 Da bei den Zulassungsstudien der

und Patientlnnen als Hurden fur eine Impfung dar
Impfpraparate in der Regel Patientinnen mit ERE ausgeschlossen werden, werden die
Aspekte der Effektivitat, des Sicherheitsprofils und eine moégliche Zunahme der
Krankheitsaktivitat der ERE bzw. Auslésen einer ERE bei jeder Impfung diskutiert.

Generell gilt, dass unter Immunmodulation bei ERE keine Lebendimpfungen empfohlen

werden 177,

Lebendimpfstoffe enthalten vermehrungsfahige Viren oder Bakterien in
abgeschwachter Form. Aufgrund der mdglichen Replikation sollte deswegen keine
Lebendimpfung unter Immunmodulation erfolgen. In der letzten Dekade nahm die Zahl der
Studien, die den Einfluss von Immunmodulatoren auf die Impfantwort untersuchen, stetig zu
172182 Mehrheitlich wurde der Einfluss von Immunmodulatoren auf die Pneumokokken- und
Influenza-Impfung untersucht. Zudem ist nicht ausreichend untersucht, inwiefern Patientinnen

mit ERE von einem Pausieren der Immunmodulation vor oder/und nach der Impfung beztglich
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der Impfantwort profitieren und ob dies mit einer Zunahme der Krankheitsaktivitat einhergehen
kann. Es ist auch bisher unklar wie lange eine Therapiepause andauern sollte, um das Risiko
eine vermehrten Krankheitsaktivitdat so gering wie moglich zu halten und dennoch eine
adaquate Immunantwort zu erzielen. Sicherlich hangt das auch damit zusammen, dass der
Krankheitsverlauf bei ERE sehr individuell ist. Die bisherigen Daten deuten darauf hin, dass
der Einsatz von Zytokinblockern keinen wesentlichen Einfluss auf die Impfantwort bei
Impfungen gegen Pneumokokken und Influenza nimmt, wohingegen die Therapie mit
Rituximab eine Impfantwort einschréanken kann 174176182185 Ay ch unter dem Einsatz von

Methotrexat wird eine Reduktion der Impfantwort bei verschiedenen Impfungen beobachtet
178,181,186

1.5.1 Influenza-Impfung

Die meisten Daten zu Impfungen liegen zu den Influenza-Impfungen vor. Da der Impfstoff
saisonal erneuert wird, ahnelt die Auffrischung am ehesten den COVID-19-Impfungen. Zudem
handelt es sich bei beiden Erkrankungen um eine Virusinfektion, die primar die Atemwege
befallt. Die WHO schatzt, dass die Inzidenz der Influenza 5-10% in der

t . Da das Risiko fiir eine Infektion bei Personen mit

Erwachsenenbevolkerung betrag
rheumatoider Arthritis hdher ist, sollte das Risiko einer schweren Infektion durch den Einsatz
der Impfung reduziert werden. Der Einsatz von trivalentem Impfstoff gegen Influenza
reduzierte den Anteil an Hospitalisierungen sowie letale Verlaufe signifikant bei Patientinnen

mit rheumatoider Arthritis und systemischen Lupus erythematodes ',

Trotz der Erkenntnis, dass Patientinnen mit ERE ein hoheres Risiko fir eine Influenza-
Infektion sowie flr schwerere Krankheitsverlaufe aufweisen, wurde die Impfempfehlung gegen
Influenza bislang nur in einem geringem MalRe wahrgenommen. In einer Untersuchung bei
975 Patientinnen mit ERE lag der Anteil der gegen Influenza Geimpften bei der rheumatoiden
Arthritis bei ca. 20%, bei der ankylosierenden Spondylitis bei 12% und bei der Psoriasisarthritis
bei 15% in Deutschland '®°. Diese Resultate untermauern die bestehende Vermutung einer
inadaquaten Impfquote unter Patientinnen mit ERE und die Notwendigkeit einer Intensivierung
der Impfempfehlung und Impfaufklarung im Rahmen der arztlichen Vorstellungen der

Patientinnen.

1.5.2 Pneumokokken-Impfung

Patientinnen mit ERE weisen ein erhdhtes Risiko fir eine Pneumokokken-Infektion auf 588083,
Zur Reduktion des Risikos fur eine schwere Infektion ist der Einsatz des Pneumokokken-
Impfstoffes bei Personen mit einem erhoéhten Infektionsrisiko empfohlen. Trotz der

Impfempfehlung weist nur ein geringer Anteil an ERE-Patientinnen eine Pneumokokken-
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Impfung auf '®. Lediglich 20-30% ERE-Patientinnen wiesen bei einer Untersuchung eine
Pneumokokken-Impfung auf [186]. Zudem ist nicht eindeutig geklart, inwiefern eine
immunmodulatorische Therapie der ERE die Impfantwort beeinflussen kann. In einer Meta-
Analyse von insgesamt 2077 Personen (1623 Personen unter Immunmodulation, 454
Personen als Kontrollgruppe) konnte unter Immunmodulation eine Reduktion der Impfantwort
beobachtet werden '*°. Dieser Effekt war weniger stark ausgepragt unter Therapie mit TNF-
Hemmern '

Aus diesem Grund wird empfohlen, wenn mdglich, mindestens 2 Wochen vor Therapiebeginn
mit einer Immunmodulation die Pneumokokken-Impfung durchzufiihren 72,

Fir eine bessere Immunantwort wird entsprechend den Empfehlungen der Sténdigen
Impfkommission eine sequentielle Impfung mit dem 13-valenten Konjugat-Impfstoff (PCV13)
gefolgt von dem 23-valenten Polysaccharid-Impfstoff (PPSV23) nach 6-12 Monaten
empfohlen 2, PPSV23 kann frilhestens 2 Monate nach PCV13 geimpft werden. Ein Abstand
von 6-12 Monaten ist jedoch aufgrund des Booster-Effekts mit einer besseren Impfantwort

assoziiert .

1.5.3 COVID-19-Impfungen
Ende des Jahres 2020 bot die Aussicht einer Impfung gegen COVID-19 wahrend des sehr

dynamischen Pandemiegeschehens gro3e Hoffnung. Neben der Bewaltigung eines
neuartigen Virus wurden auch neuartige Impfstoffe in Aussicht gestellt, deren Wirkweise tUber
die mRNA (messenger ribonucleic acid) sowohl fir Anerkennung als auch fir Kritik sorgten.
Auch die mdgliche Notwendigkeit einer Auffrischimpfung/Boosterung wurde vor allem bei
ERE-Patientinnen ohne adaquate Impfantwort diskutiert und konnte zunachst nicht
beantwortet werden. Insgesamt galt, dass der Impfstatus im Allgemeinen zur Reduktion einer
Co-Infektion so aktuell wie mdglich gehalten werden sollte, was im klinischen Alltag zu einem

Anstieg der Impfnachfrage gegen Pneumokokken und Influenza fihrte.

Seit Beginn der Impfkampagne gegen COVID-19 hat die Anzahl der Impfstoffe zugenommen,
so dass bis zum April 2022 funf verschiedene Impfstoffe in Deutschland zur Verfligung standen
(s. Tabelle 3). Keiner der zugelassenen Impfstoffe gegen COVID-19 ist ein Lebendimpfstoff
und somit auch bei Patientinnen mit ERE und unter Immunmodulation einsetzbar. Dennoch
blieben die Fragen bezlglich der Effektivitat, des Sicherheitsprofils und einer moglichen

Zunahme der Krankheitsaktivitat nach COVID-19-Impfung zunachst offen.
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In der EU zugelassene Impfstoffe gegen COVID-19 (Stand 18.04.2022)

Firma Name Impfstofftyp EU-Zulassung

BioNTech/Pfizer Comirnaty® (BNT162b2) MmRNA 21. Dezember 2020

Moderna Spikevax® (mRNA-1273) MmRNA 06. Januar 2021

Astrazeneca/Oxford | /. o\ ria@ (AZD1222) Vektorimpfstoff 29. Januar 2021

University

Janssen-Cilag COVID-19 Vaccine Janssen . N

International NV | (Ad26.COV2.S) Vektorimpfstoff 11. Marz 2021
Nuvaxovid® Protein-basierter

Novavax CZ a.s. (NVX-CoV2372) Impfstoff 20. Dezember 2021

Tabelle 3: Ubersicht COVID-19-Impfstoffe
191
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2. Fragestellung und Zielsetzung der Arbeit

Trotz der saisonalen Influenza und zurlckliegenden Herausforderungen mit Coronaviren, wie
z.B. MERS oder SARS, gab es weltweit nur begrenzte evidenzbasierte Daten zum Umgang
von Virusinfektionen bei ERE-Patientinnen und einem mdglichen Einfluss der
Immunmodulation. Die wenigen wissenschaftlichen Daten, die zur Verfliigung standen,
basierten oftmals auf einer geringen Patientenzahl und einer kurzen Beobachtungsdauer der
ERE-Patientinnen im Rahmen der Zulassungsstudien der Immunmodulatoren. Zudem gelten
bei klinischen Studien entsprechende Ein- und Ausschlusskriterien, so dass in der Regel
Patientlnnen im hoheren Alter, mit relevanten Komorbiditaten oder komplikativen Verlaufen
der ERE nicht ausreichend erfasst werden. Diese Patientinnen weisen jedoch per se ein

hoheres Risiko fir Infektionen und damit verbunden schwerere Verlaufe von Infektionen auf.

Aus diesem Grund beschéaftigen sich die wissenschaftlichen Studien, die dieser vorliegende

Habilitationsschrift zugrundeliegend, mit folgenden Themen:

1) Einfluss der COVID-19-Pandemie auf ERE-Patientinnen

2) Darstellung des Verlaufs einer Infektion durch SARS-CoV-2 bei ERE-Patientinnen

3) Einfluss der Immunmodulation zur Behandlung der ERE im Kontext einer Infektion durch
SARS-CoV-2

4) Handlungsempfehlungen zur bestmdéglichen Betreuung von ERE-Patientinnen im Kontext
der Pandemie

5) Veranderungen des Infektionsgeschehens im Laufe der Pandemie unter Einsatz der

Impfungen bei ERE

Hierbei handelte es sich, analog des Verlaufs der Pandemie um einen dynamischen Prozess,
welchen es wissenschaftlich zu analysieren galt, um zukinftig eine bestmdgliche Betreuung

von Patientlnnen sicherzustellen.

Ziel der vorliegenden Arbeit war es daher, anhand des Aufbaus des COVID19-Rheuma.de-
Registers und den damit verbundenen Erkenntnissen zum Verlauf dieser neuen Entitat die
Bedeutung eines Infektionsregisters bei ERE als Instrument der internationalen
Pandemiebewaltigung darzulegen, dessen Limitationen aufzuzeigen aber auch neue
Strategien zu entwickeln. Das Register und auch die hieraus resultierenden weiteren Projekte
entsprechen den Anforderungen des Datenschutzes gemal DSGVO. Die Daten der

Patientinnen werden von Rechenzentren in Deutschland aus verwaltet.
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Far die hier vorgestellten Arbeiten wurden verschiedene Projekte, die auf dem COVID19-
Rheuma.de-Registers basieren, umgesetzt und ausgewertet. Ihnen gemeinsam ist die
Wissensgenerierung zur Bewaltigung der COVID-19-Pandemie in Bezug auf Patientinnen mit
ERE, national wie international. Dieses Register bildet zum Einreichungsdatum dieser Arbeit

auch die bisher grofite europaische Kohorte von ERE-Patientinnen mit COVID-19 ab.

3. Ergebnisse

3.1 Der Einfluss der SARS-CoV-2-Pandemie auf die Behandlung von
ERE

Originalarbeit 1:

Schmeiser T, Broll M, Dormann A, Frabel C, Hermann W, Hudowenz O, Keil F, Mlller-Ladner U,
Ozden F, Pfeiffer U, Saech J, Schwarting A, Stapfer G, Steinchen N, Storck-Miiller K, Strunk J, Thiele
A, Triantafyllias K, Wassenberg S, Wilden E, Hasseli R.

Einstellung von Patienten mit entziindlich-rheumatischen Erkrankungen zur immunsuppressiven
Therapie im Rahmen der COVID-19 Pandemie — eine Situationsanalyse.

Z Rheumatol. 2020 May;79(4):379-384. doi: 10.1007/s00393-020-00800-8

Originalarbeit 2:

Hasseli R, Miller-Ladner U, Keil F, Broll M, Dormann A, Frabel C, Hermann W, Heinmdiller CJ, Hoyer
BF, Loffler F, Ozden F, Pfeiffer U, Saech J, Schneidereit T, Schlesinger A, Schwarting A, Specker C,
Stapfer G, Steinmiller M, Storck-Miller K, Strunk J, Thiele A, Triantafylias K, Vagedes D,
Wassenberg S, Wilden E, Zeglam S, Schmeiser T.

The influence of the SARS-CoV-2 lockdown on patients with inflammatory rheumatic diseases on
their adherence to immunomodulatory medication - a cross sectional study over 3 months in
Germany.

Rheumatology (Oxford). 2021 Oct 9;60(S1):SI151-S158. doi: 10.1093/rheumatology/keab230

Zusammenfassung

Die adaquate Therapie der ERE stellt den bestmdglichen Schutz vor Infektionen und damit
verbundenen schweren Verldufen dar "°. Mithilfe einer steroidfreien, immunmodulierenden
Therapie sollte eine klinische Remission der Grunderkrankung erzielt werden, um unnétig
hohe Steroiddosen zu verhindern und insgesamt das Infektrisiko zu minimieren. Dies setzt,
neben einer adaquaten rheumatologischen Betreuung, auch eine entsprechende Compliance
der Patientinnen voraus. Die Covid-19-Pandemie stellte daher eine Herausforderung fiir beide
Aspekte dar. Vor allem zu Beginn der Pandemie fehlte die Erfahrung zur Handhabung der

immunmodulatorischen Therapie bei einer Infektion durch SARS-CoV-2. Aus diesem Grund
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war es wichtig zu analysieren, wie ERE-Patientinnen die aktuelle Situation in Bezug auf ihre

antirheumatische (immunsuppressive oder -modulierende) Therapie wahrnehmen.

In einer initialen Befragung mithilfe eines standardisierten Fragebogens wurden ERE-
Patientinnen an bundesweit funf rheumatologischen Kliniken und sechs rheumatologischen
Schwerpunktpraxen befragt (Originalarbeit 7). Die Befragung erfolgte unmittelbar nach Beginn
der hochaktiven Phase der COVID-19-Pandemie. In dem Zeitraum vom 16.03.2020—
03.04.2020 konnten 656 Patientinnen in die Befragung eingeschlossen werden. Die Befragung
erfolgte anonym ohne Angabe des Geschlechts. Im Fragebogen wurde die entziindlich-
rheumatische Erkrankung, das Alter in Altersintervallen, die aktuelle antirheumatische
Medikation und die Meinung bezuglich der immunmodulierenden Therapie erfragt. Mehr als
die Halfte der Befragten war Gber 50 Jahre alt (51%) und litt an einer rheumatoiden Arthritis
(56%). Eine Therapie mit Methotrexat zum Zeitpunkt der Befragung wurde von 36% der
Befragten angegeben. Uber 90% der Befragten gaben an, der &rztlichen Empfehlung zur
Fortfihrung der immunmodulatorischen Therapie zu folgen. Lediglich ein geringer Prozentsatz
wollte die Therapie selbststandig beenden. Diese Einstellung der Patientinnen war
unabhangig von der jeweiligen immunmodulatorischen Therapie und ERE. Dieses Ergebnis
ist aus rheumatologischer Sicht erfreulich, da ein eigenstandiges Absetzen der
Immunmodulation mit Zunahme der Krankheitsaktivitat einhergehen kann. Das Infektionsrisiko
wird zum einen durch allgemeine Faktoren, wie das Alter des/der Patientin, vorhandene
Komorbiditdten, zum anderen krankheitsbezogen durch die Aktivitdt der Grunderkrankung
selbst und durch die laufende —insbesondere immunsuppressive — Therapie bestimmt.
Dementsprechend zahlt zu wichtigsten risikoverringernden MalRnahmen eine optimale
Kontrolle der ERE *2.

Da es sich jedoch bei der initialen Befragung um eine kurze Befragungsperiode handelte und
nicht ausreichend die Therapieadharenz wahrend des weiteren Verlaufs der COVID-19-
Pandemie widerspiegelt, wurde die Studie Uber insgesamt 3 Monate fortgesetzt und um
weitere bundesweite Standorte erweitert (Originalarbeit 2). Insgesamt nahmen acht
rheumatologische Schwerpunktpraxen und neun Kliniken an der Befragung teil. Im Zeitraum
von 16. Méarz bis 15. Juni 2020 wurde 4252 ERE-Patientinnen befragt. Erneut litten mehr als
die Halfte der Befragten an einer rheumatoiden Arthritis (54%). Die Mehrheit der Patientinnen
gab an ihre Therapie fortzufiihren (84%). Lediglich 3% der Befragten gab an, selbststandig die
Immunmodulation aufgrund der COVID-19-Pandemie beendet zu haben. Die Entscheidung fur
die FortflUhrung/Absetzen der Therapie war unabhangig von der ERE und Art der
Immunmodulation. Jlingere Patientinnen gaben haufiger an, ihre Therapie zu beenden,

verglichen mit Personen Uber 60 Jahre. In einer Google Trends-Analyse wurde zudem
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untersucht, welche Suchbegriffe in Bezug auf COVID-19 und rheumatische Erkrankungen
vermehrt verwendet wurden. Dabei standen ausreichende Daten zu den Begriffen ,Corona
Kortison®, ,Corona Humira“ und ,Corona Rheuma“ zur Verfigung. Die Haufigkeit der
genannten Suchbegriffe wurde mit den Antworten der Patientinnen im Rahmen der Befragung
korreliert. Hierbei zeigt sich, dass mit zunehmender Suchhaufigkeit auch der Anteil der
Therapieabbriiche in der Befragung zunahm. Dies koénnte die Verunsicherung der
Patientinnen, darstellen, welche sich im Rahmen der Internetrecherche ausdrickt, da zu

diesem Zeitpunkt keine qualitativ ausreichenden Informationsquellen vorlagen.
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Einstellung von Patienten mit
entziindlich-rheumatischen
Erkrankungen zur
immunsuppressiven Therapie im
Rahmen der COVID-19 Pandemie
— eine Situationsanalyse

Seit 11.03.2020 spricht die WHO von ei- 225
ner Coronavirus Pandemie. Verursacht
wird die Coronavirus Krankheit (CO- 200
VID-19) durch das SARS-CoV-2 Virus,
Die Erkrankung manifestiert sich als In-
fektion der Atemwege mit den Leitsym- 175
ptomen TFieber und Husten. Bei 81%
Patienten ist der Verdaul mild, 14% er- * 150
kranken schwer und 5% der Patienten
kntisch [1]. Das erste Auftreten wur- ‘ 125

de im Dezember 2019 in der Millionen- t
stadt Wuhan in der Provinz Hubei (Chi-

na) dokumentiert. Am07.04.2020 melde

te die Johns-Hopkins-Universitit bereits *

1.348.628 registrierte, die Welt umspan- L

nende Infektionsfille. Die Letalitit lag

zu diesem Zeitpunkt der Pandemie bei 50

5,6% (n=74.834 an Covid-19 Verstorbe-

ne). Zudiesem Zeitpunkt warbereitsklar, 25 Abb. 1 4 Vertei

dass das Vorhandensein und die Zahl g derStiea-
zentren und deren

von Komorbidititen (wie Diabetes mel- Aktivitat (regionen-

litus, arterielle Hypertonie und koronare bezogen)
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Abb. 3 A Prozentuale Verteilung der entziindlich-rheumatischen Erkrankungen der bis zum

07.04.2020 befragten Patienten

Herzerkrankungen) mitentscheidend ist
fiir das Outcome der Patienten [2].
Trotz vieler klinischer Parallelen zu
einer viralen Infektion der oberen und
unteren Atemwege mit Influenzaviren,
SARS oder MERS, alle mit einer ver-
gleichbaren initialen Klinik (Husten,
Fieber, Cephalgien und Myalgien), dem
Ubertragungsweg (Trépfcheninfektion)
und der sehr variablen Symptomatik
von symptomlos bis zu kurzen letalen
Verldufen, gab es bis zu dieser Pan-
demie keine Handlungsempfehlungen

| Zeitschrift fir Rheumatologie

basierend auf evidenzbasierten Daten
fur Patienten mit entziindlich-rheuma-
tischen Erkrankungen. Dasselbe galt fiir
die Bedeutung oder den Einfluss einer
dauerhaften immunsuppressiven oder
immunmodulierenden Therapie. Wo-
chentlich zunehmende Daten aus China
und Italien zeigen aber, dass schwere
Verlaufsformen und Komplikationen in
jedem Alter auftreten kénnen, und bei
Patienten ab dem 60. Lebensjahr und
solchen mit chronischen Grunderkran-
kungen deutlich hiufiger.

Inderletzten Influenza-Saison (40. Mel-
dewoche (MW) 2018 bis 20. MW 2019)
wurden laut dem Robert-Koch-Institut
(RKI) 182.000 labordiagnostisch besti-
tige Falle dokumentiert. Davon waren
98,5% durch Influenza A verursacht.
Lediglich bei 0,7 % der Patienten konnte
Influenza Typ B nachgewiesen werden.
Dies legt laut RKI die Vermutung nahe,
dass eine héhere Immunitit gegen Influ-
enza Typ B herrscht und kénnte dadurch
begriindet sein, dass die letzte Grippe-
Saison vordergrindig durch Influenza
Typ B verursacht wurde. 33% der Fil-
le wurden in der Altersgruppe 35-59
dokumentiert. 25% der Betroffenen wa-
ren Ober 59 Jahre. Die Altersgruppe
5-14 Jahre war dagegen am wenigsten
betroffen. Unter den diagnostisch be-
stitigten Fallen befanden sich 40.000
hospitalisierte Falle. Diese teilten sich
aufin 54 % Betroffene aber 60 Jahre, 19%
in der Altersgruppe 35-59 Jahre und 6%
in der Altersgruppe 5-14 Jahre auf. 64%
der hospitalisierten Fille wiesen ein Alter
uber 79 Jahre auf. Schwere Komplikati-
onen, wie z.B. eine schwere Pneumonie
oder Lungenversagen (ARDS), waren
in allen Altersgruppen nachweisbar. Bei
der alteren Patientengruppe (>79 Jahre)
war ein hoherer Anteil an letalen Verlau-
fen als Fille mit notwendiger Beatmung
zu verzeichnen. Der Altersmedian der
gemeldeten Falle lag bei 40 Jahren, bei
den hospitalisierten Falle bei 63 Jahren
und bei den letal verlaufenden Fillen
bei 78 Jahren. Insgesamt wurden 954
Influenza-bedingte Todesfille gemeldet.
52% der Verstorbenen waren minn-
lich. 86% iber 59 Jahre und 12% in
der Altersgruppe 35-59 Jahre. Da die
Meldung von Influenza an den labor-
diagnostischen Nachweis gekoppelt ist,
die meisten Erkrankungen im Verlauf
einer Grippewelle aber rein klinisch
diagnostiziert werden, liegt wahrschein-
lich eine erhebliche Untererfassung von
Influenza-Erkrankungen vor [3].

Diverse Literaturquellen weisen auf
eine erhohte Infektneigung von Patien-
ten mit rheumatologischen Erkrankun-
gen oder immunsuppressiven Therapi-
en hin [4, 5]. Um das Infektionsrisiko
fiir diese Patienten abschitzen zu kon-
nen, sind individuelle Betrachtungen von
Grunderkrankung und immunsuppres-
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Zusammenfassung - Abstract

siver Therapie notwendig. Eine relevante
Rolle hierbei spielt (vor allem in Lang-
zeitdosierung) der Einsatz von Cortico-
steroiden. So konnte in einer Analyse des
RABBIT Registers gezeigt werden, dass
das Risiko fiir Infektionen mit der Dosis
deutlich ansteigt und z.B. eine Steroid-
dosis zwischen 7,5 und 14 mg ein héhe-
res Infektionsrisiko birgt als unter TNF-
a-Hemmern [6]. Ein weiterer wichtiger
Aspekt fiir das Infektionsrisiko ist die
Krankheitsaktivitit. Das Infektionsrisi-
ko sinkt bei Remission [7]. Weitere Fak-
toren, die die Infektwahrscheinlichkeit
beeinflussen, sind das Alter (Immuno-
seneszenz) und die Komorbidititen der
Patienten [4, 8].

Zusammenfassend ergibt sich hieraus,
dass in erster Linie mithilfe der antirheu-
matischen Therapieeineklinische Remis-
sion der Grunderkrankung erzielt wer-
den sollte,um unnétig hohe Steroiddosen
zu verhindern und insgesamt das Infekt-
risiko zu minimieren. Dies setzt, neben
einer adiquaten rheumatologischen Be-
treuung, auch eine entsprechende Com-
pliance der Patienten voraus. Diese noch
nie dagewesene Pandemie stellt daher ei-
ne Herausforderung fiir beide Aspekte
dar. Bislang fehlt die Erfahrung zur Hand-
habung der antirheumatischen Therapie
bei einer COVID-19-Infektion. Aus die-

sem Grund war es fiir die Initiatoren
dieser Studie in erster Linie wichtig zu

erfahren, wie unsere Patienten die aktu-
elle Situation in Bezug auf ihre antirheu-
matische (immunsuppressive oder -mo-
dulierende) Therapie wahrnehmen.

Nach unmittelbarer Erteilung des
Ethikvotums durch die Justus-Liebig
Universitit Giessen als federfithrende
Institution wurde mithilfe eines Frage-
bogens Patienten mit einer entziindlich-
rheumatischen Erkrankung beziiglich
ihrer Einschitzung zu ihrer immun-
modulierenden Therapie befragt. Bis
zum Zeitpunkt der Einreichung dieser
Publikation nahmen an dieser Untersu-
chung 5 rheumatologische Kliniken aus
3 Bundeslindern und 6 rheumatologi-
sche Schwerpunktpraxen, ebenfalls aus
3 Bundeslindern teil (@3 Abb. 1).

In dem Zeitraum 16.03.2020-03.04.
2020 konnten 656 Patienten in die Be-
fragung eingeschlossen werden. Die
Befragung erfolgte komplett anonym

Z Rheumatol

Zusammenfassung

Die aktuelle Pandemie mit COVID-19 stellt
die behandelnden Rheumatologen vor eine
bisher nicht dagewesene Herausforderung.
Auf der einen Seite konnen antirheumatische
Medikamente das Infektrisiko erhdhen und
den Verlauf einer Infektion beeinflussen. Auf
der anderen Seite erhdht eine unzureichend
kompensierte entziindlich-rheumatische
Erkrankung ebenfalls das Infektionsrisiko.
GemaR der Empfehlung der Deutschen
Gesellschaft fir Rheumatologie (www.dgrh.
de) empfehlen wir unseren Patienten trotz
Pandemie eine Fortfiihrung der antirheuma-
tischen Therapie zum Erhalt der Remission.
Im Rahmen dieser Studie wurden Patienten
mit einer entziindlich-rheumatischen
Erkrankung beziiglich ihrer Meinung zu ihrer
immunmodulierenden Therapie unmittelbar
nach Beginn der hochaktiven Phase der
Pandemie befragt. An der Datenerhebung

https://doi.org/10.1007/500393-020-00800-8
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Einstellung von Patienten mit entziindlich-rheumatischen
Erkrankungen zur immunsuppressiven Therapie im Rahmen der
COVID-19 Pandemie - eine Situationsanalyse

waren 5 Kliniken und 6 niedergelassene
rheumatologische Versorger beteiligt. Hierbei
zeigte sich, dass iiber 90 % der Befragten der
arztlichen Empfehlung zur Fortfiihrung der
antirheumatischen Therapie folgten. Lediglich
ein geringer Prozentsatz wollte die Therapie
eigenmdchtig beenden. Diese Einstellung der
Patienten war unabhangig von der jeweiligen
antirheumatischen Therapie. Dieses Ergebnis
ist aus rheumatologischer Sicht erfreulich,
spiegelt die vertrauensvolle und kompe-
tente Betreuung der rheumatologischen
Patienten wider, und zeigt, dass trotz solcher
Herausforderungen unsere Patienten unseren
Empfehlungen folgen.

Schliisselworter

COVID-19 - Antirheumatische Therapie -
Rheumatische Grunderkrankungen -
Patientenbefragung

Abstract

The current COVID-19 pandemic inherits

an unprecedented challenge for the

treating rheumatologists. On the one hand,
antirheumatic drugs can increase the risk

of infection and potentially deteriorate the
course of an infection. On the other hand,

an active inflammatory rheumatic disease
can also increase the risk for an infection.

In the recommendations of the German
Society for Rheumatology (www.dgrh.de), itis
recommended that our patients continue the
antirheumatic therapy to maintain remission
or low state of activity despite the pandemic.
In this study, patients with inflammatory
rheumatic disease were asked in the first
weeks of the pandemic on their opinion of
theirimmunomodulating therapy. The result

A cross sectional study on patients with inflammatory rheumatic
diseases in terms of their compliance to their immunsuppressive
medication during COVID-19 pandemic

shows that over 90% of the patients followed
the recommendation of the rheumatologist
to continue the antirheumatic therapy, and
only a small percentage of the patients
terminated the therapy on their own. This
result was independent of the individual anti-
rheumatic therapy. Taken together, the results
of this study illustrate not only the trustful
patient-physician partnership in a threatening
situation but also the high impact of state-of-
the art recommendations by the respective
scientific society.

Keywords
COVID-19- Antirheumatic therapy - Rheumatic
diesease - Patient questionnaire
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Abb. 5 A Prozentuale Verteilung der Antworten derin der Studie untersuchten Patienten

ohne Angabe des Geschlechts. Im Fra-
gebogen wurde die entziindlich-rheu-
matische Erkrankung, das Alter in Al-
tersintervallen, die aktuelle antirheu-
matische Medikation und die Meinung
beziiglich der immunmodulierenden
Therapie erfragt. Die Altersverteilung
gestaltete sich bislang wie folgt: 28%
im Alter von 51-60 Jahren; 24% im
Alter von 31-50 Jahren; 21% im Alter
von 61-70 Jahren; 7% im Alter von
18-30 Jahren; 2% im Alter von iiber
81 Jahre (B8 Abb.2).

| Zeitschrift fir Rheumatologie

56 9% der Patienten wiesen eine rheu-
matoide Arthritis auf, gefolgt von einer
Psoriasisarthritis (12%) und Spondylitis
ankylosans (10%). Die restlichen 22%
der Erkrankungen verteilten sich auf die
in (B Abb. 3) dargestellten Entititen. Un-
ter sonstige Erkrankungen (8 %) wurden
u.a. (noch) nicht klassifizierbare rheu-
matologische Erkrankungen, Sarkoidose,
Kristallarthropathien zusammengefasst.

36% der Befragten befanden sich
unter einer Therapie mit Methotrexat
(MTX). Bei 30% der Patienten lag eine
Mono- oder Kombinationstherapie mit

Corticosteroiden vor. NSAR (nicht-ste-
roidale Antirheumatika) wurden als Mo-
no- oder Kombinationstherapie bei 16 %
verwendet. 8% der Patienten standen
unter Therapie mit Hydroxychloroquin
(HCQ). Tocilizumab und Adalimumab
(ADA) wurden in 6% und Etanercept
in 5% der Fille angewendet. Die Obri-
gen Therapieoptionen wurden bei unter
5% der Patienten eingesetzt (0 Abb. 4).
Beziiglich der persiénlichen Meinung
zur antirheumatischen Therapie standen
7 Antwortméglichkeiten zur Auswahl:
1. Therapiefortfuhrung ohne Bedenken
2. Fortfithrung der antirheumatischen
‘Therapie, da das Risiko einer Zunah-
me der Entzindungsaktivitit hoher
ist als die einer COVID-Infektion
3. Fortfithrung der Medikation, da
keine Alternative besteht
4. Fortfuhrung gemiR der arztlichen
Empfehlung, persénlich wiirde die
Medikation lieber abgesetzt werden
5. Eigenmichtiges Absetzen
6. Absetzen gemif drztlicher Empfeh-
lung
7. Bislang keine Meinung beziiglich
der antirheumatischen Therapie und
einer Corona-Infektion

Die Verteilung der Antworten gestalte-
te sich wie folgt: 57% Antwort 1, 16%
Antwort 2, 20% Antwort 3, 6% Ant-
wort 4. Die Antworten 5-7 lagen bei
unter 2% (B Abb. 5). Insgesamt wiirden
somit 98 % der Patienten die Therapie oh-
ne oder sogar trotz Bedenken fortfithren.
Lediglich 2% der Befragten wiirden die
Medikation eigenmichtig absetzen. In-
teressanterweise zeigt sich eine ortliche
Hiaufung der Patienten, die eine Therapie
absetzen wiirden (@ Abb. 6). Die Stand-
orte Porz am Rhein, Kéln-Ehrenfeld, Bad
Kreuznach, Bad Nauheim und Wuppertal
waren davon haufiger betroffen. Magli-
cherweise hangt dies mit der Privalenz
der COVID-19-Infektionen in den Re-
gionen zusammen, oder aber auch, dass
Schwerpunktpraxen noch mehr Haus-
arztfunktionen mit engerem Kontakt zu
den Patienten iibernehmenals iiberregio-
nale rheumatologische Referenzkliniken.
Die Auswahl der Antworten unterschied
sich interessanterweise nicht in den je-
weiligen Krankheitsentititen (8 Abb.7).

39



Krankenhaus Porz am Rhein

Praxis fur Rheumatologie, Koin-Ehrenfeld

Acura-Rheumazentrum, Bad Kreuznach

Kerckhoff-Klinik, Bad Nauheim

Krankenhaus St. Josef, Wuppertal
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Zusammenfassend ist festzuhalten,
dass der tiberwiegende Anteil der Be-
fragten unabhingig von der Erkrankung
oder Medikation keine Bedenken be-
ziiglich der Fortfihrung der Therapie
auch in Zeiten der COVID-19 Pandemie
aufwiesen. Dieindividuelle Patientenent-
scheidung zur Fortfithrung der DMARD
Therapie deckt sich zum aktuellen Zeit-
punkt mit den Expertenempfehlungen
der DGRh, die durch Rezidive bzw.
einen Schub der Grunderkrankung ein
hoheres Infektrisiko postulieren und
die u.a. in einer solchen Situation bei

dann méglicher Intensivierung der an-
tirheumatischen Therapie (z.B. durch
Steroidstofl) eine groflere Gefihrdung
der Patienten implizieren. Die Auswer-
tung der Umfrage zeigt jedoch auch,
dass die Mehrheit der Patienten den
drztlichen Empfehlungen folgt. Dieses
spiegelt in diesen auflergewshnlichen
Zeiten die vertrauensvolle Beziehung
zwischen Patienten und Rheumatologen
wider. Prospektiv sollen auch in der
nun kommenden Phase der Pandemie
weitere Daten gesammelt werden, um
die Entwicklung der Einstellung der

Abb. 7 « Prozentuale Ver-

teilungder Antwortennach

Krankheitsgruppen
Patienten erfassen und fiir zukiinftige
Szenarien beurteilen zu kénnen.

Fazit fiir die Praxis

== Uber 90% der befragten Patien-
ten folgen der rheumatologischen
Empfehlung, ihre antirheumatische
Medikation trotz der COVID-19-
Pandemie fortzufiihren.

== Lediglich 4% der Patienten wiirden
ihre Therapie lieber absetzen, folgen
aber der arztlichen Empfehlung.
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== 19 der Befragten setzt dle Medikatl-
on elgenmachtig ab

= Dle Resultate splegeln elne vertrau-
ensvolle Arzt-Patienten Beziehung
auch In Zelten elner bedrohlichen
Pandemile wider
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The influence of the SARS-CoV-2 lockdown on
patients with inflammatory rheumatic diseases on
their adherence to immunomodulatory medication:
a cross sectional study over 3 months in Germany
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Abstract

Objectives. To evaluate the influence of the SARS-CoV-2 pandemic on the adherence of patients with inflamma-
tory rheumatic diseases (IRD) to their immunomodulatory medication during the three-month lockdown in Germany.
Methods. From 16" March until 15™ June 2020, IRD patients from private practices and rheumatology depart-
ments were asked to answer a questionnaire addressing their behaviour with respect to their immunomodulating
tharapy. Eight private practices and nina rheumatology departments that included rheumatology primary care
centres and university hospitals participated. A total of 4252 questionnares were collected and evaluated,
Results. The majority of patients (54%) were diagnosed with RA, followed by psoriatic arthritis (14%), ankylosing
spondylitis (10%), connective tissua dseases (12%) and vasculitides (6%). Most of the patients (84%) reported to
continue their immunomodulatory therapy. Termination of therapy was reported by only 3% of the patients. The
results were independent from the type of IRD, the respective immunomodulatory thempy and by whom the
patients were treated (private practices vs rheumatology departments). Younger patients (<60years) reported just
as often as older patients to discontinue their therapy.

Conclusion. The data show that most of the patients continued thair therapy in spite of the pandemic. A signifi-
cant change in behaviour with regard to their immunomodulatory therapy was not observed during tha three
months of observation. The results support the idea that the immediate release of recommendations of the German
Society of Rheumatology were well received, supporting the well-established physician—patient relationship in times
of a cnsis,

Key words: SARS-CoV-2 pandemic, adherence, immunomodulatory drugs, influence, patient's behaviour,
doctor-patient relationship
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Rheumatology key messages

e The majority of IRD patients continued their immunomodulatory therapy during the SARS-CoV-2 pandemic

lockdown.

« The results were independent of age, type of therapy and IRD.
« This could reflect a trustful physician—patient relationship in times of crisis and that patients followed the

recommendations during the pandemic.

resulting coronavirus disease 2019 (COVID-19) have
been registered as of 5 November 2020 [1]. Regardless
of these high numbers it has not been fully elucidated
whether patients with inflammatory rheumatic diseases
(IRD) or specific immunomodulatory treatments have a
higher risk to develop a severe course of COVID-19, al-
though data suggest that patients with IRD are at higher
risk for bacterial, viral and opportunistic infections com-
pared with the general population [2, 3]. At the begin-
ning of the pandemic, no clear recommendations for
patients with IRD were available in Germany. On 16
March 2020, hospitals were ordered by the respective
authorities to reduce and postpone elective procedures
substantially and to prioritize the remaining operative
and personnel resources to facilitate treating patients
with severe COVID-19. It was recommended that
patients should reduce their visits to hospitals and pri-
vate practices, if not essential for disease management.
This caused a dramatic reduction of in- and outpatient
visits. In some cases, patients did not even receive their
immunomodulatory treatment, intravenous application of
immunomodulatory drugs were prolonged, necessary
adaptions of treatment strategies in case of disease re-
lapse were postponed and personal appointments were
nearly completely cancelled to reduce the overall risk of
a SARS-CoV-2 infection in Germany [4]. In addition, on
22 March 2020, the German government restricted per-
sonal contacts outside of family circles to not more than
two people, resulting in social isolation. One can quite
easily imagine how these measures left some patients
completely on their own. In April 2020, the German
Society for Rheumatology (DGRh), similar to other soci-
eties, such as EULAR, BSR and ACR published prelim-
inary recommendations for the management of patients
with IRD in the context of the current pandemic [5-7].
All of them suggested the maintenance of immunomo-
dulating therapies during the SARS-CoV-2 pandemic to
avoid disease relapses.

In order to be able to estimate the patients’ behaviour
with respect to their immunomodulatory therapy, a
Gemany-wide survey was established during the SARS-
CoV-2 pandemic, with a distinct focus on the patients’
view on their immunomodulatory therapy. This was
based upon the hypothesis that, influenced by public
media, personal restrictions in the lockdown situation
and possibly also by recommendations released from
the national rheumatological societies, patients may
have changed their behaviour regarding immunomodula-
tory therapy [8, 9].

v52

Indeed, this hypothesis was challenged by the data of
pulmonologists, who showed that pneumological
appointments at the beginning of 2020 resulted in an
increased adherence to therapy in chronic obstructive
pulmonary disease (COPD) patients by 15%. However, it
could not conclusively be clarified whether improved
compliance was due to the context of the impending
pandemic [10].

Methods

From 16 March until 15 June 2020, IRD patients from
private practices and rheumatology departments were
anonymously asked for adherence to their immunomo-
dulating therapy. Nine private practices and eight
rheumatology departments from six federal states
across Germany participated. A one-page questionnaire
was developed that included the range of age, type of
IRD and immunomodulatory treatment (see supplemen-
tary material 1, available at Rheumatology online).
Patients had to choose one out of seven options to an-
swer this question (see supplementary material 1, avail-
able at Rheumatology online). The inclusion criteria
were: () age >18years and (i) presence of an IRD.
There were no inclusion/exclusion criteria for the partici-
pating general and private practices and departments.
Participation was voluntary and without reimbursement.
The time period from 16 March until 20 March 2020 was
defined as ‘before lockdown’ and the time period from
21 March until 15 June 2020 was defined as ‘during and
after lockdown’.

Google trends analysis

To investigate further potential reasons why patients
could have discontinued their immunomodulatory ther-
apy, we performed an analysis on ‘Google Trends’
which is a free accessible online portal of Google Inc.
[11]. Google Trends allows users to interact with intemet
search data, which can provide deep insights into
behaviours of the population and health-related phe-
nomena [11]. Google Trends answers queries and keeps
a record of such searches. The data is compiled to dis-
play trends automatically. The weekly trends can be
accessed from Google Trends, a special open-access
domain of Google (https://trends.google.com/trends/)
[12]. We, therefore, systematically searched for the fol-
lowing queries:

« corona cortisone (Gemman: Corona Kortison)

https: ic.oup.com/ logy




Therapy adherence of rheumatological patients in times of SARS-CoV-2 pandemic

corona rheuma
corona mtx

corona adalimumab
corona Humira
covid-19 cortisone
covid-19rheuma
covid-19 mtx
covid-19 adalimumab
covid-19 Humira

After approval of the study by the ethics committee of
the Justus-Liebig-University Giessen (#32-20) and regis-
tration (EUDRACT 2020-004064-25), the survey started
on 16 March 2020. The survey was announced to
Geman rheumatologists on a nationwide basis, which
resulted in an increasing number of participating private
practices and rheumatology departments.

Statistical analysis

First, the proportion of patients’ characteristics (age, type of
IRD, IRD therapy) and opinion were calculated to evaluate
relevant changes. Second, exact binomial tests were used
to assess significant differences between patients’ charac-
teristics and the opinion. Python version 3.8.2 in conjunction
with several libraries was used for statistical analyses and
for the graphs. P-values were two-sided, and statistical sig-
nificance was set at P < 0.05.

Results

Most of the participating centres were located in North
Rhine-Westphalia (eight), followed by centres in Hesse
(five), Lower Saxony (one), Schleswig-Holstein (one),
Bavaria (one), Rhineland-Palatinate (one; see supple-
mentary material 2, available at Rheumatology online). A
total of 4252 questionnaires were collected and eval-
uated, 279 questionnaires before lockdown and 3973
questionnaires during and after lockdown. Most patients
(29%) were aged between 51-60years, followed by
22% of patients between 61-70 or 31-50years old, and
15% were 71-80 years (Fig.1A). Patients reported to suf-
fer from RA (54%), psoriatic arthritis (14%), ankylosing
spondylitis (10%), systemic lupus erythematosus (6%),
polymyalgia/giant cell arteritis (5%), systemic sclerosis
(8%) and Sjogren's syndrome (2%). Approximately 1%
of patients had a granulomatosis with polyangiitis, eo-
sinophilic granulomatosis with polyangiitis or polymyosi-
tis/dermatomyositis. Gout, fever syndromes and other
rare diseases were grouped together under ‘other
diseases’.

Around 22% of patients were on monotherapy with
conventional synthetic disease-modifying antirheumatic
drugs (csDMARD). A combination of csDMARDs and
biological (b)DMARDs was reported in 11% of the
patients. Only <1% received glucocorticoids (GC) as
monotherapy, in 31% of the cases a combination with
GC was reported. One-fifth of the patients (20%)
received a therapy with NSAIDs, of which 16% reported
combination therapy with other immunomodulating

https://academic.oup.com/rheumatology

drugs. Biologics were used in 34% of the patients (TNF-
inhibitors 20%, IL-6-inhibitors 5%, IL-17-inhibitors 3%,
abatacept 2%, rituximab 2%, IL-12/23-inhibitor 1%, IL-
1-inhibitor 1%, belimumab 1%) and Janus kinase inhibi-
tors (JAK-i) in 6% of the patients (Fig. 1B). From March
till June 2020, 84% of the patients reported to continue
their immunomodulatory therapy. In Fig. 2, the influence
of the pandemic before, during and after the lockdown
on the patient's behaviour regarding their therapies is
displayed. Before the national lockdown, only 4% of the
patients reported to discontinue their medication on
their own or in consultation with their rheumatologists
(Fig. 2A). During and after the national lockdown, the
number of reported discontinuations even decreased
(Fig. 2B). There was no relevant difference in the behav-
iour before, during and after the lockdown. Younger
patients (18-30years old, 2.8%) and patients between
71-80 of age (2.2%) reported to discontinue their medi-
cation less often compared with patients between 31—
50years old (4.4%) being the largest group (Fig. 3). The
difference was not found to be significant as more
younger patients (<60years) participated in the survey
(Fig. 1A). There was no relevant difference in patients’
opinion with regard to the type of IRD (data not shown).

There were no obvious differences in patients’ adher-
ence regarding specific immunomodulatory therapies
(data not shown). In Fig. 4A the development of patients’
opinion over time is displayed. No significant difference
could be detected over time. At the beginning of the
pandemic, more patients reported to discontinue their
medication than the number of patients who reported to
discontinue their immunomodulatory therapy by their
own decreased slightly (Fig. 4B). With a decreasing
number of infected patients in the general population,
fewer patients with IRD reported to discontinue their
therapy. When SARS-CoV-2 infections spread again, the
number of patients reporting to discontinue their medi-
cation increased as well (Fig. 4B).

In the Google Trends analysis, sufficient results could
be detected only for the items ‘corona steroids’, ‘corona
humira’ and ‘corona rheuma’. Humira® (adalimumab,
manufacturer AbbVie) has been the best-selling
bDMARD in Germany for years. We correlated the
weekly results of Google Trends for the selected queries
with the number of patients who reported to discontinue
their immunomodulatory therapy. The weekly course of
the number of queries was similar to the course of the
number of patients who reported to discontinue their
medication (Fig. 5).

Discussion

To our knowledge, this study is the largest investigation
to light up patients’ opinions on immunomodulating ther-
apy in IRD during the SARS-CoV-2 pandemic. The study
reflects the behaviour of IRD patients over a period of
3 months in a lockdown setting with very limited or even
no access to rheumatologists nationwide in Germany. In
view of these circumstances, rheumatologic societies
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Fic. 1 Basic characteristics of IRD patients
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(A) Age of the patients (in %): Most of the patients (29%) were between 51-60years old followed by 22% of the
patients which were between 61-70years or 31-50years old and 15% of the patients which were 71-80years old.
The minority of the patients were 18-30years (6%) old or >81years (4%) old. In 3% of the cases, no age was
reported. (B) Distribution of the reported inflammatory rheumatic diseases (in %): 54% of the reported patients suf-
fered from RA: 14% from PsA; 10% from AS; 6% from SLE, 3% from SSc, >1% from PM/DM and granulomatosis
with pelyangiitis (GPA), <1% from eosinophilic granulematosis with polyangiitis (eGPA), 2% from Sjb, 5% from PMR/
GCA and 7% from other IRD. (C) Distribution of immunomodulatory drugs reported in the survey (in %): 22% were
on monotherapy with csDMARD, 11% on combination therapy with csDMARD and bDMARD, 11% with csDMARD
and other immunomodulatory drugs {e.g. GC), 6% on csDMARDs & NSAID, >1% were on csDMARD and JAK-i,
24% on GC & DMARD, 9% on GC and other immunomadulatory drugs, <1% were only on GC, 16% on NSAID and
other immunomadulatory drugs, 4% on monotherapy with NSAR, 20% on TNF-i, 6% on JAK-i, 5% on IL-6-i, 3% on
IL-17-i, around 1% each received IL-1-i, ustekinumab (UST), belimumab (BEL), immunoglobulins (IVIG), CYC and
MMF, 8% reported no therapy and < 1% receivad other mmmunomodulatory drugs.

did not recommend discontinuing the immunomeodula- patients with IRD was highly impacted by the pandemic,
tory therapy to avoid disease relapse necessitating new  this can be interpreted as a hint for a trustful physician-
or higher dosage of glucocorticoids and putting patients patient redationship. Other studies could also observe a
at substantial risk for infections. Our study shows that high number of patients who reported to continue their
patients followed these recommendations of rheumatol- immunomodulatory therapy [13, 14]. In comparison to
ogists. In view of the fact that the management of these results, medication adherence in patients with
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Fia. 2 Patients’ behaviour before, during and after the national lockdown in Germany

behavior before national lockdown behavior during & after national lockdown

A continued without concern 57% B 56%
continued due to an increased risk of an inflammation
continued due to lack of alternatives

continued with concern

discontinued by patient

discontinued after physican’s recommerdation

no opinion

invalid selection

multiple options selected

0% 20% 40% 60% 0% 20% 40% 60%

Patients had the opportunity to choose between seven answers to describe their adherence to their immunomodula-
tory medication. Some of the patients chose more than one answer (before: 8%, during and after lockdown 5%). (A)
Patients’ behaviour before the national lockdown in Germany: Patients had the opportunity to choose between seven
answers to describe their adherence to their immunomeodulatory medication. Some of the patients chose more than
one answer. Before the national lockdown 57% of the patients reported to continue their immunomodulatory treat-
ment without concern, 15% to continue due to an increased risk of a disease flare, 24% due to lack of alternatives
and 5% continued ther immunomodulatory drug with concern. Only 3% of tha patients reported to discontinue their
medication on their own and around 1% in consultation with their rheumatologists. <1% of the patients reported to
have no opinion of their treatment and 2% did not choose any option. (B) Patients’ behaviour during and after the na-
tional lockdown in Germany: Dwing and after the national lockdown, 56% of the patients reported to continue their
immunomodulatory treatment without concemn, 12% to continue due to an increased risk of a disease flare, 18% due
to lack of altematives and 5% continued their immunomodulatory drug with concern. Around 1% of the patients
reported to discontinue their medication on their own and around 1% in consultation with their rhbeumatologists. 6%
of the patients reported to have no opinion of their treatment and <1% did not choose any option.

Fic. 3 Distribution of discontinuation of medication by ags
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Younger patients (18-30 years old. 2.8%) and patients betwean 71-80 years old (2.2%) reported less often discontinu-
ing their medication compared with patients between 31-50 yaars old (4.4%), which were the biggest aroup followed
by 3.7% of the patients between 51-60 years and around 3.6% >81years old and 3.3% of the patients between 61~
70years old.
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Fia. 4 Changes in patients' opinion over the course of the pandemic
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(A) Proportion of patients' opinion over the course of the pandemic: The proportion of patients’ opinion did not
change relevantly over the course of the pandemic. The different answers are displayed in blue (continued without
concem), orange (continued due to an increased risk of a disease flare), green (continued due to lack of atematives),
red (continued with concem), purple (discontinued by patient), brown (discontinued after physician's recommenda-
tion), pink (no opinion) and grey (no answer given). (B) Number of patients who reported to discontinue ther medica-
tion over the course of the study: Blue columns display the number of patients who reported to discontinue their
medication in % (left scale), purple line displays the 7 days incidence of SARS-CoV-2 infaction in the general popula-

tion (number of patients, right scale),

arterial hypertension in Germany is estimated to be
around 66% in a non-pandemic satting [15).

Of note, no relevant difference in discontinuation rate
could be observed with respect to age, type of IRD,
type of immunomodulatory drug and the time elapsed
since start of the pandemic. As the distribution of age in
the study population is comparable to IRD patients in
general, the results can be probably transferred to the
entirety of IRD patients in Germany.

The results in the Google Trends analysis, which show
a time-dependent interest for the topics ‘corona &
rheuma’, ‘corona & cortisone’' and ‘corona & Humira',

v56

could reflect an influence on patients’ decision to discon-
tinue their immunomodulatory therapy. A possible reason
could be the fear of developing a severe course of SARS-
CoV-2 infection due to the immunomodulatory drug.
However, this study has some limitations. Firstly, in
order to rule out that patients were repeatedly asked for
their opinion, the examination interval was limited to
three months., Due to the anonymous survey, it is not
possible to exclude that patients have participated in
the survey more than once. However, as the majority of
the patients did not have more than one outpatient visit
within three months, a repetition of the survey is most

hetps:facademic.oup com/rheumatoiogy
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Fic. 5 Rate of patients who discontinued their therapy over the pandemic in comparison to the ameount of Geogle

Trends queries for selected items

Patient behavior over the course of the study
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Blue columns display the number of patients who reported to discontinue their medication in % (left scale), purple
line displays the query ‘corona rheuma’, grey line ‘corona cortisone’ (German: corona Kortison) and blue line ‘corona
Humira' in % (right scale) over the pandemic (scale below, week of the year).

likely only the case for a neglegible number of patients.
Secondly, as the guestionnaire was completely anonym-
ous, gender was not recorded, and thirdly, because it
would not be clear at the beginning of the survey that dis-
ease activity and the dose of GC could have an influence
on the course of COVID-19, these aspects were nct
included in the questionnaire. Fourthly, the pandemic is
paaking in differant regions at different times, which might
have an influence on opinion. Although general practitioner
and private practices and departments from six federal
states were involved in the recruitment of the patients,
data from other federal states are missing, which could
have an mpact on the results. In most of the represented
federal states, the prevalence of SARS-CoV-2-infections
was higher compared with the missing federal states [16].
Fifthly, tha study population consists of patiants with dis-
eases that are associated with a higher risk of severe
organ involvement, e.g. vasculitides and connective tissue
disease. The prevalence of these diseases in the study
population is higher compared with the prevalence among
IRD patients in general (see supplementary materal 3,
available at Rheumatology online). It is possible that these
patients attended their medical visits despite lockdown,
so the distribution of patients coulkd have been different
without a lockdown scenario. These might have an impact
on tha decisions of the patients. Unfortunately, there are
no data available about the distribution of the diseases
treated in general practioner and private practices and
rheumatclogy departments in general.

Taken togather, the results of the study not only #lus-
trate and reflect the patient's relation to their

immunomodulatory therapy on a large-scale basis but
specifically the essential value of the patient-physician
partnership in the crisis.
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3.2 Aufbau eines nationalen Registers zur Erfassung SARS-CoV-2-
Infektionen bei Patientinnen mit entziindlich-rheumatischen
Erkrankungen

Originalarbeit 3:
Hasseli R, Miiller-Ladner U, Schmeiser T, Hoyer BF, Krause A, Lorenz HM, Regierer AC, Richter

JG, Strangfeld A, Voll RE, Pfeil A, Schulze-Koops H, Specker C.

National registry for patients with inflammatory rheumatic diseases (IRD) infected with SARS-CoV-2
in Germany (ReCoVery): a valuable mean to gain rapid and reliable knowledge of the clinical course
of SARS-CoV-2 infections in patients with IRD.

RMD Open. 2020 Sep;6(2):e001332. doi: 10.1136/rmdopen-2020-001332

Originalarbeit 4 (Ubersichtsarbeit):

Hasseli R, Pfeil A, Hoyer BF, Lorenz HM, Regierer AC, Richter JG, Schmeiser T, Strangfeld A, Voll
RE, Krause A, Schulze-Koops H, Miller-Ladner U, Specker C.

German registry www. Covid19-Rheuma.de: Status report after 1 year of the pandemic.

Z Rheumatol. 2021 Sep;80(7):641-646. doi: 10.1007/s00393-021-01034-y

Zusammenfassung:

Um Erkenntnisse zum adaquaten Umgang mit der immunmodulatorischen Therapie bei
Patientinnen mit ERE im Kontext der COVID-19-Pandemie zu gewinnen, sind Registerdaten
mit einer hohen Fallzahl nétig, da keine prospektiven Daten zu dieser Erkrankung vorlagen.
Diese erlauben, das Risiko fur einen schweren Verlauf einer Infektion durch SARS-CoV-2 bei
Patientinnen mit verschiedenen ERE oder unter einer bestimmten Therapie besser
abzuschatzen. Aus diesem Grund wurde bereits im Marz 2020 ein Online-Register

(www.covid19-rheuma.de) initiiert, mit dessen Hilfe nachgewiesene Infektion durch SARS-

CoV-2 (positiver PCR- oder Antikorpertest) bei Patientinnen mit ERE innerhalb weniger

Minuten erfasst werden konnen.

Im Register werden u. a. folgende Aspekte erfasst: Bundesland, Alter, Geschlecht, Gewicht,
Grole, Impfstatus (Grippe-, Pneumokokken- und COVID-19-Impfung), Komorbiditaten,
Krankheitsaktivitat und Therapie der rheumatischen Grunderkrankung zum Zeitpunkt der
Infektion durch SARS-CoV-2 und deren Verlauf. Dieses Register sollte auch dazu dienen, den
Verlauf oder den Ausgang von COVID-19 bei Patientinnen mit ERE in Deutschland mit
anderen Landern vergleichen zu koénnen, die sich z.B. im Hinblick auf die medizinische

Versorgung und das jeweilige Gesundheitssystem unterscheiden (Originalarbeit 4).

Bereits bei der Konzeption des COVID19-Rheuma.de Registers wurde deshalb darauf
geachtet, Inhalte und Datenbankstruktur so zu gestalten, dass die Daten auch mit anderen
50
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nationalen und internationalen Registern vergleichend ausgewertet werden konnen. Die Daten

des deutschen Registers konnten so auch in das europaische Register (EULAR-COVID-19-

Reqistry) sowie in das internationale Register (COVID-19-Global Rheumatology Alliance)

Ubertragen werden, sodass keine Doppeleingabe der deutschen Patientinnen in die

internationalen Register notig war.

Neben der Verbindung zu den anderen rheumatologischen COVID-19-Registern wurde eine
Kooperation zwischen dem DGRh-Register und dem Lean European Open Survey on SARS-
CoV-2 infected patients (LEOSS)-Register aufgebaut, welches Infektion durch SARS-CoV-2

insgesamt europaweit erfasst '%2,

Zusatzlich zeigte sich in der ersten Auswertung der Daten nach einem
Dokumentationszeitraum von 4 Wochen, dass der Einsatz von Glukokortikosteroiden als ein
Risikofaktor fiir eine Hospitalisierung im Rahmen von COVID-19 darstellen kdnnte. Innerhalb
dieses Zeitraums wurden 104 Patientinnen erfolgreich dokumentiert, was auch die Akzeptanz

des Registers bei den behandelnden Rheumatologinnen widerspiegelte (Originalarbeit 3).
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National registry for patients with
inflammatory rheumatic diseases (IRD)
infected with SARS-CoV-2 in Germany
(ReCoVery): a valuable mean to gain
rapid and reliable knowledge of the
clinical course of SARS-CoV-2 infections

in patients with IRD
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ABSTRACT

Objectives Patients with inflammatory rheumatic
diseases (IRD) infected with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) may be at risk
to develop a severe course of COVID-19. The influence
of immunomodulating drugs on the course of COVID-19
is unknown. To gather knowledge about SARS-CoV-2
infections in patients with IRD, we established

a reqistry shortly after the beginning of the pandemic
in Germany.

Methods Using an online questionnaire (www.COVID19-
rheums.de), 8 nationwide database was launched on

30 March 2020, with appropriate ethical and data protection
approval to collect data of patients with IRD infected with
SARS-CoV-2. In this registry, key clinical and
epidemiological parameters—for example, diagnosis of
IRD, antirheumatic therapies, comorbidities and course of
the infection—are documented.

Results Until 25 April 2020, data from 104 patients with
IRD infected with SARS-CoV-2 were reported (40 males; 63
females; 1 diverse). Most of them (45%) were diagnosed
with rheumatoid arthritis, 59% had one or more
comorbidities and 42% were treated with biological
disease-modifying antirheumatic drugs. Hospitalisation was
reported in 32% of the patients. Two-thirds of the patients
already recovered. Unfortunately, 6 patients had a fatal
course.

Conclusions In a short time, a national registry for SARS-
CoV2-infected patients with IRD was established. Within 4
weeks, 104 cases were documented. The registry enables
to generate data rapidly in this emerging situation and to
gain a better understanding of the course of SARS-CoV2-
infection in patients with IRD, with a distinct focus on their
immunomodulatory therapies. This knowledge is valuable
for timely information of physicians and patients with IRD,

What is already known about this subject?

» Management of patients with inflammatory
rheumatic diseases (IRD) in the current pandemic is
amajor challenge for rheumatologists and they may
be at an increased risk due to the IRD itself as well as
due to immunomodulating drugs.

What does this study add?

» In this group of 104 patients with IRD, hospitalised
patients were more often treated with glucocorticoids
while bDMARDs were used less often.

» Asin the general population, patients with IRD having
comorbidities are at higher risk to develop a more
severe course of COVID-19.

How might this impact on clinical practice?

» Also, in view of the actual COVID-19 pandemic, GC
should be kept as low as possible in the therapy of
patients with IRD as they seem to enhance the risk of
hospitalisation. This was not the case for bDMARD.

» Whether, and if so which single biological DMARD
enhances or alleviates the risk of hospitalisation in
COVID-19 may become clear with recruitment of
more patients in the future.

and shall also serve for the development of guidance for the
management of patients with IRD during this pandemic.

INTRODUCTION

Since 12 March 2020, the WHO has declared
the outbreak of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) disease

BM)

Hasseli R, et al. RMD Open 2020;6:6001332. doi:10.1136/rmdopen-2020-001332
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2019 (COVID-19) a pandemic. The main symptoms of
respiratory infection include fever and cough.' * Eighty-
one per cent of the patients show a mild course, 14% are
seriously affected and 5% of the patients are critically ill.*
On 25 April 2020, the Johns Hopkins University reported
2 954 106 confirmed cases worldwide.” The mortality rate
at that ime point was 6.95% (n=205 398)." The presence
and the number of comorbiditics (eg. artenial hyperten-
sion (AHT), coronary heart disease), age (immunoscenes-
cence) and lifestyle factors (eg. smoking) appear to have
deteriorating effects on the course of the infection.” In this
situation, patients with inflammatory rheumatic diseases
(IRD) may face a particular risk as their discase, especially
when clinically active, and their immunomodulatory treat-
ment may impact the course of COVID-19 infection. How-
ever, firm knowledge of the course of SARSCoV-2
infection in patients with IRD is missing, and therefore,
evidence-based recommendations for the management of
COVID-19 in patients with rheumatic disorders and anti-
rheumatic treatments are lacking.

The German Society for Rheumatology (DGRh) devel-
oped at an carly-stage first concise recommendations for
the management of patients with IRD during the COVID-
19 pandemic.® Intermuption or reduction of immunomo-
dulators is not recommended as this might result in
relapses, which would increase the nsk of infections,
and in addition maylead to the necessity of an even riskier
weatment (ie, additonal glucocorticoids (GC) )7 In
a crosssectional multcentric study, patients with IRD
were asked anonymously in the first weeks of the pan-
demic on their opinion of their immunomodulating ther-
apy. Over 9% of the patents followed the
recommendation of the rheumatologists to continue the
antirheumatic therapy, and only a small percentage of
patients terminated the therapy on their own.® Whether
first recommendations based on responsible care and
expert’s opinion is indeed the best option for the man-
agement of patients with IRD urgently needs to be
validated.

Incidence and course of COVID-19, including lethal
outcomes, vary considerably in different cohorts accord-
ing to pre-existing conditions and healthcare systems.
Investigation of special disease groups may contribute to
a better understanding of the role of the immune system
regarding the risk to get infected or to develop a more
severe course of COVID-19. Therefore, patientswith IRD,
who are treated with different types, combinations and
dosages of immunomodulatory therapies represent an
interesting population to collect data regarding SARS-
CoV-2 infection.

Registries with a large number of case reports are
required to answer the questions, whether antitheumatic
drugs increase or decrease the nisk for a severe course of
SARS-CoV-2 infecton. As nccessary data cannot be
extracted from clinical charts or health insurance
records, the DGRh and the Justus-Liebig University Gies-
sen decided to establish a web-based registry, which allows
a rapid and timely collection of IRD cases with confirmed

SARSCoV-2infections in Germany to analyse the clinical
course of SARSCoV-2 infections in patients with IRD and
to dewelop guidance for the management of patients with
IRD during the COVID-19 pandemic.

PATIENTS AND METHODS

On 18 March 2020 the COVID-19 Registry Task Force
was founded by the DGRh consisting of rheumatolo-
gists, epidemiologists and information technology spe-
cialists. In cooperation with biostatisticians and data-
protection specialists to ensure mutual understanding
of research objectives and scientifically and legally
appropriate data collection, a databasedriven online
questionnaire was developed and has been launched
on 30 March 2020.

Following are the key questions of the registry:

» Whatis the course of COVID-19 in patients with IRD?

» Does geographical location/different access to health-
care within Germany affect the course?

» Does a specific immunomodulatory treatment amelio-
rate or deteriorate the course of COVID-19?

» Which other factors are associated with a poor out-
come of COVID-19 in patients with IRD?

Patients with a known IRD and paositive testing for
SARSCoV-2 were included by their treating rheumatolo-
gists after registration. Patients had to hawe positive PCR-
swabs for SARS-CoV-2 for inclusion in our registry. In
contrast to other registrics, presumptive diagnosis of
COVID-19 based on suggestive symptoms, X-ray or CT
findings or on other ‘unknown’ findings was not
included.

The database includes, for example, federal state, age,
weight, height, demiled rheumatological  diagnosis,
comorbiditics, global discase activity antirheumatic med-
ication at time of smdy and changes due to the infection.
In addition, the course and outcome of the SARS-CoV-2
infection are also key parameters. Missing data on diag-
nosis, outcome and therapies can be queried by directly
contacting the participating physicians. Periodic critical
evahuation of the registry is carried out by the task force to
ensure that the objectives are being met.

The disease activity from the last rheumatological visit
was reported and divided into four groups: remission, low
discasc activity, moderate disease activity and high disease
activity. This classification and approach are concordant
to the EULAR/Global Rheumatology Alliance (GRA)
dambase. Specific disease activity scores, for example,
DAS-28, are not included in the survey.

Data entered in an electronic case report form with the
URL https:/ /www.COVIDI9-rheumade/ are directly
stored into an SQI-database on a dedicated scrver
located in Germany and certified according to DIN
ISO/IEC 27001 using encryption and secure communica-
ton protocols (SSL/TLS and HTTPS). Data entered in
these forms are checked for plausibility immediately.
Web-forms use dynamic menus and subquestions. Data
allowing for identfication of individual patients are

2
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omitted, and reidentification is only possible via local files
in the respective rheumatological unit.

In addition, patients with IRD affected by SARS-CoV-2
can contact a rheumatologist at the coordination site of
the project, who collects the respective data sets via
a telephone-interview (after informed consent of the
patient) entering the pseudonymised data also directly
into the same web-form/database. The lockdown
appointments of in- and outpatients were reduced
remarkably to spare capacity for the treatment of patients
with severe COVID-19 infections and to minimise patients
and physician’s infection risks during outpatients’
appointment. Especially, visits of patients which showed
controlled disease activity were skipped or postponed.
However, to give these patients the opportunity to report
their case if they were tested positive for SARS-CoV-2, the
physician telephone interview was set up. However, these
data entries will be flagged and can be analysed separately
from those directly entered by their treating physician.

After the study was approved by the ethics committee of
the Justus-Liebig-University Giessen (#52-50) and regis-
tered (EuDRACT 2020-001958-21), the web-based ques-
tionnaire was announced to German rheumatologists on
30 March 2020. Later, the German database was, in part,
adjusted to the EULAR COVID-19 database when the
latter was launched (https://www.eular.org/eular_
COVID-19_database.cfm) to facilitate the transfer of Ger-
man anonymised data into the European database in the
future.

Participating centres consist of academic and non-
academic rheumatology clinics, and private practices in
Germany. Most of them have been informed directly
using established dissemination channels of the DGRh.

Announcements of the project have been posted and are
being regularly updated on the website of the DGRh, the
homepage of the ‘www.COVIDI19-rheuma.de’ registry, via
social media channels, and print media. The registry is
also fully supported by the Professional Association of
German Rheumatologists ‘Berufsverband Deutscher
Rheumatologen’, and by the national patient organisa-
tion ‘Deutsche Rheuma-liga’, its state representatives,
the Association of Rheumatology Clinics ‘Verband der
Rheumatologischen Akutkliniken €.V’ and several other
diseasespecific patient associations.

The completed data were reviewed and queried in case
of uncertainties. Analysis was performed descriptively
using SPSS Statistics. Median was calculated for age and
body mass index (BMI) of the fatal courses. Data in fig-
ures are shown in percentages using GraphPad Prism 6
(GraphPad Software).

RESULTS
Between 30 March (first patient in) and 25 April, 104
patients with IRD and a SARS-CoV-2 infection were dociw-
mented in the database by rheumatologists. The develop-
ment of recruitment during the first 4 weeks is depicted in
figure 1. To date, 138 rheumatologists have registered to
take part in the project and 71 have already documented at
least one patient. Entering a patient case took on average
5 min. Each data entry is logged by a time stamp allowing
calculations of the time used for the documentation proce-
dure up to the time required for single items in the survey.
The 104 patients reported so far included 40 males, 63
females and 1 diverse, the age range was between 23 and
87 years (median age 56 years; figure 2A). Most patients

Cumulative number of cases from 30th Marchuntil 25th April 2020
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Cumulative number of cases which have been reported until 25 April 2020.
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Figure2 Overview of the reported data. (A) Age of the reported patients (in %): 4% of the patients were aged between 20 and 29
years, 12% between 30 and 39 years, 18% between 40 and 49 years, 24% between 50 and 59 years, 20% between 60 and 69
years, 11% between 70 and 79 and 12% between 80 and 89 years. (B) Distribution of inflammatory rheumatic diseases in the
database (in %): 45% of the reported patients suffered from RA; 18% from PsA; 10% from AS; 7% from other inflammatory
diseases (eg, gout, fever syndromes); 4% each from SSc, SLE, GPA and PMR; 2% from EA; 1% each from PM/DM/IBM, Sjo,
MCTD, GCA and BD. (C) Distribution of antirheumatic drugs reported in the database (in %): 36% were with GC 6 DMARDs, 34%
with csDMARDs, 24 % with bDMARDs, 18% with csDMARDs and bDMARDs, 8% had no therapy, 7% received other medication,
7% were treated with glucocorticosteroids, 2% with MMF and 1% each with NSAIDs and tsDMARD:s. (D) Distribution of
comorbidities (in %): 41% had no comorbidities, 37 % suffered from AHT, 15% from other relevant comorbidities, 13% from CVD,
9% each from bronchial asthma and DM, 8% each from COPD and CRF, 6% from OSP, 5% from cancer/history of cancer, 2%
from ILD, 1% from PAH and 15% from other relevant comorbidities, 30% had more than two comorbidities. AHT, arterial
hypertension; AS, ankylosing spondylitis; bDMARD, biological disease-modifying antirheumatic drugs; Comorb, comorbidities;
COPD, chronic obstructive pulmonary disease; CRF, chronic renalfailure; CVD, cardiovascular diseases; csDMARD, conventional
synthetic disease-modifying antirheumatic drugs; DM, diabetes mellitus; DMARDs, disease-modifying antirheumatic drugs; EA,
enteropathic arthritis; EGPA, eosinophilic granulomatosis with polyangiitis; GCA, giant cell arteritis; GPA, granulomatosis with
polyangiitis; ILD, interstitial lung disease; MCTD, mixed connective tissue disease; MMF, mycophenolate-mofetil; NSAIDs,
nonsteroidal anti-inflammatory drugs; OSP, osteoporosis; PAH, pulmonary arterial hypertension; PM/DM/IBM, polymyositis,

dermatomyositis, inclusion body myositis; PMR, polymyalgia rheumatica; PsA, psoriatic arthritis; RA, rheumatoid arthritis;
Sjo, Sjogren-syndrome; SSc, systemic sclerosis; SLE, systemic lupus erythematosus; tsDMARDs, targeted synthetic

disease-modifying antirheumatic dnigs.

with COVID-19 (24%) were between 50 and 59 years old.
About two-thirds of the patients were reported from pri-
vate practices, 32% from hospitals and 6% of the patients
had a telephone interview by a rheumatologist at the
coordination site. In relation to population numbers,
most cases have been notified from Hamburg, Baden-
Wiirttemberg, Berlin, North Rhine-Westphalia and Rhi-
neland Palatinate (table 1). The presence of antibodies
was not included in our registry, which is comparable to
the EULAR and GRA COVID-19 database.

Regarding diagnosis, 45% of the patients with IRD had
rheumatoid arthritis, 18% were diagnosed with psoriatic
arthritis, 10% with ankylosing spondylitis and 5%

systemic sclerosis. The proportion of other IRD was
below 5% (figure 2B).

Prior to the SARS-CoV-infection, 34% of the patients
were receiving conventional synthetic disease-
modifying antirheumatic drugs (csDMARDs), 42%
were on bDMARDs, 24% in monotherapy and 18%
in combination with ¢sDMARDs. Forty-three per cent
were treated with GC, 7% without any other immuno-
modulation and 8% of the patients did not receive
DMARDs or GC (figure 2C).

In 59% of the cases, relevant comorbidities were
reported. This included AHT in 37% of the patients,
other relevant comorbidities in 15%, cardiovascular
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Table 1 Epidemiological situation in Germany with
distribution to the federal states on 25 April 2020

COVID-19-affected
COVID-19-affected patients in general
patients with IRD in population of the

Federal state national registry federal state’
Baden- 16 (15%) 30.169 (20%)
Wouerttemberg

Bavaria 21 (20%) 40.547 (27%)
Berlin 6 (6%) 5.525 (4%)
Brandenburg 3 (3%) 2.627 (2%)
Bremen 0 (0%) 719 (0,4%)
Hamburg 11 (11%) 4.400 (3%)
Hesse 12 (12%) 7.837 (5%)
Mecklenburg- 0 (0%) 667 (0,4%)
West

Pomerania

Lower Saxony 5 (5%) 9.691 (6%)
North Rhine- 14 (13%) 31.465 (21%)
Westphalia

Rhineland- 8 (8%) 5.767 (4%)
Palatinate

Saarland 1(1%) 2.468 (2%)
Saxony 3 (3%) 4.406 (3%)
Saxony- 1 (1%) 1.480 (1%)
Anhalt

Schleswig- 2 (2%) 2.612 (2%)
Holstein

Thuringia 1 (1%) 2.058 (1%)
Deaths 6 (6%) 5.500 (4%)
Total number 104 152.438

IRD, inflammatory rheumatic diseases.

diseases (CVD) in 13%, 9% each suffered from bronchial
asthma and diabetes, 8% each from chronic obstructive
pulmonary disease and chronic renal failure, 6% from
osteoporosis, 5% from cancer/history of cancer, 2% from
interstitial lung disease, 1% from pulmonary arterial
hypertension and 30% had more than two comorbidities
(figure 2D). In 41% of the cases, no relevant comorbid-
ities were reported.

Thirtynine per cent of the patients had been vacci-
nated against seasonal influenza, 26% against pneumo-
cocci and 22% against both. Ten per cent of the
documented patients were smokers, 1% were using
e-cigarettes and 8% of the patients were drinking alcohol
on a regular basis.

The most common reported symptoms of COVID-19
included cough (69%), fever (59%), fatigue (42%),

headache (36%), myalgia (33%), dyspnea (32%), loss of

odour (26%) or taste (25%), rhinitis (23%), loss of appe-
tite (16%), vertigo (15%), diarrhoea (15%), expectora-
tion (13%), other relevant symptoms (13%), abdominal
pain (3%) and vomiting (2%) (figure 3A). Most of the

patients (86%) had more than two symptoms, and 7% of

the patien s were reported as asymp[omatic.

One-third (32%) of the patients was hospitalised, in
70% (23/33) of these cases, oxygen supply was necessary,
15% (5/33) received non-invasive and 24% (8/33) inva-
sive ventilation. Unfortunately, six patients (6%) died in
the context of COVID-19 (figure 3B), three male and
three female patients (table 2). The median age in this
group was 71 years (range 59-80 years), the median BMI
27.8 kg/m* (range 23.9-40.6 kg/m” ). All patients had at
least AHT and/or other CVD (table 2). All deceased
patients needed to be ventilated invasively. Five of the
six patients were treated with low-dose GC (£7.5 mg/
day), which was not interrupted due to the infection in
four cases. Only two of eight patients recovered after
invasive ventilation.

Hospitalised patients were older than non-hospitalised
patients (median age 69 vs 52 years) . Even though women
represented 62% of all registered patients, the hospitali-
sation rate was equal in both genders (48% male vs 52%
female). More hospitalised patients were on GC (64% vs
34%), but less were treated with bDMARD (33% vs 48%).
In addition, more comorbidities (>2) were documented
in hospitalised patients (48% vs 21%, figure 4).

At the last rheumatological visit, 37% (38/104) of the
patients were in remission, 17% (18/104) patients were
reported to have low disease activity, 13% (13/104) mod-
erate and 2% (2/104) high disease activity. In 29% (30/
104), disease activity was not reported. Interestingly, the
two cases with reported high disease activity developed
a severe course of COVID-19 leading to hospitalisation.
Comparing remission (33% vs 38%) and moderate (9%
vs 14%) disease activity, the proportion was similar in the
hospitalised versus non-hospitalised groups, and differ-
ent in patients with low disease activity (27% vs 13%).

DISCUSSION
Patients affected by IRD are at an increased overall risk of
infection compared to the general population.*'” How-
ever, the infection risk varies and is highly dependent on
the type and activity of the autoimmune disease, on co-
morbidities and on the intensity of the immunosuppres-
sive/immunomodulatory treatment.® '' Most patients
with IRD are treated with GC, csDMARDs, bDMARDs
and tsDMARDs on a regular basis. Especially, GCincrease
the risk of serious infection in a dose-dependent manner.
Moreover, treatment with DMARDs can be associated
with infectious complications. Most frequently, these are
of bacterial origin,'” but also certain viral infections like
Herpes zoster may complicate the course of many anti-
rheumatic [herapies.IB Treatment with tumour necrosis
factor (TNF) inhibitors is associated with an increased
risk of serious infections at the beginning of treatment,
but when effective, the risk decreases due to better func-
tional capacity and decreased use of et

Currently, there is no evidence, whether and to what
extent patients with IRD are at an increased risk for
COVID-19 and if antirheumatic treatment, especially
GC and DMARDs, are harmful to patients in the context
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Figure 3 Symptoms and courses of COVID-19 infection (in %). (A) Distribution of the symptoms of COVID-19 infection (in%):
86% of the affected patients had more than two symptoms, 69% reported cough, 59% fever, 42% fatigue, 36% headache, 33%
myalgia, 32% dyspnea, 26% loss of odour, 25% loss of taste, 23% rhinitis, 16% loss of appetite, 15% vertigo, 15% diarhoea,
13% expectoration, 13% other symptoms, 7% had no symptoms, 3% abdominal pain and 2% vomit. (B) Distribution of the course
of COVID-19 infection (in%): 60% of the patients already recoverad, 32% of the patients needed to be hospitalised, 22% of the
patients were treated with oxygen (5% non-invasive ventilation (NIV), 8% invasive vertilation (IV)). Six deadly courses were already
reported.
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Table2 Characteristics of fatalities

IRD PsA RA RA RA PsA RA
Age (years) 64 70 80 80 59 72
Gender M M F F M F
BMI kg/m?) 406 27.8 28.7 239 27.8 26.6
Antirheumatic therapy GC SSz GC, MTX GC, MTX, RTX GC, 88z GC, MTX, ABC
Comaorbidities cvD AHT CVvD AHT CVD AHT
COPD AHT Osteoporosis AHT COPD
COPD Cancer
Other
Disease duration 6 days 8days 14days 21 days 18 days 20 days
(COVID-19)
Symptoms Fever Fever Fever Fever Fever Dyspnea
(COVID-19) Dyspnea Cough Dyspnea Cough Dyspnea
Chaest pain Dyspnea Cough
Vertigo
Fatigue
Invasive ventilation Yes Yes Yes Yes Yes Yes
Interruption DMARD Yes Yes Yes, MTX Yes, MTX and RTX No Yes, ABC and MTX

ABC, abatacept; AHT, artenal hypertension; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular diseases; DMARD,
disease-modfying antirheumatic drugs; F, female; GC, glucocorticosterads; |RD, inflammatary rheumatic dseases; M, malg MTX,
methotrexate; PsA, psoniatc arthnitis; RA, rheumatoid arthritis; RTX, rntuwdimab; SSZ, sulphasalazine.

Hospitalized patients compared to non-hospitalized patients
80~

B HOSP
EE NON-HOSP

60+

32 40-

204

Age Male GC bDMARD > 2 Comorb.

Figure 4 Distribution baetween hospitalised and non-hospitalised patients. Median age in group of hospitalised patients
(HOSP) was 69 years and in non-hospitalised (NON-HOSP) was 52 years. More male patients were hospitalised (48%)
compared to NON-HOSP (34%). HOSP were treated in 64% of the cases with GC, NON-HOSP in 34%. Thirty-three per cent
of HOSP received bDMARDs compared to 48% of NON-HOSP. In HOSP, more comorbidities were observed (48%)
compared to NON-HOSP (21%). bDMARD, biological disease-modifying antirheumatic drugs; Comorb., comorbidities;
GC, glucocorticosteroids.
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of COVID-19. Interestingly, some of the antirhcumatc
drugs such as hydroxychloroquine,'” ' anakinma and
interleukin 6 inhibitors'” ' hawe been discussed to have
a beneficial role in the course of SARS-CoV-2 infection,
whereas others may exert deleterious cffects similar to
that recently observed in rituximab-treated patients. ' *
Data from the global rheumatology alliance physician-
l‘cp()l"tl:d registry indicate that GC exposure of 210 mg/
day is associated with higher ORs of hospitalisation.*'

This is the first report of a crosssectional study of
patients with IRD and COVID-19 in Germany. The dis-
ribution of cases within the 16 federal states of Germany
is consistent with the validated infection rates in the gen-
cral German population that have been clectronically
reported to the Robert Koch Institute (table 1). Of all
paticnts in our database, more women were affected by
COVID-19 (62% female/38% male, what had to be
expected, since most IRD show a considerable prepon-
derance of females (~78%).*% In our cohort, there was
aslight relative preponderance of male patients with IRD
suffering from severe COVID-19, which is consistent with
data from the Chinese general population.” The propor-
ton of male patients with IRD was even considerably
higher in our register among those who needed to be
hospitalised, in which both genders were represented
nearly equally (52% female/48% male, figure 4). This
was not as clear in the global register, in which the dis-
ribution for hospitalised patients was 67% females vs
33% malesand 74% w 36% for non-hospitalised patients,
respectively.®’ These findings argue that—as in the gen-
eral populaton—also in IRD, male patients tend to
develop COVID-19 more than female patients™ and
might be at risk for a more severe course of COVID-19.%

With respect to infections of the airways, TNF4 is dis-
cussed to mcdlatc pulmonary inflammation in viral
pncumonla * Of note, TNF-a inhibition might inherit
positive cffects on symptoms and severity of virus
specific lung immunopathology, especially the inflamma-
tory burst that finally damages the lungs ** In the RABBIT
registry (German register for the longterm observaton
of therapy with biologics in adult patients with theuma-
toid arthnas), TNF4anhibitors scemed to be beneficial for
the course of sewere infections by lowering the risk of
sepsis and fatal outcome.' In the global registry, anti-
TNF treatment was associated with a decreased hospitali-
sation rate.”!

In our case series, 24 patients (23%) were treated with
TNF-g-inhibitors, and none of these needed oxygen treat-
ments. Conversely, hospitalised patients tended to be
reated predominantly with GC and /or sDMARDs, and
33% of them have been treated with bDMARDs com-
pared to 48% in the norrhospitalised group. However,
at present, the use of bDMARDs other than TNF-
inhibition is too scarce to draw conclusions regarding
nrisks or benefits of individual biologics, but with growing
numbers of patients entered, we are confident in being
able to do so in the near future.

Taken together, as a first result of our project, it could
be shown that establishing an onlineregistry of patients
with IRD and COVID-19 is feasible in short tme and
allows for rapid collection of possibly relevant data in
the context of the SARS-CoV-2 pandemic. As in the gen-
cral population, also in our study, male gender might be
a potential risk factor for COVID-19 in patients with IRD,
and asin the global register, treatment with GCseemed to
be a discase-related risk factor in patients with IRD. With
recruitment of more patientsin the near future the trend
of lower hospitalisation rates in patients with IRD treated
with  bDMARDs compared to those treated with
csDMARDs will be further investigated. It is also worth-
while to compare data from Germany with those from
other countries in and outside the European Union.
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Mit dem Ausbruch des Severe Acute
Respiratory Syndrome Coronavirus 2
(SARS-CoV-2 bzw. COVID-19) in
Wuhan im Dezember 2019 entwickelte
sich aus einem lokalen Infektionsgesche-
hen binnen 3 Monaten eine Pandemie
[1]. Die Deutsche Gesellschaft fur Rheu-
matologie (DGRh) veroffentlichte am
30.03.2020 erste, konsentierte Hand-
lungsempfehlungen fur die Betreuung'
mit entzandlich rheumatischen Erkran-
kungen (ERE) im Rahmen der COVID-
19-Pandemie, die sich naturgemaB noch
nicht auf Studien zu Infektionen mit
SARS-CoV-2 statzen konnten [2]. Ba-
sis hierfir waren Daten von bekannten
viralen Infektionen der oberen und
unteren Atemwege, z B. mit [nfluenza-
viren oder bekannten Coronaviren, wie
SARS (schweres akutes respiratorisches
Syndrom) oder MERS (Middle East

T in dieser Arbelt wird aus Grinden der
besseran Lesbarkast das genanische Maskull-
num verwendet. Welbliche und anderweltige
Gaschlechteridentitaten werden dabed aus-
dricklichmitgemelnt, sowelt &s fir dée Aussage
erforderlichist.

Originalarbeit 4: Aufbau des Registers

Rebecca Hassell'(%) - Alexander Pfell’ - Bimba Franziska Hoyer® - Hanns-
Martin Lorenz*- Anne C. Reglerer® - Jutta G. Richter* . Tim Schmelser -
Anja Strangfeld® - Relnhard E. VolI* - Andreas Krause® - Hendrlk Schulze-Koops'® -

UIf Miller-Ladner’ - Christof Specker™

" Abtelung flr Rheumztoicgie, Kinksche Immunoiogle, Osteologle und Physikalische Medizin, Justus-
Llebig-Unhverstst GieBen, Campus Kerckhodf, Ezd Nauhaim, Deutschiand; * Funktionsbersich
Rheumnatoiogle und Ostealogle, Klinlk fOr Innere Medizin I, Universtatsidinkum Jena, Jena, Dewtschiand;
*Szktlon fOr Rheunatoiogle, 1. Medlanischa Klink, Unverstatsirankenhaus Schieswig-+Holstein Campus
K2, Klel, Deutschiand; “Seition Rhetrmatologle, Medizinische Klinlk V, Universitatsiiniium Helceibarg,
Heldelberg, Deutschiand; * Programmberaich Epldemioiogle und Versorgungsforschung, Deutsches
Rheurna-Forschungszentrum, Berin, Deutschiand; *Poliink, Funitionsberelch und Hiler
Forschungszentrum f0r Rheumatologle, Universitatsiiniium Dosseidort, Helnrch-Helne-Universitat
Dasseldort, Dasseldoer, Deutschiang; “Rheumatologie im Vesdel, KBin, Deutschiznd; *Xlinlk rar
Rheunatoiogle und Klinische Immunologle, Universtatsilinikum Frelburg, Madzinische Faiustit,
Universitat Freiburg, Frelburg, Deutschiand; *Abtelung f0r Rheumatologle, Osteciogle und Klinlsche
immuncicgle, Immanuel Krankenhaus Berin, Earlin, Deutschiang; * Sektion Rheumatologiaund
Klinlscha Immunoiogle, Mecizinische Kinlkund Pollklinik IV, Ludwig-Madmiizrs-Universitat MOnchen,
MUnchen, Deutschiand; “Klinlk 10r Rheumnataiogle & Klinischa Immunologle, Kinlken Essen-MItte, Essen,

Deutschiang

Deutsches Register
www.Covid19-Rheuma.de

Statusbericht nach 1 Jahr der Pandemie

Respiratory Syndrome), welche mit ei-
ner COVID-19 vergleichbaren initialen
Klinik (Husten, Fieber, Zephalgien und
Myalgien), demselben Ubertragungs-
weg (Tropfcheninfektion) und variabler
Symptomatik, von symptomlos bis zu
kurzen letalen Verlaufen, einhergehen.
Im Hinblick auf die immunmodulieren-
de Therapie wurde von einem Pausieren
oder einer Reduktion aus Sorge vor ei-
ner Infektion ausdrucklich abgeraten,
da man - wiederum in Anzlogie zu
bekannten Infektionen bei ERE - davon
ausging, dass dadurch Krankheitsschi-
be begunstigt werden, die auch das
Risiko fir eine SARS-CoV-2-Infektion
erhohen dirften, spitestens wenn man
zur Behandlung eines Schubes wieder
hohere Glukokortikoiddosen (GC) ein-
setzen musste [2]). Die Fortsetzung der
immunmodulierenden Therapie setzt
neben einer adiquaten und engmaschi-
gen rheumatologischen Betreuung mit
enger Arzt-Patienten-Kommunikation,
auch eine entsprechende Compliance der
Patienten voraus. In einer longitudinalen
Befragung von Patienten aus rheuma-
tologischen Ambulanzen und Praxen in

Deutschland tber einen Zeitraum von
3 Monaten konnte gezeigt werden, dass
die Mehrheit der Patienten angab, ihre
Therapie gemaB der DGRh-Empfehlung
fortzufahren [3).

Um Erkenntnisse zum adiquaten
Umgang mit der immunmodulatori-
schen Therapie bei Patienten mit ERE
im Kontext der COVID-19-Pandemie
zu gewinnen, sind Registerdaten mit ei-
ner hohen Fallzahl sehr hilfreich. Diese
erlauben, das Risiko fitr einen schweren

Abkiirzungen
COVID-19 Corona Virus Disease 2019

DGR Dautsche Gasellschaft fur
Rheumatclogle

GC Glukckortfkolde

LEOSS  Lean Eurcpean Open Survey on
SARS-CoV-2 Infectad patients

RA Rheumatoide Arthntis

SARS-  Severe Acute Resplratory Syn-

Cov-2
drome Coronavirus 2

spA spondyloarthrits
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Infobox1 Zugang zum Register
und zur Impferfassung fir
Patienten

Zugang zum Reglster:
www.covld19-thaumade

Zugang zur Impfarfassung fr Patienten:
https:/twww.covid18-rhauma.de/patientan-
Information-Impfung

Zugang zur Papéarversion der Impferfassung:
https:/twww.covid15-rhauma.de/pdfy
fragebogen-impfung-20210413 pdf

Verlauf einer SARS-CoV-2-Infektion
bei Patienten mit verschiedenen ERE
oder unter einer bestimmten Therapie
besser abzuschitzen. Aus diesem Grund
initiierte die DGRh bereits im Marz
2020 gemeinsam mit der Justus-Liebig-
Universitit GieBen ein Online-Register
(www.covid19-rheuma.de), mit dessen
Hilfe nachgewiesene SARS-CoV-2-In-
fektionen (positiver PCR- oder Antikdr-
pertest) bei Patienten mit ERE innerhalb
weniger Minuten erfasst werden kdnnen.
Im Register werden u. a. folgende Aspek-
te erfasst: Bundesland, Alter, Geschlecht,
Gewicht, GroBe, Impfstatus (Grippe-,
Pneumokokken- und SARS-CoV-2-
Impfung), Komorbiditaten, Krankheits-
aktivitaitund Therapie der rheumatischen
Grunderkrankung zum Zeitpunkt der
SARS-CoV-2-Infektion und deren Ver-

642 | Zeltschrift for Rheumatologle 7 - 2021

Tabh.1 Patlentenvertellung nach den Bundeslandem (Stand-21.03.2021)

DGRh COVID-19- COVID-19-Fille In der Allgemelnbevilke-
Reglster rung (laut Robert Koch-Institut)
Bayemn 112(21%) 472427 (18%)
Nordrhetn-westfalen 262(13%) 577.480(22%)
Hessen 241(12%) 205.734 (B%)
Baden-Worttemberg 239(12%) 343.165(13%)
Berlin 215(11%) 13B8.205 (5%}
Sachsen 148 (79%) 209.156 (B%)
Brandenburg 116 (6%) 82945 (3%)
Rhenland-Pfalz B2 (4%) 109.639 (4%}
Hamburg 71(4%) 56.992 (2%)
Nedarsachsen 69(3%) 183678 (7 %)
Saarland 66 (3 %) 30668 (1%)
Schieswig-Holstein 39(2%) 46.969 (2 %)
Sachsen-Anhalt 18(<19%) 67601 (3%)
Thiringen 18(<19%) 87286 (3 %)
Mecklenburg-Vorpommem 7 (<19%) 27936 (1%)
Bremen 2(<19%) 19635 (1%)
Gesamt 2005 2658516

lauf. Dieses bundesdeutsche Register soll
auch damu dienen, den Verlauf oder den
Ausgang von COVID-19 bei Patienten
mit ERE in Deutschland mit anderen
lLindern vergleichen u konnen, die
sich z.B. im Hinblick auf die medizi-
nische Versorgung und das jeweilige
Gesundheitssystem unterscheiden [4].

Vernetzung des COVID-19-
Rheuma Registers

Bereits bei der Konzeption des
COVIDI9-Rheuma.de Registers wur-
de darauf geachtet, Inhalte und Daten-
bankstruktur so zu gestalten, dass die
Daten auch mit anderen nationalen und
internationalen Registern vergleichend
ausgewertet werden konnen. Die Daten
des deutschen Registers kinnen so auch
in das europdische Register (EULAR-
COVID-19-Registry) sowie in das in-
ternationale Register (COVID-19-Clo-
bal Rheumatology Alliance) abertragen
werden, sodass keine Doppeleingabe der
deutschen Patienten in die internationa-
len Register nodig ist. Aus dieser Zusam-
menarbeit resultierte bereits eine weitere,
wichtige Publikation zu Faktoren, die
mit einer verstirkten Hospitalisierung
bei COVID-19 und ERE assoziert sind
[5]. Neben der Verbindung zu den an-
deren rheumatologischen COVID-19-

Registern wurde eine Kooperation zwi-
schen dem DGRh-Register und dem
Lean Furopean Open Survey on SARS-
CoV-2 infected patients{LEOSS)-Re-
gister aufgebaut, welches SARS-CoV-2-
Infektionen insgesamt europaweit erfasst
[6]. Auf dieser Kooperation basierend,
ist aktuell eine Analyse des Verlaufes
einer SARS-CoV-2-Infektion bei rheu-
matologischen Patienten im Vergleich
zu Patienten ohne ERE oder anderen
Autoimmun-/Tumorerkrankungen ge-
plant.

Analysen aus dem COVID-19-
Rheuma Register im ersten Jahr
der Pandemie

Im Rahmen der ersten Publikation zum
COVID-19-Register erfolgten die Be-
schreibung des Aufbaus des DGRh-
Registers sowie eine erste Analyse der
Akzeptanzund Rekrutierung nach einem
Dokumentationszeitraum von 4 Wochen
[7]. In diesem Zeitraum, welcher v. a. die
erste Welle der COVID-19-Pandemie in
Deutschland umfasste, wurden 104 Pa-
tienten erfolgreich dokumentiert, und
der Einsatz von GC kristallisierte sich
als ein erster moglicher Risikofaktor fiur
eine Hospitalisierung im Rahmen von
COVID-19 heraus [7].
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In der Folgepublikation mit zum da-
maligen Zeitpunkt 468 erfassten Patien-
ten konnten Risikofaktoren hinsichtlich
einer Hospitalisierung bei einer SARS-
CoV-2-Infektion sehr viel genauer ana-
Iysiert werden [8]. Hierbei wurden Pati-
entenalter, kardiovaskulire Komorbidi-
taten, chronisch interstitielle Lungener-
krankungen bzw. chronisch obstrukti-
ve Lungenerkrankungen und der Einsatz
von GC als unabhingige Faktoren fur
die Notwendigkeit einer stationaren Be-
handlung von COVID-19 bei Patienten
mit ERE identifiziert. Besonders hervor-
zuheben war, dass auch die Krankheits-
aktivitat der ERE als ein unabhingiger
Pradiktor fitr eine Hospitalisierung iden-
tifiziert werden konnte [8]. Dies zeigte
sich auch in der Analyse der globalen Re-
gisterdaten, bei der eine erhohte Krank-
heitsaktivitat signifikant assozilert war
mit COVID-19-bedingter Mortalitat [9].
Hierdurch lie§ sich die Empfehlung der
DGRh, bestatigen, dass eine adaquat im-
munmodulatorisch therapierte ERE ein
geringeres Risiko fitr eine Hospitalisie-
rungbzw. einen schweren Krankheitsver-

laufbei einer SARS-CoV-2-Infektion ha-
ben darfte [8, 9). Eine rasch zunehmen-
de Zahl von Publikationen zu COVID-
19 generell und speziell bei Patienten mit
ERE, hier insbesondere auch aus den Re-
gistern, war far die DGRh dann auch An-
lass, die ersten Handlungsempfehlungen
nach systematischer Literaturrecherche
bereits Mitte 2020 zu aktualisieren [10].

Aktueller Stand des Registers

Aktuell sind im Register 2005 Patien-
ten erfasst (Stand: 21.03.2021). Mehr-
heitlich stammen die eingeschlossenen
Patienten aus den Bundeslindern Bay-
ern, Baden-Wiurttemberg, Nordrhein-
Waestfalen und Hessen. Diejenigen Bun-
deslander, die in der Allgemeinbewl-
kerung hohere Zahlen von SARS-CoV-
2-Infektionen aufweisen, sind im rheu-
matologischen Register ebenfalls stirker
vertreten (@Tab. 1). Das mittlere Al-
ter der 1348 Frauen, 655 Manner und
2 diversgeschlechtliche Personen be-
tragt 65 Jahre (Range 19 bis 96 Jahre).
Die Haupterkrankungsbilder stellen die
rheumatoide Arthritis (RA, 46%), die
Spondyloarthritiden (SpA, 27%) ein-

© Der/dle Autorien) 2021

1 Jahr der Pandemie

Zusammenfassung

Durch das COVID-19-Ragister (www.covid19-
theumade) der Deutschen Gesellschaft

fur Rheumatologie erfolgte erstmalig die
Erfassung und Evaluation
elner viralen infektion bed Patienten mit
entzindlich rheumatischen Erkrankungen
(ERE). Hierdurch war und Ist elne schnalle
Generterung von wissenschaftlichen Daten
maghich, welche helfen, die Batreuung von
Patienten mit ERE Im Rahmen der Pandemie
2u verbessem. Neben der Bestatigung allge-
mener Ristkofaktoren — auch for Patienten met
ERE — wie Patlentenaliter und Komorbiditaten
(z.8. kardiovaskulare, chronische Lungen-
und Nierenerkrankungen) konnten die
Bnnahme von Glukokortfkolden und die
Krankheitsaktivitat der rheumatischen
Erkrankung als krankheitsspezifische
Ristkofaktosen fir die Notwendigiest elner
stationaren Behandlung wegen COVID-19

Zusammenfassung - Abstract

Z Fheumatol 2021 - B0641-646  httpsy/dolorg/10.1007/500393-021-01034-y
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Deutsches Register www.Covid19-Rheuma.de. Statusbericht nach

identifiziert werden. Auswertungan der
kontinulerich wachsenden Kohorte von
Patienten mit entzondlich rheumatischen

und elner COVID-19-Infektion
erlauben, Handlungsempfehlungen for die
Betreuung der Patlenten auf eine bessere
Evidenz zu sttzen. Die Kooperation mit
intemationalen rheumatologischen Ragistem
(z.B. europilsches COVID-19-Ragister for
ERE) ermoglicht Analysen aggreglerter
Kohortendaten von Patienten mit entzindlich
rhaumatischen Erkrankungen und einer
SARS-Cov-2-Infektion fr Internationale
vergleiche und statistisch noch besser
abgesicherte Aussagen.

Schiisselworter
entzondlich-rheumatische Erkrankun-
gen - Immunmodulation - SARS-CoV-2 -
Glukokortikolde - Ristkofaktoren

year of the pandemic

Abstract

The COVID-19 ragistry (www.covd15-
rheumade) of the German Soclety of
Rheumatology was the first registry for the
acquisition and systemic evaluation of viral
infections in patients with Inflammatory
rheumatic diseases (IRD). This has enabled
rapld generation of sclentific data that

will help to improve the care of patients
with IRD In the context of the pandamic. In
dditson to confirming general risk factors,
such s patient age and comorbidities (e.q.
cardiovascular, chronic lung and kidney
diseases), the use of glucocorticolds and the
disaase activity of the rhaumatic disease could
be Identified as dise Indapendent
risk factors for the need of hosptalization due

German registry www.Covid 19-Rheuma.de. Status report after 1

o COVID-19. Evaluations of the continuously
growing cohort of patients with IRD and
COVID-19 enable recommendations for
patient care to be based on better evidence.
Cooperation with Intemational rheumatology
registries (e.g. European COVID-19 registry
for IRD) enables analyses of aggregated
cohorts of patients with IRD and COVID-19
for International comparisons and statistically
even more reltable statements.

Keywords

nflammatory rheumatic diseases - Immuno-
modulation - SARS-CoV-2 - Glucocorticoids -
Risk factors

schlieBlich der Psoriasisarthritis und
die Kollagenosen (12%) dar. Des Wei-
teren weisen 3% der eingeschlossenen
Patienten eine ANCA(antineutrophile
zytoplasmatische Antikorper)-assoziier-
te Vaskulitis auf (@ Abb. 1). Mehrheitlich
wurden die Patienten mit Methotrexat
therapiert, gefolgt von GC und TNF-
Inhibitoren (@ Abb. 2). Positiv zu ver-

merken ist, dass aktuell 1630 Patienten
bereits genesen sind, allerdings wurden
auch 78 letale Verliufe gemeldet, die
mehrheitlich in der zweiten Welle der
Pandemie erfasst wurden (@ Abb. 3).
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Rheumatoide Arthritis

Spandylarthritis

Kollagenosen

Sonstige

Andere Vaskulitis

ANCA-Vaskulitis

oK X

Abb. 1 A Rheumatische Erkrankungen (n = 2005). Verteilungderhaufigsten Diagnosen/Diagnosegruppen
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K 3ISK 408 45N SO0

in dem deutschen COVID19-Rheuma Register (Stand 21.03.2021). Doppelnennungen méglich bei

Overlap-Syndromen

Methotrexat
Kortison
TNF-Inhibitor
Keine
Hydroxychloroguin
JAK-Inhibitor
Andere
Leflunomid
Rituximab
Sulfasalazin
IL-17-Inhibitor
Azathloprin
IL-&-Inhibitor
Mycophenolat
Abatacept
IL-1-Inhibitor
Belimumab
Cydophosphamid
Apremilast
Cidlosporin A
Immun g obuline

Aktuelle Publikationen und
weitere Projekte

Zur Frage, inwieweit sich der Verlauf
einer SARS-CoV-2-Infektion bei ver-
schiedenen rheumatologischen Diagno-
sen unterscheidet, erfolgte in der aktu-
ellsten Publikation aus dem Register eine
erste Analyse der beiden grofiten Krank-
heitsgruppen: rheumatoide  Arthritis
(RA) und Spondyloarthritis (SpA) [11].
Hierbei wies die Gruppe der SpA eine

644 | Zeitschrift fiir Rheumatologie 7 - 2021

niedrigere Hospitalisierungsrate (16%
vs. 30%) auf. Dies konnte durch den
geringeren Einsatz von GC bedingt sein,
welche lediglich 13% der SpA-Patienten
erhielten gegentiber 40 % der RA-Patien-
ten. Bezaglich der letalen Verlaufe zeigte
sich aber kein signifikanter Unterschied
[11].

Flankierend wurde zu dem deutschen
COVID-19-Register eine Online-Umfra-
ge zu Auswirkungen der Corona-Pande-
mie auf Rheumapatientinnen und -pati-

Abb. 2 « Antirheumati-
sche Medikation (n=2005).
Immunmodulation zum
Zeitpunkt der SARS-
CoV-2-Infektion (Stand
21.03.2021). Mehrfachaus-
wahl derimmunmodula-
torischen Medikamente

méglich

enten aufgesetzt, welche prospektiv aber
1 Jahr versucht, die rheumatologische
Versorgung und den Umgang der Pa-
tienten mit den Problemen, welche die
Pandemie far diese mit sich bringt, zu
erfassen. Zwischen April und Juli 2020
hatten sich insgesamt 695 Patienten ein-
geschrieben, sodass dieses Projekt im Au-
gust 2021 ausgewertet werden kann.
Des Weiteren erfolgte im Februar und
Mirz 2021 eine Umfrage unter deutschen
Rheumatologen, um deren Einstellung
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Abb. 3 4 Verldufe der SARS-CoV-2-Infektion im Rheumaregister. Letale Verldufe sind in hospitalisierte

bzw. ambulante Patienten eingeschlossen

zur Corona-Impfung und zu dem Um-
gang mit Fragen ihrer Patienten zur Impf-
problematik zu analysieren. Die Antwor-
ten von insgesamt 214 Arztinnen und
Arzten werden derzeit ausgewertet.

Im Rahmen der aktuellen Aktivitit
der Ad-hoc-Kommission COVID-19 der
DGRh erfolgt eine Erfassung von Co-
rona-Impfungen bei Patienten mit ERE
in einem separaten Impfregister. Darin
werden Patienten mit ERE gebeten, Fra-
gen zu Vertriglichkeit, Sicherheit und Ef-
fektivitit der COVID-19-Vakzinierung
itber einen Zeitraum von 12 Monaten
in mehrfachen kurzen Online-Befragun-
gen zu beantworten. Dieses Impfregis-
ter wurde Anfang Februar 2021 gestartet
und umfasst bislang bereits 106 Patien-
ten (Stand: 21.03.2021). Fiir Patienten,
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3.3 Erhohtes Risiko fiir einen schweren Verlauf von COVID-19 unter
Therapie mit Rituximab bei ERE — erste Fallberichte weltweit

Originalarbeit 5:
Schulze-Koops H, Kriger K, Vallbracht |, Hasseli R, Skapenko A. Increased risk for severe COVID-

19 in patients with inflammatory rheumatic diseases treated with rituximab.
Ann Rheum Dis. 2021 May;80(5):e67. doi: 10.1136/annrheumdis-2020-218075

Originalarbeit 6:
Schulze-Koops H, Kriiger K, Vallbracht IV, Hasseli R, Skapenko A.

Treatment of patients with inflammatory rheumatic diseases with rituximab should be carefully
considered during the SARS-CoV-2/COVID-19 pandemic. Response to: 'Persistence of rT-PCR-
SARS-CoV-2 infection and delayed serological response, as a possible effect of rituximab according
to the hypothesis of Schulze-Koops et al' by Benucci et al.

Ann Rheum Dis Epub ahead of print: downloaded on 06 June 2022, first published as
10.1136/annrheumdis-2020-218686 on 4 August 2020.

Zusammenfassung:

Zu Beginn der COVID-19-Pandemie war noch unbekannt, welchen Einfluss
Immunmodulatoren auf das Risiko einer Infektion durch SARS-CoV-2 und deren
Krankheitsverlauf nehmen koénnen. Wahrend einerseits u.a. das Robert-Koch-Institut
Patientinnen mit ERE zur vulnerablen Gruppe hinsichtlich eines schweren COVID-19-Verlaufs

zahlte 3

, wurden erste Fallberichte beispielsweise aus Italien und New York veroffentlicht, die
darauf hindeuteten, dass ERE-Patientinnen unter Therapie mit Biologika kein héheres Risiko
fiir einen schwereren COVID-19-Verlauf aufwiesen '**'%°_ Zu diesem Zeitpunkt wurde bereits
ein moglicher therapeutischer Effekt von Immunmodulatoren bei COVID-19 diskutiert. Obwohl
die Idee einer potenziell schitzenden Wirkung von Biologika bei COVID-19 Hoffnung
erweckten, waren diese ersten Daten mit Vorsicht zu interpretieren, und vor allem fur

Rituximab gilt eine Sonderrolle durch seine B-Zell-hemmende Wirkung und lange Wirkdauer.

Aus diesem Grund wurde erstmalig weltweit der Verlauf von COVID-19 bei zwei Patientinnen
mit einer rheumatoiden Arthritis unter einer Therapie mit Rituximab beschrieben (Originalarbeit
5: SARS-CoV-2-Infektion & Rituximab ). In beiden Féllen verlief COVID-19 tédlich. Die
Patientinnen waren 71 Jahre und 80 Jahre alt, so dass auch das Alter zum schweren Verlauf
beigetragen hatte. Trotz der Therapie mit Rituximab lag zuletzt der Immunglobulin G-Spiegel
bei beiden Patientinnen im Normbereich. Die Patientinnen befanden sich zudem in Remission
bezuglich ihrer Grunderkrankung. In beiden Fallen erfolgte eine stationare Behandlung der
Patientinnen mit der Notwendigkeit einer invasiven Beatmung. In einem der Falle wurde sogar

eine extrakorporale Zytokin-Adsorbtion durchgefihrt. Innerhalb von 12 bzw. 17 Tage nach
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stationarer Aufnahme verstarben beide Patientinnen an einem Multiorganversagen. Zu diesem
Zeitpunkt wiesen Patientinnen im COVID19-Rheuma.de-Register unter Therapie mit
Rituximab eine Hospitalisierungsrate von 67% auf . Diese Befunde legen nahe, dass der

Verlauf in den beiden beschriebenen Fallen keine unglickliche Ausnahme darstellt.

Basierend auf diesen ersten Daten und den beiden dargestellten Fallen, wurde die
Empfehlung ausgesprochen, dass Rituximab bei ERE-Patientinnen nur unter besonderer
Abwagung des Nutzen-Risiko-Profils im Kontext der Pandemie eingesetzt werden sollte %.
Zuséatzlich sollte vor Einleitung einer Therapie mit Rituximab bzw. erneuter Gabe von
Rituximab eine SARS-CoV-2-Testung erfolgen. Eine Reduktion der begleitenden

Glukokortikosteroiddosis zur Risikoreduktion sollte ebenfalls erwogen werden.

Die Verdffentlichung dieser beiden Falle fihrte zu weiteren ahnlichen Beobachtungen. Zudem
konnte bei ERE-Patientinnen unter Therapie mit Rituximab eine langer anhaltende Viramie
nach Infektion durch SARS-CoV-2 nachgewiesen werden (). Obwohl noch weitere Daten zum
Risiko von Rituximab wahrend der COVID-19-Pandemie und zu den genauen Mechanismen
dringend erforderlich waren, wurde empfohlen, das mdgliche Risiko eines schweren COVID-
19-Verlaufs unter Therapie mit Rituximab zu beachten und infizierte Patientinnen intensiver zu

Uberwachen.
Die Deutsche Gesellschaft fir Rheumatologie (DGRh) sprach basierend auf diesen Daten die

Empfehlung aus, im Einzelfall abzuwéagen, ob die Verabreichung von Rituximab verschiebbar

oder ein Therapiewechsel mdglich ware 9.
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Increased risk for severe COVID-19 in patients
with inflammatory rheumatic diseases treated
with rituximab

It 15 currently unknown whether 1 suppressive and/or 1 mod-

ulating agents such as biological disease-modifying antitheumatic drugs
(bDMARDs) affect the rate and the outcome of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infections of patients with inflamma-

tory rheumatic diseases (IRDs). While several national anthorities have defined
patients under immunosuppressive therapy as at risk for severe COVID-19,*
accumulating data from individual cases and also from case series, such as a
series from Italy published in the Anals of the Rheumatic Di: by Monti ez
al*anda report about patients with immune-mediated mﬁammatoxy diseases
from New York,® suggest that baseline use of bDMARD: is not associated
with worse COVID-19 outcome. Although the idea of a potentially protective
effect of BDMRADs in COVID-19 1s mtriguing, we feel that extrapolation of
these imtial data is dangerous and potentially harmful In particular, some
caution may have to be applied when employing rituximab (RTX), a B-cell
depleting bDMARD, in patients with immune-mediated disease. This notion
may be illustrated by the following observations:

We recently lost two patients with rheumatoid arthritis (RA) treated with
RTX to lethal COVID-19. The first patient, a 71-year-old man with rheu-
matoid factor positive, erosive RA and a history of mild chronic obstructive
pulmonary disease was admitted to the hospital with sy ms of severe
COVID-19. His RA was well controlled by RTX (2x 1000mg within 14 days
every 6 months since 2015) in combination with methotrexate (MTX) 15mg
subcutaneously per week and he has been off daily glucocorticoids since 2017.
RTX was well tolerated, no increased infection rate was noted and serum
IgG was always within normal limits. As required by label, RTX was always
administered with premedication induding 50mg prednisolone. Two weeks
after the second RTX infusion m March 2020, the patient presented with a
2-day history of fever (up to 39.5°C), cough and chest pain. SARS-CoV-2 was
proven and bilateral COVID-19 pneumonia was diagnosed by dlinical exam-
ination and chest X-ray. Due to rapidly increasing dyspnoea and renal failure,
the patient was transferred to the intensive care unit. Despite antibiotic treat-
ment (piperaallin/tazobactam, followed by meropenem) and nasal high flow
therapy, no improvement of the respiratory condition could be achieved. CT
scan at that time showed bilateral pneumonia and reticular densifications.
Invasive ventilation and increasing inotropic support were subsequently
required due to further deterioration. Continuous veno-venous haemofil-
tration dialysis with cytosorb therapy was imitiated. Despite all efforts, the
patient died 12 days after admission in multiorgan failure.

The second patient, an 80-year-old woman with erosive RA and 2 history
of mild hypertension and osteoporosis was started on treatment with RTX
(2x1000mg within 14 days) 6 months ago in combmation with MTX 10mg
subcutaneously per week and Smg/day prednisolone. Her serum IgC was
within normal limits. The patient presented to the hospital with sudden onset
of fever (up to 39.5°C), dry cough, fatizue and dizziness. SARS-CoV-2 was
proven and the patient rapidly deteriorated, requiring invasive ventilation.
She developed acute respiratory distress syndrome and passed away despite
intensive efforts 17 days after admission in multiorgan failure.

Sustained treatment of IRD with RTX 1s associated with a decrease in serum
IgG and with an increased inadence of certain viral infections. However,
COV]D 19 has a mild dinically course in patients with ag; obuli-
naemia * suggesting that protection from severe COVID-19 may be rather
independent of serum IgG. In this regard, our patients’ serum IgC always
was within normal limits. The lesson from our patients may rather argue that
they might have been severely immunocompromised by the depletion of B
cells and the application of predmisolone (as part of the premedication in
patient 1 and as part of the daily treatment in patient 2). Supportive of this
assumption 1s the aggressive course of COVID-19 i patients with common
variable immunodefidency® and the recent observation that glucocorticoids
may impose a risk for requirmg hospitalisation in patients with IRD infected
with SARS-CoV-2.%

Our patients are not the unfortunate exceptions in that a substantial
proportion of patients with IRD treated with RTX require hospitalisation
when infected with SARS-CoV-2 (eg, 67% of the patients in the National
Registry for patients with IRD infected with SARS-CoV-2 m Germany)
(Hasseli e al, submitted for publication, 2020). Although successful treat-
ment of granulomatosis with polyangiitis in a patient with COVID-19 with
RTX has been reported,” RTX may need to be applied with particular caution
in patients with IRD. Consequences for future management of patients with
RTX therapy could be to perform a SARS-CoV-2 test before applying RTX,

to consider reducing the dose of glucocorticoids during application of RTX
(despite the requirement noted in the label) and to instruct the patient to
strictly follow the measures in place to avoid contact for several days following
RTX application.* The fatal outcome of COVID-19 in our patient illustrates
the need to be extremely vigilant for the potential of complications assocated
with immunosuppressive therapy in patients with immune-mediated diseases.
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Correspondence response

Treatment of patients with inflammatory
rheumatic diseases with rituximab should be
carefully considered during the SARS-CoV-2/
COVID-19 pandemic. Response to: ‘Persistence
of rT-PCR-SARS-CoV-2 infection and delayed
serological response, as a possible effect of
rituximab according to the hypothesis of
Schulze-Koops et al’ by Benucci et a/

We thank Dr Benucci et al for their comments’ on our report
on fatalities of patients with inflammatory rheumatic diseases
(IRDs) treated with rituximab (RTX) during the SARS-CoV-2/
COVID-19 pandemic.’? The authors present a case of
COVID-19 in a patient with myositis treated with RTX, who
required assisted ventilation and eventually recovered after
intensive care including invasive ventilation and medica-
tion with remdesivir, dexamethason and tocilizumab. While
emphasising the potential of RTX to lead to severe courses of
COVID-19, a particularly interesting aspect of the report is
the complete absence of antibodies to SARS-CoV-2 even up to
4 weeks after discharge of the patient. The authors therefore
conclude that RTX may be hazardous in the present pandemic
as it may inhibit the humoral response to SARS-CoV-2 and
contribute to secondary worsening of COVID-19.

The case of Dr Benucci reinforces our recommendation
for caution and careful vigilance when considering treating
patients with IRD with RTX in times of SARS-CoV-2. We had
illustrated our concerns on two patients with RTX-treated
rheumatoid arthritis who developed fatal COVID-19 and we
had hypothesised that persistent B cell depletion and come-
dication with glucocorticoids may have resulted in severe
combined cellular and humoral immunodeficiency. This
assumption was based on the well-known association of RTX
treatment with an increased risk for the development of viral
infections, such as JC virus, hepatitis B virus or cytomega-
lovirus® and the aggressive course of COVID-19 in patients
with common variable immunodeficiency.” Supporting our
hypothesis is a recent publication on persistent SARS-CoV-2
viraemia in two rituximab-treated patients with severe
COVID-19 pneumonia until death without any sign of viral
clearance.” It is intriguing to speculate that a defect in viral
clearance may underlie also the unusual course of COVID-19
in patients with IRD treated with RTX that was recently
published: Three patients with systemic sclerosis routinely
treated with RTX who were affected by COVID-19 and also
a patient with granulomatosis with polyangiitis treated with
RTX develoged atypical late clinical worsening to severe
pneumonia.® " Whether these patients and the patients initially
reported by us” also had a defect in viral clearance or even
developed viraemia,” a rather unusual situation in viral respi-
ratory diseases, and, if so, whether decreased viral clearance
contributed to delayed clinical worsening in the reported
clinical cases is unknown. These cases, however, highlight the
possibility that rituximab is associated with a specific risk in
SARS-CoV-2 infections and in the outcome of COVID-19.
Current data from the National Registry for patients with IRD
infected with SARS-CoV-2 in Germany support the contention
of such a risk as in this registry; 11 out of 18 patients (61.190)
treated with RTX required hospitalisation, with 9 of the 18
patients (5099) required ventilation, whereas only 28 out of

95 patients (28.690) treated with biological disease modifying
anti-rheumatic drugs (bDMARDs) needed hospital care and
only 12 (12.290) required ventilation (Hasseli e¢ al, submitted
for publication, 2020). While further data on the risk of RTX
during the SARS-CoV-2/COVID-19 pandemic and its precise
mechanisms are urgently required, physicians should be aware
of the potential of RTX-associated severe courses of the infec-
tion and remain to be extremely vigilant and cautious when
considering RTX treatment.
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34 Einflussfaktoren fur einen schweren COVID-19-Verlauf bei
entzundlich-rheumatischen Erkrankungen
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hospitalisation in patients with inflammatory rheumatic and musculoskeletal diseases.
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Zusammenfassung:

Um die Frage zu beantworten, welchen COVID-19-Verlauf Patientinnen mit ERE aufweisen
und ob sich weitere Risikofaktoren identifizieren lassen, erfolgte eine erneute Auswertung der
Daten des COVID19-Rheuma.de-Registers (Originalarbeit 7). Bis November 2020 wurden 468
Falle im Register erfasst. Weiterhin litten die Patientinnen mehrheitlich an einer rheumatoiden
Arthritis (48%) gefolgt von Patientinnen mit Spondyloarthritiden (27%). Im Median waren die
Patientinnen 57 Jahre alt. Eine COVID-19-assoziierte Hospitalisierung wurde bei 29% der
Falle beschrieben, wovon 5,5% eine invasive Beatmung bendétigten. Es wurden 19 letale Falle
berichtet. Eine Monotherapie mit Basismedikamenten, wie z.B. Methotrexat, wurde bei 41%
der Falle berichtet, Biologika waren bei 36% im Einsatz. Eine Therapie mit
Glukokortikosteroiden erfolgte bei 39% der Patientinnen, wovon 8% mehr als 5 mg
Prednisolon pro Tag erhielten. In der multivariablen Analyse waren das Alter (Uber 65 Jahre
(Odds Ratio (OR) 2,2; 95% Konfidenzintervall (Cl) 1,1 — 4,5), kardiovaskulare Erkrankungen
(OR 34; 95%Cl 1,5 - 7,6), interstitielle Lungenerkrankungen/chronisch obstruktive
Atemwegserkrankungen (OR 2,8; 95% CI 1,2 - 6,5), chronische Niereninsuffizienz (OR 3,0;
95% Cl 1,2 — 7,5), moderate/hohe Krankheitsaktivitdt (OR 2,0; 95% Cl 1,0 — 3,8) und der
Einsatz von Glukokortikosteroiden in einer Dosierung von mehr als 5 mg Prednisolon taglich
(OR 3,7; 95%CI 1,5 — 9,1) mit einer vermehrten Hospitalisierung assoziiert. Somit waren

neben den Faktoren Alter und Begleiterkrankungen, die auch in der Allgemeinbevolkerung
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eine wichtige Rolle fur einen schweren COVID-19-Verlauf spielen, die Krankheitsaktivitat und
der Einsatz von Glukokortikosteroiden mit einer Dosierung > 5 mg Prednisolon taglich mit
schweren COVID-19-Verlaufen assoziiert. Diese Erkenntnis war bis dahin erstmalig
beschrieben worden und untermauerte zusatzlich die Empfehlung der Deutschen Gesellschaft
fur Rheumatologie, mithilfe der steroidfreien Immunmodulatoren eine Remission der ERE zu

erzielen und somit das Risiko fur einen schweren Verlauf zu reduzieren.

Da es sich bei der Auswertung um eine Uberschaubare Patientenanzahl handelte und zudem
nur die Lage in Deutschland widerspiegelt, erfolgte ein Datentransfer in das europaische bzw.
globale Register. Aufgrund der friihen Anpassung der Datenbank konnte ohne relevanten
Datenverlust ein Export der Falle erfolgen. Der Export erfolgte ebenfalls anonym ohne
Rickschliisse zu den dokumentierenden Arztinnen. In dieser internationalen Auswertung
wurden wahrend des Zeitraums Marz bis Juli 2020 3729 Falle dokumentiert (Originalarbeit 8).
Hierbei lag der Fokus auf der Untersuchung von Parametern, die mit einem tédlichen Verlauf
von COVID-19 assoziiert waren. Das Alter lag im Median bei 57 Jahren. Die Letalitat war in
der gepoolten Analyse hoéher (10,5%). Faktoren, wie z.B. Alter Uber 65 Jahre, kardiovaskulare
Erkrankungen und Lungenerkrankungen, waren auch in der gepoolten Analyse mit einem
erhdhten Risiko fur einen tédlichen COVID-19-Verlauf bei ERE assoziiert.

Eine moderate/hohe Krankheitsaktivitdt zeigte eine statistische Assoziation mit tddlichen
Verlaufen auf (OR 1,9; 95% 1,3 — 2,8). Der Einsatz von Rituximab (OR 4,0; 95%Cl 2,3 - 7,0),
Sulfasalazin (OR 3,6; 95%Cl 1,7 - 7,8) und Immunsuppressiva (Azathioprin,
Cyclophosphamid, Ciclosporin A, Mycophenolat, Tacrolimus; OR 2,2; 95%CI 1,4 — 3,5) war im
Vergleich zu einer Monotherapie mit Methotrexat ebenfalls mit tédlichen Verlaufen assoziiert.
Interessanterweise war auch eine statistische Assoziation bei ERE-Patientinnen ohne jegliche
immunmodulatorische Therapie zum Zeitpunkt der Infektion mit toédlichen Verlaufen
nachweisbar (OR 2,1; 95%CIl 1,5 — 3,0). Bei den Ubrigen Biologika und Januskinase-
Inhibitoren ergab sich zu diesem Zeitpunkt kein Hinweis fur eine Einflussnahme auf den
Verlauf einer SARS-CoV-2-Infektion bei ERE-Patientinnen, jedoch wurden insgesamt auch
nur 141 Personen unter einer Januskinase-Hemmung bis dahin erfasst.

Bezuglich der ERE waren somit die Krankheitsaktivitat, sowie bestimmte Therapeutika mit

einem todlichen Verlauf von COVID-19 assoziiert.
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ORIGINAL RESEARCH

Older age, comorbidity, glucocorticoid
use and disease activity are risk factors
for COVID-19 hospitalisation in
patients with inflammatory rheumatic
and musculoskeletal diseases

Rebecca Hasseli
Hanns-Martin Lorenz,* Alexander Pfeil

ABSTRACT

Introduction Whether patients with inflammatory
rheumatic and musculoskeletal diseases (RMD) are at
higher risk to develop severe courses of COVID-19 has
not been fully elucidated. Aim of this analysis was to
describe patients with RMD according to their COVID-19
severity and to identify risk factors for hospitalisation.
Methods Patients with RMD with PCR confirmed
SARS-CoV-2 infection reported to the German COVID-19
registry from 30 March to 1 November 2020 were
evaluated. Multivariable logistic regression was used to
estimate ORs for hospitalisation due to COVID-19.
Results Data from 468 patients with RMD with SARS-
CoV-2 infection were reported. Most frequent diagnosis
was rheumatoid arthritis, RA (48%). 29% of the patients
were hospitalised, 5.5% needed ventilation. 19 patients
died. Multivariable analysis showed that age >65 years
(OR 2.24; 95%Cl 1.12 to 4.47), but even more>75 years

§0R 3.94; 95%Cl 1.86 to 8.32}, cardiovascular disease
CVD; OR 3.36; 95%Cl 1.5 to 7.55), interstitial lung

disease/chronic obstructive pulmonary disease (ILD/
COPD) (OR 2.79; 95%Cl 1.2 to 6.49), chronic kidney
disease (OR 2.96; 95% Cl 1.16 to 7.5), moderate/high
RMD disease activity (OR 1.96; 95% CI 1.02 to 3.76) and
treatment with glucocorticoids (GCs) in dosages >5mg/
day (OR 3.67; 95% Cl 1.49 to 9.05) were associated with
higher odds of hospitalisation. Spondyloarthritis patients
showed a smaller risk of hospitalisation compared with
RA (OR 0.46; 95% Cl 0.23 to 0.91).

Conclusion Age was a major risk factor for
hospitalisation as well as comorbidities such as

CVD, ILD/COPD, chronic kidney disease and current

or prior treatment with GCs. Moderate to high RMD
disease activity was also an independent risk factor for
hospitalisation, underlining the importance of continuing
adequate RMD treatment during the pandemic.
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Key messages

What is already known about this subject?

» Due to systemic inflammatory conditions and im-
munomodulating treatment, rheumatic and mus-
culoskeletal disease (RMD) patients might be at
increased risk of a more severe course of SARS-
CoV-2 infection.

» Only limited data on risk factors for a critical course
of COVID-19 in patients with RMD are available.

What does this study add?

» Age, comorbidities (cardiovascular disease, inter-
stitial lung disease/chronic obstructive pulmonary
disease and chronic kidney disease), the use of
glucocorticoids for the treatment of RMD and RMD
disease activity are independent risk factors for
COVID-19 hospitalisation.

How might this impact on clinical practice?

» Adequate treatment of RMD with control of disease
activity is crucial for the management of our patients
during the pandemic.

» Patients with RMD with risk factors identified with
this analysis should be closely monitored and receive
guidance about infection risk minimising behaviour.

INTRODUCTION

In Germany, the first cases of SARS-CoV-2
infection (COVID-19) were reported at the
end of January 2020." Similar to other Furo-
pean countries, SARS-CoV-2 spread rapidly
in Germany. The course of infection with
SARS-CoV-2 ranges from asymptomatic to
fatal. In the general population, higher age,
male gender and comorbidities are associ-
ated with the severity of SARS-CoV-2 infec-
tion.”* Since the outbreak of the pandemic,
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concerns have been raised regarding the probability of
developing a severe or even life-threatening course in
patients with inflammatory rheumatic and musculoskel-
etal diseases (RMD)."‘3 Patients with RMD are charac-
terised by an overall increase in risk of infection due to
the autoimmune disease itself and immunomodulatory
drugs.”J The risk of infection is dependent on age, func-
tional capacity, comorbidities and immunomodulatory
treatment with biological disease-modifying antirheu-
matic drugs (bDMARDs) and glucocorticoids (GC).""
Immunomodulatory drugs with anti-inflammatory action
may limit overwhelming immune responses that appear
to be responsible for the severe pulmonary complications
in COVID-19."" 2 However, not all immunomodulatory
treatments seem to influence the risk for a critical course
in the same direction. Whereas registry data had shown
a beneficial effect of biological DMARDs regarding the
development of sepsis and mortality in patients with rheu-
matoid arthritis (RA) and serious infections, it had also
shown a significantly increased risk conveyed with GCs.”
Data from the COVID-19 Global Rheumatology Alli-
ance (GRA) physician-reported registry indicate that GC
210mg/day are associated with a higher hospitalisation
rate with SARS-CoV-2 infection in patients with RMD,"*
which underlines the importance of controlling disease
activity with DMARDs in order to decrease GC dose.

Furthermore, the recommendations from EULAR
and DGRh (German Society for Rheumatology) state
that immunomodulating therapy should be main-
tained during the SARS-CoV-2 pandemic to avoid RMD
relapse. 1516

Limited data are available as for whether and to what
extent patients with RMD are at an increased risk for
SARS-CoV-2 infection'' ' '® and for a more severe course
of COVID-19. For this reason, a national registry was
established allowing a rapid and timely collection of RMD
cases with confirmed SARS-CoV-2 infections in Germany
in order to analyse the clinical course of COVID-19 in
patients with RMD and to develop guidance for the
management of patients with RMD during the COVID-19
pandemic."” The aim of this analysis was to identify risk
factors for hospitalisation, comparing non-hospitalised
patients with RMD to hospitalised patients, stratified by
the need for invasive ventilation.

METHODS
Data source
In March 2020, the German Society for Rheumatology,
together with the Justus-Liebig-University Giessen,
founded a national registry for patients with pre-existing
inflammatory rheumatic diseases (RMD) and SARS-CoV-2
infection confirmed by PCR test. Rheumatologists volun-
tarily enter the data into an online database with imple-
mented plausibility checks (URL https://www.covid19-
rheuma.de).

The ascertained data include SARS-CoV-2 infection-
specific items such as symptoms, duration, treatment and

outcome, RMD specific items such as diagnosis, physi-
cian assessed disease activity (categorised into remission,
low, moderate or high disease activity), and treatment of
RMD, and general items such as sociodemographic infor-
mation and comorbidities. Missing data on diagnosis
and treatment of RMD and outcome of COVID-19 can
be queried by contacting participating physicians. Data
collection was done retrospectively. Participating centres
consist of academic and non-academic rheumatology
departments and private practices in Germany.

The German registry’s content is harmonised with the
EULAR COVID-19 database (https://www.cular.org/
cular_covid19_database.cfm) to allow joint analysis. The
study is registered at EUDRACT 2020-001958-214#.

Statistical analysis

Descriptive statistics were applied to compare non-
hospitalised patients with hospitalised patients, either
without or with invasive ventilation.

Multivariable logistic regression was used to estimate
odds ratios (OR) and 95% CIs for the main outcome
parameter of this analysis, which is hospitalisation due
to COVID-19 as indicator for severity of the SARS-CoV-2
infection. Simple logistic regressions with one explan-
atory variable were performed to determine the set of
regressors for the multivariable regression. Variables
with a p<0.1 were included in the final model. Covari-
ates included in the model were age group, rheumatic
discase group (RA, spondyloarthritis, connective tissue
diseases (CTDs) and vasculitis, other rheumatic diseases),
inflammatory activity of the rheumatic disease, specific
comorbidities (cardiovascular disease (CVD), hyper-
tension without CVD, interstitial lung diseases (ILD) or
chronic obstructive pulmonary disease (COPD), diabetes
mellitus, chronic Kidney disease, cancer), prior and/or
current use of GC (none, up to 5mg/day, over 5mg/
day). Spondyloarthritides included psoriatic arthritis
(PsA), axial spondyloarthritis (axSpA) and enteropathic
arthritis. CTDs and vasculitis included systemic lupus
erythematosus, Sjogren’s syndrome, systemic sclerosis,
mixed CTDs, overlap syndromes, polymyalgia rheu-
matica, granulomatosis with polyangiitis (GPA), eosino-
philic GPA, microscopic polyangiitis, large vessel vaculitis,
Behcet’s disease and other types of vasculitis. For patients
belonging to more than one rheumatic disease category,
we used the following hierarchy for prioritisation: CTD/
vasculitis>RA>spondyloarthritides>other rheumatic
diseases. In this way, disjoint categories are created, estab-
lishing a clear reference group for interpretation of the
regression model and avoiding collinearities. In order to
avoid collinearity between CVD and hypertension, hyper-
tension in the model refers to patients who had hyper-
tension but not CVD. Missing values for obesity, disease
activity state, GC dose and non-steroidal antirheumatic
agents were derived by multiple imputation using full
conditional specification.” Results of the logistic regres-
sion analyses for 10 imputed datasets were pooled by
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8 Infections

Table 1 Patient characteristics stratified for non-hospitalisation, hospitalisation without ventilation and hospitalisation with
S ilat

Hospitalised  Hospitalised
without invasive with invasive

Parameter Non-hospitalised ventilation ventilation Total
N 332 (70.9) 110 (23.5) 26 (5.5) 468
General
Age (years) 54 (19) 66 (21) 66.5 (15) 57 (19)
Male sex 111 (33.5) 35(31.8) 13 (50) 159 (34)
Duration of symptoms (days) 129) 17 (13) 325(12) 14 (13)
Smoking 27 (8.1) 10(8.1) 3(11.5) 40 (8.5)
Further outcomes
Death 1(0.3) 5.5 13 (50) 19(4.1)
ARDS 0 1(0.9) 15 (57.7) 16 (3.4)
Sepsis 0 1(0.9) 14 (53.8) 15(3.2)
RMD
Moderata/high RMD disease activity 35 (10.5) 29 (25.9) 9 (33.5) 72 (15.4)
RA 146 (44) 62 (56.4) 17 (65.4) 225 (48.1)
Spondyloarthritides 105 (31.6) 15(13.6) 5(19.2) 15 (26.7)
Connective tissue diseases/vasculitis 65 (19.6) 31(28.2) 7 (26.9) 103 (22)
Other RMD diagnoses 26(7.8) 8(73 138 35(7.5)
Comorbidities
No of comorbidities o(n 1@ 2@ 1@
Arterial hypertension 92 (27.7) 48 (43.6) 16 (61.5) 156 (33.3)
Cardiovascular disease 16 (4.8) 25 (22.7) 8 (30.8) 49 (10.5)
Interstitial lung disease 6(1.8) 3@.7 2.0 11 (2.4)
Chronic obstuctive pulmonary disease 7@21) 12(10.9) 6(23.1) 25(5.3)
Asthma 31(9.3) 9(B2) 1(3.8) 41 (8.8)
Chronic kidney disease 9(2.7 21(19.9) 2(.7) 32 (6.8)
Cancer 11(3.3) 11 (10) 1(3.8) 23 (4.9)
Obesity (BMI 230 kg/m’) 59(17.6) 25(22.4) 5(18.5) 88 (18.8)
Diabetes 27 (8.1) 18 (16.4) 3(11.9) 48 (10.3)
Osteoporosis 19 (5.7) 14(12.7) 1(3.9) 34 (7.3)
No comorbidity 154 (46.4) 19(17.3) 3(11.5) 176 (37.6)
Therapy
No DMARD 58 (17.5) 26 (23.6) 5(19.2) 89 (19)
csDMARD mono 137 (41.3) 49 (44.5) 7 (26.9) 193 (41.2)
tsDMARD 11(3.3) 6 (5.5) 277 19 (4.1)
bDMARD 126 (38) 29 (26.4) 12 (46.2) 167 (35.7)
TNFi 91 (27.4) 13(11.8) 2(7.7) 106 (22.6)
ABA 4(1.2) 3@ 138 8(1.7)
B-cell depletion 10(3) 7 (6.4) 7 (26.9) 24 (5.1)
IL1i 1(0.3) 0 0 1(0.2)
IL&i 6(1.8) 2(1.8) 2.0 10(2.1)
Other ILi 14{42) 4(3.6) 0 18 (3.8)
Glucocorticoids 103 (31) 59 (53.6) 18 (69.2) 180 (38.5)
Glucocorticoids <5 mg/day 91(27.3) 42 (38.2) 12 (46.2) 145 (30.9)
Glucocorticoids >5mg/day 12(3.7) 17 (15.5) 6(23.1) 35 (7.6)
Continued
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Table 1 Continued

Hospitalised Hospitalised

without invasive with invasive
Parameter Non-hospitalised ventilation ventilation Total
N 332 (70.9) 110 (23.5) 26 (5.9) 468
Other RMD medication 6(1.8) 11(10) 4(15.4) 21 (4.5)
NSAID 84 (25.4) 23 (21.3) 3(11.9 111 (23.7)
Allihypahliomh? 67 (20.2) 35 (31.8) 15 (57.7) 117 (25)

For continuous variables, median (IQR) is given, Tor categorical variables, N (36) is given. The following nurmbers of missing values exist:
aa(m.a%)kxdramofsyrmnn.m (10.9%) for obesity, 31 (s.s%)fortheaseamvwameJ for glucocorticoid dose (0.6%, among

. sarcoidosis, TRAPS, FMFmdmmSil's
ABA.abataoep(.ARDs aunerespratayd&slmsyfmne bDMARD, biological DMARD; BMI, body mass index; csDMARD, conventional

synthetic DMARD; DMARD, disease-modifying antirheumatic drug; IL, interleukin; NSAID, non-steroidal anti-inflammatory drug; RA,

DMARD.
Rubin's rules. Calculations were carried out with the soft-
ware packages SAS, V9.4, and R, V.3.6.3.

RESULTS

Between March 30 (first patient in) and | November
2020 (database lock), 468 patients with RMD and a PCR-
confirmed SARS-CoV-2 infection were documented in
the German registry, 309 patients were female. Median
age was 57 years. Regarding RMD diagnosis, RA was
most common with 48%, followed by 14% PsA, and 12%
axSpA.

Patient characterisiics are shown in able 1, stradfied
into the three groups: non-hospitalised patients, hospi-
talised patents without or with need for invasive ventila-
ton. The following numbers of missing values exist: 88
(18.8%) for duration of COVID-19 symptoms, 51 (10.9%)
for obesity, 31 (6.6%) for inflammatory activity state, 1 for
GC dose (0.6%, among patients receiving GCs) and 33
(7.1%) for non=steroidal antirthecumatic drugs. There was
no missing data on outcome of SARS-CoV-2 infection, so
all patients either fully recovered or died.

Of the 168 patients, 136 (29%) were hospitalised of
whom 26 (5.5%) needed invasive ventilation. 19 patients
dicd, resulting in a case fauality rate of 4%. Fighteen of
these patients died in the hospital, 13 had received inva-
sive ventilation.

Most patients with RMD had comorbidities; only 38%
did not have any other chronic condition. The most
frequent comorbidity was arterial hyperwension, followed
by obesity, CVD and diabetes.

Regarding RMD treatment, 19% of the patents did
not receive any DMARD. Thinysix per cent were on
bDMARDs and 41% on conveniional synthetic (cs)
DMARD monotherapy. Thirty-nine per cent of the
patients were on GO treatment, most of them (81%)
received low dose GCs of <5 mg/day.

Comparison of non-hospitalised patients with hospitalised
patients without ventilation and hospitalised patients with
invasive ventilation

The percentage of men was larger among hospitalised
patients with ventilation (50%) compared with those
without ventilation (32%) or non-hospitalised (34%)
(rtable 1).

Fortyfour per cent of the non-hospitalised patients
suffered from RA, compared with 56% and 65% in the
hospitalised groups. According to physicians’ assess-
ments, moderate o high RMD discase activity was
present in 11% of the non-hospitalised patients, 26% in
the hospitalised patienis without ventilation and 34% in
the ventilated patients.

Regarding RMD treatment, 18% of the non-hospitalised
paticnts did not receive any DMARD compared with 24%
and 19% in the hospialised groups. Tumour necrosis
factor inhibitors were documented as RMD treatment in
27% of the non-hospitalised patients, in 12% of the hospi-
tlised group without ventilation and 8% in the vend-
lated patients. ‘Twentyseven per cent of the ventilated
patients were on B-cell-depletion treatment, whereas only
3% of the non-hospitalised and 6% of the hospitalised
patients without ventilation had received Bcelldepleting
treatment.

Results of the univariate analyses comparing non-
hospitalised patients with hospitalised patients are shown
in table 2

The results of the multivariable model are shown in
figure 1 and online supplemental wble 1). Age>65 years
(OR 2.24; 95% Cl 1.12 10 4.47), but even more>75 years
(OR 3.94; 95% CI 1.86 t0 8.32), CVD (OR 3.36; 95% Cl1
1.5 w0 7.55), lung disease (ILD/COPD) (OR 2.79;
95%CI 1.2 10 6.49) and chronic kidney disease (OR
2.96; 95%CI 1.16 10 7.5) were associated with higher

4
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Table 2 OR of COVID-19 hospitalisation in univariate analyses of patients with RMD

Variable OR a5%Cl P value
Age 66-75 years 2470 1.39310 4,378 0.0020
Age >75 years 7.269 3.983 to 13.263 <0.0001
Gender, male 1.081 0.711 to0 1.644 0.7155
Current smoking 1.194 0.596 1o 2.390 0.6167
Moderate to high RMD disease activity 3.203 1.879 to 5.461 <0.0001
RMD diagnosis

spondyloarthritides (reference: RA)* 0.333 0.185 to 0.599 0.0002
CTDs/vasculitis (reference: RA)* 0.882 1.936 to 1.505 0.6438
other RMDs (reference: RA)* 1.283 0674 10 2.443 0.4473
Comorbidities

Cardiovascular disease 6.327 3.346 10 11,966 <0.0001
Art. hypertension 1.508 0.975 to 2.331 0.0647
ILD/COPD 4994 2.448 t0 10.191 <0.0001
Asthma 0.771 0.367 10 1.619 0.4916
Chronic kidney disease 7.305 3.283 to 16.255 <0.0001
Obesity (BMI 30 kg/m”) 1.283 0.767 10 2.145 0.3419
Diabetes 2.063 112210 3.794 0.0198
Cancer 2.568 1.086 to 6.074 0.0318
RMD treatment

No DMARD (reference: csDMARDs) 1.308 0.765 to 2.234 0.3264
B/tsDMARD (reference: csDMARD) 0.875 0.558 to 1.373 0.5614
Glucocorticoids <5 mg/day (reference: no 1.755 1153 1o 2.671 0.0087
glucocorticoids)t

Glucocorticoids >5 mg/day (reference: no 5.250 2533 to 10.881 <0.0001
glucocorticoids)t

NSAID 0.710 0429 to 1.175 0.1825

For each variable, a separate logistic regression analysis was run containing only an intercapt term and the variable in question. For diseasa
activity, obesity, glucocorticoid use and NSAID, missing values wore imputed 10 times and the analysis was conducted on each imputation
stratum. Subsequently, combined results were obtained following Rubin’s rules. Variables presenting a p<0.1 were entered into the

multivariable modeal.

“The variable RMD diagnosis is jointly represented by three dummy regressors,

1The variable glucocorticoid use is jointly represented by two dummy variables.

.BMI, body mass index; COPD, chronic obstructive pulmonary disease; CTD, connective tissue disease; DMARD, disease-modifying
antirtheumatic drug; ILD, interstitial lung disease; NSAID, non-steroidal anti-inflammatory drug; RA, rheumatoid arthritis; RMD, rheumatic and

musculoskelatal disease.

odds of hospitalisation. Paticnts with spondyloarthritides
showed a lower risk of hospitalisation compared with RA
(OR 0.46; 95% CI 0.23 1o 0.91). Moderate to high RMD
disease activity was furthermore significantly associated
with hospitalisation (OR 1.96; 95% CI 1.02 10 3.76), as
well as treatment with GCin dosages>5 mg/day (OR 3.67;
95% CI 1.49 to 9.05).

DISCUSSION

In the challenging situation of the SARS-CoV-2 pandemic,
physicians and patients need rapid access 1o the evolving
evidence o close the gaps of knowledge which are
stressful for patients with chronic conditions. When the
pandemic started, it was unclear whether patients with
RMD are at an increased risk to get infected or whether

they have a higher risk of a severe course of COVID-
19. In this analysis, hospialisation was used as indi-
cator for a more severe course. Older age, CVD, ILD/
COPD, chronic kidney discase, treatment with GC at
doses of >5 mg/day, and modcrate to high RMD discasce
activity were identified as independent risk factors for
hospitalisation.

Owr results are in line with the recenty published anal-
ysis of the GRA." In the GRA analysis, the cases from the
German registry had not yet been included, so these two
cohons are independent. Similar resulis have also been
found in a met-analysis on autoinflammatory diseases
including RMDs.”

Age seems 1o be the most important factor associated
with a more severe course of COVIDI9* **® and this
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Figure 1 Multivariable logistic regression was used to

estimate ORs and 95% Cls for the main outcome parameter
of this analysis, hospitalisation due to COVID-19 versus non-
hospitalisation as indicator for severity of the SARS-CoV-2
infection. COPD, chronic obstructive pulmonary disease;
CVD, cardiovascular disease; DA, disease activity; GC,
glucocorticoid; ILD, interstitial lung disease; RA, rheumatoid
arthritis.

holds also true for patients with RMD as described in our
analysis and other reports.”***

Importantly, moderate to high RMD discase activity
was identified as an independent risk factor for hospi-
talisation. This is an important finding, not only in that
this is a risk factor specifically related to RMDs but also
with implications for the daily management, reaflirming
recent recommendations that state the importance of
RMD disease control during the pandemic."’ 16

The influence of comorbidities is also widely recognised
since the first reports of COVID-19.% In our cohort, CVD,
ILD/COPD and chronic kidney disease were significantly
associated with hospitalisation. Interestingly, asthma was
not associated with an increased risk as was also described
in the UK.” This is in accordance with an asthma-specific
analysis where the authors did not find an association of
asthma with hospilalisation.'% This effect is in contrast to
other pulmonary comorbidities such as ILD and COPD.

In our cohort, prior or current treatment with GC was
associated with a high risk of hospitalisation in accor-
dance with the GRA analysis'* and with previous evidence
of an increased infection risk in general."”

The interpretation of the influence of GC treatment on
hospitalisation has to be performed with caution. There
is a probability of confounding by indication since GC are
given under certain circumstances which may influence
the outcome itself like a high discase activity of the RMD.
Since uncontrolled RMD activity also enhances the risk
of infections, our results should not encourage stopping
GC treatment. However, GC should be administered in
the lowest possible dose, as recommended by the recently
published guidance for the management of COVID-19 in
RMD,"” '® as already a dose of >5mg/day was associated
with an increased risk of hospitalisation in our study.

Male gender hasalso been described asanimportantrisk
factor for a more severe course and higher mortality.”* In
our analysis, male gender was not associated with hospi-
talisation. This was also the case in the GRA analysis. '
However, regarding the results of the descriptive analysis
(table 1), male gender was much more common in the
group of ventilated patients compared with the other
patients. As already described in the general population,
male gender might therefore be associated with a worse
outcome also in patients with RMD.*# !

Comparing the results from RMD with chronic inflam-
matory bowel disease (IBD), interesting parallels can be
found. In the first analysis of the international registry
for patients with IBD and confirmed SARS-Cov-2 infec-
tion, similar risk factors associated with worse COVID-19
outcome were identified, namely older age, number of
comorbidities and use of systemic GC.™

The strengths of our study include the large sample size
with PCR confirmed SARS-CoV-2 infections in patients
with RMD. As all patients were treated in Germany,
both the healthcare system and treatment strategies
for COVID-19 were comparable in all cases, reducing
confounding due to differences regarding these factors
as might be present in analyses including patients from
many countries. The completeness of data is high with
only a small percentage of missing values. Particularly,
the outcome ‘hospitalisation’ was known in all cases, as
all cases were documented after full recovery or death of
patient.

A limitation of our study is the observational design,
which is prone to confounding by indication. For
example, it is possible that patients taking GCs might be
hospitalised more often because of the potential risk of
a more severe outcome of the infection. Also, a potential
influence of the SARS-CoV-2 infection on the course of
the RMD cannot be assessed based on our data because
of the cross-sectional design. Only few details of the RMD
are known, as factors like disease duration, functional
capacity or treatment history are not captured in the
registry.

Although this is one of the largest RMD COVID-19
cohorts published so far, the number of cases was still too
low to include specific RMD treatments into the mult-
variable analysis. With increasing numbers of patients,
these analyses will probably become possible in the near
[uture.

Another limitation is that possibly more severe cases
were preferably documented, resulting in a selection
bias. However, we believe that the conclusions drawn
from our model are robust since there is no indication
that the impact of age, discase activity, specilic comorbid-
ities or GC treatment is influenced by this bias.

In this large German cohort of patients with RMD with
SARS-CoV-2 infection, 29% were hospitalised. Age, RMD
disease activity, CVD, ILD/COPD and GC treatment
starting at doses of >5mg/day were independently asso-
ciated with hospitalisation. These risk factors are similar
to those found in general COVID-19 cohorts. However,

6
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to our knowledge, this is the first analysis identifying
moderate to high RMD discase activity as independent
risk factor for hospitalisation due to COVID-19. It is
important to continue the documentation of patients
with RMDs and COVID-19 in order to generate more
evidence for counselling and to find the best therapeutic
management of our patients.
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Factors associated with COVID-19-related death in people
with rheumatic diseases: results from the COVID-19
Global Rheumatology Alliance physician-reported registry
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ABSTRACT

Objectives To determine factors associated with
COVID-19-related death in people with rheumatic
diseases.

Methods Physician-reported registry of adults with
rheumatic disease and confirmed or presumptive
COVID-19 (from 24 March to 1 July 2020). The primary
outcome was COVID-19-related death. Age, sex, smoking
status, comorbidities, rheumatic disease diagnosis,
disease activity and medications were included as
covariates in multivariable logistic regression models.
Analyses were further stratified according to rheumatic
disease category.

Results Of 3729 patients (mean age 57 years, 68%
female), 390 (10.5%) died. Independent factors
associated with COVID-19-related death were age
(6675 years: OR 3.00, 95% Cl 2.13 t0 4.22; >75
years: 6.18, 4.47 to 8.53; both vs <65 years), male

sex (1.46, 1.11 to 1.91), hypertension combined with
cardiovascular disease (1.89, 1.31 to 2.73), chronic
lung disease (1.68, 1.26 to 2.25) and prednisolone-
equivalent dosage >10 mg/day (1.69, 1.18 to 2.41; vs
no glucocorticoid intake). Moderate/high disease activity
(vs remission/low disease activity) was associated with
higher odds of death (1.87, 1.27 to 2.77). Rituximab
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Key messages

What is already known about this subject?

» To date, most available data on outcomes
for people with rheumatic diseases infected
with SARS-CoV-2 come from single centre or
single country case series or from one large
international registry; the COVID-19 Global
Rheumatology Alliance (GRA) physician registry.

» The first GRA publication identified factors
associated with higher odds of COVID-19
hospitalisation, including older age, presence
of comorbidities and higher dosages of
glucocorticoids (=10 mg/day of prednisolone
equivalent).

» Clinical outcome information on patients
with COVID-19 who have rheumatic disease
therefore remains limited, particularly with
regard to factors associated with COVID-19-
related death.

What does this study add?

» In this analysis of 3729 patients with
rheumatic diseases, older age, male sex, and
cardiovascular and chronic lung disease were

1 M) Check for updates ‘ (4.04, 2.32 to 7.03), sulfasalazine (3.60, 1.66 to 7.78), associated with COVID-19-related death.
immunosuppressants (azathioprine, cyclophosphamide, » Disease-specific factors, namely, moderate/
© Author(s) (or their ciclosporin, mycophenolate or tacrolimus: 2.22, 1.43 to high disease activity and certain
e'“P"?Y:L(S)) ﬁgzé-ckg{‘ﬁ% \ 3.46) and not receiving any disease-modifying anti- medications (rituximab, sulfasalazine
gm""m";da‘l":&use_ See 1 gmf heumatic drug (DMARD) (2.11, 1.48 to 3.01) were and immunosuppressants (as opposed to
and permissions. Published associated with higher odds of death, compared with immunomodulators like disease-modifying
by BMJ. methotrexate monotherapy. Other synthetic/biological anti-rheumatic drugs (DMARDs)) were also
To cite: Stangfeld A, DMARDs were not associated with COVID-19-related associated with COVID-19-related death.
Schafer M, death. ‘ .
Gianfrancesco MA, Conclusion Among people with rheumatic disease, comorbidities) and disease-specific factors (disease
et al. Ann Rheum Dis COVID-19-related death was associated with known activity and specific medications). The association with
2021;80:930-942. general factors (older age, male sex and specific moderate/high disease activity highlights the importance
930 eu | ar Strangfeld A, et al. Ann Rheumn Dis 2021;80:930-942. doi:10.1136/annrheumdis-2020-219498 BM J
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How might this impact on clinical practice or future

developments?

» There is differential risk of COVID-19-related death according
1o disease activity and treatments in patients with rheumatic
disease, highlighting the need for adequate disease
control with DMARDs, preferably without increasing the
glucocorticoid dosage.

of adequate disease control with DMARDs, preferably without
increasing glucocorticoid dosages. Caution may be required with
rituximab, sulfasalazine and some immunosuppressants.

INTRODUCTION

There is a lack of robust data to inform our understanding of
outcomes following SARS-CoV-2 infection in patients with
inflammatory rheumatic diseases, leading to uncertainties
regarding chronic disease management, especially for those
taking immunosuppressant or immunomodulatory drugs.*

Whether people with rheumatic diseases belong to a vulner-
able, higher risk population for SARS-CoV-2 infection and have
poorer outcomes is unclear.'™ In general, this population seems
to have similar or only slightly poorer outcomes compared
with those without rheumatic disease.”” However, important
confounding disease-related factors, such as disease activity or
treatments, have previously not been addressed.

Medications commonly used to treat rheumatic diseases have
been used or are being tested for the prevention and/or treatment
of COVID-19 and its complications,'® raising questions about
the impact of these treatments on the outcomes of SARS-CoV-2
infection. Continuation of immunomodulatory or immunosup-
pressive therapy is essential for controlling rheumatic disease
activity, avoiding disease progression and preventing joint or
organ-damage related to sustained inflammation. Withdrawal of
effective treatments should be based on sound evidence, even
during a pandemic.

To generate more granular data relevant to rheumatic diseases,
a global network of rheumatologists, data scientists and patients
developed a COVID-19 physician-reported case registry in
March 2020." ** Analysis of the first 600 patients revealed
that older age and comorbidities were associated with hospital-
isation,'® similar to results in the general population.® ** More
robust data on the risk of poor outcomes, in particular risk of
death, are required.

The aim of this study was to investigate factors associated with
COVID-19-related death in patients with rheumatic diseases and
to analyse these associations by disease group.

METHODS

Data source

The COVID-19 Global Rheumatology Alliance (C19-GRA)
physician-reported registry is an observational registry launched
on 24 March 2020. Data are entered voluntarily by rheuma-
tologists or under supervision of rheumatologists; patients
are eligible for inclusion if they have a pre-existing rheumatic
disease and a COVID-19 diagnosis. Data are entered either
directly into the global or European data entry systems or trans-
ferred from national registries (France, Germany, Italy, Portugal
and Sweden).

We used data collected on or before 1 July 2020. Further
details of this registry have been described elsewhere.’*™* Coun-
tries were assigned to the six WHO regions (www.who.int);
the ‘Americas’ was further divided into north and south. Given
the registry collects anonymous data, the UK Health Research
Authority and the University of California San Francisco Institu-
tional Review Board considered it exempt from patient consent.

Patient stratification into diagnostic groups

Rheumatic diseases differ regarding the disease-modifying anti-
rheumatic drugs (DMARD:s) approved for their treatment. To
minimise the impact of this heterogeneity on the associations of
interest, in addition to the main analysis with all patients, diag-
nostic categories were defined (figure 1) and stratified analyses
were undertaken for patients with (1) inflammatory joint diseases
(IJD), (2) rheumatoid arthritis (a subset of the IJD subgroup) and
(3) connective tissue diseases (CTD)/vasculitis.

COVID-19 reporting and outcome

Both confirmed and presumptive cases of COVID-19 were
reported. The method of COVID-19 diagnosis was specified:
PCR, CT scan, metagenomic testing, laboratory assays or based
on symptoms only.

For analysis, patients were subsequently categorised into
(1) confirmed or high likelthood of COVID-19 (chest imaging
(CT or chest X-ray) showing bilateral infiltrates and/or symp-
toms after close contact with a known laboratory-confirmed
COVID-19 positive patient) or (2) presumptive cases based on
symptoms alone.

The primary outcome was COVID-19-related death.

Treatment prior to COVID-19

Antirheumatic medications used prior to COVID-19 diagnosis
were categorised into groups shown in figure 1. Immunomodu-
latory drugs (conventional synthetic (cs)/biological (b)/targeted
synthetic (ts) DMARDs) were distinguished from immunosup-
pressive drugs (azathioprine, cyclophosphamide, ciclosporin,
mycophenolate mofetil/mycophenolic acid, tacrolimus) as
recommended by Isaacs and Burmester'’; glucocorticoids are
also immunosuppressive but they were examined separately and
categorised by prednisolone-equivalent dosage (1-10 mg/day
and >10 mg/day). Methotrexate monotherapy was adopted as
the medication reference group; methotrexate is the anchor drug
in multiple rheumatic diseases’® and it represents the largest
medication category in the registry.

Statistical analyses

Descriptive tables were produced for the whole cohort and then
by diagnostic group, country (for the six countries with the
highest number of cases: France, Germany, Italy, Spain, UK and
USA) and medication. Independent associations between demo-
graphic and disease features and COVID-19-related death were
estimated using multivariable logistic regression and reported as
OR and 95% CI. Covariates included in the model were age, sex,
key comorbidities (hypertension alone or cardiovascular disease
(CVD) alone, hypertension combined with CVD, chronic lung
disease, chronic kidney disease (CKD) and diabetes), smoking
status (ever vs never), rheumatic disease diagnostic group,
disease activity as per the physician’s global assessment (severe/
high or moderate disease activity vs minimal/low disease activity
or remission), rheumatic disease treatment prior to COVID-19
diagnosis and prednisolone-equivalent glucocorticoid use.

Strangfeld A, et al. Ann Rheum Dis 2021;80:930-942. doi:10.1136/annrheumdis-2020-219498 931
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Figure 1 Disease and medication groups. ANCA, anti-neutrophil
cytoplasm antibodies; DMARD, disease-modifying antirheumatic drugs;
1gG, immunoglobulin; IL, interleukin; JAK, Janus kinase; TNF, tumour
necrosis factor.

All patients with confirmed or presumptive COVID-19 were
included in the main analyses. Patients with missing primary
outcome (N=82) or missing values for age, sex and DMARD
(N=19) were excluded from analysis. Missing values for comor-
bidities, smoking status, glucocorticoid therapy and disease
activity were derived by multiple imputation using full condi-
tional specification.”” Results of the logistic regression analyses
for 10 imputed datasets were pooled by Rubin’s rules. As disease
activity was missing for all French patients, country-level life
expectancy was used in the imputation model to explain poten-
tial structural differences in disease activity between countries
not accounted for in the patient-level data (data from 2018,
source: http://hdr.undp.org/).

To account for pronounced heterogeneity between partici-
pating countries regarding both healthcare systems and infection
dynamics, countries were implicitly considered as data clusters
in the regression analysis by assuming that the data arose from a
cluster sample design; this was done by applying a Taylor series
linearisation in the variance estimation.'®

For patients listed as having more than one rheumatic disease
or being treated with more than one of the medications of
interest, we created a hierarchy based on clinical expertise to
categorise patients. This process creates disjoint categories,
allowing a clear reference group for interpretation of the regres-
sion models and avoiding collinearities. Patients with more than

one of the following diseases were grouped according to the
following hierarchy: systemic lupus erythematosus (SLE)=>vas-
culitis>>other CTD>RA>psoriatic arthritis  (PsA)>(other)
spondyloarthritis (SpA)>other [JD>other non-1JD/non-CTD
rheumatic disease. Patients receiving multiple ¢sDMARDs or
immunosuppressants (except glucocorticoids) were grouped
according to the following hierarchy: immunosuppressants=-
sulfasalazine >antimalarials>leflunomide > methotrexate.
Patients receiving a bjtsDMARD were considered solely in the
b/tsDMARD group. Patients treated with more than one b/
tsDMARD (N'=4), patients receiving IL-1 inhibitors (N=20) and
patients receiving DMARD:s atypical for their disease subgroup
(N=48) were excluded from analysis due to very low numbers
(figure 2). Patients were excluded from a particular analysis if the
medication they received provided <20 patients for that analysis
or if there were no deaths reported for that specific medication.

The following sensitivity analyses were performed to examine
the robustness of our findings to procedures for handling missing
data: (1) excluding patients from France (no disease activity data
available); (2) complete case analysis. Further sensitivity analyses
were conducted to assess the stability of the results: (1) limited
to patients with confirmed or highly likely COVID-19; (2) using
the alternative outcome ‘death or invasive ventilation'; (3) using
a reduced number of covanates to assess the risk of overfitting;
(4) analysis explicitly controlling for country, using data from
the top six reporting countries; (35) analysis stratified for several
binary key vanables (age >65 or not, sex, ever smoked vs not,
high/moderate/severe disease activity vs remission/low disease
activity, CVD, chronic lung disease, glucocorticoid use) to assess
the possibility of interactions.

Data were considered statistically significant for p values
<0.05. All analyses were conducted in SAS (V.9.4) and R
(V3.6.3).

RESULTS

As of 1 July 2020, 3830 patients were in the registry, of whom
3729 had no missing values for death, age, sex and DMARD
therapy (table 1, results for all patients; online supplemental
table 1, results stratified by diagnostic subgroup; online supple-
mental table 2, results stratified by country; online supplemental
table 3, results stratified by medication of interest).

Patient characteristics and outcomes of COVID-19

Mean age was 57 (15.7) years and most patients were <63 years
(2586/3729, 69.3%) and female (2534/3729, 68%). The most
common disease was RA (1394/3729, 37.4%), followed by CTDs
other than SLE (533/3729, 14.3%), SLE (391/3729, 10.5%),
PsA (440/3729, 11.8%) and other SpA (431/3729, 11.6%).

Patients were primarily from Europe (2315/3729, 62.1%) or
North America (1105/3729, 29.6%). Nearly half (1309/2758,
47.5%) had minimal or low disease activity and one-third
(893/2758, 32.4%) were in remission before COVID-19. One-
quarter of all patients (776/3164, 24.5%) were ever smokers.

Most patients had a laboratory-confirmed diagnosis of
COVID-19 (2897/3729, 77.7%); 2.4% (91/3729) had a
high likelihood of infection based on imaging or confirmed
COVID-19 contacts.

Death occurred in 10.5% (390/3729) of patients; 68.7%
(268/390) of those who died were =65 years. Nearly half of all
patients (1739/3546; 49.0%) were hospitalised. Invasive ventila-
tion was reported in 6.2% (187/29935) of patients, but in 40.8%
(120/294) of those who died.

932 Strangfeld A, et al. Ann Rheum Dis 2021;80:930-942. doi:10.1136/annrheumdis-2020-219498
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All patients reported to the database by July 1, 2020

N= 3830

N= 82 patients without outcome
N= 19 patients with missing age/sex/DMARD

v

N= 3729 patients / 390 deaths

— Table 1; baseline

<

characteristics
D * l ctD” l OTHER * l
N= 2373 /215 deaths N=1193 / 158 deaths N=356 / 50 deaths
RA subgroup
N=1394 /170 deaths Supplementary Table 1;

characteristics of subgroups

e

v

N= 20 patients receiving IL-1 inhibitors
N= 4 patients receiving = 2 b/tsDMARDs

All patients for the models

N= 3705 / 384 deaths

mmmmmm)  Table 2; Results of

the main model
Ik l co’ ) OTHER l
N=2364 / 214 deaths N=1189 / 156 deaths N=343 / 46 deaths
RA subgroup
N= 1387 / 169 deaths
5| N= 16 patients with > | N=32 patients with atypical

atypical DMARDs for
the diagnosis **

v v

1JD in final model *

CTD in final model ¥#

DMARDs for the diagnosis
(e.g. IL-17/12/12+23
inhibitors) ***

N=1157 / 147
deaths

N=2348 / 211 deaths
RA subgroup

=)  Table 2; Results of

the main model

N= 1371 / 166 deaths

Figure 2 Patient flowchart. Some patients had diagnoses in multiple groups; as a result, the sum of patients in each group is greater than the total
number of patients. (*) Patients belonging to more than one diagnosic group: 1)D and CTD: N=78 (10 deaths); 1)D and other: N=70 (12 deaths); CTD
and other: N=50 (13 deaths); 1JD and CTD and other: N=5 (2 deaths). (§) Patients belonging to more than one diagnosic group: 1)D and CTD: N=77
(10 deaths); 1)D and other: N=70 (12 deaths); CTD and other: N=49 (12 deaths); 1JD and CTD and other: N=5 (2 deaths). (#) Patients belonging to
more than one diagnosic group: 1JD and CTD: N=59 (7 deaths). (**) Non-typical DMARDs for 1JD and RA: immunosuppressants and belimumab; non-
typical DMARDs for RA: IL-17/1L-23/IL-12+23 inhibitors. (***) Non-typical DMARDs for CTD: abatacept, IL-17/IL-23/IL-12+23 inhibitors, sulfasalazine,
leflunomide and tsDMARDs. b/tsDMARDs, biological/targeted synthetic disease-modifying antirheumatic drugs; CTD, connective tissue disease/
vasculitis; DMARDs, disease-modifying anti-rheumatic drugs; 1D, inflammatory joint disease; IL, interleukin; RA, rheumatoid arthritis.

Comorbidities

Most patients (2582/3700, 69.8%) had at least one comorbidity,
and 20.59% (760/3700) had more than three. The most frequent
were hypertension (1307/3700, 35.3%), chronic lung disease
(719/3700, 19.4%9%), obesity (BMI =30; 597/3700, 16.1%),
diabetes (505/3700, 13.6%6), other CVD (442/3700, 11.9%)
and CKD (258/3700, 7.0%). Among deceased patients, the
proportion of those with comorbidities was higher, with 42.7
(165/386) having =3 comorbidities, namely, 54.9% (212/386)

with hypertension, 35.896 (138/386) with chronic lung disease,
24.6% (95/386) with diabetes, 32.1% (124/386) with other
CVD and 19.9% (77/386) with CKD.

Treatments

At the time of COVID-19 diagnosis, 40.6% (1514/3729) of
patients were treated only with csDMARDs, immunosuppres-
sants or combinations of these; 35.7% (1331/3729) received

Strangfeld A, et al. Ann Rheumn Dis 2021;80:930-942. doi:10.1136/annrheumdis-2020-219498
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Table 1 Patient demographic and dlinical characteristics Table 1 Continued
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Westem Pacific rgjon 5508 neg 0.8 Antimalarial monothesagy 787 (8 6) 17189 304 82)
ml oint Antimelariel combinetion 322 8.6) 39 (10) 361 19.7)
theeapy
Riwumatoid arthrites 1224367 170 (436) 133674 IMMArOSUPFESSANts 149 45) 2 16.7) 175447
Sponsycartrites 416 (12.5) 1504 431 (116 monotherpy
Psoriatic arthrits 420 (12.6) 005.1) 40118 Immunosuppressants 147 44 254 168 (45)
Juvente diopathic arthettis 21 {06) an 5070 combilastion thaspy
{poty, abgo, not systemic) tyccehenciate mofnl 680 14038 8202
Other inflammatory antheitls 90 (2.7) 8021 %06 monsihangy — _— _— —
To Wfanmtoy ot 2158 649 25 55.) 673636 """"""'I e
Connective tissue Azathoprine monotherapy 63 (1.9) mna nhe
diseases/Vasculitis Arsthioprine combisation 51 (15) ELT ) 5401.4)
Systemic hupus 355 (10.6) 3602 391 (105)
erythematosus Cyckphosphamide 10403) 308 1303
Conmoctive tissue diseases 473 (142) (154 S33(143) moncderapy
fother than SLE) Cyclophosphamide stan) 503 1003
Vasculitis 2807 074 326 87) Oombinifon Sumpy
Total CTD 1035 (1) 158 (40.5) 1193 (12.0) Tacrobimus monotheragy St 205 102
Othor RMDs :-::sm "3 0 1n0n3
Total 306 9.2) 50 (12.8) 56 9.5) 0 381 - 300
Discase activity N-2464 " Ne294 N=2758 w' " - 103 203
Sa— 74 162 b DOMARDS monotheragy 675 20.2) 480123) 723 (194)
mmuﬁ, 1202 (48.%) 107 (36.4) 1309 (47.5) —— 82068 sna @863
Modarate disaase activity 388 (15.) €0 004 “8162) therapy
Sewveseshigh dsease acthity sE 3IM2 108 3.9) TNF inhibitors monotherapy 434 (13) 1363 “7012)
Other outcomes TNF inhibitors combination 340 (10.2) 17449 5706
Hosprased 1368 (433) md 1739 (49) herapy
W-3162) - mlﬂ) Abstacept monotherapy 28 {08 an) 32 M9}
k-4 k-8 Wiinke Abatacept combination %6 (1.4) 503 S1004)
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Chonic kidooy disease 18155 770199 580 Eelmumab combination 200 103 2306
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Disbotos 410 (12.4) %246 06 (13.6) IL-6 inhibitors combination 340 205 3®0)
Cancer 165 65) w020 2458 -
Continued Continued
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Table 1 Continued

Parameter Not deceased Deceased Total
IL-1 inhibitors monotherapy 10(03) 2(05) 12(03)
IL-1 inhibitors combination 4(0.1) 4(1) 8(0.2)
therapy
117, 1-23, 1112723 79 (2.4) 1(0.3) 80(2.1)
inhibitors monotherapy
117, 1L-23, 11223 36(1.1) 0 36(1)
therapy
1sDMARDs monotherapy 61(1.8) 5(1.3) 66 (1.8)
1sDMARD:s (*) combination @) 10(2.6) 81(2.2)
therapy
JAK inhibitors 54 (1.6) 4(1) 58 (1.6)
monotherapy
JAK inhibitors 67(2) 9(23) 76 (2)
combination therapy
Apremilast monotherapy 700.2) 1(03) 8(0.2)
Apremilast combination 3(0.1) 1(0.3) 4(0.1)
therapy
No DMARD therapies 615 (18.4) 124(31.8) 739 (19.8)
Further therapies
Glucocorticoids (#) 1056 (32) 2117 (57.1) 1273 (34.6)
N=3302) (N=380) (N=3682)
(Missing=37) (Missing=10) (Missing=47)
Glucocorticoids 1-10 833 (25.6) 150 (41.3) 983 (27.2)
mg/day W=3254) (N=363) N=3617)
(Missing=85) (Missing=27) (Missing=112)
Glucocorticoids>10 171 (53) 49(135) 220 (6.1)
mg/day (N=3254) (N=363) (N=3617)
(Missing=85) (Missing=27) (Missing=112)
NSAIDs 600 (19.3) 38(11.0) 638 (18.5)
(N=3103) (N=345) (N=3448)
(Missing=236) (Missing—45) (Missing—281)

Data are N (column %) for categorical variables or mean (SD) for continuous variables, The table
includes all patients with a non-missing outcome and non-missing values for age, sex and disease-
modifying anti-rheumatic drugs (DMARDs) (101 patients excluded). Data refer to patients with
non-missing values for the respective variable; total N for patients with non-missing values is given

in parentheses for variables with missing values; the total number of missing values is akso given in
parenthess, for the applicable variables. (*) Includes one patient on a study medication (Lenabasum).
() Includes patients with a missing glucocorticoid dosage.

bDMARD, biological disease-modifying antirheumatic drug; BMI, body mass index; csDMARD,
conventional synthetic disease-modifying antirheumatic drug; CTD, connective tissue diseases; DMARD,
disease-modifying drug; IL, i JAK, Janus kinase; JIA, juvenile idiopathic
arthritis; N, number; NSAID, non-steroidal anti-inflammatory drugs; SLE, systemic lupus erythematosus;
TNE, tumour necrosis factor; tsDMARD, targeted synthetic disease-modifying antirheumatic drug.

bDMARDs and 3.9% (147/3729) received tsDMARDs. One-
fifth (739/3729, 19.8%) were not receiving any DMARD/
immunosuppressive treatment (except glucocorticoids), and
this proportion was higher among deceased patients (124/390,
31.8%).

Among the patients not receiving any DMARD/immunosup-
pressive treatment, 39.8% (290/729) received glucocorticoids,
9.8% (70/712) with a prednisolone-equivalent dosage of >10
mg/day; the most frequent diagnostic categories being other
non-specified rheumatic diseases (173/739, 23.4%), vasculitis
(161/739, 21.8%), CTD other than SLE (156/739, 21.1%) and
RA (110/739, 14.9%).

Country-specific differences

The majority of cases (2993/3729, 80.3%) were reported from
six countries with considerable differences in reported percent-
ages of death (online supplemental table 2). Overall, 10.5%
(390/3729) of patients died, with highest proportions in the UK
(91/435, 20.9%) and Italy (53/315, 16.8%). Death was reported
in lower proportions in the USA (70/1005, 7.0%), Germany
(15/198, 7.6%), France (62/793, 7.8%) and Spain (21/247,
8.59). Other major differences between the countries were
the distribution of rheumatic diseases and the distribution and
frequency of comorbidities.

Factors associated with death

In multivariable analyses (table 2, figure 3), patients between 66
and 75 years of age were more likely to have died (OR 3.00,
95% CI 2.13 to 4.22) than those =63 years. The association was
even more pronounced in patients over 73 years (6.18, 4.47 to
8.53; vs =635 years). Male sex was also associated with higher
odds of death (1.46, 1.11 to 1.91). Current or former smoking
was only associated with death in the RA subgroup (1.45, 1.02
to 2.04).

Other factors associated with death included chronic lung
disease (1.68, 1.26 to 2.25) and CVD combined with hyperten-
sion (1.89, 1.31 to 2.73), whereas hypertension or CVD alone
did not show a significant association. CKD was significantly
associated with death in patients with CTD or vasculitis (2.30,
1.37 to 3.88) but not in other disease subgroups.

Across all diagnostic groups, treatments with leflunomide,
antimalarials, TNF inhibitors, abatacept, belimumab, IL-6 inhib-
itors, IL-17/IL-23/IL-12+23 inhibitors and tsDMARDs were not
associated with death, as compared with methotrexate mono-
therapy. In the overall model, not receiving DMARD treatment
was associated with death (2.11, 1.48 to 3.01) compared with
methotrexate monotherapy. This was also seen in the IJD, RA
and CTD subgroups.

Compared with methotrexate monotherapy, treatments asso-
ciated with a higher odds of death were rituximab (4.04, 2.32
to 7.03, in the overall model; 5.42, 2.77 to 10.61, in the IJD
subgroup; 4.99, 2.43 to 10.26, in the RA subgroup; 3.72, 1.21
to 11.48, in the CTD/vasculitis subgroup), sulfasalazine (3.60,
1.66 to 7.78, in the overall model and consistent across all
subgroups) and immunosuppressants (azathioprine, cyclophos-
phamide, ciclosporin, mycophenolate or tacrolimus: 2.22, 1.43
to 3.46, in the overall model; 2.44, 1.06 to 5.63, in the CTD/
vasculitis subgroup; not applicable to other subgroups).

An additional analysis indicated that the association of sulfas-
alazine with an increased odds for death was mainly driven by
the larger group of sulfasalazine monotherapy and persisted even
when sulfasalazine combination treatment (plus either antima-
larials, leflunomide or methotrexate) was considered separately
(data not shown).

Treatment with higher dosages of glucocorticoids (>10 mg/
day prednisolone-equivalent dose vs no use) was also found to
be associated with death (1.69, 1.18 to 2.41), particularly in the
CTD/vasculitis subgroup (1.93, 1.11 to 3.36).

Higher disease activity at COVID-19 diagnosis was consis-
tently associated with death across all disease groups. Patients
with high/moderate/severe disease activity had higher odds
of death (1.87, 1.27 to 2.77) than patients with low disease
activity or in remission (overall model and consistent across all
subgroups).

Sensitivity analyses

Results were largely consistent in our sensitivity analyses (online
supplemental tables 4-9). In the complete case analysis (online
supplemental table 3), the association between sulfasalazine and
death was no longer statistically significant. In stratified analyses
(online supplemental tables 10-16), sulfasalazine use was not
associated with death among patients that never smoked, with
the OR among ever smokers being almost threefold than among
non-smokers (online supplemental table 12).

DISCUSSION
With global cooperation, the C19-GRA physician-reported
registry is the largest collection to date of patients with rheumatic
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diseases and COVID-19. We found that moderate/high disease
activity was significantly associated with COVID-19-related
death, confirming recent recommendations regarding the impor-

o E tance of disease control in rheumatic diseases in the COVID-19
3 § = era.' Other factors associated with death were older age, male
) sex and the presence of comorbidities, which is consistent with
G reports from the general populaton.” Overall, compared with
S - methotrexate monotherapy, most DMARDs were not associated
Tl 82 with higher odds of death, although rituximab and sulfasala-

zine were notable exceptions. Prednisolone-equivalent dosages
>10 mg/day and other immunosuppressive drugs (as opposed
to immunomodulatory DMARDs) were also associated with
COVID-19-related death.

In this cohort of patients with underlying rheumatic diseases,
the COVID-19-related death rate was 10.5%, clearly higher
than that reported in the general populatdon in most countries.
However, this study was not designed to calculate a precise point
estimate for mortality. Reporting biases and population-related
factors, including COVID-19 testing rates, could explain this
figure and, importantly, it should not be taken as an estimate of
the overall death rate among patients with rheumatic diseases
and COVID-19.

The association of rituximab with poorer COVID-19-related
outcomes is a previously unreported finding outside of case
reports. Rituximab binds to CD20 on the surface of B-cells,
effectively depleting this cell type, and interferes with antibody
development. Therefore, B-cell depletion could potentially
compromise antiviral immunity, including the development of
SARS-CoV-2 antibodies.'” With our data, it was not possible to
determine the exact timing of infection following rituximab infu-
sion, although all patients were clinically judged by their rheu-
matologist to have been exposed to the immunological effects
of the drug at the time of COVID-19 diagnosis. The association
between rituximab and COVID-19-related death could have also
been influenced by the typical coadministration of methylpred-
nisolone with rituximab.

A finding that merits further research is the higher odds
of death found with sulfasalazine treatment. This asso-
ciation has also been reported in results from an interna-
tional registry of patients with inflammatory bowel discase
and COVID-19, where sulfasalazine or S-aminosalicylate
(5-ASA) use was associated with severe COVID-19 (adjusted

Patients with connective tissue diseases (CTDs) or
vasculitis

N deaths/
patients

34137

95% CI
06t04.18

OR
159

Only patients with rheumatoid arthritis
166/1371 (12.1%)
Missing values were Imputed via multiple Imputation, patient numbers may thus be rounded. Effects significant at level ce=0.05 are marked In bold. Patlents were excluded from 3 particular analysts if the medication they received provided <20 patients for that analysis or If there were no deaths reported for that spedfic medication.
1L, Interk

N deaths/
patients
044

95% CI
0.67 10357

dan; JIA, juvenile idiopathic arthritis; N, number; n.a., not applicable; tsDMARD, targeted synthetic disease-modifying antirheumatic drugs.

1.55

Patients with inflammatory joint diseases (1JDs)
211/2348 (9.0%)

N deaths/patients OR
2/60

drugs; GC, ghx

|2
o i § OR of 3.1 (1.3 to 7.7)).” This finding is surprising as sulfas-
2 g% g alazine is usually considered to have a low immunosuppres-
s g sive effect. Prior research supports an immune regulatory
= E g effect driven by sulfasalazine or its metabolite S-ASA against
Z . 21-24 . .
g g ¥ other RI\:IA. viruses. Howcver, causal interpretation of
8= g, the association between sulfasalazine and COVID-19-related
2 5 death should not be made. The perceived low immunosup-
g g pressive effect of sulfasalazine may have led rheumatologists
g B to prescribe preferentially sulfasalazine over methotrexate
g § g in patients who were perceived to be at higher risk, for
g example, patients with pulmonary disease, smoking or recur-
rent chest infections. In an observational study like ours, this
| could lead to unmeasured confounding. A salient difference
in sulfasalazine users in our study was a higher proportion
g of current or former smokers, compared with non-users. In
§ g the stratified analyses for chronic lung disease, the associa-
= g § tion between death and sulfasalazine was significant in both
S 2 subgroups with and without chronic lung disease, while in
o
'g g g the stratified analyses for smoking, the association between
': g 2 § death and sulfasalazine was limited to ever smokers, so the
2 ki é e factor ‘smoking’ could potentially be an effect modifier.
L= = s Another potential explanation for this finding could be the
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Figure 3  Results of the main logistic regression andysis. Shown are multivariable-adjusted ORs for the outcome COVID-19+elated death with 95%
Cls, assessing the association with (A) general patient characteristics, (B) comorbidities, (C) rheumatic disease diagnoses (RMD) and (D) rheumatic
disease medications, ORs are shown for four groups: all patients (black), patients with inflammatory joint disease (red), patients with rheumatoid
arthritis (orange), and patients with a connective tissue disease or vasculitis (blue). For (C), only ORs for all patients are shown. The reference
categories are as follows: (A) <65 years, females, never smoked, remission or low disease activity; (B) the non-presence of the spedfic comorbidities
(for all effects); (C) rheumatoid arthritis (for dl effects); (D) methotrexate monotherapy (for all effects except for glucocorticoids), no glucocor ticoids
(for glucocorticoid dosage groups). Patients receiving multiple csDMARDs or immunosuppressants (except glucocorticoids) were grouped according
to the following hierarchy: immunosuppressants>sulfasalazine>antimal arials>leflunomide>methotrexate; patients receiving a b/tsDMARD were
considered solely in the /tsDMARD group; glucocorticoids were examined separately and categorised by prednisolone-equivalent dosage (1-10 mg/
day and >10 mg/day). bDMARD, biological disease-modifying anti-theumatic drug; csDMARD, conventional synthetic disease-modifying antirheumatic
drug; CTD, connective tissue diseases; CVD, cardiovascular disease; JIA, juvenile idiopathic arthritis; tsDMARD, targeted synthetic disease-modifying

anti-rheum atic drug.

merging of sulfasalazine combination therapy (with other
csDMARDs) with sulfasalazine monotherapy; however, the
increased odds for death persisted in the sulfasalazine mono-
therapy group and was not driven by the combination treat-
ment (data not shown).

Despite the large overall sample size, for some therapies
(eg, IL-6 and IL-17/IL-23/IL-12+23 inhibitors) the number
of users was low and no firm conclusions could be made.
IL-6 inhibitors have been used to counteract the hyperin-
flammatory state produced by COVID-19, with mostly
disappointing randomised trial results.’’ * Their efficacy
is still being investigated in ongoing trials, but it is reas-
suring that they were not associated with COVID-19-related
death in our analyses. Previous studies had shown an associ-
ation between TNF inhibitors and a decreased risk of sepsis
and moruality in patients with RA after serious infection

compared with csDMARDs.*” * We could not confirm such
an association after stratification by disease and adjust-
ment for discase activity. However, the data indicate that
some associations may exist among patients diagnosed with
1JD other than RA (a subgroup comprising predominantly
patients with axial SpA and PsA), in whom male sex and
diabetes mellitus were associated with a higher odds of
death, and TNF inhibitor use was associated with a lower
odds of death (univariable analysis, data not shown). Due to
a small number of deceased patients in this subgroup with
non-RA subtypes of IJD (n=37 deaths), these effects could
not be assessed in a multivariable model and this should be
investigated in the future when higher case numbers allow a
more stable assessment.

This study has limitadons. As a cross-sectional, case-reporting
registry, it may be subject to selection bias if more severe cases
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are more likely to come to the rheumatologists’ attention and
therefore to be reported. There is an absence of a population-
based comparator, and we are unable to make comparisons
between those with and without COVID-19. Moreover, we
caution against interpreting our estimates causally. There is
likely unmeasured confounding dependent on the partculari-
ties of health systems and case reporting differences. We tried
to address this by limiting the research questions to those that
could be answered with this dataset and by accounting for
potential confounders in our analyses. The high number of vari-
ables compared with outcome events in the subgroup models
may result in biased estimates.”” ** However, the consistency
between the main model and the sensitivity analyses (including
using a lower number of variables) do not indicate an issue with
overfitting.

In conclusion, people with rheumatic diseases with higher
disease activity have higher odds of COVID-19-related death,
highlighting the importance of disease control, preferably by
managing DMARDs effectively without increasing glucocorti-
coids. Future studies should address the observed association
of rituximab and sulfasalazine with poor outcomes. Finally, as
in the general population, older age, male sex and/or the pres-
ence of comorbidities increase the odds of COVID-19-related
death.
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Zusammenfassung:

Die Gruppe der inflammatorischen Arthritiden stellt die grofite Krankheitsgruppe bei ERE dar.
Die Pathophysiologie der rheumatoiden Arthritis unterscheidet sich deutlich von den
Spondyloarthritiden. Die beiden Erkrankungsgruppen weisen ein unterschiedliches
Zytokinmuster auf, welches eine wichtige Rolle im Krankheitsgeschehen spielt. Aus diesem
Grund sind die Therapieregime unterschiedlich. Bei der rheumatoiden Arthritis spielen
Zytokine, wie z.B. Tumornekrose-Faktor-Alpha, Interleukin-1 und 6 eine Rolle, wohingegen bei
den Spondyloarthritiden neben Tumornekrose-Faktor-Alpha, Interleukin 12/23 und Interleukin-
17 dominieren. Beide Gruppen weisen jedoch auch proinflammatorische Zytokine auf, wie z.B.
Tumornekrose-Faktor-Alpha, Interleukin-10, Interleukin-21 oder Interferon y, die im Rahmen
von Infektionen ebenfalls eine wichtige Rolle spielen 2% Auch das Alter der
Erstmanifestation unterscheidet sich bei beiden Gruppen. Die rheumatoide Arthritis
manifestiert sich haufig zwischen dem 50.-70. Lebensjahr, die Spondyloarthritiden treten bei
jungeren Personen auf. Wahrend vor allem Frauen von der rheumatoiden Arthritis betroffen

sind, verteilt sich die Spondyloarthritis in etwa gleich auf beide Geschlechter.

Basierend auf diesen Unterschieden der Pathophysiologie sowie der unterschiedlichen

Behandlung lagen bisher keine Daten vor, ob die verschiedenen Formen der
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inflammatorischen Arthritiden einen unterschiedlichen COVID-19-Verlauf aufweisen. Aus
diesem Grund wurde zunachst der Verlauf von COVID-19 bei Patientinnen mit rheumatoider

Arthritis und Spondyloarthritiden untersucht (Originalarbeit 9).

Hierfir wurden Daten aus dem COVID19-Rheuma.de-Register zwischen Marz bis November
2020 ausgewertet. In diesem Zeitraum wurden 505 Falle im Register erfasst, darunter 129
Patientinnen mit Spondyloarthritiden und 229 Patientinnen mit rheumatoider Arthritis. Um den
Einfluss des Alters und des Geschlechts auf den Verlauf der Infektion durch SARS-CoV-2 zu
beseitigen, erfolgte eine Anpassung beider Gruppen basierend auf Alter und Geschlecht mit
einer Verteilung 1:1. Nach der Anpassung standen in beiden Gruppen jeweils 104 Falle zur
Verfuigung. Das Alter lag im Median bei 56 Jahren und 63% der Patientinnen waren weiblich.
Patientinnen mit Spondyloarthritiden wurden haufiger mit TNF-Hemmern therapiert (45% vs.
19%; p=0,001), wohingegen bei der rheumatoiden Arthritis haufiger Glukokortikosteroide im
Einsatz waren (40% vs. 13%; p=0,001).

Der Anteil der hospitalisierten Verlaufe war in der Gruppe der rheumatoiden Arthritis signifikant
hoéher (30% vs. 16%; p=0,05), bei der Verteilung der letalen Verlaufe zeigten sich jedoch keine
signifikanten Unterschiede trotz der unterschiedlichen Pathophysiologie und Unterschiede der
Immunmodulation. Bei den Spondyloarthritiden wurden drei letale Verlaufe beschrieben und
bei der rheumatoiden Arthritis sechs tdédliche Falle. Unter den letalen Verlaufen bei
Patientinnen mit rheumatoider Arthritis waren auch zwei Personen, die mit Rituximab

therapiert wurden, was ebenfalls einen Einflussfaktor auf den Verlauf darstellen konnte.

Fur die rheumatoide Arthritis stehen sehr viele unterschiedliche Therapieoptionen zur
Verfligung, so dass unabhangig von der Erkrankung die Art und Weise der Immunmodulation
den Verlauf von COVID-19 beeinflussen kann. In verschiedenen Arbeiten wurde bereits der
negative Einfluss von Rituximab beschrieben, andere Therapieoptionen wurden jedoch bislang
nicht ausreichend untersucht. Um dieser Frage nachzugehen, erfolgte eine Auswertung aller
weltweit zur Verfligung stehenden Daten aus dem globalen Register (Originalarbeit 70).
Hierfir wurden Daten von Marz 2020 bis April 2021 ausgewertet. Es wurden spezifisch
Patientinnen unter Therapie mit Biologika oder Januskinase-Inhibitoren untersucht. In diesem
Zeitraum wurden 2869 Patientinnen mit rheumatoider Arthritis erfasst. Das Alter lag im Median
bei 57 Jahre und 81% der Patientinnen waren weiblich. Mit Abatacept wurden 237 Personen
therapiert, 364 Personen mit Rituximab, 317 mit IL-6-Inhibitoren, 563 Personen mit einer
Januskinase-Hemmung und 1388 Personen mit einer TNF-Hemmern. Eine stationare
Behandlung war bei 21% der Falle notwendig und die Letalitatsrate lag bei 5,5%. Im Vergleich
zur Gruppe der TNF-Hemmern waren die Therapien mit Rituximab (OR 4,2; 95% CI 3,2 - 5,4)
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und Januskinase-Hemmern (OR 2,1; 95% CI 1,6 — 2,7) nach Adjustierung fiir Geschlecht, Alter
und relevanten Komorbiditaten mit schwereren COVID-19-Verlaufen assoziiert. Die Therapie

mit Abatacept und IL-6-Inhibitoren unterschied sich nicht von der mit TNF-Hemmern.
Erstmalig konnte somit in einer grof3en, internationalen Kohorte von Patientinnen mit

rheumatoider Arthritis ein relevanter Unterschied der COVID-19-Verlaufe in Abhangigkeit von

der Immunmodulation gezeigt werden.
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Do patients with rheumatoid arthritis show a different course
of COVID-19 compared to patients with spondyloarthritis?
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SDepartment of Rheumatology and Clinical Immunology, University Medical Center, Faculty of
Medicine, Albert Ludwigs University of Freiburg; *Division of Rheumatology and Clinical
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Abstract
Objective
Rheumatoid arthritis (RA) and spondyloarihritis (SpA) are the most common inflammatory rheumatic diseases (IRD).
The aim of this study was to elucidate differences in the outcome of SARS-CoV-2 infection in RA- and SpA-patients.

Methods
Data from the German COVID-19 registry for IRD patients from 30" March to 16® November 2020 were analysed.
208 RA and SpA patients were included in the study, matched for gender and age.

Results
104 SpA patients (40% patients with ankylosing spondylitis, 54% with psoriatic arthritis and 6% with enteropathic
arthritis) were compared to 104 RA patients. For both groups, median age was 56 years. TNF-i treatment was reported
in 45% of the SpA and in 19% of RA patients (p=0.001). Glucocorticoids were used in 13% of the SpA and in 40% of
the RA patients (p=0.001). In both groups, the majority of the patients (97% SpA, 95% RA) recovered from COVID-19.
Hospitalisation was needed in 16% of the SpA and in 30% of the RA patients (p=0.05), and oxygen treatment in 10%
and 18% respectively (p=ns). Three versus six (p=ns) fatal courses were reported in the SpA versus the RA group.

Conclusion
The study revealed that the hospitalisation rate during COVID-19 infection, but not the mortality, was significantly
higher in RA as compared to SpA patients. This could be explained either by different treatment strategies or by
different susceptibilities of the two diseases.

Key words
rheumatoid arthritis, spondyloarthritis, SARS-CoV-2 infection, glucocorticoid, DMARD
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Introduction

The outbreak of the new coronavirus
called severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2)
became a worldwide pandemic (1).
Spondyloarthritis  (SpA), which in-
cludes psoriatic arthritis (PsA), anky-
losing spondylitis (AS) and entero-
pathic arthritis (EA), and rheumatoid
arthritis (RA) present the most common
inflammatory rheumatic diseases (IRD)
(2, 3). Divergences in the cytokine net-
works driving the individual patholo-
gies might contribute to the distinct
clinical manifestations and are the basis
for the respective treatment options (4).
Said divergences might also confer to
different susceptibility to SARS-CoV-2.
RA is characterised by the secretion of
proinflammatory cytokines, e.g. tumour
necrosis factor alpha (T NF-a), interleu-
kin (IL) 1 and 6 (5), whereas in SpA,
TNF-a, and interleukins 12/23 and
-17 appear to play a dominant role (6).
Moreover, some pathogenic pathways
appear to be shared between IRD and
infectious diseases (Fig. 1) (7).

The treatment algorithms of both enti-
ties are mainly based on the same im-
munosuppressants, although person-
alised treatment is becoming increas-
ingly important (8, 9). For example,
traditional immunomodulatory drugs
such as methotrexate, leflunomide and
sulfasalazine are effective in peripheral
arthritis, but not in axial involvement
(9). TNF-inhibitors are effective in both
SpA and RA, blockage of IL-6 recep-
tors instead only in RA, and IL-12/23
and IL-17 inhibitors only in SpA. Sys-
temic glucocorticoids are usually used
to treat disease flares in case of periph-
eral arthritis which however leads to an
increased risk of infection. Since infec-
tions are also favoured by uncontrolled
rheumatic activity the correct balance
between immunosuppression on the
one hand and high disease activity on
the other, is still an unsolved issue (7,
8, 10). RA is characterised by autoim-
mune processes while SpA seems to
have an autoinflammatory rather than
autoimmune origin of inflammation
(11, 12). Extra-articular manifestations
can occur in both diseases. The mani-
festations differ in the eye (keratocon-
junctivitis sicca and scleritis in RA,

versus anterior uveitis in AS), heart
(pericarditis in RA, conduction distur-
bances in SpA), lungs (pleural effu-
sions or nodules in RA and fibrosis in
SpA) and gastrointestinal tract (peptic
ulcers in RA and colitis in SpA) (13).
To our knowledge no data exist regard-
ing the comparison of the course and
mortality of COVID-19 in SpA and RA
patients. Patients with rheumatoid ar-
thritis, systemic lupus erythematosus or
psoriasis, when analysed as a combined
group, might have a slightly increased
risk of death from COVID-19 com-
pared to those with other inflammatory
rheumatic diseases, although the role
of disease activity and treatment in this
risk estimation was not taken into ac-
count (14, 15). The aim of this study
was to evaluate differences for the out-
come of SARS-CoV-2 infection in RA
compared to SpA patients.

Patients and methods

Study setting

Data from the German COVID-19
registry for IRD patients (www.COV-
ID19-rheuma.de) obtained between
30" March till 16" November 2020
were evaluated (16). Patients with a
known IRD and SARS-CoV-2 infection
are included in this ongoing registry
by their rheumatologists. Participating
centres include both academic and non-
academic rheumatology clinics, and
private practices throughout Germany.

The German COVID-19 registry

The inclusion criteria in the registry are
defined as follows: I. IRD and II. posi-
tive laboratory tests for SARS-CoV- 2
(polymerase chain reaction swabs or
antibody test). The database includes
the following items: federal state, age,
weight, height, detailed rheumatologi-
cal diagnosis, comorbidities, global
disease activity, antirheumatic medica-
tion at time of study and its changes due
to the infection. In addition, the course
and outcome of the SARS-CoV-2 infec-
tion and COVID-19 related symptoms
are documented. In case of missing
data for diagnosis, outcome and medi-
cation, the respective rheumatologist
could be queried directly. The disease
activity from the last rheumatological
visit was also reported and categorised
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into four groups: controlled, low, mod-
erate and high disease activity.

All patients with diagnoses of SpA
(PsA, EA and AS) and RA were in-
cluded for evaluation. Patients with
overlapping syndromes were excluded.
Matching of SpA and RA patients was
performed with respect to age and gen-
der in that age did not differ more than
2 years.

Statistical analysis

Completed cases were reviewed and
queried in case of missing or incon-
sistent data. Analysis was performed
descriptively using SPSS Statistics
(IBM SPSS Statistics, v. 24.0 Chicago,
Illinois, USA, for Windows). Median
was calculated for age and body mass
index (BMI) of SpA and RA patients.
The group differences were tested by
the Mann-Whitney U-test, Pearson
Chi-Square test and Fisher's exact test.
p-values <0.05 were considered as sta-
tistically significant.

Data of both groups were numerically
compared and are shown in the figures
in percentages using GraphPad Prism 6
(GraphPad Software).

Ethical approval

The study was approved by the ethics
committee of the Justus-Liebig-Uni-
versity Giessen (#52-50) and registered
(EuDRACT 2020-001958-21). Data
handling did not involve revealing the
identity of any patients. This study was
conducted according to the Declaration
of Helsinki.

Results

Baseline characteristics

From 30" March till 16 November,
in total 505 cases of IRD and SARS-
CoV-2 were reported in our registry,
which included 129 cases of patients
with SpA and 229 cases of patients with
RA (Supplementary Fig. SI). For the
present analysis, 104 patients from both
groups were selected after matching for
gender and age (Table I). SpA patients
consisted of 42 AS patients (40%), 56
PsA patients (54%) and 6 EA patients
(6%). The median age was 56 years
(SpA range: 20-87; RA range: 21-86).
In both groups 63% (n=65) of the pa-
tients were female. The BMI in SpA
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Fig. 1. Relevant cytokines/chemokines in SARS-CoV-2, RA and SpA.

Proinflammatory cytokines and chemokines seem to be shared in the pathophysiology of SARS-
CoV-2,RA and SpA. G-CSF, IL-6, IL-1f} and IL-8 are crucial in RA and SARS-COV-2.MCP- 1, 1L-18,
INF-a, IL-10, IEN=y, CCL2, CCLS, CCL3, IL-21, MIP-1a, MIP-1b, CXCL10, GM-CSF are shared
cytokines and chemokines in RA, SpA and SARS-CoV-2. IL-2, IL-17, IL-15 and IL-23 are relevant

cytokines in SpA and SARS-CoV-2.

IL-6: interlewkin 6; G-CSF: granulocyte colony-stimulating factor; 1L-16: interleukin 15: IL-8: in-
terlewkin 8; IL-18: intedeukin 18; 1L-21: interleukin 21; IL-17: interdeukin 17; 1L-12: interleukin 12;
1L-2: interleukin 2; 1L-15: interleukin 15; 1L-23: intedeukin 23; 1L-2: interleukin 2; MCP-1: monocyte
chemoattractant protein- I; TNF-a: tumour necrosis factor a: IFN: interferon; CCL2: CC-chemokine
ligand 2; CCL5:CC-chemokine ligand 5; CCL3: CCchemokine ligand 3; CXCL10: C-X-C motif
chemokine ligand 10; GM-CSF: granulocyte macrophage colony stimulating factor; MIP-1a: mac-
rophage inflammatory protein-1a; MIP-1b: macrophage mflammatory protein-1b,

patients was 264 kg/m?, and 25.0 kg/m?
in RA patients, respectively.

Disease activity

In the majority of patients, a stable dis-
ease activity was reported from the last
rheumatological visit (RA: 48% and
SpA: 43%,p=ns.)(Fig.2, Table ). Low
disease activity was reported in 29% of
RA and 36% of SpA patients (p=n.s.),
moderate disease activity in 13% of
RA and 11% of SpA patients (p=ns.),
and high disease activity in 4% and 1%
respectively (p=ns.) (Fig. 2). The rate
of moderate and high disease activity
was numerically higher in RA patients,
whereas stable and low disease activity
were equally distributed.

Immunomodulatory drugs
In 40% of the RA patients, glucocorti-

coids (GC) were used, which was sig-
nificantly more frequent than in SpA
patients with 13% (p=0.001) (Fig.
3). Of these patients, 86% (36/42)
of the RA and 93% (13/14) SpA pa-
tients were treated with maximum of
5 mg prednisolone per day. In contrast,
45% of SPA patients were treated with
TNF-i compared to only 19% of RA
patients (p=0.001) (Fig. 3). Conven-
tional synthetic (cs) disease-modifying
anti-rheumatic drugs (csDMARDs) as
monotherapy were used in 26% of RA
patients and in 14% of SpA patients
(Fig. 3). 11% of the SpA and 5% of the
RA patients did not receive any immu-
nomodulatory drug. Other biological
and target synthetic DMARDs were
reported in 26% of RA patients (Janus
kinase inhibitors (JAK-i (129%)), IL-6-
(5%), abatacept (1%) and rituximab
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(9%) and in 19% of the SpA patients  Table I. Comparison of the SpA and RA patients regarding disease activity, immunomodu-

latory drugs, comorbidities, COVID-19 symptoms, COVID-19 course and characteristics

(IL-17-1 (15%), 1L-12/23-i (2%), apre-
milast (1%), JAK-i (1%)) (Fig. 3). For
more detailed information on medica-

of hospitalisation.

SpA (104) RA (104) p-value
tion, see Table I. (difference)
Comorbidities o i;;c;::c chameteristics 63% (65) 63% (65) p=1.000
The distribution of comorbidities was  Male 37% (39) 37% (39)
similar in both groups (median number  Age (median) in years 56 (20-87) 56 (21-86) p=0.999
of comorbidities: 1; Fig. 4). Arterial ~BMI(median) 264 250 p=0.402
hypertension, as the major comorbid-  Disease activity (DA)
ity, was reported in 34% of the cases i'(‘;‘b'e ;‘;Z :';;; '2‘89"7; gg; ng'ﬁz
. w 36% (3 N & p=0.18:
in both groups. In more than 40% of  \yj,,, 10% (11) 12% (13) p=0.414
the patients (SpA: 41% and RA: 46%;  Hign 1% (1) 4% (4) p=0.184
p=ns) no relevant comorbidity was re-  Unknown 10% (10) % (7) p=0.307
ported (Fig. 4). In 29% of the RA and 1 unomodulatory drugs
26% of the SpA patients more than two ~ GC (all) 13% (14) 0% (42) p=0.001
comorbidities were documented. GC (only) 3% () 2% (2) p=0.500

GC (=5 mg prednisolone per day) 93% (13/14) 86% (36/42)
Prednisolone daily dose (median) 5 mg 5mg p=0.140
Symptoms of COVID-19 ¢sDMARD (only) 14% (15) 26% (27) p=0.028
More RA patients (22%) reported loss ~ GC + csDMARD 4% @) 20% (21) p=0.001
of appetite compared to SpA patients ~ TNFi(lh 45% (46) 19% 20) p=0.001
: TNF-i (only) 33% (34) 6% (6) p=0.001
(13%, p=0.049) as well as vertigo was g | .sDMARD/GC 12% (12) 13% (14) p=0.417
reported more frequently in RA patients  jak.i 1% (1) 12% (12) p=0.001
(17%) compared to SpA patients (5%, IL-6- - 5% (5) -
p=0.003). No further relevant differences ~ APA - 1% (1) -
in reported COVID-19 symptoms were :f_’f.,_i 15% (16) Wi ©) -
detected in both groups (Fig. 5). Most  j1.-1223-i 2% (2) - -
of the patients had fever (RA: 50% vs. APR 1% (1) - -
q, o = |
SpA: 61%; p=ns), dry cough (RA: 68% N° 11% (1D 3% ) p=0.096
and SpA: 57%; p=ns) and fatigue (RA:  Comorbidities
48% vs. SpA: 45%; p=n s.) (Fig. 5). (,;:.[TD ]33 g)s Sg :?s l”g:;
The median duration of COVID-19 g o il asihma 1% (.1'1)) "% (5}) 2;0:.2.50
related symptoms was 14 days (0-90  copp 3% (3) 5% (5) p=0.361
days) in the RA patients and 12 days ILD 2% (2) 1% (1) p=0.500
(0-42 days) in the SpA patients (p=ns). ;‘:} 2:; :2; i:; g; zfggg
Ip both groups, the majority of the pa- )\ 8% ) % (9) p=04:500
tients recovered (SpA: 97% vs. RA:  Cancer 8% (8) 4% (4) p=0.187
95%) and 8% of the patients did not  Other 20% (21) 19% (20) p=0.500
show any COVID-19 related symptoms. :; -2‘613 :‘2‘;; '2‘3?; f’:ﬁ; :ﬁg'?g
r VID-19: COVID-19 symptoms
gou .?e Iof C.O D in 30% Duration (median) in days 12 (range: 0-42) 14 (range: 0-90) p=0.297
ospitalisation was necessary in 30%  pecovered 97% (101) 95% (98) p=0.249
of the RA patients compared to 16% of  Fever 61% (63) 50% (52) p=0.081
the SpA patients (p=0.05), and numeri-  Cough 57% (59) 68% (71) p=0.057
. . _ Expectoration 8% (8) 10% (10) p=0.403
.cally'more RA pa_tnents received non Rhinitis 20% @1) 20% @1 9=0.568
invasive and invasive oxygen treatment  njyqgia 38% (39) 26% (27) p=0.050
(RA: 18% vs. SpA: 10%; p=ns) (Fig.6, Fatigue 45% (47) 48% (50) p=0.391
Table I). Only one RA patient was sup- ~ Headache 38% (39) 29% (30) p=0.093
ye o or =
ported by an extracorporeal membrane '\J,g:’;‘ga 22; :2)7) :,27; ::;: ;: gﬁi
oxygenation. Complications, such as  Apdominal pain 3% (3) 3% (3) p=0.659
acute respiratory distress syndrome,  Diarrhoea 10% (10) 10% (10) p=0.593
occurred more often in RA (12%) com- IVO"‘iﬁ;‘S ) ];g : :)‘ 232 g)‘ l’=g-(l‘§;
. _oss of appetite 3% (13) » (23) p=\.
pared to SpA (6%); p=ns). The rate of ' (. (o 26% (27) 32% (33) p=0.222
mortallty was 6% in RAand 3% in SpA Loss of taste 32% (33) 33% (34) p=0.500
patients (p=ns, Table I). Further details ~ Other 18% (19) 15% (16) p=0.365
of fatal courses are included in Table I.  N© 8% 8) 8% ®) p=0.602
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SpA (104) RA (104) p-value
(difference)
COVID-19 course
Hospitalisation 16% (17) 30% (32) p=0.011
Oxygen treatment 10% (11) 18% (19) p=0.083
Invasive ventilation 3% (3) 8% (8) p=0.107
Complications 6% (6) 12% (12) p=0.080
Fatal courses 3% (3) 6% (6) p=0.249
Characteristics of hospitalised patients
Female 59% (10) 63% (20) p=0.520
GC 18% (3) 47% (15) p=0.041
TNF-i 18% (3) 6% (2) p=0.220
Fatal courses 18% (3) 16% (5) p=0.577
Details of fatal courses
Gender | male; 2 females 4 males, 2 females
Age (years) 59 52
64 62
82 66
2
74
86
BMI 278 287
406 320
unknown 336
unknown (3)
Discase activity Low: | Stable: 1
Unknown: 2 Low: 3
Moderate: 1
High: 1
22 comorbidities 3 4
Immunomodulatory drugs GC: 2 GC: 4
(=5 mg prednisolone/day) (<5 mg prednisolone/day)
Sulfasalazine: 1 MTX: 1
None: 1 LEF: 1
HCQ: 1
RTX: 2
Fig. 2. Distribution of disease Disease activity
activity in RAand SpA patients.
In 48% of the RA patients and 60—
43% of the SpA patients, stable B RA
disease activity was reported.
Low discase activity was re- = SpA
ported in 29% of the RA and
36% of the SpA patients. Mod- 40+
crate disease activity could be
detected in 13% of the RA and 32
11% of the SpA patients. Only
4% of the RA and 1% of the 20
SpA patients were reported with
high disease activity. Unknown
discase activity was reported
10% of the SpA and 7% of the 0-
RA patients.
Stable Low Moderate High Unkown

Characteristics of hospitalised
patients

Regarding hospitalised cases, the me-
dian age of SpA patients was 64.0
(range: 41-87) years compared to 62.0
(range: 21-86) in RA patients. The rate
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of hospitalised patients treated with
GC was again significantly higher in
RA patients compared to SpA patients
(47% vs. 18%; p<0.05). The median
prednisolone dose was 5 mg per day
in RA patients and 2.5 mg per day in

SpA. Three RA patients received even
10-20 mg prednisolone per day. TNF-i
treatment was reported in 18% of hos-
pitalised SpA patients and 6% of RA-
patients (p=ns) Of note, the majority of
RA patients (6 out of 9 patients) treated
with rituximab were treated as inpa-
tients. On the other hand, 4 of these
6 patients received in addition <5 mg
prednisolone/day and 3 patients addi-
tionally methotrexate. The median age
of hospitalised rituximab patients was
61.0 years (range: 21-86) and the pa-
tients had at least one other comorbid-
ity. Two of these patients needed inva-
sive ventilation.

Discussion

The infection risk of IRD patients de-
pends on the disease activity, on co-
morbidities, and on the type and dos-
age of immunomodulatory treatment
(17, 18). Patients affected by IRD are
at an overall increased risk of infec-
tions compared to the general popula-
tion (18-20), but only few data exist,
whether specific types of IRD or the
respective immunomodulation might
be associated with an increased risk for
viral infections of the respiratory tract,
including development of a severe
course of COVID-19.

To our knowledge this is the first com-
parison of the most common types of
IRD, RA and SpA, regarding the out-
come of SARS-CoV-2 infection, and
in this gender- and age-matched com-
parison we found a significantly lower
rate of hospitalisation in SpA patients
(16%) compared to RA patients (30%).
In addition, the number of SpA patients
who needed oxygen treatment was also
lower (10%) compared to RA patients
(18%). Fatalities were twice as high in
RA compared to SpA (6 vs. 3), due to
the low numbers however, this was not
statistically significant. Noteworthy,
RA-patients (40%) were significantly
more often treated with GC compared
to SpA-patients (13%). As GC seem
to be associated with worse outcome
(21), this could be one of the reasons
for the higher hospitalisation rate and
mortality in RA patients. Another po-
tential reason could be treatment with
rituximab (RTX) in the RA group. Six
of nine RA patients treated with RTX
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Immunomodulatory drugs

Fig. 3. Distribution of immunomodulatory drugs in RA and SpA patients.

The majority of the RA patients (40%) were treated with GC, which was the case in only 13% of the SpA
patients (p=0.001). Single use of GC was reported in 2% of the RA and 3% of the SpA patients. 20% of
the RA and 4% of the SpA patients were treated with a combination of GC and ¢sDMARD (p=0.001).
26% of the RA and 14% of the SpA patients were treated with only csDMARD (p=0.028). The use of
TNF-i was reported in 19% of the RA and 45% of the SpA patients (p=0.001). Combined TNF-i and
GClesDMARD were used in 13% of the RA and 12% of the SpA patients. JAK-i was reported in 12%
of the RAand 1% of the SpA patients. 5% of the RA patients were treated with IL-6-i, 1% withABA and
9% with rituximab. 15% of the SpA patients were treated with IL-17-i, 2% with I1L-12/23-i and 1% with
APR.In 5% of the RA and 11 of the SpA patients no immunomodulatory drug was used.

GC: glucocorticoids; csDMARD: conventional synthetic disease-modifying drug; TNF-i: mmour necro-
sis factor « inhibitor; JAK-i: Janus kinase inhibitor; IL-6-i: interleukin 6 inhibitor; IL-17-i: interleukin
17 inhibitor; IL-12/23-i: interleukin 12/23 inhibitor; APR: apremilast; ABA: abatacept; RTX: rituximab.

needed hospitalisation, of whom two
were reported as fatal. Some studies de-
scribed also a higher risk for hospitali-
sation in patients treated with rituximab
(22-25), potentially based on a decrease
in serum IgG resulting in a generally
increased incidence of certain viral in-
fections (22). During the COVID-19
pandemic, a higher incidence of severe
COVID-19 in patients on RTX com-
pared to infliximab was described (26).
In contrast, in psoriasis patients receiv-
ing biologic treatment, no adverse im-
pact of biologics on COVID-19 out-
come could be observed (27). PsA and
RA share similarities, such as synovitis,
but show differences in the pathophysi-
ology (Fig. 1) and in treatment strate-
gies. With regard to these two entities,
Rituximab is exclusively used in RA in
the case of chronic inflammatory arthri-
tis, while IL-17-inhibitors are used in
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PsA and AS. This could be an explana-
tion for the differences in the hospitali-
sation rates in these two diseases.

Despite all of the efforts to investigate
the influence of SARS-CoV-2 on IRD
patients, still limited data are available
how COVID-19 affects IRD patients
and how immunomodulatory drugs
might influence the course of COV-
ID-19. SARS-CoV-2 can lead to a mas-
sive immune response with a “cytokine
storm” and an often fatal outcome (28,
29). Cytokines play also a crucial role
in the pathophysiology of COVID-19
(30). An infection with SARS-CoV-2
can lead to an activation of the innate
immune cells, which is especially the
case in severe COVID-19 courses (30).
Due to this activation, elevated levels of
TNF, IL-1B, IL-6, IL-8, I1L-17, G-CSF
and GM-CSF and chemokines, e.g.
C-C motif chemokine ligand 2 (CCL2),

C-X-C motif chemokine ligand 10
(CXCL10) and macrophage inflamma-
tory protein 1 alpha (MIP-1c), MIP-1f
are detectable (30, 31). Inhibiting the
cytokine storm by targeting cytokines,
such as TNF-a, might have a posi-
tive influence on the course of COV-
ID-19 (32, 33). These cytokines and
chemokines do also play a crucial role
in the pathophysiology of RA and SpA
(Fig. 1). This could be a further reason
for the lower hospitalisation rate of
SpA patients compared to RA patients,
since the proportion of TNF-i use was
significantly higher in SpA than in RA
(p=0.001). Although in patients hos-
pitalised with COVID-19, the use of
dexamethasone resulted in lower 28-
day mortality among those who were
receiving either invasive mechanical
ventilation or oxygen alone (34), in
IRD patients, long-term ‘antirheumatic’
therapy with prednisolone exposure
starting already with a dose of 5 mg/
day was associated with a higher risk
for hospitalisation (21, 35, 36).

The limitations of our study, due to
the fortunately low number of severe
courses, are the lack of analysis of
interaction between variables associ-
ated with mortality, such as specific
immunomodulatory drugs. However,
as mostly symptomatic patients were
tested and included in our registry, the
prevalence of asymptomatic infections
may even have been higher. Anoth-
er limitation could be that due to the
matching process, the SpA study popu-
lation increased in age (53 years — 56
years), while RA patients decreased
(72 years — 56 years). In addition,
both groups were matched for gender,
which led to a change of the rate of
male/female patients in both groups
(SpA: 50% — 63% female; RA: 72%
— 63% female). As more male and
younger patients are affected by SpA,
this could have an impact on the course
of COVID-19 in these patients.

Conclusions

In this study comparing gender- and
age-matched RA and SpA patients,
a significantly higher hospitalisation
rate in RA patients could be observed,
which could be due to the use of GC,
lower rate of TNF-i treatment or spe-
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Fig. 4. Distribution of comorbidities in RA and SpA patients.
CVD was reporied in 9% of SpA and 6% of the RA patients. In both groups,

Comorbidities

AHT was reported in 34% of the cases, 11% of the SpA and 5% of the RA 60 N RA
patients suffered from bronchial asthma, 5% of the RA patients and 3% of the
SpA patients from COPD, 2% of the SpA patients and 1% of the RA patients 50 W= SpA
from ILD., CRF was reported in 8% of the RA and 5% of the SpA patients,
OST in 4% of the RA and 5% of the SpA patients, DM in 9% of the RA and
8% of the SpA patients and cncer/history of cancer in 4% of the RA and 40
8% of the SpA patients, 46% of the RA and 41% of the SpA patients had no
comorbidities, 29% of the RA and 26% of the SpA patients had more thantwo 32 30
comorbidities,
CVID: cardovascular discases; AHT: artenal hypertension; AB: bronchial 20
asthma; COPD: chronic obstructive pulmonary disease; ILD: interstitial lung
disease; CRF: chronic renal failure; OST: osteoporosis; DM: diabetes mel-
litus; >2: more than 2 comorbidites. 10
0

SEELOES S e

Fig. 5. Distribution of COVID-19 duration, rate of recov-

ery and COVID-19 symptoms in RA and SpA patients. b CoviD-19 symptoms . RA
COVID-19 duration was in RA patients 14 days and in 90

SpA patients 12 days in median. In both groups, the ma- W= SpA
Jority of the patients (97% SpA . 95% RA) recovered from 80

COVID-19.50% of the RA and 61% of the SpA patients 70

reported fever, 68% of the RA and 57% of the SpA pa-

tients cough, 10% of the RA and 8% of the SpA patients 60

expectoration, 20% of cach group rhinitis, 26% of the RA

and 38% of the SpA patients myalgia (p=0.05), 48% of # 50

the RA and 45% of the SpA patients fatigue, 29% of the 40 —

RA and 38% of the SpA patients headache, 32% of the

RA and 26% of the SpA patients dyspoea, 17% of the 30 2

RA and 5% of the SpA patients vertigo (p=0.003), 3% of 20 - —

cach group sbdominal pain, 10% of each group damrhoea,

4% of the RA and | % of the SpA patients vomiting, 22% 10

of the RA and 13% of the SpA patients loss of appetite 0

(p<0.05), 32% of the RA and 26% of the SpA patients

lossof odour, 33% of the RA and 32% of the SpA patients o\ & P 0 P 2 O & & f( @ &£
loss of taste, 15% of the RA and 18% of the SpA patients \&* \0{0& ‘t‘o‘\\é* *o‘:’-b“ y‘y’ &° ,&Q\Q’ ’&‘& & 4»"": & o*"
other relevant symptoms. In 8% of the RA and SpA pa ®°° 0“0 d‘ooo & & & w < & ¥ ;o‘:\OQ .°..A\
tients no COVID- 19 related symptoms occurred. & § o‘(‘ o \& O
¥ ¢ ? &
cific pathophysiology of the disease. Fig. 6. Distribution of COVID-19 courses COVID-19 course
We did not find any relevant differences " RAand SpA patients. 40- - RA
in the frequency of COVID-19-related 305 of the RA and 16% of the SpA pa-
in the frequency - tients needed 1o be hospitalised (p=0.011), == SpA
mortality. 18% of the RA and 10% of the SpA pa-  ggf ===
tients were treated with oxygen non-inva-
Key messages sively and invasively. 8% of the RA and
. R i ante Ware freata s ofte 3% of the SpA patients needed an IV. In - 204
A patients were .lrcalcd more often g of the RA and 3% of the SpA cases
with glucocorticoids deadly courses were reported.
* SpA patients received more fre- HOSP: hospitalisation; oxygen: oxygen 10+
quemly bDMARDsS. especially treatment: IV: invasive ventilation
TNF-inhibitors 0~

The number of patients, who did
not develop any COVID-19 related
symptoms after infection, was simi-
lar in both groups

SpA patients show a lower hospi-
talisation rate (16% vs. 30% RA pa-
tients), but COVID-19 affected SpA
patients do not differ significantly in
mortality
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Schlittenhardt, Daniel; Baumann,
Christine; Ozden, Filiz; Rosel, Maike;
Detert, Jacqueline; Braunisch, Mat-
thias; Demtroder, Frank; Niivemann,
Dieter; Steinmiiller, Mirko; Hornig, Jo-
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ABSTRACT

Objective To investigate baseline use of biologic or
targeted synthetic (b/ts) disease-modifying antirheumatic
drugs (OMARDs) and COVID-19 outcomes in rheumatoid
arthritis (RA).

Methods We analysed the COVID-19 Global
Rheumatol ogy Alliance physician registry (from 24 March
2020 to 12 April 2021). We investigated b/tsDMARD

use for RA at the clinical onset of COVID-19 (baseline):
abatacept (ABA), rituximab (RTX), Janus kinase inhibitors
(JAKI), interleukin 6 inhibitors (IL-6i) or tumour necrosis
factor inhibitors (TNFj, reference group). The ordinal
COVID-19 severity outcome was (1) no hospitalisation,
(2) hospitalisation without oxygen, (3) hospitalisation
with oxygen/ventilation or (4) death. We used ordinal
logistic regression to estimate the OR (odds of being one
level higher on the ordinal outcome) for each drug class
compared with TNFj, adjusting for potential baseline
confounders.

Results Of 2869 people with RA (mean age 56.7 years,
80.8% female) on b/tsDMARD at the onset of COVID-19,
there were 237 on ABA, 364 on RTX, 317 on IL-6i, 563
on JAKi and 1388 on TNFi. Overall, 613 (21%) were
hospitalised and 157 (5.5%) died. RTX (OR 4.15, 95% Cl
3.16 to 5.44) and JAKi (OR 2.06, 95% C11.60 to 2.65)

36

40

,* Elena Nikiphorou @ ,*

46,47
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were each associated with worse COVID-19 severity
compared with TNFi. There were no associations between
ABA or IL6i and COVID-19 severity.

Conclusions People with RA treated with RTX or

JAK had worse COVID-19 severity than those on TNFi.
The strong association of RTX and JAKi use with poor
COVID-19 outcomes highlights prioritisation of risk
mitigation strategies for these people.

INTRODUCTION

The ongoing COVID-19 pandemic has had a signif-
icant impact on people with rheumatoid arthritis
(RA), many of whom are treated with biologic or
targeted  synthetic  disease-modifying antirheu-
matic drugs (b/tsDMARDs)." While b/tsDMARDs
are important for controlling RA disease activity,
their influence on COVID-19 outcomes in people
with RA remains unclear. This uncertainty has led
to anxiety, social isoladon due to shielding prac-
tices and b/tsDMARD discontinuation, which may
contribute to RA flares.”™ Addressing the knowl-
edge gaps around the influence of b/tsDMARDs on
COVID-19 outcomes is a priority for people with
RA and their providers.
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Key messages

What is already known about this subject?

» A previous international registry study of the COVID-19
Global Rheumatology Alliance (C19-GRA) suggested that
people with systemic rheumatic diseases on biologic or
targeted synthetic (b/ts) disease-modifying antirheumatic
drugs (DOMARDs) had lower odds of hospitalisation than
thosg not using DMARDs.

» Previous studies reported that people with systemic
rheumatic diseases using rituximab had higher odds of
COVID-19-related mortality than those using altemative
DMARDs such as methotrexate.

What does this study add?

» Using the C19-GRA, we analysed people with rheumatoid
arthritis (RA) using b/tsDMARD (to limit the potential for
confounding) at the time of COVID-19 onset and investigated
an ordinal outcome that encompassed a range of COVID-19
outcomes.

» People with RA using rituximab or Janus kinase (JAK)
inhibitors at COVID-19 onset were more likely to experience
poor COVID-19 outcomes, ranging from hospitalisation
to death, compared with use of tumour necrosis factor
inhibitors.

How might this impact on clinical practice or future

developments?

» People using rituximab or JAK inhibitors for RA are more
likely to experience poor COVID-19 outcomes and should be
prioritised for risk mitigation strategies.

The impact of b/tsDMARDs on COVID-19 outcomes is of
particular interest since some of these medications, such as tocili-
zumab and baricitinib, have been studied as repurposed weat-
ments for COVID-19. Some evidence suggests that baseline use
of certain bjtsDMARDs, like tumour necrosis factor inhibitors
(TNFi), for inflammatory disorders may be associated with less
severe COVID-19 outcomes.” In addition, among patients with
COVID-19, treatment with interleukin 6 inhibitors (IL-61) and
baricitinib led to improved outcomes in some clinical trials.*”
However, there are also concerns that baseline use of certain b/
tsDMARDSs, such as rituximab or abatacept, may be associated
with worse COVID-19 outcomes due to impaired viral immune
defences. "

Due to sample size limitations, previous studies of b/tsDMARD
use and COVID-19 outcomes have combined heterogeneous
rheumatic diseases and medications and/or investigated a single
outcome, such as hospitalisation.j 2 Therefore, we used the
COVID-19 Global Rheumatology Alliance (C19-GRA) physi-
cian registry to evaluate the associations of different classes of
b/sDMARDs with a range of COVID-19 outcomes in people
with RA.

METHODS

Data source and study sample assembly

People with rheumatic disease and COVID-19 from the C19-
GRA registry and the European Alliance of Associations for
Rheumatology (EULAR) COVID-19 database were included in
the analyses. We included cases entered between 24 March 2020
and 12 April 2021. The C19-GRA and EULAR databases include
people with rheumatic diseases diagnosed with COVID-19, as

reported by rheumatology providers via two international data
entry portals. The detils of these registries have been previously
reported.’ '*'7 We analysed people with RA on b/sDMARD at
the time of COVID-19 clinical onset. As of 12 April 2021, a total
of 15 127 people with rheumatic diseases and COVID-19 have
been reported. We included people with RA who were taking one
of the following medication classes: Cytotoxic T lymphocyte-
associated antigen immunoglobulin (CTLA4-Ig: abatacept), anti-
CD20 (rituximab), IL-6i (tocilizumab, sarilumab), Janus kinase
inhibitors (JAKi: tofacitinib, baricitinib or upadacitinib) or
TNFi (infliximab, etanercept, adalimumab, certolizumab pegol
and golimumab). The drug class of b/tsDMARD was collected,
rather than individual drugs. We did not include IL-1 inhibitors
since these were infrequently used for RA. Prior studies using the
C19-GRA and EULAR databases have included some patients
also reported in this study, but the analyses included in this study
and observations reported are novel. In additon, follow-up for
this study is more current than previous publications using these
data.

Data quality was assessed by the University of California, San
Francisco and the University of Manchester, UK, which both
confirmed that there were no duplicates in the data entries.

Baseline b/tsDMARD exposures

The exposure of interest was baseline use of a b/tsDMARD
at the time of COVID-19 clinical onset. As in previous C19-
GRA investigations, we included confirmed and presumptive
cases of COVID-19.” "™ We limited this analysis to users of
abatacept, rituximab, IL-6i, JAKi or TNFi to limit the cohort to
people with similar RA disease severity and minimise the impact
of confounding by indication. We included b/tsDMARD users
regardless of whether they also used a conventional synthetic
(cs) DMARD or glucocorticoids, but did not include people on
c¢sDMARDs (eg, hydroxychloroquine, methotrexate, sulfasala-
zine, leflunomide) monotherapy, as monotherapy may indicate
less severe RA or be due to care access barriers or socioeconomic
factors. TNFi users were the reference group since TNFis are
the most frequently used b/tsDMARD in RA. People with RA
who were reported to be on more than one b/tsDMARD were
excluded from the analysis.

COVID-19 outcomes

The primary outcome of interest was a mutually exclusive
ordinal COVID-19 severity outcome: (1) no hospitalisation, (2)
hospitalisation with no oxygenation, (3) hospitalisadon with any
oxygenation or mechanical ventiladon, and (4) death. We chose
this primary outcome to estimate the association of b/tsDMARD
exposure with general odds of worse COVID-19 severity rather
than a single outcome. A similar outcome was developed by the
WHO to capture the spectrum of disease and is used in clin-
ical trials evaluaing COVID-19 therapeutics.”® If a patient met
multiple levels of the outcome, they were only included at the
highest level. At the time of analysis, all patients were required
to have a resolved clinical course.

Covariates

Details regarding demographics, including age, race/ethnicity
and continent, and patient characteristics, including obesity,
smoking, comorbidities (intersttial lung disease (ILD), history
of cancer, hypertension, cardiovascular disease, chronic kidney
disease/end-stage kidney disease, diabetes, non-ILD pulmonary
disease), RA disease activity (as judged by the reporting physi-
cian), glucocorticoid dose for RA at the time of COVID-19 onset
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and use of concomitant csDMARD (methotrexate, sulfasalazine,
hydroxychloroquine), were by physician report. For glucocort-
coid dose, the amount of prednisone-equivalent glucocorticoid
prescribed was treated as a categorical variable (none, >0-5 mg/
day, 6-9 mg/day and =10 mg/day). Hypertension and cardio-
vascular disease were collapsed as a single comorbidity due to
collinearity.

Statistical analysis

We reported baseline characteristics and outcomes across the
exposure categories of baseline b/tsDMARD use with descriptve
statistics.

Ordinal logistic regression models were used to assess the
association between each b/tsDMARD compared with TNFi use
and the severity of COVID-19 on an ordinal scale in unadjusted
and multvariable analyses to estimate ORs and 95% Cls. The
effect size of the ordinal outcome can be interpreted as the odds
of being one level higher on the ordinal COVID-19 severity scale
than the reference group. We assessed the proportional odds
assumption for the ordinal regression model using the Brant
test."” Models in which the proportional odds assumption was
not met were refitted using the partial proportional odds model
which relaxes the assumption of proportionality for offending
predictors.”’ We considered potential confounders known to be
associated with either b/sDMARD use or COVID-19 severity.
Covariates included in multivariable models included sociode-
mographic features (age, sex), obesity, smoking status (ever vs
never), concomitant csDMARD use (methotrexate, hydroxy-
chloroquine, sulfasalazine, or leflunomide), categorical gluco-
corticoid use/dose, categorical comorbidity count (0, 1, 2 of the
following: chronic kidney insufficiency/end-stage kidney disease,
diabetes, non-ILD pulmonary disease), other key comorbidities
as individual variables (hypertension/cardiovascular disease, ILD
and cancer), disease activity (moderate/high vs remission/low),
continent (Europe, North America, South America, other) and
calendar time (January-15 June 2020 vs 16 June 2020-12 April
2021)." These time periods were selected based on the initial
publication of the RECOVERY trial, which reported a survival
benefit associated with dexamethasone and influenced subse-
quent practice.”” We assumed that missing data were ‘missing at
random’. We then performed multiple imputadon five times to
get pooled estimates to impute missing values for disease activity,
race/ethnicity, glucocorticoid dose, smoking, hypertension/
cardiovascular disease and comorbidity count. After imputation,
we compared the distribution of imputed values with the distri-
bution of variables before imputation to confirm that distribu-
tions were similar before and after imputaton.

To confirm the robusmess of our findings, we performed
several sensitivity analyses. First, we excluded patients with ILD
or cancer from the analysis since rituximab is commonly used in
these patients, who may also be susceptible to poor COVID-19
outcomes. Second, given data showing a strong association
between race/ethnicity and COVID-19 outcomes in the USA,
we performed an analysis adjusting for this variable among US
patients in the registry. The race/ethnicity variable was cate-
gorised as white, black, Hispanic, Asian or other/mixed race.
However, for the model with IL-6i, there were few outcomes
within the race/ethnicity variable so we were unable to perform
the model. Third, we used propensity score matching to further
address potential confounding by indication. We estimated
propensity scores for b/tsDMARD use based on age, sex, obesity,
smoking, concomitant csDMARDs, glucocorticoid use/dose,
number of comorbidites, disease activity, region and calendar

tdme. Covariate balance between each b/tsDMARD drug class
and TNFi was assessed using Love plots (online supplemental
figures 1-4), which showed that most of the covariates were
matched with an absolute standardised mean difference less
than 0.1, denoting sufficient matching performance.” Ordinal
logistic regression was then performed after matching. Fourth,
we repeated our primary analysis after excluding patients with
a presumptive diagnosis of COVID-19. Presumptive cases were
those that lacked one of the following: positive PCR or antigen
test for SARS-CoV-2 or typical chest imaging findings. Fifth,
we repeated the analysis but stratified by calendar time (before
or after 15 June 2020 when RECOVERY trial’s results were
announced) and by continent (North America or Europe) in case
calendar time and geography may have influenced the results.
Sixth, we used a revised version of the ordinal COVID-19
severity outcome that considered mechanical ventlation as its
own category.

We then repeated our primary analyses using dichotomised
outcomes rather than the ordinal COVID-19 severity scale to
investigate whether there were particular outcomes driving the
associations we observed. For example, we investigated whether
cach b/tsDMARD was associated with hospitalisation (yes/no)
compared with TNFi use.

We used the Brant test to assess whether the observed devi-
ations from the ordinal logistic regression are larger than
what could be arttributed to chance alone. If the p values
are greater than the alpha level of 0.05, then the covari-
ates satisfy the proportional odds assumption. This assump-
tion states that the estimate between each pair of outcomes
across the response levels regardless of the partition that
we consider. For abatacept and JAKis, both age and gluco-
corticoid dose violated the assumption, and for IL-6is and
rituximab, age, gender and glucocorticoid dose violated the
assumption. In order to address the lack of proportionality
for these covariates, partial proportional odds models were
run to relax this assumption for the respective covariates
for each medication category (online supplemental table 1).
We found that the estimates were similar when comparing
the proportional odds models and the non-proportional
odds model, so we reported the model without relaxing the
assumption.

Results were considered statistically significant at two-sided
p<0.05. Analyses were conducted in R V.4.0.2.

RESULTS

Study sample and baseline characteristics

From a total of 6132 RA cases reported to the registry, we
identified 2869 who were on abatacept (n=237), rituximab
(n=364), IL-6i (n=317), JAKi (n=563) or TNFi (n=1388)
at the time of clinical COVID-19 onset. The baseline clinical
characteristics are shown in table 1. The sample was predom-
inantly female (80.8%) and the mean age was 56.7 years (SD
13.4). Most patients were from Europe (51.8%) and North
America (35.0%). Overall, 354 (12.3%) were obese, 582
(20.3%) were ever smokers, 810 (28.2%) were on glucocor-
ticoids, 1409 (49.1%) were on concomitant csDMARDs, and
510 (17.8%) had moderate/high RA disease activity. Among b/
tsDMARD users, rituximab users were more likely than TNFi
users to have ILD (11.0% vs 1.4%) or a history of cancer (7.4%
vs 0.9%); JAKi users were slightly more likely than TNFi users
to be obese (15.1% vs 10.3%).
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Table 1 Baseline characteristics according to use of biologic or targeted synthetic disease-modifying antirheumatic drugs for rheumatoid arthritis
at the time of COVID-19 onset

Overall Abatacept Rituximab IL-6 inh bitors JAK inhbitors TNF inhibitors
N=2869 n=237 n=364 n=317 n=563 n=1388
Demographics
Mean age (years), SD 56.7 (13.4) 61.4(14.0) 58.0(129) 56.4(12.0) 58.0(12.3) 55.2(14.0)
Femalk 2316 (808) 188 (19.3) 299 (82.1) 257(81.3) 470 (83.5) 102 (794)
Racefethnicty
White 1670 (69.0) 781(69.5) 187 (64.5) 169 (67.9) 360 (73.2) 829(69.3)
Black 13047 5(3.2) 14(4.8) 11 (a4) 22 (4.5) 60 (5.0)
Hispanic 472 (19.5) 32(20.8) 66(22.8) 46 (185) 79(16.1) 233(19.5)
East Asian 81(3.3) 8(5.2) 10(3.4) 12 (48 102.0) 37030
Other 85(3.3) 2(1.3) 13(4.5) 11 (44) 21(4.3) 38(32)
Continent
Europe 1485 (518 103 (43.5) 218 (599) 183 (57.7) 283 (50.3) 699 (50.4)
North America 1005 (35.0) 105 (443) 111(305) 83(26.2) 208 (36.9) 498(35.9)
South America 276 (96) 20(8.4) 23(6.3) 33 (104) 55 9.8 145 (10.4)
Other 302 (105) 9(3.8) 12(33) 18(57) 17(3.0) 46 (3.3)
Comorbidity count*
0 1494 (52.1) 13 (47.7) 161 (442) 161 (50.8) 270 (48.0) 789 (56.8)
1 837 (292) 70(29.5) 19(32.7) 99(312) 176 (31.3) 373(26.9)
2 538 (188 54(22.8 8423.1) 57 (180) 17208 226(16.3)
Individual comorbidities
Hypertension 983 (343) 91(38.4) 121(332) 108(34.1) 221(39.3) 442(31.8)
Cardiovascular disease 247 (86) 29(12.2) 36 9.9 32 (10.4) 519.1) 9 (7.1)
Diabetes 356 (12.5) 30(12.8) 54 (14.9) 43(136) 74(132) 155(11.3)
Chronic kidney disease 98 (3.4) 11(4.7) 11(3.0) 14(44) 22(3.9) 40 (2.9)
Lung diseaset 432 (152) a1 (17.4) 87 (24.0) 44 (139) 92 (16.4) 168(12.3)
Interstitial lung disease 103 (36) 15(6.3) 40 (11.0) 15 (47) 13(2.3) 20 (1.4)
Cancer 40 (15) 5@2.5) 27 (1.4) 6Q2) 5(1.0) 11 (09)
Obesty 3%4023) 31(131) 52 (14.3) 43(136) 85(15.1) 143(10.3)
Smoking status
Ever 582 203) 104 (439) 70(19.2) 57 (180) 9 (17.6) 300(21.6)
Never 1369 (47.7) 56(23.6) 142 (39.0) 152(47.9) 262 (46.5) 694(50.)
Missing 918 320) 77(32.5) 137 376) 107(33.8 202 (359) 394(28.4)
Concomitant RA medications
Any conventional syntheticDMARD 1409 (49.1) 118 (49.8) 194 533) 102(32.2) 228 (405) 767 (55.3)
Methotrexate 188 (11.4) 92 (38.8) 146 (40.1) 91 287 188 (334) 671(48.3)
Sulfasalazine 136 @.7) 9(3.8) 26(71) 8Q.5) 18(3.2) 75 (54)
Hydroxyehloroquine 260 B.1) 25(10.5) 58 (15.9) 18 (5.7 43 (7.6) 16(8.4)
Leflunomide 176 (105) 26(11.0) 49 (13.5) 20(6.3) 29(5.2) 17(8.4)
Glucocorticoid dose, median (IQR) 5.0(4.0-6.0) 5.0 (4.0-5.5) 5.0(5.0-7.5) 50 (4.5-7.0) 5.0 (3.0-5.0) 5.0 (5.0-7.0)
Categorial glucocorticold use/dose
No gluco corticoid use 1756 (612) 120 (56.9) 186 (51.1) 173(54.6) 320 (635) 957(76.1)
Glucocorticoid >0-5 mgtay 600 (20.9) 68(32.2) 93 (255) 69 (21.8) 149 (29.6) 221(17.6)
prednisone equivalent
Glucocorticoid 6-9 myg/day prednisone 68 (2.4) 8(3.8) 10(2.7) 15(4.7) 12(2.4) 23(1.8)
equivalent
Glucocorticoid =10 mg/day prednisone 142 {4.9) 15(7.1) 28(7.7) 19(6.0) 23(4.6) 57 (45)
equivalent
Mising 303 (106) 26(11.0) 47 (129) (129 59(10.5) 130(8.9)
RA disease activity by global physican assessment
Remission or low 1949 (679) 147 (742) 226(76.1) 198 (77.3) 388 (78.7) 990 (81.5)
Moderate or high 510(17.8) 51(25.8) 7 239) 58 (22.7) 105 (21.3) 225(18.5)
Missing 410(14.3) 39(16.5) 67 (18.4) 61(19.2) 70(12.4) 173(125)
Confirmed COVID-19 2333 (813) 201 (848 304 (83.5) 244 (77.0) 475 (844) 1108 (79.9)

n (%) presented unless otherwise specified.

*Como ity cunt included dichetes, lung dseaseand chronk kidney disease,

tinterstitial lung disease, chronk cbstructive pulmonary disease, asthma orother lung disease.

DMARDs, disease -modifying antirhe umatic drugs; IL-6, interl eukin 6; JAK, Janus kinase; RA, rheunatoid arthritis; TNF, tumour necrosis factor.

COVID-19 outcomes 319 (11.1%) were hospitalised with any oxygen or ventila-
Outcomes according to the COVID-19 severity scale are shown tion requirement, and 157 (5.5%) died. Among rituximab
in table 2. The majority of patients (78.6%) were not hospi- users, 80 (22.0%) required hospitalisation with any oxygen or

talised, 137 (4.8%) were hospitalised without oxygenation, ventilation and 54 (14.8%) died compared with 103 (7.4%)
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Table 2 Frequencies and proportions of outcomes in the ordinal COVID-19 severity scale according to baseline use of biologic or targeted
synthetic disease-modifying antirheumatic drug for patients with rheumatoid arthritis at the time of COVID-19 onset (N=2869)

Overall Abatacept Rituximab IL-6 inh bitors JAK inhibitors TNF nhibitors
N=2869 n=237 n=364 n=317 n=563 n=1388
COVID-19 severity scale n (%) n (%) n (%) n (%) n (%) n (%)
Not hospitalised 2256 (78.6) 181(76.4) 210(57.7) 271 85.5) 409 (72.6) 1185 (85.4)
Hogpitalised without oxygenation 137 4 8) 12.(5.1) 20(5.5) 13 (41) 28 (5.0) 64 (45)
Hospitalised with any oxygen or 319 (11.1) 26 (11.0) 80 22.0) 24 (7.6) 86 (15.3) 103 (74)
ventilation
Death 15765 18 (76) 54 (148 928 40 (7.1) 36 26)

1L:6, interleukin 6; IAK, Janus kinase; TNF tumour necrosk factor.

and 36 (2.6%) TNFi users, respectively. Among JAKi users,
86 (15.3%) were hospitalised with oxygen/ventilation and 40
(7.19%) died. Only 9 (2.8%) patients on baseline IL-6i died.

Associations of b/tsDMARDs with COVID-19 severity

The muldvariable ordinal logistic regression model is shown in
table 3. Compared with TNFi users, rituximab users had 4.15
(95% CI 3.40 to 3.80) greater odds of worse COVID-19 severity
as compared with patients taking TNFi, while JAKi users had
2.06 (95% CI 1.60 to 2.65) greater odds of worse COVID-19
severity. No significant associations were found with respect to
abatacept or IL-6i compared with TNFi in the primary analysis.

Sensitivity analyses
Sensidvity analyses of the drug class comparisons are shown in
table 3. After excluding patients with ILD or cancer, the associ-
ation between rituximab with poor COVID-19 outcomes when
compared with TNFi use remained strong (OR 4.34, 95% CI
3.23 to 5.82). Among patients with RA in the USA, results were
also similar when additionally adjusting for race/ethnicity. We
also performed a propensity score-matched analysis instead
of multivariable ordinal logistic regression. The sample for
each propensity score-matched analysis is illustrated in online
supplemental figure 5. Rituximab users (OR 3.36, 95% CI 2.11
to 5.34) and JAKi users (OR 1.56, 95% CI 1.01 to 2.42) had
increased COVID-19 severity compared with TNFi users in this
analysis. In the propensity score-matched analysis, abatacept had
an OR of 1.60 (95% CI 1.02 to 2.51) for the ordinal COVID-19
severity outcome compared with TNFi. IL-6i use was not associ-
ated with COVID-19 severity in any of the analyses. Brant tests
indicated that the proportional odds assumpton did not hold
for propensity score models; therefore, partial proportional
odds models were used and confirmed that the effect estimates
remained consistent (data not shown).

When stratified by calendar time (before or after 15 June
2020) and restricted to Europe or North America, the results
were similar (online supplemental table 2).

Individual COVID-19 outcomes

We also performed analyses for each binary level of the
COVID-19 severity scale (table 4). Rituximab and JAKi use
were each associated with increased odds for each COVID-19
outcome compared with TNFi use. For example, rituximab use
had increased odds for hospitalisation (OR 4.53, 95% CI 3.32 to
6.18) as well as death (OR 4.57, 95% CI 3.32 to 9.01) compared
with TNFi use. JAKi use was associated with all outcomes consid-
ered, including hospitalisation requiring any oxygen or ventila-
tion or death (OR 1.55, 95% CI 1.04 to 2.18) and death (OR
2.04, 95% CI 1.58 to 2.65) compared with TNFi. In these anal-
yses, there were no statistically significant associations between

abatacept or IL-61 use and the dichotomised outcomes when
compared with TNFi use.

We considered a revised version of the ordinal outcome that
included mechanical ventilation as a separate level. There were
relatively few padents who survived after requiring mechanical
ventilation (online supplemental table 2). Results were similar
using this revised ordinal outcome (online supplemental tables
3 and 4).

DISCUSSION

Among patients with RA on b/tsDMARDs at the onset of
COVID-19, rituximab and JAKi users were at increased odds
for worse COVID-19 outcomes compared with TNFi users. In
contrast, we did not find an associaton between abatacept or
IL-6i use with worse COVID-19 outcomes when compared with
TNFi users. These observations can inform decision making for
providers and patients during the ongoing COVID-19 pandemic.
Given the association between rituximab and JAKi use with poor
outcomes, vaccination and public health measures such as mask
wearing and social distancing for COVID-19 risk mitigation
remain paramount. In addition, other specific interventions (eg,
monoclonal antibody treatment) might be considered in these
patients with COVID-19 exposure or early infection.”

Our observations, which use the largest sample of individuals
with RA and COVID-19 assembled to date, regarding ritux-
imab exposure confirm findings from prior studies suggesting
an association between baseline use of B cell depleting thera-
pies and worse COVID-19 outcomes in people with rheumatic
diseases'* > ** and multiple sclerosis.”” We also expand on prior
observations using the C19-GRA and EULAR databases by eval-
uating the association of rituximab with COVID-19 severity
rather than only mortality and by using an alternative reference
group (TNFi rather than methotrexate) and performing propen-
sity score analyses to further address confounding by indication.
By focusing on a single disease, we also were able to identify
a novel association of JAKis with COVID-19 severity. Mecha-
nistically, the impact of B cell depletion on antibody produc-
tion would be expected to impair the immune system’s normal
response to a viral infection. Indeed, the antibody response to
COVID-19 is critical for controlling the initial infection and
preventing reinfection.”® We lacked details regarding the timing
of rituximab exposure in relation to the COVID-19 infection or
the duration of B cell depletion at the time of infection, which
may be particularly relevant when considering the risk of a poor
outcome following rituximab exposure. It is also possible that
glucocorticoids given as a premedication to rituximab infusions
may have contributed to the increased risk of poor COVID-19
outcomes in patients with RA on rituximab. While the results
were robust to several sensitivity analyses, it is possible that the
result could be confounded by factors such as unrecognised ILD.
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Our findings are of particular interest given recent clinical
trials and observational studies suggesting that 1L-6i"" *** and
JAKi® may improve outcomes for patients in the general popula-
tion with COVID-19. We found no association of baseline 1L-6i
use in RA with COVID-19 severity compared with TNFi use.
In contrast, while baricitinib treatment may have some benefit
on time to recovery for patients with more severe COVID-
19,” we observed worse outcomes associated with baseline use
of JAKi. This was also suggested in a recent population-based
study investigating RA and other inflammatory joint diseases
in Sweden.” Glucocorticoids are known to have benefits when
initiated for moderate-to-severe COVID-19, but are also associ-
ated with worse outcomes among those on baseline glucocort-
coids at the time of infection,’ '* although this may be explained
by residual disease activity.” Therefore, the iming of JAKi use
relative to the COVID-19 disease course may explain our find-
ings. Similar to glucocorticoids, baseline use of JAKi at the time
of SARS-CoV-2 infection may enhance viral reproduction and
dampen a healthy immune response, while JAKi initiation at
clinical deterioraton may dampen an aberrant systemic inflam-
matory response. Alternatively, there may be relevant differences
in COVID-19 outcomes depending on the type of JAKi used
given that JAKis like tofacitinib, baricitinib and upadacitinib
target different Janus kinases. We were unable to perform anal-
yses of each individual JAKi since these were collected as a class.
While the primary analysis found no association of abatacept
with COVID-19 severity, there was a statistical association in the
propensity score-matched analysis. Further research is needed
on the safety of abatacept for infection risk and severity since
its mechanism of action may impair adaptive immune response.

Our study has a number of strengths, including the interna-
tional nature of the registry and the large sample size. Addi-
tionally, we used an active comparator (TNFi), which was
also a b/tsDMARD in a single rheumatic discase, as well as
two different modelling approaches (multivariable logistic
regression and propensity score matching) among other sensi-
tivity analyses to account for confounding by indication and
to confirm the robustness of our findings. Our observations
expand on prior general population and RA cohort studies
that identified older age, greater comorbidity burden and
other factors associated with worse COVID-19 and must also
be considered when assessing an individual’s risk.

Our study also has certain limitations. First, the Global
Rheumatology Alliance and EULAR registries are voluntary
and require a provider to submit the details of a case, perhaps
biasing our sample towards more severe cases. As such, the
proportion of events reported across exposure groups may be
an overestimate of that observed among all patients with RA in
real-world practice and should be interpreted in that context.
However, the effect size estimates do have clinical interpreta-
tion in potentially identifying patients with RA who could be
susceptible to poor COVID-19 outcomes. While we designed
the study to limit the potential impact of selection bias and
confounding by indication by examining advanced therapies in
a single rheumatic disease, itis possible that selective reporting
could have varied across different b/tsDMARD classes as the
exposure of interest. This potential bias may have caused an
upward deflection in the effect size estimate if more severe
cases of a particular b/tsDMARD class were systematically
reported compared with others, and this could contribute to
the findings that we report. We further mitigated this possi-
bility by adjusting for differences in concomitant medication
use, disease activity and comorbidities, as well as performing
an analysis removing patients with ILD or cancer. Our findings

remained when we excluded presumptive cases of COVID-
19. Second, although we were able to adjust for a number of
potential confounders of our observed associations, there is
the potential for residual unmeasured confounding. Analysing
only patients on b/tsDMARD may have helped minimise some
unmeasured confounding related to access to care since all
analysed patients with RA were able to receive these targeted
medications. In addition, the consistent results observed in
sensitivity analyses excluding patients with ILD or cancer who
may be more likely to receive rituximab support the robust-
ness of our results. However, we did not have data available
on RA duration or previous RA medications (eg, previous
TNFi use in patients on other classes of b/tsDMARDs), which
may have affected the results. Medications were collected
by DMARD class, so we were unable to compare individual
medications within the same class. However, the goal of the
study was to compare different biologic mechanisms of action
for COVID-19 severity. Additionally, it is also possible that
TNFi use may protect against severe COVID-19 outcomes.
Thus, these results should be interpreted cautiously and addi-
tional studies are needed to confirm our observed associations.
Third, while we leveraged the largest cohort of patients with
rheumatic disease with COVID-19, a somewhat small number
of outcomes of interest occurred in some subgroups, which
may have limited our power to detect significant differences
among abatacept users, in particular. In addition, we were
unable to investigate individual JAKi or TNFi. Finally, we did
not examine medication changes after COVID-19 onset since
this occurred after baseline and may have mediated the rela-
tionship we report. Most of the drugs have lengthy biologic
effects (especially rituximab), while JAKis have short half-
lives. Some clinicians may have chosen to continue IL-6is after
COVID-19 onset, as suggested by the American College of
Rheumatology.’* Future studies are needed to investigate the
association of medication changes with COVID-19 outcomes.

In conclusion, use of rituximab or JAKi, but not abatacept
or IL-61, at the time of COVID-19 infection was associated
with worse COVID-19 outcomes compared with TNFi among
patients with RA. Additional studies are warranted to confirm
these observations. Strategies are needed to improve outcomes
following COVID-19 RA on rituximab or JAKis.
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3.6 Die Rolle der Tumor-Nekrose-Faktor-Blockade bei
immunvermittelten-entziindlichen Erkrankungen im Kontext von
SARS-CoV-2
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*geteilte Erstautorenschaft

Zusammenfassung:

TNF-Hemmer werden nicht nur bei entzindlich-rheumatischen Erkrankungen eingesetzt
sondern auch bei chronisch-entziindlichen Darmerkrankungen und der Psoriasis 2*4?%. Zwar
sind TNF-Hemmer insgesamt mit einer héheren Infektneigung assoziiert '°®, im Kontext von
COVID-19 war bislang jedoch kein schwerer Verlauf unter dieser Therapie zu beobachten. Da
in der ersten groRen Auswertung des globalen Registers sogar eine Reduktion der schweren

6 stellte sich somit die

COVID-19-Verlaufe unter TNF-Hemmern gezeigt werden konnte 2°
Frage, ob TNF-Hemmer im Kontext von COVID-19 protektiv wirken kdnnten. In einer weiteren

Studie wurden von Februar bis April 2020 bei 213 Patientinnen mit immunvermittelten
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Erkrankungen in 36% der Falle eine SARS-CoV-2-Infektion nachgewiesen 2. Im Vergleich zur
Allgemeinbevdlkerung wiesen diese Patientlnnen keine vermehrte Assoziation einer COVID-
19-bedingten Hospitalisierung oder Notwendigkeit einer Beatmung auf. Unter der Therapie mit
TNF-Hemmern konnte zudem eine reduzierte Assoziation der COVID-19-bedingten

Hospitalisierung nachgewiesen werden 2°.

Aus diesem Grund wurden Daten aus dem globalen Register fir entziindlich-rheumatische
Erkrankungen, Daten aus dem Register fur chronisch-entziindliche Darmerkrankungen
(Secure Epidemiology of Coronavirus Under Research Exclusion for Inflammatory Bowel
Disease (SECURE-IBD)) und Daten aus dem Register flir Psoriasis (Psoriasis Patient Registry
for Outcomes, Therapy and Epidemiology of COVID-19 Infection (PsoProtect)) gemeinsam
analysiert (Originalarbeit 717). Insgesamt wurden 6077 Patientinnen mit der Diagnose einer
inflammatorischen Arthritis, einer chronisch-entziindlichen Darmerkrankung oder Psoriasis
aus 77 Landern ausgewertet. Es flossen Daten in die Auswertung ein, die bis zum 01. Februar

2021 erfasst wurden.

Das Alter lag im Durchschnitt bei 49 Jahren und 59% der Patientinnen waren weiblich. In 35%
der Falle litten die Patientinnen an einer rheumatoiden Arthritis, gefolgt von 25% mit einem
Morbus Crohn. Die Rate der COVID-19-assoziierten Hospitalisierung lag bei 25% und die
Letalitatsrate betrug 3,1%. In der gepoolten Analyse war die Therapie mit TNF-Hemmern in
Kombination mit Azathioprin/Mercaptopurin im Vergleich zur Monotherapie mit TNF-Hemmern
haufiger mit schweren Verlaufen assoziiert (OR 1,7; 95% CI 1,2 — 2,6; p=0,006). Auch der
Einsatz von Azathioprin/Mercaptopurin als Monotherapie (OR 1,8; 95% CI 1,3-2,6; p=0,001),
Methotrexat-Monotherapie (OR 2,0; 95%CI 1.6 — 2.6; p<0,001) und Januskinase-Inhibitoren in
Monotherapie schnitten schlechter ab. Dagegen zeigte sich kein relevanter Unterschied bei
Personen, die TNF-Hemmer in Kombination mit Methotrexat im Vergleich zur TNF-Hemmern

als Monotherapie erhielten.

Ein ahnliches Bild zeigte sich auch in der Gesamtauswertung des COVID19-Rheuma.de-
Registers (Originalarbeit 12). Wahrend des Untersuchungszeitraums von Marz 2020 bis April
2021 wurden 2274 Patientinnen im Register erfasst. Es wurde eine Ordinalskala fur den
Schweregrad der SARS-CoV-2-Infektion definiert:

1) weder hospitalisiert, noch beatmet oder verstorben

2) hospitalisiert ohne invasive Beatmung und nicht verstorben

3) invasive Beatmung oder verstorben
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Unabhangig von der Diagnose und Therapie der ERE waren weiterhin das Alter, das
mannliche Geschlecht, kardiovaskuldre Begleiterkrankungen, Lungenerkrankungen und
chronische Niereninsuffizienz mit schwerwiegenderen Verlaufen der SARS-CoV-2-Infektion
assoziiert. Die COVID-19-assoziierte Letalitat betrug 3,6%. Erstmalig konnte gezeigt werden,

dass es einen relevanten Unterschied innerhalb der ERE bezlglich des Infektionsverlaufs gab.

In der multivariablen Regressionsanalyse zeigte sich bei Patientinnen mit einer
Psoriasisarthritis eine Assoziation mit milderen Verldufen einer SARS-CoV-2-Infektion im
Vergleich zu Personen mit einer rheumatoiden Arthritis (OR 0,5; 95% Cl 0.3 — 0.7). Da die
Krankheitsaktivitdt mit der Dosierung und Notwendigkeit einer Glukokortikosteroidtherapie
korreliert, wurden diese beiden Parameter fur die weitere Auswertung gemeinsam untersucht.
Patientinnen die eine sehr geringe Entziindungsaktivitdt zum Zeitpunkt der SARS-CoV-2-
Infektion aufwiesen, jedoch mit bis zu 10 mg/Tag Prednisolon therapiert wurden, wiesen einen
schwerwiegenderen Verlauf der SARS-CoV-2-Infektion auf als Patientinnen mit derselben
Krankheitsaktivitat und ohne eine zusatzliche Glukokortikosteroidtherapie (OR 1,6; 95%CI 1,2
— 2,0). Die Assoziation mit dem Schweregrad von COVID-19 nahm weiter schrittweise mit

steigender Krankheitsaktivitat und héheren Glukokortikosteroiddosen zu.

Da Methotrexat mehrheitlich bei ERE (aulRer bei entziindlicher Aktivitdt an der Wirbelsaule)
als Erstlinientherapie eingesetzt wird, wurde fur den Einfluss der Immunmodulation auf den
Verlauf der SARS-CoV-2-Infektion die Methotrexat-Monotherapie als Referenzgruppe
definiert. Die Therapie mit JAKi war hierbei mit einem schwerwiegenderen COVID-19-Verlauf
assoziiert (OR 1,8; 95%CI 1,1 — 2,7), noch deutlicher war das Ergebnis unter Therapie mit
Rituximab (OR 5,4; 95%Cl 3,3 — 8,8). TNF-Hemmer wiesen dagegen eine signifikante
Assoziation mit milderen Verlaufen der SARS-CoV-2-Infektion auf (OR 0,6; 95%CI 0,4 - 0,9).
Immunsuppressiva (Mycophenolat, Azathioprin, Cyclophosphamid und Ciclosporin) waren
ebenfalls mit schwereren COVID-19-Verlaufen assoziiert (OR 2,2; 95%CI 1,3 — 3,9). Dies
bestatigte die Ergebnisse aus der internationalen Auswertung auch mit Gesundheitsdaten aus

Deutschland.
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Abstract

IMPORTANCE Although tumor necrosis factor (TNF) inhibitors are widely prescribed globally
because of their ability to ameliorate shared immune pathways across immune-mediated
inflammatory diseases (IMIDs), theimpact of COVID-19 among individuals with IMIDs who are
receiving TNF inhibitors remains insufficiently understood.

OBJECTIVE To examine the association betweenthe receipt of TNF inhibitor monotherapy and the
risk of COVID-19-associated hospitalization or death compared with other commonly prescribed
immunom odulatory treatment regimens among adult patients with IMIDs.

DESIGN, SETTING, AND PARTICIPANTS This cohort study was a pooled analysis of data from 3
international COVID-19 registries comprising individuals with rheumatic diseases, inflammatory
bowel disease, and psoriasis from March 12, 2020, to February 1, 2021. Clinicians directly reported
COVID-19 outcomes as well as demographic and clinical characteristics of individuals with IMIDs and
confirmed orsuspected COVID-19 using online data entry portals. Adults (age =18 years) with a
diagnosis of inflammatory arthritis, inflammatory bowel disease, or psoriasis were included.

EXPOSURES Treatment exposure categories included TNF inhibitor monotherapy (reference
treatment), TNF inhibitors incombinationwith methotrexate therapy, TNF inhibitors in combination
with azathio prine/6-mercaptopurine therapy, methotrexate monotherapy, azathioprine/6-
mercaptopurine monotherapy, and Janus kinase (Jak) inhibitor monotherapy.

MAIN OUTCOMES AND MEASURES The main outcome was COVID-19-associated hospitalization
or death. Registry-leve analyses and a pooled analysis of data across the 3 registries were conducted
using multilevel multivariable logistic regression models, adjusting for demographicand clinical
characteristics and accounting for country, calendar month, and registry-level correlations.

RESULTS Atotal of 6077 patients from 74 countries were included in the analyses; of those, 3215
individuals (52.9%) were from Europe, 3563 individuals (58.6%) were female, and the mean (SD) age

(continued)
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Abstract (continued)

was 48.8 (16.5) years. The most common IMID diagnoses were rheumatoid arthritis (2146 patients
[35.3%]) and Crohn disease (1537 patients [25.3%)). A total of 1297 patients (21.3%) were
hospitalized, and 189 patients (3.1%) died. In the pooled analysis, compared with patients who
received TNFinhibitor monotherapy, higher odds of hospitalization or death were observed among
those who received a TNF inhibitor in combination with azathioprine/6-mercaptopurine therapy
(odds ratio [OR], 1.74; 95% Cl, 1.17-2.58; P = .006), azathioprine/6-mercaptopurine monotherapy
(OR, 1.84; 95% Cl,1.30-2.61; P =.001), methotrexate monotherapy (OR, 2.00; 95% Cl, 1.57-2.56;

P < .001), and Jak inhibitor monotherapy (OR, 1.82; 95% Cl, 1.21-2.73; P = 004) but not among those
who received a TNFinhibitor in combination with methotrexate therapy (OR, 1.18; 95% Cl, 0.85-1.63;
P=.33).Similar findings were obtained in analyses that accounted for potential reporting bias and
sensitivity analyses that excluded patients with a COVID-19 diagnosis based on symptoms alkne.

CONCLUSIONS AND RELEVANCE In this cohort study, TNF inhibitor monotherapy was associated
with alower risk of adverse COVID-19 outcomes compared with other commonly prescribed
immunomodulatory treatment regimens among individuals with IMIDs.

JAMA Network Open. 20 21:4(10):62129639.d0i:10 1001 famanetworkopen 202129639

Introduction

Patients with COVID-19, caused by SARS-CoV-2, can have mild symptoms or experience a severe
and/or life-threatening infection.' Comorbidities, such as lung disease, diabetes, and obesity, increase
the risk of adverse COVID-19 outcomes.? Any benefits of treatments forimmune-mediated
inflammatory diseases (IMIDs) for COVID19 outcomes remain a topic of interest. These treatments
impact the immune system and are associated with a higher risk of infections overall * This
association raises concern aboutimpaired immune response to SARS-CoV-2 among patients
currently receiving treatment for IMIDs. However, many damaging consequences of SARS-CoV-2
infection are produced by a hyperinflammatory response.* Therefore, treatments that target an
overactive immune response may have protective benefits against adverse COVID-19 outcomes.™*

Tumor necrosis factor (TNF) inhibitors, a class of biologic therapies that target the
proinflammatory cytokine TNF, are first- or second-line treatments for many IMIDs. International
registries of patients with IMIDs have provided initial information regarding COVID-19 outcomes
among individuals who received TNF inhibitor therapies during the pandemic. Ananalysis of data
from the Secure Epidemiology of Coronavirus Under Research Exclusion for Inflammatory Bowel
Disease (SECURE-IBD) registry, which includes patients with inflammatory bowel disease (IBD) who
were diagnosed with COV ID-19, found that prevalent use compared with no use of TNFinhibitors at
COVID-19 diagnosis was not associated with severe COVID-19 (odds ratio [OR], 0.9; 95% Cl,
0.4-2.2) ° Astudy of data from the Global Rheumatology Alliance (GRA) physician-reported registry
of COVID-19 outcomes among people with rheumatic diseases found that prevalent use compared
with no use of TNF inhibitors at COVID19 diagn osis was associated with lower odds of COVID19-
associated hospitalization (OR, 0.40; 95% Cl, 019-0.81).° An analysis of data from the Psoriasis
Patient Registry for Outcomes, Therapy and Epidemiology of COVID-19 Infection (PsoProtect) also
found higher odds of hospitalization among patients treated with nonbiologic systemic therapies
compared with biologic therapies, including TNF inhibitors (OR, 2.84; 95% Cl, 1.31-6.18).” Although
studies of individual registries have provided initialinformation, they were often underpowered to
perform more granular analyses of commonly used medications, such as monotherapy vs
combination therapy with immunomodulatory drugs, or analyses of medications that are used less
frequently.

Pooling data across registries offers an opportunity to rapidly assess any association between
TNF inhibitor therapies and COVID-19 outcomes among individuals with IMIDs and to evaluate the

[E JAMA Network Open. 2021;4(10):2129639.d0i:10.10 01/jamanetworkopen.2021.29639 October 18, 2021
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consistency of findings across studies and diseases. We pooled data from these 3 international
registries of patients with IBD, psoriasis, and rheumatic diseases to evaluate the association between
TNF inhibitor monotherapy and COVID-19-associated hospitalizationor death compared with other
commonly prescribed immunomodulatory regimens amongindividuals with IMIDs.

Methods

Registry Designs and Approvals

Details of the design of the GRA, SECURE-IBD, and PsoProtect registries have been described
previously.”© In brief, clinicians and trained staff directly report COVID-19 outcomes as well as
demographicand clinical characteristics of individuals with IMIDs who have confirmed or suspected
COVID-19 using online data entry portals. Quality is assessed by registry-specific data validation
teams who remove all known or potentialduplicates and address erroneous or ineligible reports. The
GRA and PsoProtect registries contain only limited data; no personalidentifiers, withthe exception
of COVID-19 diagnosis dates, areincluded. The SECURE-IBD registry follows the safe harbor
deidentification standards of the Health Insurance Portability and Accountability Act. The GRA
registry was determined to be nonhuman subjects research by the United Kingdom Health Research
Authority, the University of Manchester (United Kingdom), and the University of California, San
Francisco, and informed consent was therefore not required. For the SECURE-IBD registry, the Office
for Human Research Ethics at the University of North Carolina at Chapel Hill determined that storage
and analysis of deidentified data did not constitute human subjects research and did not require
institutional review board approval or informed consent. Voluntary ethical approval was sought by
the PsoProtect registry and granted by the Leeds Research Ethics Committee (United Kingdom), who
determined that informed consent was not required because of the use of deidentified data. This
study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline for cohort studies.

COVID-19 Diagnosis

Among patients with rheumatic disease, a COVID-19 diagnosis was based on polymerase chain
reaction (PCR), antibody serology testing, or metagenomic testing; computed tomographicscans;
laboratory assays; or symptoms alone. Among patients with IBD, a COVID-19 diagnosis was based on
PCR testing, symptoms with confirmatory antibody serology testing, or rapid antigen testing. Among
patients with psoriasis, both confirmed and suspected COVID-19 diagnoseswere reported; however,
information regarding the type of diagnostic testing used was not collected.

Exposures and Outcome

To obtain sufficient statistical power, each exposure category was required to have more than 250
patients in the pooled analysis. Exposure was defined as a categorical variable that comprised the
following categories: TNF inhibitor (including adalimumab, certolizumab pegol, etanercept,
golimumab, and infliximab) monotherapy (reference category), TNF inhibitors in combination with
methotrexate therapy, TNF inhibitors in combination with azathioprine/6-mercaptopurine therapy,
methotrexate monotherapy, azathioprine/6-mercaptopurine monotherapy, and Janus kinase (Jak)
inhibitor (including tofacitinib, baricitinib, and upadacitinib) monotherapy. The outcome of interest
was hospitalization or death associated with COVID-19.

Inclusion and Exclusion Criteria

We included adults (age =18 years) with a diagnosis of inflammatory arthritis, IBD, or psoriasis who
were reported to the GRA, SECURE-IBD, or PsoProtect regstries, respectively, from March 12, 2020,
to February 1, 2021. Our analysis included reconciled patients only. For the GRA registry, reconciled
patients were defined as those with at least 1 of the following recorded outcomes: death, symptoms
resolved at the time of data entry, not hospitalized more than 30 days aftertheinitial diagnosis date,
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hospitalized and discharged, or not atrisk of further interventions or death. For the SECURE-IBDand
PsoProtect registries, patients were defined as reconciled after a minimum of 7 days or 14 days,
respectively, or if sufficient time had passed to observe the disease course through the resolution of
acuteillness or death.

To limit confounding from otherimmunomodulatory medications, we excluded patients who
received an exposure treatment regimen as well as concomitantimmunomodulatory drugs, except
when sulfasalazine, mesalamine, hydroxychloroquine or chloroquine, leflunomide, oral budesonide,
orglucocorticoids were used as concomitant medications.

Statistical Analysis

We used descriptive statistics to summarize the demographic and clinical characteristics of the study
population. Continuous variables were reported as means with SDs or medians with 25th and 75th
percentiles, as ap propriate. Categorical variables were reported as numbers with percentages. We
performed registry-level analyses and a pooled analysis of data across the 3 registries to estimate
independent associations between exposure categories and COVID19 outcomes. Registry-level
effect estimates were reported for exposure categories that included 10 or more patients.
Associations were estimated using multilevel multivariable mixed-effects logistic regression analysis
and reported as odds ratios (ORs) with 95% Cls. We chose mixed-effects regression analysis for its
ability to handle missing data using maximum-likelihood estimation and to fit nested mndom effects
to account for multilevel clustering ™

Covariatesincluded in allmodels were age, sex, current smoking, IMID activity (remission vs
activedisease, as reported by the clinician), important comorbidities (cardiovascular disease
[including coronary artery disease, heart failure, and arrhythmia], diabetes, hypertension,
obstructive lung disease [including chronic obstructive pulmonary disease and asthma], interstitial
or other chronic lung disease, kidney dsease [including chronic kidney insufficiency and end -stage
kidney disease], obesity [defined as body mass index =30; calculated as weight in kilograms divided
by height inmeters squared], and cancer, each included as a dichotomous variable), and
prednisone-equivalent glucocorticoid dose (included as a continuous variable). For theregistry-level
analyses, we included the following concomitant medications: sulfasalazine, hydroxychloroquine or
chloroquine, and leflunomide for the GRA analysis and mesalamine, sulfasalazine, and oral
budesonide for the SECURE-IBD analysis. If any of these concomitant medications were significant
confounders (P < .05) in theregstry-level analyses, they were also included as covariates in the
pooled analysis; patients from registries that did not include the respective concomitant medications
were assigned to the category of individuals with nonuse of these medications. Registry-level
analyses also controlled for disease diagnosis; diagnoses in the GRA registry included rheumatoid
arthritis (reference category), psoriatic arthritis, spondyloarthritis, and other inflammatory arthritis
or more than 1type of inflammatory arthritis, and diagnoses in the SECURE-IBD registry included
Crohndisease (reference category), ulcerative colitis, and unspecified IBD.

We fitted country-level random effects to account for within-country correlations. To account
for changes inCOVID-19 treatment and health service use over time, we also fitted random effects for
the calendar month of symptom onset (PsoProtect registry) or the calendar month during which the
patient was diagnosed (GRA registry) or reported (SECURE-IBD registry). The pooled model also
included registry-level random effects accounting for within-registry correlations. The hierarchical
order of nested random effects in the pooled model was country followed by time and registry. To
improve model fit, we removed influential statistical outliers identified in continuous variables (ie,
age and glucocorticoid dose) from the analyses. As a result, 2 patients were removed whoreceived a
daily prednisone dose greaterthan70 mg.

All analyses were conducted using Stata software, version 16.0 (StataCorp). The threshold for
statistical significance was 2-sided P < .05.

Rheumatology clinics from 2 large health care systems (Mass General Brigham in Massachusetts
and Mayo Clinicin Minnesota and Florida) had processes in place tosystematically report all patients
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with COVID-19 to the GRA registry. To assess the extent of potential reporting bias arising from
convenience sampling, ORs were derived after reweighting the covariate distribution of patients in
the GRA registry to those of the 2 health care systems using the inverse odds of sampling weights
technique,'? and those values were compared with the original ORs usingstandardized difference.™
In addition, to assess the robustness of results, a pooled sensitivity analysis was performed after
excluding patients with a COVID-19 diagnosis that was based on symptoms alone.

Results

As of February 1, 2021, 8268 patients were reported to have received an exposure treatment
regimen at COVID-19 diagnosis. Of those, 5220 patients were fromthe GRA registry, 2720 patients
were from the SECURE-IBD registry, and 328 patients were from the PsoProtect registry. A total of
6077 patients from 74 countries met study eligibility criteria and were included in the analyses; of
those, 3441 patients (56.6%) were fromthe GRA registry, 2336 patients (384%) were from the
SECURE-IBD registry, and 300 patients (4.9%) were from the PsoProtect registry. Ofthe 2191
patients excluded from the analyses, most were excluded because they had a rheumatic disease
diagnosis other than inflammatory arthritis (827 patients), were patients who were nonreconciled
(581 patients), or received concomitant medications that were listed in the exclusion criteria (551
patients) (Table1).

The demographic and clinical characteristics of the 6077 patients included in the analysis are
shownin Table 2. Most patients were from Europe (3215 individuals [52.9%]) and North America
(2015 individuals [33.2%)]), and the mean (SD) age was 48.8 (16.5) years; 3563 patients (58.6%) were
female, and 2468 patients (40.6%) were male. Race and ethnicity were not addressed in these
analyses because information on race was not recorded in the PsoProtect registry, and information
on race and ethnicity was not available for all countries in the GRA registry. The most common

Table 1. Reasons for Study Exclusion

No.
GRA SECURE-1BD PsoProtect
All patients regstry registry registry
Total patients using an exposure treatment 8268 5220 2720 328
regimen as of February 1, 20217
Patients excluded 2191 1779 384 28
Reason for exclusion
Age misingor <18y 230 0 226
Norreconciled” 581 581 0 0
Noninflammatory arthritis diagnosis 827 827 NA NA
Receipt of concomitant medication listed 551 370 157 24
inexclusion criteria®
Influential statistial outliers® 2 1 1 0

Abbreviations: GRA, COVID-19 Global Rheumatology Alliance; PsoProtect, Psorias s Patient Registry for Outcomes,

Therapy and Epidemiology of COVID-19 Infection; SEC URE-IBD, Secure Epidemiology of Coronavirus Under Research

Exclusion for Inflammatory Bowe|Dsease.

 Exposure treatment regimens included tumor necros i factor (TNF) inhibitor monotherapy, TNF inhibitors in
combination with methotrexate therapy, TNF inhibitors in combination with azathioprine/6-mecaptopurine thempy,
methotrexate monothe r@py, azathioprine/6-mercaptopurine monotherapy, and Janus kinase inhibitor monotheapy.

b |n the GRA regitry, a patient was defined as reconciled if at least 1of the following criteriawere present: deceased,
symptoms resolved at the time of dataentry, not hospitalized >30 days after the initial diagnos s date, hospitalized and
dicharged, or nct at rek of further interventions or death. In the SECURE-IBD and PsoProtect registries, a patient was
defined as reconciled aftera minimum of 7 days or ¥ days, espectively, or if sufficient time had passed to observe the
disease course through resolution of acute illness or death.

© Excluded concomitant medications included any medication with the exception of sufasalazine, mesalamine,
hydroxychlomoquine or chlorog uine, leflunomide, oral budesonide, or glucocorticoids.

9 Toimprove madel fit, influential statistical outliers identified in continuous variables were removed. Two patients were
removed who received adaily prednsonedose >70 mg.
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Table 2. Patient Characteristics and COVID-19 Outcomes

No. (%)
Pooled GRA SECURE-IBD PsoProtect
Characteristic or outcome (N =6077) (n =3441) (n =2336) (n =300)
Age, mean (SD), y 48.8 (16.5) 55.0 (14.4) 39.4 (15.4) 49.9 (12.6)
Sex?
Female 3563(58.6) 2295 (66.7) 1153 (49.4) 115(38.3)
Male 2468(40.6) 1144 (33.2) 1139 (48.8) 185 (61.7)
Unknown 46 (0.8) 2(0.1) 44(1.9) 0
Region®
Africa 24 (0.4) 16 (0.5) 7(0.3) 1(0.3)
Eastern Mediterranean 191 (3.1) 120(3.5) 68 (2.9) 3(1.0)
Europe 3215(52.9) 1800 (52.3) 1143 (48.9) 272 (90.7)
North America 2015(33.2) 1066 (31.0) 942 (40.3) 7(2.3)
South America 502 (8.3) 375(10.9) 111 (4.8) 16 (5.3)
Southeast Asia 22(0.4) 8(0.2) 13(0.6) 1(0.3)
Western Pacific 85 (1.4) 56 (1.6) 29(1.2) 0
Unknown 23 (0.4) 0 23 (1.0) 0
Diagnosis®
Rheumatoid arthritis only 2146(35.3) 2146 (62.4) NA NA
Spondyloarthritis only 624 (10.3) 624 (18.1) NA NA
Psoriatic ar thritis only 566 (9.3) 566 (16.4) NA NA
Other nflammatory arthritis or >1 105(1.7) 105(3.1) NA NA
type of inflammatory arthritis
Crohn disease 1537(25.3) NA 1537 (65.8) NA
Unspecified inflammatory bowel 37 (0.6) NA 37 (1.6) NA
dsease
Ulcerative colitis 762 (12.5) NA 762 (32.6) NA
Psoriasis 300 (4.9) NA NA 300 (100)
Disease activity”
Remission 2511(41.3) 1067 (31.0) 1369 (58.6) 75(25.0)
Active 2918(48.0) 1829 (53.2) 864 (37.0) 225 (75.0)
Unknown 648 (10.7) 545 (15.8) 103 (4.4) 0
Exposure treatment regimen?®
TNF inhibitor monotherapy 2844(46.8) 1183 (34.4) 1445 (61.9) 216 (72.0)
TNF nhibitor plus me thotrexate 669 (11.0) 575(16.7) 87(3.7) 7(2.3)
TNF nhibitor plus 334 (5.5) 7(0.2) 327 (14.0) 0
azathioprine/6-mercaptopurine
Me thotrexate monotherapy 1546(25.4) 1438 (41.8) 31(1.3) 77 (25.7)
Azathioprine/6-mera ptopurine 398 (6.5) 19 (0.6) 379 (16.2) 0
monotherapy
Jakinhibitor monothera py 286 (4.7) 219 (6.4) 67 (2.9) 0
Concomitant medication
Sulfasalazine 294 (4.8) 246 (7.1) 48(2.1) NA
Mesalamine 384 (6.3) NA 384 (16.4) NA
Oral budesonide 39(0.6) NA 39(1.7) NA
Leflunomide 212 (3.5) 212 (6.2) NA NA
Chloroquine or hydroxychloroquine 316 (5.2) 316 (9.2) NA NA
Daily glucocorticoid®
No 114 (1.9) 2650(77.0) 2212 (94.7) 300 (100)
Yes 5162(84.9) 683 (19.8) 118(5.1) 0
Unknown 801(13.2) 108 (3.1) 6(0.3) 0
Daily prednisone-equivalent 5 (5.0-10.0) 5(5.0-7.5) 20.0(5.0-36.0) NA
glucocor ticoid, median (25th
percentile-75th percentile), mg
(continued)
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Table 2. Patient Characteristics and COVID-19 Outcomes (continued)

No. (%)
Pooled GRA SECURE-IBD PsoProtect

Characteristic or outcome (N =6077) (n =3441) (n =2336) (n =300)

Smoking status®
Never or past 4791(78.8) 2358 (68.5) 2236 (95.7) 197 (65.7)

Current 295(4.9) 153(4.4) 100 (4.3) 42(14.0)
Unknown 991 (16.3) 930 (27.0) 0 61(20.3)

BMI
<30 4877 (80.3) 2768 (80.4) 1951 (83.5) 158 (52.7)

230 1150(18.9) 673 (19.6) 385 (16.5) 92 (30.7)
Unknown 50(0.8) 0 0 50(16.7)

Lung disease
Interstitial 164 (2.7) 134 (3.9) 26(1.1) 4(1.3)

Obstructive 430(7.1) 317(9.2) 99 (4.2) 14 (4.7)

Cardiovascular disease 388 (6.4) 274 (8.0) 90(3.9) 24 (8.0)

Diabetes 541 (8.9) 401 (11.7) 80(3.49) 57 (19.0)

Hypertension 1360(22.4) 1088 (31.6) 193 (8.3) 79(26.3)

Kidney disease 120 (2.0) 93 (2.7) 24(1.0) 3(1.0)

Cancer 117 (1.9) 91(26) 18(0.8) 8(2.7)

Hospita lzation status® Abbreviations BMI, body mass index (calculated as
Not hespitalzed 4649 (76.5) 2396 (69.6) 1996 (85.4) 257 (85.7) weight inkilograms divided by height in meters
Hospitalized 1297 (21.3) 939 (27.3) 316 (13.5) 42 (14.0) sq%lared); -5 COVIP“Q Global Rhe.lm.atology

Alliance; Jak, Janus kinase; NA, not applicable
Unknown 131 (2.2) 106 (3.1) 24(1.0) 1(0.3) PsoProtect, Psoriasis Patient Registryfor Outcomes,

Death? Therapy and Epidemiology of COVID-19 Infection;
Alive 5845(96.2) 3266 (94.9) 2282 (97.7) 297 (99.0) SECUREABD, Seaure Epidemiology of Coronavirus
Dead 189 (3.1) 166 (4.8) 20(09) 3(1.0) Uf1der Research Excluson ff)r Inflammatory Bow e

Disease; TNF, tumaor necrosisfactor.
Uriknown 4309 9(03) 34Q1.5) 0 # Subcategoriesare mutually exclusive
Presumptive COVID-19 diagnoss® 864 (14.2) 752 (21.9) 0 112 (37.3)

b Presumptive diagnosis based on symptoms alone.

disease diagnoses were rheumatoid arthritis (2146 patients [35.3%)]), Crohn disease (1537 patients
[25.3%])), ulcerative colitis (762 patients [12.5%]), and spondyloarthritis (624 patients [10.3%]). The
most common comorbidities were hypertension (1360 patients [22.4%])), diabetes (541 patients
[8.9%]), obstructive lung disease (430 patients [71%]), and cardiovascular disease (388 patients
[6.4%]). Current smoking and obesity were substantially more prevalent among patientsin the
PsoProtect registry (42 patients [14.0%] and 92 patients [30.7%], respectively) compared with
thosein the GRA registry (153 patients [4.4%] and 673 patients [196%]) or the SECURE-IBD registry
(100 patients [4.3%] and 385 patients [16.5%]).

The receipt of TNF inhibitor monotherapy was reported in 1183 patients (34.4%) from the GRA
registry, 1445 patients (61.9%) from the SECURE-IBD registry, and 216 patients (72.0%) from the
PsoProtect registry (Table 2). Methotrexate monotherapy was the most prevalent treatment
regimen at COVID-19 diagnosis among patients from the GRA regstry (1438 individuals [41.8%]). The
receipt of azathio prine/6- mercapto purine, alone or in combination with a TNF inhibitor, was
reported in a small pro portion of patients from the GRA registry (26 individuals [0.8%)]) and in O
patients from the PsoProtect registry. The receipt of Jak inhibitor monotherapy was reported in 219
patients (6.4%) from the GRA registry, 67 patients (2.9%) from the SECURE-IBDregjstry, and O
patients from the PsoProtect registry. A total of 1297 patients (21.3%) were hospitalized, and 189
patients (3.1%) died (Table 2). Both hospitalizations and deaths were more common among patients
from the GRA registry (939 patients [27.3%] and 166 patients [4.8%], respectively) than the
SECURE-IBD registry (316 patients [13.5%] and 20 patients [0.9%]) or the PsoProtect registry (42
patients [14.0%)] and 3 patients [1.0%]).
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Along with the prespecified covariates, the concomitant medications sulfasalazine,
leflunomide, and oral budesonide wereincluded in the pooled multivariable model because these
medications were significantly associated with hospitalizationor death in the GRA (sulfasalazine: OR,
1.55[95% {,1.03-2.35; P = .04]; leflunomide: OR, 1.97 [95% Cl, 1.22-3.18; P = .005]) or the
SECURE-IBD (oral budesonide: OR, 2.71; 95% C, 1.11-6.60; P = .03) registry-level analyses. Inthe
pooled analysis, compared with TNF inhibitor monotherapy, higher odds of hospitalization or death
were observed among those who received a TNF inhibitor in combination with azathioprine/6-
mercaptopurine therapy (OR, 1.74; 95% Cl, 117-2.58; P = .006). Differences in the odds of
hospitalization or death among those who received TNF inhibitor monotherapy vsa TNF inhibitor in
combination with methotrexate therapy were not statistically significant in the registry-specific
analyses (GRA: OR, 1.20 [95% Cl, 0.80-1.79; P = .38]; SECURE-IBD: OR, 1.59 [95% Cl, 0.76-3.34;
P=.22]) or the pooled analysis (OR, 1.18; 95% Cl, 0.85-1.63; P = .33). Compared with those who
received TNF inhibitor monotherapy, higher odds of hospitalizationor death were observed among
those who received methotrexate monotherapy (OR, 2.00; 95%Cl, 1.57-2.56; P < .001),
azathioprine/6-mercaptopurine monotherapy (OR, 1.84; 95% Cl,1.30-2.61; P = .001), and Jak
inhibitor monotherapy (OR, 1.82; 95% Cl,1.21-273; P = .004) in the pooled analysis.

Although ORs obtained from registry-specific analyses were generally in the same direction and
of similar extent as those o btained from the pooled analysis, we observed some notable differences
(Figureand eTable inSupplement 1). Odds ratios for methotrexate monotherapy compared with TNF
inhibitor monotherapy were larger among patients in the PsoProtect registry than patients in the
SECURE-IBD or the GRA registries. Odds ratios for azathioprine/6-marcaptopurine monotherapy
compared with TNF inhibitor monotherapy were larger among patients in the GRA registry than
patients in the SECURE-IBDregistry. In addition, the receipt of Jak inhibitor monotherapy was not
associated with higher odds of hospitalizationor death compared with TNF inhibitor monotherapy
(OR, 0.60; 95% Cl, 0.221.64; P = .32) among patients in the SECURE-IBD registry.

Other factors associated with higher odds of hospitalization or death in the pooled analysis
included older age (OR per 1yearincreasein age, 1.04; 95% Cl, .04-1.05; P < 001); active IMID at
COVID-19 diagnosis (OR, 1.27; 95% Cl, 1.04-155; P = .02); obesity (OR, 1.39; 95% Cl, 1.10-1.75;
P=.005); lungdisease (interstitial: OR, 1.81[95% Cl, 112-2.95; P = .02]; obstructive: OR, 2.34 [95%
Cl,1.69-3.24; P < .001)); cardiovascular disease (OR, 1.58; 95% Cl, 1.13-2.21; P = .007); diabetes (OR,
1.54; 95% (1,1.16-2.05; P =.003); chronickidney disease (OR, 310; 95% Cl, 1.70-5.66; P < .001);
concomitant use of sulfasalazine (OR, 1.62; 95% Cl, 1.13-2.34; P = .009), leflunomide (OR, 1.89; 95%
C1,1.20-2.99; P = .006), or oral budesonide (OR, 2.86; 95% Cl, 1.20-6.84; P = .02); and higher daily
prednisone-equivalent glucocorticoid dose (OR per1 mgincrease in dose, 1.07; 95% Cl, 1.05-1.08;
P<.001) (Table 3). Female sex was associated with a protective benefit (OR, 0.79; 95%Cl,
0.66-0.96; P =.02). Theintraclass correlation coefficient was 0.27 (95% Cl, 0.20-0.36), suggesting
that clustering of patients within country, calendar month, and registry explained 27% of the
variationin the odds of hospitalization or death. Complete results from registry-specific analyses are
shown inthe eTable in Supplement 1.

We compared GRA registry-specific results with results obtained after reweighting the covariate
distribution of the GRA population to match those of rheumatology clinics that systematically
reported all patients diagnosed with COVID-19. Standardized differences between the reweighted
and original estimates were in the acceptable range of less than 01" (0.035 for log OR corresponding
to TNF inhibitor in combination with methotrexate therapy compared with TNF inhibitor
monotherapy; 0.002 for log OR corresponding to methotrexate monotherapy compared with TNF
inhibitor monotherapy; 0.072for log OR correspondingto Jak inhibitor monotherapy compared with
TNF inhibitor monotherapy), suggesting that reporting bias was minimal inthe GRA registry
(Table 4).

Atotal of 864 patients (14.2%; 112 patients [37.3%] from the PsoProtect registry, 752 patients
[21.9%] from the GRA registry, and O patients from the SECURE-IBD registry) received a COVID-19
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diagnosis based on symptoms alone. Our pooled results remained consistent in a sensitivity analysis

that excluded these patients (Figure).

Discussion

This cohort study found that TNF inhibitor mo notherapy was associated witha lower risk of COVID-
19-associated hospitalization or death among patients with IMIDs compared with other commonly
used treatment regimens, including methotrexate, azathioprine/6-mercaptopurine, and Jak
inhibitors. After controlling for active disease and common comorbidities, the odds of hospitalization
or death among those who received TN Finhibitor combination therapies vs TNF inhibitor
monotherapy depended on the type of additional medication used in the combination regimen.
Patients receiving TNF inhibitors in combinationwith azathioprine/6-mercaptopurine therapy had
higher odds of hospitalization or death compared with those receiving TNF inhibitor monotherapy,

Figure. Adjusted Odd Ratios (ORs) of COVID-19-Associated Hospitalization or Death Among Patients Receiving Immunomodulatory TreatmentRegimens

vs Tumor Necrosis Factor Inhibitor (TNFi) Monotherapy

OR

Treatment regimen (95%Cl)

TNFi plus AZA/EMP vs TNFi monotherapy
SECURE-IBD registry
Pooled estimate (primary analysis)
Pooled estimate (sensitivity analysis)
TNFi plus MTX vs TNFimonotherapy
GRA registry
SECURE-IBD registry
Pooled estimate (primary analysis) 1.18(0.85-1.63)
Pooled estimate (sensitivity analysis) 1,14 (0.81-1.60)
AZA/6MP monotherapy vs TNFi monotherapy
GRA registry 5.28(1.51-18.43)
SECURE-IBD registry 1.50(1.00-2.24)
Pooled estimate (primary analysis) 1.84(1.30-2.61)
Pocled estimate (sensitivity analysis)  1.69(1.19-2.39)
MTX monotherapy vs TN Fi monotherapy
GRAregistry
SECURE-IBD registry
PsoProtect registry
Pooled estimate (primary analysis)
Pooled estimate (sensitivity analysis)
JAKI monotherapy vs TNFimonotherapy
GRA registry
SECURE-IBD registry
Pooled estimate (primary analysis)
Pooled estimate (sersitivity analysis)

1.51(0.98-2.31)
1.74(1.17-2.58)
1.57 (1.06-2.35)

1.20(0.80-1.79)
1.59(0.76-3.34)

2.21(1.59-3.08)
2.66(0.95-7.43)
8.76(2.94-26.06)
2.00(1.57-2.56)
2.10(1.62-2.72)

2.41(1.46-3.99)
0.60(0.22-1.64)
1.82(1.21-2.73)
1.77 (1.16-2.69)

Favors other
regimen

Favors TNFi
monotherapy

T
—_—
—.—

OR (95% Q)

Registry-specific and pooled analyses, with TNFi monotherapy used as the reference
category. Pooled estimates were obtained using hierarchical multivariable mixed-effects
logitic regression analysis with registry and calendar month random effects nested
within country. Pooled sensitivity analysi (n = 5213) excludes patients witha
presumptive COVID-19 diagnosis (defined as adiagnosis based on symptoms alone). All
ORs were adjusted for age, sex, curent smoking, immune-mediated disease activity
(emision vsactive), important comorbidities (cardiovasculbr disease, diabetes,
hypertension, obstructive lung dsease, interstitialor other chronic lung dsease, kid ney
disease, obesity [body mass index =30; calculated as weight in kilbgrams divided by
height in meters squared], and cancer), and prednisone-equivalent glucocorticoid dose.
The pooled sensitivity analyss was ako adjusted forconcomitant receipt of leflunomide
and oral budesonide. The pooled analysis (N = 6077) was additionally adjusted for

concomitant receipt of sulfasalazine. The COVID-19 Global Rheumatology Alliance (GRA)
registry-levelanalysis included 3441 patients and was adjusted for immune-mediated
disease diagnos s and concomitant receipt of sulfasalazine, hydroxychloroquineor
chloroquine, and keflunomide medications. The Psories Patient Registry for Outcomes,
Therapy and Epidemiology of COVID-19 Infection (PsoProtect) registry -level analyss
included 300 patients. The Secure Epidemiology of Coonavirus Under Research
Exclusion for Infmmatory Bowel Disease (SECURE-IBD) regitry-level analysis included
2336 patients and was adjusted for immune-mediated d sease diagnoss and
concomitant receipt of mesalamine, sulfasalazine, and oral budesonide medications.
AZA/6MP indicates azathioprine/6-mercaptopurine; JAKi, Janus kinase inhibitor; and
MTX, methotrexate.
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whereas individuals receiving TNF inhibitors in combination with methotrexate therapy had similar
odds of hospitalization or death compared with those receiving TNF inhibitors alone.

The lower odds of unfavorable COVID-19 outcomes among patients receiving TNF inhibitors
before SARS-CoV-2infection has several possible explanations. Although the exact mechanism of
SARS-CoV-2-associated hyperinflammation remains uncertain, high serum TNF concentrations at
the time of COVID-19 admission have been associated with organ damage and worse COVID-19
outcomes.” Therefore, blocking TNF could inhibit this detrimentalimmune response. Multiple case
series reporting favorable outcomes among patients receiving TNF inhibitor therapy support this
assertion.""®" Upcoming results from clinicaltrials investigating the use of TNF inhibitors will enable
further evaluation of the association between TNF inhibitor therapy and COVID-19 outcomes. 819

Other possible explanations for our findings include the consequences of non-TNF inhibitor
immunosuppressive medications for COVID-19 outcomes. Thiopurine medications are associated
with a higher risk of op portunistic viral infections 2° % A study examining data from a large registry
of patients with IBD found that the receipt of thiopurines, including azathioprineand
6-mercaptopurine, was associated with a higher risk of serious viral infection, specifically infection
from species of the Herpesviridae.?* Although data regarding other viruses cannot be directly
extrapolated to COVID-19, this higher risk highlights the potential for an association between
thiopurine use and an increased risk of unfavorable outcomes after SARS-CoV-2 infection. Moreover,
a recent study of data from the SECURE- IBD registry reported that thiopurine monotherapy and
thiopurines in combination with TNF inhibitor therapy were associated with worse COVID-19
outcomes compared with TNF inhibitor monotherapy.?*In contrast, researchers have postulated
that methotrexate therapy may decrease the cytokine storm associated with COVID-19.252©

Table 3. Adjusted Pooled Odds of COVID-19-Associated Hos pitalizationor Death Among Patients
inthe 3 Registries®

Variable OR (95% CI) P value
Exposure treatment regimen®
TNF inhibitor monothera py 1 [Reference) NA
TNF nhibitor plus methotre xate 1.18(0.85-1.63) 33
TNF inhibitor plus azathioprine/6-mercaptopurine 1.74(1.17-2.58) .006
Methotrexate monotherapy 2.00(1.57-2.56) <.001
Azathioprine/ 6-mera ptopurine monotherapy 1.84 (1.30-2.61) .001
Jak inhibitor monotherapy 1.82(1.21-2.73) .004
Concomitant medication
Sulfasalazine 1.62 (1.13-2.34) .009
Leflunomide 1.89(1.20-2.99) .006
Oral budesonide 2.86 (1.20-6.84) .02
Daily prednisone-equiva lent dose per 1 mg increase 1.07(1.05-1.08) <,001
Demographic characteristic
Female sex 0.79 (0.66-0.96) .02
Age peryear 1.04 (1.04-1.05) <.001
Obesity (BMI 23 0) 1.39 (1.10-1.75) .005
Current smoking 0.77(0.51-1.17) 21
Disease activity
Active 1.27 (1.04-1.55) .02
Comorbidities
Interstitial lung disease 1.81(1.12-2.95) .02
Obstructive lung disease 2.34(1.69-3.24) <.001
Cardiovascular disease 1.58 (1.13-2.21) .007
Diabetes 1.54 (1.16-2.05) .003
Hypertension 1.19 (0.95-1.50) b
Kidney disease 3.10(1.70-5.66) <.001
Cancer 1.16 (0.65-2.07) 61

Abbreviations: BMI, body mass index (calculated as
weight in kilograms divided by height in meters
squared); Jak, Janus kinase; NA, not applicable; OR,
odds ratio; TNF, tumor necros e factor.

@ All 6077 patients from the COVID-19 Global
Rheumatolcgy Alliance (GRA); the Psoriasis Patient
Regstry for Outcomes, Therapy and Epidemiology of
COVID-19 Infection (PsoProtect); and the Secure
Epidemiology of Coronavirus Under Research
Exclusion for Infemmatory Bowe| Dsease (SEC URE-
IBD) registries were included.

b Subcategories are mutually exclusive. Odds ratios
wereobtained using hierarchical multivariable
mixed-effects logistic regression analysis with
registry and calendar month random effects nested
within country. Model was adjusted forall
variables shown.
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However, our results suggest worse outcomes associated withmethotrexate monotherapy
compared with TNF inhibitor monotherapy. This association could mean that TN Finhibitor therapy
is exerting a protective benefit or that methotrexate therapy is exerting a harmful consequence.
Notably, the direction of association was the same for methotrexate used in combination with TNF
inhibitors, although the effect estimate crossed the line of no effect, which is possibly associated
with the use of lower methotrexate doses in combination therapy compared withmonotherapy. 2”28

The timing of treatment initiation with Jak inhibitors may be animportant factor associated
with COVID-19 outcomes. The second iteration of the Adaptive COVID-19 Treatment Trial (ACTT-2)
suggested a protective effect of treatment with baricitinib in combination with remdesivir therapy
against unfavorable COVID-19 outcomes amongsome subgroups of patients with confirmed severe
COVID-19.2° However, population-based data from patients receiving Jak inhibitors before COVID-19
diagnosis suggest worse outcomes, which is consistent with the known association between this
class of medications and reductions in the innate immune response, producing impaired viral
clearance.*° In our comparative analyses, we found that Jak inhibitor monotherapy was associated
with higher odds of hospitalization or death than TNF inhibitor monotherapy.

Strengths and Limitations

This study has strengths. These strengths include the robust worldwide collaboration between 3
international registries, which enabled evaluation of a large geograp hically diverse sample of adults
with IMIDs. To our knowledge, this study is the first to pool data across regstries to evaluate
COVID-19 outcomes among patients with IMIDs. Pooling data increased the power of the study,
allowed for more granular analyses of medications, and improved generalizability across IMIDs.
Notably, our analyses controlled for active disease, which is only possible through the use of registry
data because this variable is not typically available in administrative databases or electronic health
records. Furthermore, clinicians or trained staff reported directly to each registry, which likely
increased the accuracy of the information.

This study also has limitations. These limitations include the risk of reporting bias because the
registries used convenience sampling. However, the results of our sensitivity analysis suggest that
reporting bias was not a substantial concern in the GRA registry. The threshold for hospitalization and
the ways in which patients are treated for COVID-19 differs over time and across regions. Such

Table 4. Sensitivity Analyss of the Extent of Potential Reporting Bias Based on Data From the GRA Registry

Estimates from GRA-specific analysis

Original Reweighted" Standardized  Regulatory Estimate
Exposure treatment regimen?® OR (95%Cl)¢ P value OR(95%Cl)* P value difference? agreement® agreement'
TNF inhibitor monotherapy 1 [Reference] NA 1 [Reference] NA NA NA NA
TNF inhibitor plus me thotrexate 1.20(0.80-1.79) .38 0.96(0.57-1.64) 89 0.035 Yes Yes
Methotrexate monotherapy 2.21(1.59-3.08) <.,001 2.20(1.82-2.65) <001 0.002 Yes Yes
Jakinhibitor monotherapy 2.41(1.46-3.99) .001 1.88(1.44-2.45) <.001 0.072 Yes Yes

Abbrevigtions: GRA, COVID-19 Global Rheumatology Alliance; Jak, Janus kinase; NA, not
applicable; OR, odds atio; TNF, tumor necros factor.

* The number of patients receivingazathioprine/6-mecaptopurine monotherapy or TNF
inhibitors in combination with azathioprine/6-mecaptopurine therapy was toosmall

in the heumatology clinics toderive estimates for these exposure treatment regimens.

b Estimates were obtained after reweighting the covariate distribution of patients in the
GRA registry to match those of heumatology clinics from health caresystems that
systematically reported all confirmed and suspected COVID-19 patients, using the
inverse odds of sampling weights technique.

© AllORs were derived using hierarchical multivariable mixed-effects logistic regmession
analys with calendar month random effects nested within country and adjusted for
the following: age, sex, current smoking, immune-mediated dsease diagnosis,
immune-mediated dsease activity (remission vs active), important comorbidities

(@rdiovascular dsease, diabetes, hypertension, obstructive lung dsease, interstitialor

otherchmonic lung disease, kidney dsease, obesity [body mass index =30; calculated
asweight in kilograms divided by height in meters squared], and cancer), and receiptof
sulfasalazine, hydroxychloroquine or chloroquine, leflunomide, and prednisone-
equivalent glucocorticoid dose.

d Standardized d ifference measured the extent of thedifference between the original
(potentially biesed )and reweighted estimates. Standardized differences werederived
from log ORs according to the methods in Franklin et al. ¥ Values <0.1were conside red
acceptable standardized differences.™*

® Regulatory agreement ind icates w hether original estimates replicated the statstical

significance and direction (when estimates we e statistically significant) of reweighted
estimates.

f Estimate agreement indicates whether the original estimate was within the 95%C | of
the reweighted estimates.

[% JAMA Network Open. 2021:4(10):22129639.d 0i:10.1001/jamanetworkopen.2021.29639

October 18,2021  1/17

130



JAMANetwork Open | Infectious Diseases Tumor Necrosis Factor Inhibitors and Risk of COVID-19-Assodated Hospitdization or Death

differences have the potential to introduce bias if insufficiently accounted for in the analyses.
Although we attempted to account for associations in hospitalization or death owing to unmeasured
temporaland geograp hicalfactors, residual confounding may remain. Additional factors that we
were unable to account forincluded duration and previous lines of IMID therapy. Furthermore, the
lack of a global COVID-19 regjstration system limited the feasibility of including a control group.
Although the case report forms were similar, the data domains across registries were not entirely
uniform. For example, time and type of COV ID-19 diagnosis, rheumatic disease activity, and certain
comorbidities were recorded slightly differently across registries. These inconsistencies were
addressed, to the extent possible, through the incorporation of registry-level mndomeffectsin
multilevel modeling and through sensitivity analyses.

Conclusions

The results of this cohort study suggest that, among patients with IMIDs, receipt of TNF inhibitor
monotherapy may be associated with a lower risk of COVID-19-associated hospitalization or death
compared with other immunomodulatory treatment regimens. These findings support the
continued use of TNF inhibitor mo notherapy during the pandemic and warrant further research
investigating the association of other biologic therapies with COVID-19 outcomes. Treatment with
TNF inhibitor combination therapy was associated with a more favorable safety profile when
methotrexate rather than azathioprine/6-mercaptopurine was used, suggesting that clinicians would
benefit from weighing therisks vs benefits of deescalating treatment or changing medications when
a patient is receiving concomitant TNF inhibitors and azathio prine/6-mercaptopurine.
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ORIGINAL RESEARCH

TNFi is associated with positive outcome,
but JAKi and rituximab are associated
with negative outcome of SARS-CoV-2
infection in patients with RMD

Anne Constanze Regierer
Bimba F Hoyer

Jutta Richter,” Tim Schmeiser,® Hendrik Schulze-Koops

Reinhard E Voll,'®" Christof Specker

ABSTRACT

Introduction Several risk factors for severe COVID-19
specific for patients with inflammatory rheumatic and
musculoskeletal diseases (RMDs) have been identified so far.
Evidence regarding the influence of different RMD treatments
on outcomes of SARS-CoV-2 infection is still poor.

Methods Data from the German COVID-19-RMD registry
collected between 30 March 2020 and 9 April 2021 were
analysed. Ordinal outcome of COVID-19 severity was

defined: (1) not hogpitalised, (2) hospitalised/not invasively
ventilated and (3) invasively ventilated/deceased. Independent
associaions between demographic and disease features and
outcome of COVID-19 were estimated by multivariable ordinal
logistic regression using proportional odds model.

Results 2274 patients were included. 83 (3.6%) patients
died. Age, male sex, cardiovascular disease, hypertension,
chronic lung diseases and chronic kidney disease were
independently associated with worse outcome of SARS-
CoV-2 infection. Compared with rheumatoid arthritis,

patients with psoriatic arthritis showed a better outcome.
Disease activity and glucocorticoids were associated with
worse outcome. Compared with methotrexate (MTX), TNF
inhibitors (TNFi) showed a significant association with better
outcome of SARS-CoV-2 infection (OR 0.6, 95% C0.4 t0 0.9).
Immunosuppressants (mycophenolate mofetil, azathioprine,
cyclophosphamide and ciclosporin) (OR 2.2, 95% Cl 1.3 to
3.9), Janus kinase inhibitor (JAKi) (OR 1.8,95%Cl 1.1t02.7)
and rituximab (OR 5.4, 95% Cl 3.3 to 8.8) were independently
associated with worse outcome.

Conclusion General risk factors for severity of COVID-19
play a similar role in patients with RMDs as in the normal
population. Influence of disease activity on COVID-19
outcome is of greatimportance as patients with high disease
activity—even without glucocorticoids—have a worse
outcome. Patients on TNFi show a better outcome of SARS-
CoV-2 infection than patients on MTX. Immunosuppressants,
rituximab and JAKi are associated with more severe course.

,! Rebecca Hasseli
,3 Andreas Krause,* Hanns-Martin Lorenz,® Alexander Pfeil © |

.2 Martin Schafer © ' .

-

2 Anja Strangfeld @ ,

,'213 UIf Mueller-Ladner™

Key messages

Whatis already known about this subject?

» Aso in rheumatic and musculoskeletal diseases
(RMDs) age, male sex and specific comorbidities
are general risk factors for severity of SARS-CoV-2
infection.

» RMD disease activity and glucocorticoids are specif-
ic risk factors.

What does this study add?

» RMD treatment is associated with SARS-CoV-2 in-
fection severity.

» While patients under TNFi treatment show better
outcome, those under immunosuppressants, Janus
kinase inhibitor (JAKi) and rituximab show worse
outcome.

How might this impact on clinical practice or

further developments?

» Patients with RMD under treatment with immuno-
suppressants, JAKi and rituximab need special guid-
ance during the pandemic.

COVID-19 in inflammatory rheumatic and
musculoskeletal diseases (RMDs) has been
gained. In the general population, age, male
sex and certain chronic diseases such as cardi-
ovascular disease (CVD) have been identified
as risk factors for severity of COVID-19." * In
patients with RMD, similar risk factors have
been described. In addition, for those
patients also RMD-specific risk factors play
a role.”® Disease activity of the underlying
RMD, for example, is of utmost importance
for the outcome of COVID-19.*°

Since immunomodulatory treatment can

Correspondence o INTRODUCTION influence the outcome of infectious diseases
Dr Anne Constanze Regierer; Since the beginning of the SARS-CoV-2 significantly, the impactof the RMD treatment
Anne Regierer@drfz.de pandemic, increasing evidence about isalso of great interest for patients with RMD
BMJ Regierer AC, etal. RMD Open 2021;7:¢001896. doi:10.1136/rmdopen-2021-001896 eular 1
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suffering from SARS-CoV-2 infection. On the one hand,
certain immunomodulatory drugs have been proven
beneficial in the course of a SARS-CoV-2 infection’; on
the other hand, immunomodulatory drugs can be detri-
mental.® Moreover, timing and dosing of the treatment
appears to be crucial. For example, dexamethasone is a
standard treatment for severe COVID-19 at present, but
along-term glucocorticoid treatment due to RMD is asso-
ciated with a worse outcome of SARS-CoV-2 infection.*®
The same might be true for Janus kinase inhibitor (JAKi)
treatment.”

The impact of TNFi on SARS-CoV-2 infection is not
completely understood. Use of TNFi in comparison to
‘no disease-modifying anti-rheumatic drug (DMARD)’
was associated with a lower risk of hospitalisation in the
first analysis of the data from the Global Rheumatology
Alliance (GRA).” However, it was not significantly associ-
ated with lower risk of mortality in a more recent analysis
of the GRA in which MTX was used as reference cate-
gory." Potential beneficial effects of TNFi have also been
described in patients with COVID-19 with inflammatory
bowel disease.'”

Due to the lack of interventional studies in patients
with RMDs and SARS-CoV-2 infection, the effects of RMD
treatment have been evaluated in observational studies
only. In this analysis from the German COVIDI9-RMD

registry, we analysed the risk factors for the severity of

SARS-CoV-2 infection in patients with RMD, specifically
focusing on the impact of RMD treatment.

METHODS

Data source

The German COVID-19 registry for patients with RMDs
was founded in March 2020 by the German Society for
Rheumatology, together with the Justus-Liebig-University
Giessen. Rheumatologists voluntarily entered the data
into a web-based registry with implemented plausibility
checks  (https://www.covid19-theuma.de; for
details, see Hasseli et al'').

more

SARS-CoV-2 infection outcome parameters
The primary outcome of interest was the mutually exclu-
sive ordinal COVID-19 severity outcome:

(1) neither hospitalised, ventilated nor deceased; (2)
hospitalised with or without non-invasive ventilation, but
neither invasively ventilated nor deceased; and (3) inva-
sively ventilated or deceased. At the time of analysis, all
patients were required to have a resolved clinical course.

Statistical analyses

Patient characteristics are shown descriptively, stratified
by the three categories of the ordinal outcome. Inde-
pendent associations between demographic and disease
features and the ordinal COVID-19 outcome were
estimated by multivariable ordinal logistic regression
using the proportional odds model and were reported
as OR and 95% CI. In the proportional odds model,
an increase in severity is assumed to be equal across

categories: the increase from ‘neither hospitalised, venti-
lated nor deceased’ to ‘hospitalised with or without non-
invasive ventilation, but neither invasively ventilated nor
deceased’ is treated in the same way as the increase from
the latter category to ‘invasively ventilated or deceased’.
Potential deviations from this assumption were assessed
graphically and did not show relevant deviation (data
not shown). Covariates included in the model were
age, sex, key comorbidities (hypertension alone or CVD
alone, hypertension combined with CVD, chronic lung
disease, chronic kidney disease (CKD) and diabetes),
RMD or diagnostic group, rheumatic disease treatment
prior to COVID-19 diagnosis (without glucocorticoids),
as well as the combined status of disease activity as per the
physician’s global assessment (severe/high or moderate
disease activity vs minimal/low disease activity or remis-
sion), and the prednisolone-equivalent glucocorticoid
use (1-10mg/dayand >10mg/day). The combined status
of disease activity and glucocorticoid use represents both
their main effects and interaction (in an additive sense)
and is analysed to disentangle the effects of both factors.

All patients with confirmed SARS-CoV-2 infection were
included in the main analyses. Patients with missing
primary outcome (n=2) or missing values for age, sex and
DMARDs (n=2) were excluded from analysis. Smoking
status was missing in many cases. Therefore, we have
not included smoking in the analysis. Missing values for
glucocorticoid therapy and disease activity were derived
by multiple imputation using full conditional specifica-
tion." Results of the ordinal logistic regression analyses
for 10 imputed data sets were pooled by Rubin’s rules.

For patients listed as having more than one RMD or
being treated with more than one of the medications of
interest, we created a hierarchy based on clinical exper-
tise to categorise patients. We used the same hierarchy as
in Strangfeld et al® This process produces disjoint cate-
gories, allowing a clear reference group for interpreta-
tion of the regression models and avoiding collinearities.
Patients with more than one of the fo]]owinrg diseases were
grouped according to the following hierarchy: systemic
lupus erythematosus >vasculitis>other CTD >rheuma-
toid arthritis (RA) >psoriatic arthritis (PsA)>(other)
spondyloarthritis (SpA) >other non-inflammatory joint
diseases (IJDs)/non-CTD rheumatic disease; where
‘X>Y’ means that disease X has priority over disease Y
and an individual who has both disease X and disease Y
is counted as patient with disease X. Similarly, patients
receiving multiple sDMARDs or immunosuppressants
(except glucocorticoids) were grouped according to
the following hierarchy: immunosuppressants>sulfasala-
zine>antimalarials>leflunomide>methotrexate. Patients
receiving a bDMARD /tsDMARD alone or in combina-
tion were considered solely in the bDMARD/tsDMARD
group. Patients with an IJD other than RA, PsA or SpA
(n=6); patients treated with more than one bDMARD/
tsDMARD (n=1); and patients receiving interleukin-1
inhibitors (n=27) or belimumab (n=11) were excluded
from analysis due to low numbers.

2
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8 Infections

Table 1 Patient characteristics

Not hospitalised,

Hospitalised, no invasive

Invasive ventilation

Parameter no death ventilation or death or death Total
N 1771 (77.9) 374 (16.4) 129 (6.7) 2274
General
Age (years) 55 (18) 67 (19) 71(19) 57 (19)
66-75 226 (12.8) 90 (24.1) 38 (29.5) 354 (15.6)
>75 137 (7.7) 112 (29.9) 47 (36.4) 296 (13)
Male sex 546 (30.8) 130 (34.8) 67 (51.9) 743 (32.7)
Ever smoker 115 (96.6) 21 (100) 9 (100) 145 (97.3)
n=119 n=21 n=9 n=149
Missing=1652 Missing=353 Missing=120 Missing=2125
IJDs
Rheumatoid arthritis 781 (44.1) 193 (51.6) 76 (58.9) 1050 (46.2)
Spondyloarthritis 251 (14.2) 28 (7.5) 6 (4.7) 285(12.5)
Psoriatic arthritis 287 (16.2) 19 (5.1) 9(7) 315(13.9)
JIA (poly, oligo, not systemic) 6 (0.3) 0 0 6 (0.3)
All 1JDs 1313 (74.1) 238 (63.6) 90 (69.8) 1641 (72.2)
CTDs/vasculitis
SLE 91 (5.1) 12 (3.2 2(1.6) 105 (4.6)
CTDs (other than SLE) 134 (7.6) 29 (7.8) 13(10.1) 176 (7.7)
Vasculitides 145 (8.2) 81 (21.7) 29 (22.5) 255(11.2)
All CTD/vasculitides 364 (20.6) 121 (32.4) 43 (33.3) 528 (23.2)
Other RMDs
Total 151 (8.5) 32 (8.6) 11(8.5) 194 (8.5)
Disease activity n=1751 n=355 n=109 n=2215
Missing=20 Missing=19 Missing=20 Missing=59
Remission 939 (53.6) 165 (46.5) 37(33.9) 1141 (51.5)
Minimal/low disease activity 603 (34.4) 112 (31.5) 44 (40.4) 759 (34.3)
Moderate disease activity 169 (9.7) 57 (16.1) 12 (11) 238 (10.7)
Severe/high disease activity 40 (2.3) 21 (5.9) 16 (14.7) 77 (3.5)
Comorbidities
Hypertension 524 (29.6) 186 (49.7) 83 (64.3) 793 (34.9)
Cardiovascular disease 121 (6.8) 97 (25.9) 51 (39.5) 269 (11.8)
Chronic lung disease 168 (9.5) 72 (19.3) 43 (33.3) 283 (12.4)
Chronic kidney disease 64 (3.6) 71 (19) 35(27.1) 170 (7.5)
Obesity (BMI =30) 355 (20) 87 (23.3) 31 (24) 473 (20.8)
Diabetes 137 (7.7) 67 (17.9) 31 (24) 235(10.3)
Cancer 50 (2.8) 25 (6.7) 10(7.8) 85 (3.7)
Number of comorbidities o) 1.5 ) 2 (3) 1@2)
No comorbidity 896 (50.6) 74 (19.8) 15(11.6) 985 (43.3)
=3 comorbidities 135(7.6) 94 (25.1) 53 (41.1) 282 (12.4)
DMARD therapies
csDMARDs 639 (36.1) 125 (33.4) 37 (28.7) 801 (35.2)
Methotrexate (monotherapy) 381 (21.5) 84 (22.5) 22 (17.1) 487 (21.4)
Leflunomide 76 (4.3) 15 (4) 9(7) 100 (4.4)
Sulfasalazine 51(2.9) 12 (3.2) 4 (3.1) 67 (2.9)
Antimalarial 131(7.4) 14 (3.7) 2(1.6) 147 (6.5)
Continued
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Table 1 Continued

Not hospitalised, Hospitalised, no invasive  Invasive ventilation

Parameter no death ventilation or death or death Total

Immunosuppressants 60 (3.4) 36 (9.6) 8 (6.2 104 (4.6)

bDMARDs 653 (36.9) 102 (27.3) 41(31.8) 796 (35)

TNF inhibitors 439 (24.8) 43 (11.5) 6 (4.7) 488 (21.5)

Abatacept 21(1.2) 8(.1) 1(0.8) 30(1.3)

B cell-targeted bDMARDs 46 (2.6) 29 (7.8) 27 (20.9) 102 (4.5)
Rituximab 37(2.1) 28 (7.5) 26(20.2) 91 (4)
Belimumab 9 (0.5) 1(0.3) 1(0.8) 11(0.5)

IL-6 inhibitors 47 (2.7 9(2.4) 323 59 (2.6)

IL-1 inhibitors 21(1.2) 3(0.8) 3(2.3) 27(1.2)

IL-17, IL-23, IL-12/23 inhibitors 79 (4.5) 10 (2.7) 1(0.8) 90 (4)

tsDMARDs 108 (6.1) 33 (8.8) 14 (10.9) 155 (6.8)
JAK inhibitors 101(5.7) 32 (8.6) 14(10.9) 147 (6.5)
Apremilast 7(0.4) 1(0.3) 0 8(0.4)

No DMARD therapies 311 (17.6) 79 (21.1) 29 (22.5) 419 (18.4)

Further therapies

Glucocorticoids (#) 485 (27.5) 198 (52.9) 78 (60.5) 761 (33.6)

n=1759 n=373 n=129 n=2261
Missing=12 Missing=1 Missing=0 Missing=13
0 mg/day<glucocorticoids 453 (25.8) 179 (48) 60 (46.5) (30.6)
<10mg/day
Glucocorticoids>10mg/day 24 (1.4) 18 (4.8) 18 (14) 60 (2.7)
NSAIDs 395 (22.9) 59 (16.3) 12(9.9) 466 (21.1)
(n=1736 (n=120 n=83 n=2208
Missing=47 Missing=2 Missing=0 Missing=66

Data are N (column 95) for categorical variables or mean (SD) for continuous variables. Table includes all patients with a non-missing
outcome and non-missing values for age, sex and DMARDSs (four patients excluded). Data refer to patients with non-missing values for the
respective varable; total N for patients with non-missing values is gven in parentheses for variables with missing values; the total number
of missing values is also given in parentheses, for the applicable variables. # denotes patients with a missing glucocorticoid dosage.

For csDMARD therapies and immunosuppressants, only patients not simultaneously receiving a bDMARD/tsDMARD are included. For
csDMARDs, patients are included who correspond to the specific therapy when applying the hierarchy described in the Methods section.
bDMARD, biological disease-modifying antirheumatic drug; BMI, body mass index; csDMARD, conventional synthetic disease-modifying
antirheumatic drug; CTD, connective tissue disease; DMARD, disease-modifying anti-rheumatic drug; 1JD, inflammatory joint disease; L,
interleukin; JAK, Janus kinase; JIA juvenile idiopathic arthritis; N, number; NSAID, non-steraidal anti<inflammatory drug; RMDs, rheumatic
and musculoskeletal diseases; SLE, systemic lupus erythematosus; TNF, tumour necrosis factor; tsDMARD, targeted synthetic disease-

modifying antirheumatic drug.

Regression coefficients were considered statistically
significant for p values <0.05. All analyses were conducted

in SASV.9.4 or RV.4.0.4.

RESULTS

Patient characteristics

Baseline characteristics of the patients are shown in
table 1. Of the 2274 patients included, 1771 (78%) did
not require hospitalisation. Eightythree patients died,
resulting in a case fatality rate of 3.6%.

The mean age of all patients was 57 years; 67% were
female. The most common RMD was RA with 46%,
followed by PsA (14%), SpA (13%) and vasculitides
(11%).

Eighty-six per cent of patients had a PCR-confirmed
diagnosis of SARS-CoV-2 infection; 8% had only an
antibody-confirmed diagnosis; the remaining patients
had an unknown/other type of diagnosis (two patients
were diagnosed based on symptoms only). For all patients,
the outcome of SARSCoV-2 infection was known.

RMD treatments

At the time of SARS-CoV-2 infection, 18% did not receive
any DMARD treaunent (see table 1). Immunosuppres-
sants (mycophenolate molfetil, azathioprine, cyclophos-
phamide and ciclosporin) were used in 5%, sDMARDs
in 356%, bDMARDs in 35% and sDMARDs in 7%. Meth-

otrexate was the most common ¢sDMARD, and TNFi was

4
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Table 2 Results of the multivariable ordinal logistic
regression using the proportional odds model

Ordinal regression (proportional odds model) OR 95%CI
General
Age <65 years 1.0 Reference
65 years<age<75 26 20t03.6
Age >75 3.6 30to5.0
Male sex (vs female) 1.7 13to21
Comeorbidities
Hypertension alone or CVD alone 1.5 12to2.0
Hypertension and CVD 24 17to36
Chronic lung disease 20 15to26
Chronic kidney disease 1.8 12to25
Diabetes mellitus 1.3 09to18
Rheumatic dsease
Rheumatoid arthritis 1.0  Reference
Systemic lupus erythematosus 05 02to11
Vasculitides 11 07to1.5
Other connective tissue dseases 09 06to15
Pscariatic arthritis 0.5 03t00.7
Spondyloarthritides 08 05t013
Other rheumatic diseases (not IJDs/CTDs/vasculitis) 1.0 0.6to1.8
Medication*
Methatrexate (monotherapy) 1.0 Reference
No DMARD therapy 09 07to14
Leflunomide 08 05to1.4
Antima larials 0.7 04to1.3
Sulfasalazine 1.1 06to2.1
Immunosuppressants 22 13to39
TNF inhibitors 0.6 04t00.9
Abatacept 1.3 05t03.0
Rituximab 54 33to88
IL-6 inhibitors 0.7 03to1.5
IL-17/IL-23/1L-12+23 inhibitors 09 04to19
JAK inhibitors 1.8 11to27
Disease activity and glucocorticoids
Remissionlow DA, no GCs 1.0 (Reference)
Remission/low DA, GCs 1-10mg/day 1.6 12to20
Remissionlow DA, GCs>10mg/day 46 19to114
Moderate/high DA, no GCs 20 13to3.1
Moderate/high DA, GCs 1-10 mg/day 24 15t037
Moderate/high DA, GCs >10mg/day 53 25t0109

Ordina cutcorme of COVID-19 severity was defined as (1) not-hospitalised, (2)
hespitalised but not invasively ventilated and (3) invasively ventilated/deceased.
Missing values imputed via multiple imputation. Effects significant at level a=0.05 are
marked in bold. N=2222. Compared with table 1, the following numbers of patients
were excluded: 27 patients receiving IL-1 inhibitors, 11 patients receiving belimumab,
8 patients receiving apremilast, 6 patients with non-systemic JIA, 1 patient receiving
multiple bDMARDsASDMARDs.
*Patients receiving multiple csDMARD s or immunosuppressants (except
glucocortlcolds) were grouped accordlng to lhe follcmlng hierarchy:
immunosupp. >sulf asalazi {1 Is>leflunomidesmet hotrexate.
Patients recaiving a bDMAHDﬂsDMARD alone or in combination were cons dered
solely in the bDMARD/tsDMARD aroup.
bDMARD, biclogical di modifying antith atic drug; csDMARD, conventional
thetic dis madifying antirh atic drug; CTD, connective tissue diseass;
CVD cardiovascular disease; DA, disease activity; DMARD, disease-modifying
antirheurnatic drug; GC, glucocorticoid; 1JD, inflammatory joint disease; IL, interd eukin;
JAK, Janus kinase; JIA juvenile idiopathic arthritis; TNF, tumour necrosis factor;
tsDMARD, tamgeted synthetic diseasa-mad ifying antirheumatic drug.

the most common bDMARD. Rituximab was used in 91
patients (4%), and JAKi was used in 147 patients (6.5%).

SARS-CoV-2 infection outcome analysis

Age above 65 years was associated with higher COVID-19
severity with an OR of 2.6 (95% CI 2.0 to 3.6) and above
75 years with an OR of 3.6 (95% CI 3.0 to 5.0) (table 2
and figure 1A). Male sex was also associated with greater
severity (OR 1.7,95% CI 1.3 to 2.1). '

Arterial hypertension, CVD, chronic lung disease
(including chronic obstructive pulmonary disease,
asthma and interstitial lung diseases), and CKD showed
significant associations with COVID-19 severity (table 2
and figure 1B). The strongest association was found for
patients having both comorbidities, arterial hypertension
and CVD (OR 2.4,95% CI 1.7 to 3.6).

With respect to the underlying RMD entity, PsA was
associated with less severe COVID-19 course in compar-
ison to RA (OR 0.5, 95% CI 0.27 to 0.74) (table 2 and
figure 1C).

Since disease activity and the use of glucocorticoids
are usually linked, both factors were analyed jointly.
The results are shown in table 2 and figure 1D. Remis-
sion/low disease activity with low dose GCs (1-10mg/d)
showed a significant association with worse outcome (OR
1.6, 95%CI: 1.2 to 2.0) compared with remission/low
disease activity without GCs. This effect increased with
higher GC doses (OR4.6,95% CI 1.9 to 11.4). Moderate/
high disease activity but no GCs were also associated with
a worse outcome compared with remission/low disease
activity with no GCs (OR 1.99, 95%CI 1.28 to 3.11).
Moderate/high disease activity with low-dose GC were
associated with a worse COVID-19 outcome with an OR
0f2.4 (95% CI 1.5 to 3.7), and in case of moderate/high
disease activity with high-dose GC, this was even more
prominent with an OR of 5.3 (95% CI 2.53 to 10.9).

For the analysis of the impact of RMD treatment on the
outcome of SARS-CoV-2infection, MTX monotherapywas
used as reference (table 2 and figure 1E). Treatmentwith
immunosuppressants (mycophenolate mofetil, azathi-
oprine, cyclophosphamide and ciclosporin) was associ-
ated with a higher COVID-19 severity (OR 2.2, 95% CI
1.3 to 3.9). JAKis were also associated with a significantly
worse severity (OR 1.8, 95% CI 1.1 to 2.7). The strongest
association with worse outcome of COVID-19 was found
for rituximab with an OR of 5.4 (95% CI 3.3 to 8.8). In
contrast, TNFi showed a significant association with a
better outcome of SARS-CoV-2 infection with an OR of
0.6 (95% CI 0.4 to 0.9).

DISCUSSION

This analyis adds evidence that medication for RMD
has a considerable impact on the course of SARSCoV-2
infection. Two main results could be retrieved from this
analysis: (1) TNFi is not associated with a more severe
course of SARSCoV-2 infection in patients with RMD and,
(2) in contrast, immunosuppressants, JAKis and rituximab

Regierer AC, et al AMD Open2021;7:¢001896. doi:10.1136 #mdopen-2021-001896
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(A-E) Results of the multivariable ordinal logistic regression using the proportional odds model and reported as OR

and 95% CI for each regressor variable. Associations with SARS-CoV-2 infection severity are shown with (A) general factors,
(B) comorbidities, (C) RMD diagnosis, (D) RMD disease activity and glucocorticoids, (E) RMD treatment (immunosuppressants:
mycophenolate mofetil, azathioprine, cyclophosphamide and ciclosporin). The reference categories are as follows: (A) <65
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disease activity, no glucocorticoids; and (E) methotrexate monotherapy. Missing values were imputed via multiple imputation.
N=2222. Compared with table 1, the following numbers of patients were excluded: 27 patients receiving IL-1 inhibitors,

11 patients receiving belimumab, 8 patients receiving apremilast, 6 patients with non-systemic JIA, one patient receiving
multiple bMARDs/tsDMARDs. bDMARD, biological disease-modifying antirheumatic drug; CVD, cardiovascular disease; CTD,
connective tissue diseases; DMARD, disease-modifying anti-rheumatic drugs; DA, disease activity; GC, Glucocorticoids; IL,
intedeukin; JAK, Janus kinase; TNF, tumour necrosis factor; tsDMARD, targeted synthetic disease-modifying anti-rheumatic

drugs.

are associated with a more severe course. Moreover, it could
be confirmed that general risk factors like age, male sex and
certain chronic conditions are also associated with greater
severity of SARS-CoV-2 infection in patients with underlying
RMD."?

RMD-=specific risk factors have been described. The
impact of disease activity and GC use are of utmost
importance. Disease activity and the use of GCare usually
linked. Analysing these effects separately from each other
is very difficult because of the known confounding by
indication in the setting of observational data. In a corre-
spondence to the COVID-19 mortality analysis of the GRA
data set,” this interaction was shown.'” Here, we present
similar results. However, in this analysis, GC use was asso-
ciated with worse outcome even in patients in remission
orlow disease activity.

In this analysis, PsA was associated with a better
COVID-19 course compared with RA. In the COVID-19
mortality analysis, PsA was not significantly associated but
also showed an OR of less than 1.0 (0.75, 95% CI 0.53
to 1.07). Whether the positive association seen in our
analysis is due to true differences between the diseases

or unmeasured confounders is not clear. However, the
risk of severe infection in bDMARD-treated patients with
psoriasis compared with patients with RA is much lower,
which might be a signal of different susceptibility for
severe infections.'

A very important finding of our analysis is the potential
beneficial effect of TNFi. This association was not seen
in an earlier mortality analysis, although TNFi showed
also an OR of less than 1.0 (0.9; 95% CI: 0.5 to 1.4)." This
discrepancy might be due to the large heterogeneity in
the GRA data set with large differences between the coun-
tries regarding the outcomes. In the analysis by Sparks ¢
al. TNFi were used as reference medication and there-
fore, due to methodological reasons, the impact of TNFi
could not be estimated in this study'.5 There are also clin-
ical trials using TNFi in different settings of COVID-19."”

In the GRA analysis concerning the risk of mortality,
sulfasalazine was significantly associated with mortality.!
In our analysis, sulfasalazine was not associated with
COVID-19 severity, which may be due to more homog-
enous data with regard to healthcare system-related
factors.

6
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Regarding the influence of rituximab, there is growing
evidence for an association with a worse outcome. This
has been shown in various settings in RMDs.! * 1% 1y
our analysis, we confirmed these results. The influence
of Bcell depletion/anti-CD20 antibodies like rituximab
on COVID-19 outcome has also been studied in other
diseases in which these treatments are used.” ® For
example, observational studies from multiple sclerosis
showed a similar association of rituximab with severe
COVID-19 outcome as in RMD.?!

Data addressing an influence of JAKis on COVID-19
outcome are still limited. Thus, our analysis adds
important knowledge showing an association of JAKi as
RMD treatment with a more severe course of COVID-19.
A negative association with COVID-19 outcome was also
seen in the RA analysis of the GRA data set.” In an anal-
ysis from Sweden, an increased risk of COVID-19-related
hospitalisation as well as COVID-19-related death has
been described for patients under therapy with JAKis. '
In contrast, owing to their anti-inflammatory potential,
JAKis have been approved for the short-term treatment
of severe COVID-19."* Here, the timing and duration of
the treatment seems to play a role, with negative impact
in patients with RMD pretreated with JAKis and potential
benefits when initiated to treat severe SARS-CoV-2 infec-
tion. A pathophysiological explanation could be that
type I interferon response is crucial in the initial phase of
infection for a good outcome of SARS-CoV2 infection.”
Therefore, inhibition of the type I interferon pathway by
JAKi in the early phase of infection might contribute to
more severe COVID-19.

The strengths of this analysis in comparison to the GRA
data lie in the fact that our data are more homogenous as
they were collected in a single country within one health-
care system and similar treatments and chances of care
for all included patients.

However, there also are study limitations. Missing data
on known confounders like RMD disease duration and
number of RMD pretreatments limit the interpretation.
Especially for rituximab and JAK], itis known that they are
often used in non-responder to MTX/ TNFi.?* ® There-
fore, the negative impact of those therapies on COVID-19
severity needs to be interpreted carefully. Similarly, we do
not have detailed data on RTX dosage and—even more
important—time of last infusion to be able to calculate
the number of days between RTX treatment and date of
SARS-CoV-2 infection. Furthermore, we do not know if
the RMD treatment was paused due to acute SARS-CoV-2
infection. Although most patients continue their RMD
treatment in the pandemic as stated in the treatment
recommendations, in the case of an acute symptomatic
infection especially in hospitalised patients, it is recom-
mended to pause the immunomodulating treatment.” "
Differential effects of the RMD treatment might therefore
also be explained by different half-lives of these drugs.

In conclusion, risk factors for higher severity of SARS-
CoV-2 infection known for the general population, such
as age, male sex and certain chronic conditions, play a

similar role in patients with RMDs. In addition, further
risk factors need to be taken into account, for example,
the influence of higher disease activity with an increased
risk of worse outcome even without using GCs on the one
hand and association of chronically administered GCs
with a similar worse outcome on the other. Regarding
RMD medication, our data show that treatment with
TNFi was associated with better outcome of SARS-CoV-2
infection than MTX. Moreover, treatment with immu-
nosuppressants, JAKi and rituximab was associated with
worse outcome of SARS-CoV-2 infection. These associ-
ations may be attributed to residual and unmeasured
confounding due to higher burden of comorbidity or
cumulative effect of therapies. Taken together, while it
is crucial to control RMD disease activity, the medication
used to achieve this control needs to be carefully chosen.
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3.7 COVID-19 bei systemischem Lupus erythematodes und bei
Vaskulitiden

Originalarbeit 13:

Ugarte-Gil MF, Alarcén GS, Izadi Z, Duarte-Garcia A, Reategui-Sokolova C, Clarke AE, Wise L, Pons-
Estel GJ, Santos MJ, Bernatsky S, Ribeiro SLE, Al Emadi S, Sparks JA, Hsu TY, Patel NJ, Gilbert
EL, Valenzuela-Almada MO, Jénsen A, Landolfi G, Fredi M, Goulenok T, Devaux M, Mariette X,
Queyrel V, Romao VC, Sequeira G, Hasseli R, Hoyer B, Voll RE, Specker C, Baez R, Castro-Coello
V, Maldonado Ficco H, Reis Neto ET, Ferreira GAA, Monticielo OAA, Sirotich E, Liew J, Hausmann
J, Sufka P, Grainger R, Bhana S, Costello W, Wallace ZS, Jacobsohn L, Taylor T, Ja C, Strangfeld
A, Mateus EF, Hyrich KL, Carmona L, Lawson-Tovey S, Kearsley-Fleet L, Schafer M, Machado PM,
Robinson PC, Gianfrancesco M, Yazdany J.

Characteristics associated with poor COVID-19 outcomes in individuals with systemic lupus
erythematosus: data from the COVID-19 Global Rheumatology Alliance.
Ann Rheum Dis. 2022 Feb 16:annrheumdis-2021-221636. doi: 10.1136/annrheumdis-2021-221636

Originalarbeit 14:

Sattui SE, Conway R, Putman MS, Seet AM, Gianfrancesco MA, Beins K, Hill C, Liew D, Mackie SL,
Mehta P, Neill L, Gomez G, Salinas MIH, Maldonado FN, Mariz HA, de Sousa Studart SA, Araujo
NC, Knight A, Rozza D, Quartuccio L, Samson M, Bally S, Maria AT, Chazerain P, Hasseli R, Miiller-
Ladner U, Hoyer BF, Voll R, Torres RP, Luis M, Ribeirio SLE, Al-Emadi S, Sparks JA, Hsu TY, D'Silva
KM, Patel NJ, Wise L, Gilbert E, Almada MV, Duarte-Garcia A, Ugarte-Gil M, Jacobsohn L, Izadi Z,
Strangfeld A, Mateus EF, Hyrich KL, Gossec L, Carmona L, Lawson-Tovey S, Kearsley-Fleet L,
Schaefer M, Sirotich E, Hausmann JS, Sufka P, Bhana S, Liew JW, Grainger R, Machado PM,
Wallace ZS, Yazdany J, Robinson PC; Global Rheumatology Alliance. Outcomes of COVID-19 in
patients with primary systemic vasculitis or polymyalgia rheumatica from the COVID-19 Global

Rheumatology Alliance physician registry: a retrospective cohort study.
Lancet Rheumatol. 2021 Dec;3(12):e855-e864. doi: 10.1016/S2665-9913(21)00316-7

Zusammenfassung:

Bei den ersten Arbeiten lag der Fokus der Auswertungen innerhalb der Gruppe der ERE bei
inflammatorischen Arthritiden, da sie die grof3te Krankheitsgruppe darstellen und basierend
auf den hohen Fallzahlen auch aussagekraftige Resultate generiert werden konnten. Im
Verlauf der Pandemie nahmen jedoch auch die SARS-CoV-2-Félle bei Kollagenosen und
Vaskulitiden zu. Dennoch waren die landerspezifischen Daten nicht ausreichend, um wertvolle
Erkenntnisse zu gewinnen. Somit erfolgte auch hier eine internationale Kooperation, um mit
einer hoheren Fallzahl aussagekraftige Resultate zu genieren und dadurch weitere

Informationen fiir die Betreuung dieser Patientinnen zu gewinnen.
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Patientinnen mit systemischem Lupus erythematodes (SLE) bendtigen in der Regel eine
immunsupprimierende Therapie und weisen eine hohere Pravalenz von Komorbiditaten auf,
so dass diese bereits per se ein erhdhtes Risiko flir einen schweren Verlauf einer SARS-CoV-
2-Infektion haben kdnnten. Bislang gab es aber keine ausreichenden Analysen zum Verlauf
einer SARS-CoV-2-Infektion bei SLE-Patientinnen. Zwar konnte in der Analyse
,OpenSAFELY" bei Gber 17 Millionen SARS-CoV-2-Infizierten ein héheres Mortalitatsrisiko flr
Patientinnen mit SLE oder rheumatoider Arthritis nachgewiesen werden, jedoch erfolgte keine

Bewertung der Therapie der ERE oder der Einfluss der Krankheitsaktivitat 27

Aus diesem Grund erfolgte eine gepoolte Analyse der Daten aus dem globalen Register
(Originalarbeit 13). Diese schloss alle Falle wahrend des Zeitraums Marz 2020 bis Juni 2021
ein. Fur die weitere Untersuchung der SARS-CoV-2-Verlaufe wurde eine Ordinalskala
definiert:

1) keine Hospitalisierung

)
2) Hospitalisierung ohne jegliche Sauerstofftherapie
3) Hospitalisierung mit jeglicher Sauerstofftherapie
4) Tod

In dem genannten Zeitraum wurden 1606 SLE-Patientinnen in den Registern erfasst. Die
Mehrheit der SLE-Patientinnen wies einen milden Verlauf auf (70% nicht hospitalisiert), 11%
wurden stationar ohne jegliche Sauerstofftherapie behandelt, 13% erhielten eine
Sauerstofftherapie und die Letalitat betrug 6,5%. Das Alter lag im Durchschnitt bei 44 Jahren.
Die Patientinnen waren in 90% der Falle weiblich. Neben den allgemeingiltigen
Risikofaktoren, wie z.B. Alter, mannliches Geschlecht und Begleiterkrankungen, wiesen auch
hier SLE-Patientinnen mit moderater (OR 1,6; 95%CI 1,0 — 2,5) oder hoher Krankheitsaktivitat
(OR 3,9; 95%CI 2,1 — 7,3) im Vergleich zu Patientlnnen in Remission eine Assoziation mit

schwereren Infektionsverlaufen auf.

Bei milden Verlaufen eines SLE wird in der Regel Hydroxychloroquin eingesetzt ', Somit
diente die Monotherapie mit Hydroxychloroquin fur die weitere Analyse als Referenzgruppe.
Nach Geschlechter- und Altersadjustierung waren der Einsatz von Mycophenolat (OR 1,4;
95%CI 1,1 - 1,8), Cyclophosphamid (OR 2,6; 95%CI 1,2 — 5,3) und Rituximab (OR 1,7; 95%ClI
1,0 — 2,8) mit schwereren Verlaufen der Infektion assoziiert. Dagegen zeigte sich unter
Therapie mit Methotrexat (OR 0,7; 95%CI 0,5 — 1,0) und Belimumab (OR 0,5; 95%CI 0,3 —
0,9) eine Assoziation mit milderen Infektionsverlaufen. Der Einsatz von Azathioprin

unterschied sich nicht von Hydroxychloroquin hinsichtlich des Infektionsverlaufes. SLE-
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Patientinnen unter Prednisolontherapie wiesen eine dosisabhangige, hohere Assoziation mit
schweren  COVID-19-Verlaufen auf, im Gegensatz zu Patientinnen  ohne
Glukokortikosteroidtherapie (1-5 mg Prednisolon/Tag: OR 1,9; 95%CI 1,3 — 2,7; 6-9 mg
Prednisolon/Tag: OR 2,5; 95%CI 1,3 — 4,9; tGber 10 mg Prednisolon/Tag: OR 2,0; 95%CI 1,3
—3,0). Eine hohe Krankheitsaktivitat war ebenfalls mit schweren Verlaufen assoziiert (OR 3,94;
95%ClI 2,1 - 7,3).

Somit decken sich die Beobachtungen bei den inflammatorischen Arthritiden als auch bei SLE-
Patientinnen: hohe Krankheitsaktivitdt, der Einsatz von Glukokortikosteroiden und

Immunsuppressiva sind mit schweren COVID-19-Verlaufen assoziiert.

Wie gestaltet sich jedoch das Risiko fir einen schweren COVID-19-Verlauf bei ERE, die primar
mit Glukokortikosteroiden therapiert werden, wie z.B. bei der Polymyalgia rheumatica, der
GrolgefaRvaskulitis oder den ANCA-assoziierten Vaskulitiden 2°6? Aufgrund der Vaskulitis
kann es ohne Therapie zu ischdmischen Ereignissen oder sogar Organschaden kommen.
Zudem treten Vaskulitiden in der Regel im héheren Lebensalter auf, so dass unabhangig von
der Vaskulitis Patientinnen ein hoheres Risiko fiir schwere Verlaufe einer SARS-CoV-2-
Infektion aufweisen. Die Vaskulitis kdnnte zudem die Grundlage flir die endotheliale
Dysfunktion im Rahmen von COVID-19 bieten. Bislang konnte der Verlauf einer Infektion bei
diesen Erkrankungen aufgrund der limitierten Patientenzahl nicht ausreichend geklart werden.
Deshalb erfolgte eine gepoolte Analyse der internationalen Register im Rahmen einer globalen
Auswertung (Originalarbeit 74). Im Zeitraum von Marz 2020 bis April 2021 wurden 1202

Patientinnen mit einer Vaskulitis erfasst, 61% davon weiblich.

Das Alter lag im Median bei 64 Jahren. Darunter befanden sich 31% Patientinnen mit einer
Polymyalgie, 29% mit einer ANCA-assoziierten Vaskulitis, 15% mit einer Riesenzellarteriitis,
9% mit einem Morbus Behget und 15% mit anderen Formen einer Vaskulitis. Der Ausgang der
Infektion war bei 85% der Falle zum Zeitpunkt der Auswertung bekannt. Davon waren 50% im
Rahmen der SARS-CoV-2-Infektion nicht hospitalisiert, 11% wurden stationar ohne jegliche
Sauerstofftherapie behandelt, 23% mit jeglicher Sauerstofftherapie und 15% wiesen einen
letalen Verlauf auf. Innerhalb der einzelnen Krankheitsgruppen unterschieden sich die
Ergebnisse jedoch. Beispielsweise betrug die Letalitatsrate beim Morbus Behget 2%,
wohingegen die Letalitdt bei ANCA-assoziierten Vaskulitiden bei 22% lag. Fur die weitere
Analyse wurde auch hier die definierte Ordinalskala aus der Originalarbeit 13 verwendet. Der
Fokus lag, aufgrund der Fallzahlen, in der Auswertung der Falle mit Riesenzellarteriitis,
Polymyalgie und ANCA-assoziierten Vaskulitiden. Neben den bereits bekannten

allgemeinglltigen Risikofaktoren, wie Alter, Komorbiditdten und mannliches Geschlecht,
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waren schwere Verlaufe mit dem Einsatz von mindestens 10 mg/Tag Prednisolon und héherer
Krankheitsaktivitdt assoziiert. Das Risiko war bei allen Krankheitsgruppen nachweisbar,
jedoch in unterschiedlicher Auspragung. Deskriptiv wiesen Patientinnen mit einer Vaskulitis im
Vergleich zu Patientinnen mit anderen ERE hohere Hospitalisierungs- und Mortalitatsraten

auf..
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ABSTRACT

Aim To determine characteristics associated with more
severe outcomes in a global registry of people with
systemnic lupus erythematosus (SLE) and COVID-19.
Methods People with SLE and COVID-19 reported in
the COVID-19 Global Rheumatology Alliance registry
from March 2020 to June 2021 were included. The
ordinal outcome was defined as: (1) not hospitalised,
(2) hospitalised with no oxygenation, (3) hospitalised
with any ventilation or oxygenation and (4) death.

A multivariable ordinal logistic regression model

was constructed to assess the relationship between
COVID-19 severity and demographic charadteristics,
comorbidities, medications and disease activity.

Results A total of 1606 people with SLE were included.
In the multivariable model, older age (OR 1.03, 95% ClI
1.02 to 1.04), male sex (1.50, 1.01 to 2.23), prednisone
dose (1-5mg/day 1.86, 1.20 to 2.66, 6-9mg/day 2.47,
1.24 to 4.86 and =10 mg/day 1.95, 1.27 to 2.99), no
current treatment (1.80, 1.17 to 2.75), comorbidities
(e, kidney disease 3.51, 2.42 to 5.09, cardiovasaular
disease/hypertension 1.69, 1.25t02.29) and moderate
or high SLE disease activity (vs remission; 1.61, 1.02

to 2.54 and 3.94, 2.11 to 7.34, respectively) were
associated with more severe outcomes. In age-adjusted
and sex-adjusted models, mycophenolate, rituximab and
cydophosphamide were associated with worse outcomes
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55
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5% Martin Schifer @ %
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compared with hydroxychloroquine; outcomes were more
favourable with methotrexate and belimumab.
Conclusions More severe COVID-19 outcomes in
individuals with SLE are largely driven by demographic
factors, comorbidities and untreated or active SLE.
Patients using glucocorticoids also experienced more
severe outcomes.

INTRODUCTION

During the COVID-19 pandemic, individuals with
systemic lupus erythematosus (SLE) have been of
particular concern. SLE disproportionately impacts
populations most severely affected by COVID-19,
including those from non-white racial and ethnic
groups, and those with low socioeconomic status.”
Moreover, individuals with SLE are often heavily
immunosuppressed and have a high comorbidity
burden with multiple risk factors for more severe
COVID-19. Although previous analyses have eval-
uated outcomes of infection with SARS-Cov-2 in
rheumatic diseases as a group, data on individuals
with SLE are limited, and it remains unclear which
risk factors are associated with worse COVID-19
outcomes in this populaton.
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Systemic lupus erythematosus

Key messages

What is already known about this subject?

» Demographic factors as well as comorbidities have been
associated with poorer COVID-19 outcomes in the general
population.

» The COVID-19 Global Rheumatology Alliance has reported
glucocorticoid dose (=10mg/day), some immunosuppressive
drugs and disease activity as predictors of poorer COVID-19
outcomes in individuals with different rheumatic diseases.

What does this study add?

» More severe COVID-19 outcomes in individuals with systemic
lupus erythematosus (SLE) are mainly driven by demographic
factors, comorbidities and untreated or active SLE.

» Individuals using glucocorticoids (even low dose) experienced
more severe outcomes.

How might this impact on clinical practice or future

developments?

» Individuals with lupus and these characteristics should
be prioritised for close monitoring, counselled to receive
vaccination, and receive preventive therapies if infected with
SARS-CoV2.

Data from the COVID-19 Global Rheumatology Alliance
(C19-GRA) registry, a large physician reported registry of indi-
viduals with rheumatic diseases and COVID-19, suggest that
those with moderate or high disease activity, as well as those
receiving specific medications, including moderate or high
doses of prednisone, rituximab, immunosuppressive drugs (ie,
mycophenolate mofetil/mycophenolic acid (MMF), tacrolimus,
azathioprine and cyclophosphamide) compared with a refer-
ence group of individuals receiving methotrexate have poorer
outcomes.” Furthermore, in an analysis of padents in the C19-
GRA registry with rheumatoid arthritis (RA), treatment with
rituximab or Janus Kinase (JAK) inhibitors was associated with
poorer outcomes compared with treatment with tumour necrosis
factor inhibitors.” However, medications associated with more
severe COVID-19 outcomes in SLE have not been extensively
examined.

OpenSAFELY, a large analysis of primary care records of
>17 million adults linked to 10 926 COVID-19-related deaths
reported that after adjustment for a wide variety of factors such
as demographic characteristics and comorbidities, those with
autoimmune disease (SLE, RA or psoriasis as a group) had a
higher risk of mortality, but this study did not adjust for medica-
tion use, nor did it evaluate SLE asa discrete or separate disease.”
Several case series or single-centre/country studies suggest that
some individuals with SLE can have a severe disease course, but
the small size of these studies has precluded a comprehensive
analysis of risk factors for poor COVID-19 outcomes.” ™"’

We used the C19-GRA registry to identify sociodemographic
and clinical factors associated with more severe COVID-19
outcomes in individuals with SLE.

METHODS

Data source

Subjetcs with rheumatic disease and COVID-19 from the C19-
GRA registry and European Alliance of Associations for Rheu-
matology (EULAR) COVID-19 registry were included in the
analyses, which covered the period from 12 March 2020 to 1

June 2021. Data entry portals include one limited to European
countries (eular.org/eular_covid19_database.cfm; hosted by The
University of Manchester, UK) and a second for all other coun-
tries (rheum-covid.org/provider-global/; hosted by the Univer-
sity of California, San Francisco (UCSF), California, USA).'" '
Cases are entered into these registries by their treating clinicians.
This study includes all individuals from these registries with SLE
diagnosed with COVID-19 by 1 June 202 1. Prior studies using
C19-GRA and EULAR databases have included some individuals
also reported in this study,” * ™ but the number of individuals
in this analysis is significantly higher than reported in previous
publications.

Data quality was assessed by the data coordinating centres at
UCSF and the University of Manchester and included proce-
dures to identify and remove any duplicate cases.

COVID-19 outcomes

We used an ordinal severity outcome in the analyses, with mutu-
ally exclusive categories including: (1) not hospitalised, (2) hospi-
talised with no oxygenaton, (3) hospitlised with any ventiladon
or oxygenation or (4) death. These outcomes were chosen so
that the analyses could reflect the full spectrum of disease asso-
ciated with COVID-19 and are analogous to outcome measures
used in many rrials evaluating COVID-19 therapeutics. Only
the highest severity level of the outcome occurring during the
patient’s disease course was included, and all individuals were
required to have a resolved clinical course.

Covariates, including medication exposure

Covariates included demographic characteristics, including age,
sex and region (Europe, the USA and Canada, Latin America
and other), as well as clinical characteristcs, including number
of comorbidities (including lung, liver or neurological diseases,
cancer, diabetes, obesity, among others), specific comorbidities
(chronicrenal insufficiency or end-stage renal disease and hyper-
tension or cardiovascular disease), disease activity (assessed by
a physician global assessment categorised as remission, low,
moderate or high), dose of glucocorticoids (GCs; entered as
daily oral prednisone equivalents) and use of immunosuppres-
sive or immunomodulating medications. Additionally, the date
of the case report was analysed in three time periods: 24 March
2020 to 15 June 2020, 16 June 2020 to 30 September 2020
and 1 October 2020 to 1 June 2021. The first period ended at
the release of the RECOVERY study, which changed COVID-19
treatment protocols to incorporate GCs."* The second cut-off
was based on the beginning of the second wave in many coun-
tries around the world.

Medications taken by patients prior to COVID-19 were cate-
gorised as: conventional synthetic drugs (antimalarials (hydroxy-
chloroquine, chloroquine), conventional disease-modifying
monotherapies generally considered to represent less intensive
immunosuppression (sulfasalazine, methotrexate and leflun-
omide), conventional discase-modifying monotherapies with
more intense immunosuppressive drugs (MME, tacrolimus,
cyclophosphamide, ciclosporin, azathioprine)); biologics (abata-
cept, belimumab, rituximab, interleukin (IL)-6 inhibitors, 1L-12/
IL-23 inhibitors, IL-17 inhibitors, tumour necrosis factor inhib-
itors (anti-TNF)) and targeted synthetc drugs, specifically JAK
inhibitors and GCs. In analyses, we divided medicatons into
five groups: no SLE medications, antimalarial only, conven-
tional disease-modifying monotherapies generally considered
to represent less intensive immunosuppression (sulfasalazine,
methotrexate and leflunomide), conventional disease-modifying

2
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monotherapies with more intense immunosuppressive drugs
(MMF, tacrolimus, cyclophosphamide, ciclosporin, azathio-
prine), biologic/targeted synthetic drug monotherapy and finally
combination therapy with conventonal and biologic disease-
modifying immunosuppressive drugs. GCs were categorised into
four groups by dose: prednisone dose=0mg/day, between 1 and
S mg/day, between 6 and 9mg/day and = 10 mg/day.

Statistical analyses

We used proportional odds logistic regression with severity
as dependent variable, and covariates as described in the next
paragraphs. This is similar to using binary logistic regression for
each of the three possible dichotomisations of the four-category
dependent variable, with the assumption that the OR is the same
for each cut-off. The parallel lines test for proportional odds
ordinal logistic regression confirmed that this assumption was
not violated.

Models included demographic variables and clinical charac-
teristics as well as the time period in the pandemic during which
the case was reported. Random effects were included for country
and time. These variables were applied to capture the significant
variability in regulations enforcing personal protective equip-
ment, hospital resource allocation and quarantine procedures
between countries and over the course of the pandemic.

We assumed that missing data were ‘missing at random” and
missing data were handled using multiple imputation, with 50
imputed data sets.

In all models, we included sex, age, region, GCs as a cate-
gorical variable (0, 1-5, 6-9, = 10 mg/day), immunosuppressive
medication category, time period and random effects of country
and time. To assess the additional impact of comorbidities, we
constructed an additional model that included the number of
comorbidities and, separately, that included key comorbidities
in SLE, including renal disease and hypertension/cardiovascular
disease. Finally, we constructed a model that included the above
variables but additionally included SLE disease activity.

We conducted several additional analyses to examine asso-
ciations of six medications of interest in SLE with COVID-19
outcomes: methotrexate (n=173), azathioprine (n=235), MMF
(n=332), cyclophosphamide (n=29), rituximab (n=68) and
belimumab (n=104). In these analyses, the drug of interest
was excluded from the medication category of monotherapies
with immunosuppressive drugs or from the biologics/targeted
synthetic only category, and their effects were estimated sepa-
rately. Four models were constructed for each medication: (1)
unadjusted, (2) age-adjusted and sex-adjusted, (3) adjusted for
age, sex, renal disease, hypertension/cardiovascular disease,
comorbidity count, disease activity, region, time period and (4)
confirmed cases (diagnosis made by PCR, antibody or antigen)
adjusted for age, sex, renal disease, hypertension/cardiovas-
cular disease, comorbidity count, disease activity, region and
time period. Additionally, to evaluate the interaction between
GC therapy and disease activity, an additional analysis was done
adding this multiplicative interaction term.

A sensitivity analysis combining mechanical ventilation or
death in the highest category was also performed.

Results were considered statistically significant using a two-
sided p<0.05. Analyses were conducted in R V.4.0.2 (R Core
Team, 2020).

RESULTS
As of 1 June 2021, 1922 subjects with SLE and COVID-19
were reported in the C19-GRA and EULAR registries. Baseline

Table 1 Characteristics of patients with SLE at the time of
COVID-19 diagnosis (n=1922)

Mean (SD) or number

Characteristics (percentage)
Age, years mean (SD) 444 (14.1)
femalke, n (%) 1734 (80.4%)
Race/Ethnicity, n (%)

White 639(33 3%)

Non-white 1102 (57.3%)

Missing 181(9.4%)
Region, n (%)

Europe 543 28.3%)

USA and Canada 555 (28 9%)

Latin America 643 (33 5%)

Other 181(9.4%)
Time period, n (%)

<15 June 2020 733 (38.1%)

16 June-30 September 2020 444 23.1%)

1 October 2020-12 April 2021 745 (38 8%)
Comarbidities, n (%)

0 1098 (57.1%)

1 511(26.6%)

22 313 (16.3%)
Specific comorbidities n (%)

Chronic renal insufficiency or ESRD 223 (11 8%)

Hypertension or cardovasaular disease 597 (31.1%)

Disease activity, n (%)

Remission 587 (30.5%)

Minimal or low 700 (364%)

Moderate 229 (11 9%)

Severe or high 77 (4.0°6)

Missing 329(17.1%)
Prednisone dose*, n (%)

0 mg/day 846 (44.0%)

1-5mg/day 467 (24.3%)

6-9 mg/day 78 (4.1%)

=10mg/day 280 (14 6%)

Missing 251 (13.1%)
Medication category, n (%)

Antimalarials only 665 (34.6%)

No SLE therapy 230 (12.0%)

Oral synthetic drug monotherapy with methotrexate, 175 9.1%)

leflunomide or sulfasalazine onlyt

Oral synthetic drug monotherapy with (mycop henolate/ 630 (32 .8%)

mycophenolic add, tacdimus cyclophosphamide, cidosporin

or azathioprine)t

Bidog d/Targeted synthetic monotherapy 45 (2.3%)

Bidlog c/Targeted and immunosuppressive drug combination 177 (9.2%)

therapyt
*All glucocorticoids were corverted to prednisone-equivalent doses.
tThese patients could be ako on antimalarials.
ESRD, end-stage renal disease; SLE, systemic lupus eryth ematosus.

demographic and clinical characteristics are shown in table 1.
Individuals were predominantly female (90.4%) and the mean
age was 44.4 years (SD=14.1). Of the 1922 cases, 555 (28.9%)
were reported from the USA and Canada, 543 (28.3%) from
Europe, 643 (33.5%) from Latin America and 181 (9.4%) from
other regions. The majority were non-white (57.3%).
Antimalarials were used as monotherapy by 665 individuals
(34.69%), more intense immunosuppressive monotherapies
(MMF, tacrolimus, cyclophosphamide, ciclosporin, azathioprine,
with or without antmalarials) were used by 630 individuals
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Table 2  Ordinal COVID-19 severity outcome as a function of medication class in individuals with SLE (n=1606)

Monotherapy with M

i

Py with myc ,,l

methotrexate, mycophenolic acid, tacrolimus BiologicTargeted+
leflunomide or cydophosphamide, ciclosporin or Biologic/Targeted i ppressivedrug
Totad Antimalarial only ~ No DMARD sulf asalazine only* azathioprine* h combination therapy*
(n=1606) n=532) (n=182) (n=152) (n=539) (n=40) (n=161)
Not hespitalised 1118 (69.6%) 401 (75.4%) 102 (56.056) 17 (77.0%) 358 (66.4%) 27 (67.5%) 113 (70.2%)
Hospitalised with no 169 (10.5%) 50(94%) 26(143%) 14 (9.2%) 62 (1.5%) 4 (10.0%) 13 (8.1%)
oxygenation
Hospitalised with ary 21 (13 3%) 53 (10.0%) 34 (18.7%) 14 (9. 2%) 84 (15.6%) 6(15.0%) B(143%)
vertil atiorf caxyge nation
Death 106 (6.5%) 28(53%) 20(11.0%) 7 (4.86) 35 (6.5%) 3 (7.5%) 12 (7.5%)

*Thesepatents codd be dso on antmaarlads.
DMARD, disease-medifying antih es matic drug SLE, systemic b pus erythemateosu s

(32.89%) at the itme of COVID-19 onset. Two hundred and thirty
(12.0%) individuals did not take immunosuppressive drugs or
antimalarials. Eight hundred and forty-six (44.0%) individuals
did not take prednisone, 467 (24.3%) individuals took between
1 and Smg/day, 78 (4.1%) individuals took between 6 and 9 mg/
day and 280 (14.6%) individuals took a dose =10 mg/day.

Clinical outcomes, as well as outcomes as a function of treat-
ment, for 1606 individuals were captured and are shown in
table 2. The majority of individuals (69.6%) were not hospital-
ised. In the model including demographics, clinical character-
istics, medications and disease activity, there were significant
associations between demographic factors (older age, male sex,
geographic location (being from outside of Europe, USA and
Canada and Latin America), time period of the pandemic) and
the ordinal severity outcome. Among comorbidities, chronic
renal insufficiency or end-stage renal disease, hypertension/
cardiovascular disease and the number of other comorbidities
were associated with more severe outcomes. GC use was also
associated with more severe outcomes compared with those
without GCs. Those who were not being treated for their SLE, or
had moderate or high SLE disease activity also experienced more
severe outcomes compared with those on remission (table 3).
These findings were consistent across various sensitivity analysis
models (online supplemental table 1).

Finally, additional analyses were performed to assess the
associations of methotrexate, azathioprine, MMF, cyclophos-
phamide, rituximab and belimumab separately with the ordinal
severity outcome, demonstrating that there was no independent
association of these drugs with the ordinal severity outcome in
the fully adjusted model; however, rituximab was associated with
poorer outcomes and belimumab with better outcomes in the
unadjusted as well as the age-adjusted and sex-adjusted model,
and MMF and cyclophosphamide were associated with poorer
outcomes and methotrexate was associated with better outcomes
only in the age-adjusted and sex-adjusted model (table 4). There
was no statistically significant interaction between GC dose and
discase activity or between DMARD use and disease activity
(data not shown).

The results were nearly identical (online supplemental tables 2
and 3) in the alternative model in which mechanical ventilation
and death were combined to constitute the highest category.

DISCUSSION

During the COVID-19 pandemic, rheumatologists have been
particularly concerned about individuals with SLE. These indi-
viduals are often significantly immunosuppressed, commonly
use moderate or high doses of GCs and have a high comor-
bidity burden. Moreover, many types of immune dysregula-
tion occur in SLE, including in the interferon pathway, which
is critcal to the innate immune response during SARS-CoV-2

infection.'® However, SLE is a relatively uncommon disease and
it has been difficult to accumulate a sufficient number of cases
to examine risk factors for poor COVID-19 outcomes in this

Table 3 Multivariable ordinal regression model examining
characteristics associated with more severe COVID-19 outcomes in
individuals with SLE

Covariate OR(95% CI) P value
Age (years) 1.03(1.02t0 1.04) <0.001**
Sex

Male 1.5 (101102.23) 0.042*
Region

Europe Reference

USA and Canada 0.82(0.22t0 3.02) 0.76

Latin America 1.97 (0.87 to 4.48) 0.1

Other 479 Q221101037) <0001**
Time period

<15 June 2020 Reference

16 June-30 September 2020 0.50(035 t00.72) <0001**

1 October 202012 April 2021 0.40 (0.29 to 0.57) <0.001**
GCdose

0 mg/day Reference

1-5 ma/day 186(13002.66)  <0001**

6-9mg/day 2.47 (125 t04.86) 0.009**

>10mg/day 1.% (127 102.99) 0.002**
Medication category

Antimalarial only Reference

No SLE therapy 180(1.17t02.75) 0.007**

Monotherapy with methotrexate, leflunomide or
sulfasalazine onlyt

Monot hera py with myco pheno late/mycop henolic
acid, tacraimus, cyd ophosphamide, dclosporin or
azathioprinet

Biobgid/Tameted synthetic drug monotherapy

Biolog c/Targeted synthetic drug and

0.74044101.24) 025

101071 1t01.43) 0.95

1.38 (0.58 to 3.26) 047
117(0721t01.91) 052

immunosupp drug combination therapyt
Number of comohidities (excluding renal and 160 (124102.07) <0,001**
cardiovascular disease/hypertension)
Chronic renal insuffidency or end-stage renal 351(2.42t05.09) <0.001**
disease
Cardiovascular/Hypertension 1.69(1.25t0 2.29) <0.001**
Disease activity
Remission Reference
Minimal or low 086 (061101.21) 0.38
Moderate 161(102t0254) 0.041*
Severe or high 39421110734 <0.001**

Each model adjusted for all variables listed, and rand om effects for country and time.
*P<0.05; **p<0.01.

tThese patients could be also on antimalarials.

GC gluxocorticoids; SLE, systemic lupus erythematosus,
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Table 4 Ordinal regression models examining the association between individual medications and more severe COVID-19 outcomes in individuals

with SLE
Age-adjusted and Fully adjusted Fully adjusted model
Unadjusted 3 ted odel t firmed COVD-19¢

Number of indvidual aking o106 o 1606 poer i

medication prior to COVID-19

diagnosis with observed outcome  OR (95% C Pvalue OR(95% Q) Pvalue OR(95% Q) Pvalue OR(95%CHh P value
Methotrexate 173 071(0%t0 1.01) 006 0.67 DA7 to 0.97) 0032* 071(Q03t01.16 017 0.71(040 to 1.25) 0.23
Azathicprine 35 0.88 (066 to 1.19) 042 0,95 (0.70 to 1.29) 0.75 087(05 0 134) 053 0.89 (05 to 147) 0.65
Myur.q)hmdawwtq)hmdk 332 120009 0 1.55) 015 1.36 (1.05 to 1.76) 0021*  1.08(073t0 159 072 1.27 (082 to 1.98) 0.29
ac
Cyclophosphamide 29 1.92 (0% to3.91) 0.07 255(1.231t05.28) (1) A - - -
Rituximab 68 1.62(1.00t02.63)  0.049° 1.69(1.04t02.75) 0.036* 156(084t02.90) 016 1.91 (0.97t03.79 0.063
Belimumab 104 052 (032 to 0.86) 0.011* 051 (031 to 085) <0001**  066(034t0128 022 0.65 (031 to 1.34) 024

* P05 T p<0O.

tMedel adusted for age, sex, renal disease, hyper
Reference goup=antmaadd only.

tConfirmed cases were defined as havng a dagnosls made by PR, antibody o antigen test o a CT saan.
DMARD dsease modifying antitheumatic drug; SLE systemic bipus erythematosus

o

ular disease, ¢

vulnerable population. Here, we report the largest study of SLE
and COVID-19 to date. In our analyses of over 1600 cases, we
found that the use of GCs, having untreated or active SLE, or
using rituximab was associated with more severe COVID-19
outcomes. In addition to these factors specific to SLE, our find-
ings also highlight that many factors associated with more severe
COVID-19 outcomes in the general populaton are important
in SLE, including male gender,” ' '* age'”?° and comorbidity
burden."”""

Prednisone use, even at relatively low doses of <5 mg/day, was
associated with poorer outcomes in our analysis. In the C19-
GRA registry, which included a wide array of rheumatic diseases,
only prednisone at doses =10 mg/day was associated with hospi-
talisation or mortality.! '* Interestingly, in additional analyses
of the registry we found that in the absence of disease activity,
the relationship between GC and mortality diminished.”’
However, in SLE, even low doses of GCs were associated with
more severe COVID-19 outcomes, including in those with low
disease activity. Like our results, in a small study from Belgium,
glucocorticoid dose was positively associated with a higher risk
of hospitalisation in patients with SLE.** These findings suggest
that GCs are of special concern during the pandemic for people
with SLE.

Our analyses also demonstrated that individuals not receiving
treatment for their SLE at the time of COVID-19 diagnosis
had poorer outcomes. The poor outcomes seen in this group
may be multifactorial, and it is plausible that social risk factors
play a role, such as lack of access to SLE care or treatment, or
poor adherence with medicatons. Consistent with these results,
individuals outside Europe, the USA and Canada had a poorer
outcome, possibly related to healthcare access, but it was not
statistically significant for Latn American individuals. Poverty
and inequality have been associated with a higher risk and
severity of COVID-19 globally,"*#* and it is likely that health
disparities in SLE may be exacerbated by the pandemic.

Rituximab has been associated with poorer outcomes in
patients with RA.> We also found this association in SLE in
our analysis, but it was present only in the unadjusted and age-
adjusted and sex-adjusted models; this may be due to the smaller
number of individuals on rituximab in our study and resultantly
low power in statistical analyses (n=68). In fully adjusted models
(including confirmed cases and those diagnosed based on symp-
toms and epidemiological criteria), there was a trend for an asso-
ciation between rituximab and poorer outcomes. It is important
to point out that in the age-adjusted and sex-adjusted models
MMEF, cyclophosphamide was associated with poorer outcomes.

bidty count, disease aahity, regon, time perod, ducocticold and and cther DMARD medication categorles; random effeats appled for country and time,

Cyclophosphamide was not evaluated in a fully adjusted model
due to a small sample size. These findings are similar to what has
been reported in other studies. For example, in a recent meta-
regression including several rheumatic diseases, GC use and
immunosuppressive drugs use in monotherapy or combination
were associated with hospitalisation and death from COVID-
19.* Patients using belimumab generally had more favourable
outcomes in our study; it is unclear if this may partly reflect
confounding by healthcare access or socioeconomic status, as
this drug is more commonly used in high-income nations. The
association between methotrexate and better outcomes in the
age-adjusted and sex-adjusted model could be related to a better
disease activity control, as it did not remain significandy asso-
ciated in the fully adjusted model. Because there were multiple
comparisons, significance should be interpreted with cauton.
Given that there were six statistical comparisons made, one
approach is to adjust the p value to a 0.01 level of significance.
Using this more conservative approach, belimumab still remains
statistically associated with less severe COVID-19 outcomes in
the age-adjusted and sex-adjusted model.

Previous investigators have found an association between SLE
disease activity and serious infections.”” It is likely that both
underlying immune dysfunction and the use of immunosuppres-
sive therapies increase the risk of infection in SLE, which would
explain the association between SLE disease activity and the
severity of SARS-CoV-2 infection reported here.

The prognosis of patients with COVID-19 has improved over
the course of the pandemic, which may be the result of many
factors, including more widespread testing (leading to diagnosis
of milder cases), improved pharmacological therapy and a better
understanding of the timing, method of ventilatory support in
critically ill patents and vaccination status for the most recent
cases. Our findings suggest that patients with SLE diagnosed in
later periods of the pandemic had better outcomes relative to the
first part of the pandemic, which is consistent with the overall
trends in the general population.*®

Itis important to note that chronic kidney disease, a common
and serious complication of SLE, has one of the strongest
associations with poor COVID-19 outcomes. Chronic kidney
disease is also an important risk factor for severe COVID-19
in the general population and may even pose a greater risk
than the presence of diabetes.” In addition to renal disease,
our findings indicate that other comorbidities also increase the
risk of severe outcomes, which is consistent with numerous
previous studies.” ' #' In SLE, medications, particularly GCs,
can impact important comorbidities such as hypertension,
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diabetes or obesity,”® which likely increases vulnerability to
severe COVID-19 outcomes.

Several limitations of this study should be noted. First, the
C19-GRA is a registry that is predicated on physician reporting
of COVID-19 in patients with rheumatic disease, and as such,
may be skewed to include more severe COVID-19 cases. Patients
with more severe COVID-19 are more likely to come to the
attention of their rheumatology provider. Second, even though
we were able to examine the relationship of several factors with
more severe outcomes, we cannot exclude other confounders
like access to healthcare or socioeconomic status. Third,
although the physician global assessment is a valid, responsive
and feasible instrument, given its less than optmal reliability it is
not ideal to just assess it to the exclusion of the patient’s assess-
ment or other measures of disease activity; this is a limitation
of our study. Finally, we were underpowered to look at some
important treatments for SLE, such as cyclophosphamide, in our
fully adjusted models; data on voclosporin and anifrolumab,
two newly approved therapies for SLE, were not available in the
registry at the time of our analyses.

In conclusion, we found that in addition to age, male sex and
comorbidities, the use of GCs and having untreated or active
discase were associated with more severe COVID-19 outcomes
in individuals with SLE. Individuals with these characteristics
should be prioritised for close monitoring, counselled to receive
vaccinaton and receive preventive therapies such as monoclonal
antibodies (when available) if exposed to SARS-CoV-2.
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Outcomes of COVID-19 in patients with primary systemic
vasculitis or polymyalgia rheumatica from the COVID-19
Global Rheumatology Alliance physician registry:

a retrospective cohort study

SebastianE Sattui*, Richard Conway*, Michad S Putman®, Andrea M Seet, MienaA Gianfrancesco, Kaley Beins, CatherineHill, David Liew,
Sarah L Mackie, Puja Mehta, LornaNeill, Gimena Gomez, Marialsabel Haye Salinas, Federico Nicolas Maldonado, Henrique Ataide Mariz,
SamiaAraujo deSousa Studart, Nafice CostaAraujo, AnnKnight, Davide Rozza, Luca Quartuccio, MaximeSamson, Stéphane Bally,

Alexandre T/ Maria, Pascal Chazerain, Rebecca Hasseli, Ulf Miller-Ladner, Bimba F Hoyer, Reinhard Voll, Rita Pinheiro Torres, Mariana Luis,
SandraLuciaEvzebio Ribeirio, Samar Al-Emad; Jeffrey A Sparks Tiffany Y-T Hsu, KristinM D'Sllva, Naomi] Patel, Leanna Wise, Emily Gibert,
MariaValenzuea Almada, Ali Duarte-Garda, Manud Ugarte-Gil LindsayJacobsohn, Zaralzadj, AnjaStrangfed, Elsa F Mateus, KimmeL Hyrich,
Laure Gossec, Loreto Carmona, Saskia Lawson-Tovey, Lianne Kearsley-Fleet, Martin Schaefer, Emily Sirotich, jonathan S Hausmann, Paul Sufka,
Suleman Bhana, Jean W Liew, Rebecca Grainger, PedroM Machado, Zadhary SWallace, JinoosYazdany, Philip C Robinson, on behalf of the Global
RheumatologyAlliancet

Summary

Background Patients with primary systemic vasculitis or polymyalgia rheumatica might be at a high risk for poor
COVID-19 outcomes due to the treatments used, the potential organ damage cause by primary systemic vasculitis,
and the demographic factors assodated with these conditions. We therefore aimed to investigate factors associated
with COVID-19 outcomes in patients with primary systemicvasculitis or polymyalgia rheumatica.

Methods In this retrospective cohort study, adult patients (aged =18 years) diagnosed with COVID-19 between
March 12, 2020, and April 12, 2021, who had a history of primary systemic vasculitis (antineutrophil cytoplasmic
antibody [ANCA}associated vasculitis, giant cell arteritis, Behcet’s syndrome, or other vasculitis) or polymyalgia
rheumatica, and were reported to the COVID-19 Global Rheumatology Alliance registry were included. To assess
COVID-19 outcomes in patients, we used an ordinal COVID-19 severity scale, defined as: (1) no hospitalisation;
(2) hospitalisation without supplemental oxygen; (3) hospitalisation with any supplemental oxygen or ventilation; or
(4) death. Multivariable ordinal logistic regression analyses were used to estimate odds ratios (ORs), adjusting for age,
sex, time period, number of comorbidities, smoking status, obesity, glucocorticoid use, disease activity, region, and
medication category. Analyses were also stratified by type of rheumatic disease.

Findings Of1202 eligible patients identified in the registry, 733 (61- 0%) were women and 469 (39- 0%) were men, and their
mean age was 63 -8 years (SD 17-1). A total of 374 (31-1%) patients had polymyalgia theumatica, 353 (29-4%) had AN CA-
associated vasculitis, 183 (15-2%) had giant cell arteritis, 112 (9-3%) had Behget's syndrome, and 180 (15-0%) had other
vasculitis. Of 1020 (84-9%) patients with outcome data, 512 (50- 2%) were not hospitalised, 114 (11- 2%) were hospitalised
and did not receive supplemental oxygen, 239 (23-4%) were hospitalised and received ventilation or supplemental oxy gen,
and 155 (15-2%) died. A higher odds of poor COVID-19 outcomes were observed in patients who were older (per each
additional decade of life OR 1-44 [95% CI 1-31-1-57]), were male compared with female (1-38 [1-05-1-80]), had more
comorbidities (per each additional comorbidity 1-39 [1-23-1.58]), were taking 10 mg/day or more of prednisolone
compared with none (2-14 [1- 50-3-04]), or had moderate, or high or severe disease activity compared with those who had
disease remission or low disease activity (2-12[1-49-3-02]). Risk factors varied among different disease subtypes.

Interpretation Among patients with primary systemic vasculitis and polymyalgia rheumatica, severe COVID-19
outcomes were assodated with variable and largely unmodifiable risk factors, such as age, sex, and number of
comorbidities, as well as treatments, including high-dose glucocorticoids. Our results could be used to inform
mitigation strategies for patients with these diseases.

Funding American College of Rheumatology and the European Alliance of Associations for Rheumatology.
Copyright © 2021 Elsevier Ltd. All rights reserved.
Introduction

Patients with autoimmune conditions could be at an
increased risk of hospitalisation or death from COVID-19.'

Previous studies, induding analyses from the COVID-19
Global Rheumatology Alliance physician registry, have
reported associations between worse COVID-19 outcomes
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Research in context

Evidence before this study

Data from large registries, induding the COVID-19 Global
Rheumatology Alliance physician registry, have reported
assodiations between poor COVID-19 outcomesand olderage,
having comorbiditi es, receiving a prednisolone-equivalent
dose of 10 mg/day or higher, and use of rituximab. However,
only small studies or case reports have described outcomes of
COVID-19 in patients with primary systemicvasculitis.

We searched Pubmed on May 15, 2021, using the sear ch tems
“COVID-19", “vasculitis’, "ANCA vasculitis”, “Giant cell
arteritis”, " Polymyalgia Rheumatica”.We searched for primary
research includin g ase-series published inany language
between Jan1, 2020, and May 1, 2021. Case reports were
excluded. We found five studies describing COVID-19
outcomes in patie nts with primary systemic vasculitis.

Added value of this study
In this analysis of patientswith primary systemic vasc ulitis or
polymyalgia rheumatica, induding 155 (152 %) patients who

in patients with rheumatic disease and the following risk
factors: older age, a high burden of comorbidities, high
doses of glucocorticoids, high disease activity, and the use
of particular conventional synthetic disease-modifying
antirheumatic drugs (DMARDs) and biological and
targeted synthetic DMARDs.** However, patients with
rheumatic diseases differ greatly in their demographic
profiles and in their exposure to immunosuppressive
therapies.

The primary systemic vasculitides are characterised by
vascular inflammation, which can lead to ischaemic
events and end-organ damage. Patients with primary
systemic vasculitis could be at a high risk for poor
outcomes following COVID-19 due to the use of
immunosuppressive therapies, such as high doses of
glucocorticoids, rituximab, and other DMARDs. Patients
with primary systemic vasculitis might also have
comorbidities, such as pulmonary or renal disease,
which have been associated with poor COVID-19
outcomes in the general population. Finally, in addition
to demographic factors, such as older age, there could be
anincreased susceptibility to the endothelial dysfunction
described in COVID-19.° It is therefore important to
understand the factors associated with poor COVID-19
outcomes in patients with primary systemic vasculitis.
Similar to these patients, those with polymyalgia
rheumatica mightalso be at high risk for poor COVID-19
outcomes, given that they have similar age demographics
and also  receive long-term  treatment with
glucocorticoids® The outcomes of COVID-19 in this
patient population have not yet been reported.

To our knowledge, no large, well characterised studies
done to date have investigated COVID-19 outcomes in
patients with specific vasculitis subtypes or polymyalgia

were reported to have died, older age, male sex,

a glucocorticaid dose of 10 mg/day or higher, moderate or
severe disease activity, and a high numberof comorbidities
were assodated with poor COVID-19 outcomes. Risk factors for
poor cutcomeswere dder age and obesity in patientswith
giant cell arteritis; older age, moderate, or highor severe
disease activity, and rituximab or cyclophosphamide use in
patients with ANCA-associated vasculitis; and older age in
patients with polymyalgia rheumatica.

Implicationsof all the available evidence

Different risk factors, including particulartreatments and
increased disease activity, were associated with poor COVID-19
outcomesin patientswith primary systemicvasculitis or
polymyalgia rheumatica. The identified risk factors could help
to guide physidans in recommending mitigation strategies for
their patients.

rheumatica. The objective of this disease-specific analysis
of data from the COVID-19 Global Rheumatology
Alliance physician registry was to describe the
presentation of COVID-19 among patients with primary
systemic vasculitis and polymyalgia rheumatica, and to
identify factors associated with poor COVID-19 outcomes.

Methods

Studydesign and participants

In this retrospective cohort study, we sourced data from
the COVID-19 Global Rheumatology Alliance physician
registry and the European Alliance of Associations for
Rheumatology (EULAR) COVID-19 registry. These
registries contain provider-reported cases of COVID-19
among patients with theumatic diseases.*”” Cases are
voluntarily entered by rheumatologists or other health-
care providers. Data are entered directly into the global or
European data entry systems, or transferred from
national registries (France, Germany, Italy, Portugal, or
Sweden). Patients aged 18 years and older diagnosed
with COVID-19 (confirmed or presumptive) between
March 12, 2020, and April 12, 2021, who had a history of
primary systemic vasculitis or polymyalgia rheumatica
were included. Primary systemic vasculitis included
antineutrophil cytoplasmic antibody (ANCA )-associated
vas culitis (granulomatosis with polyangiitis, microscopic
polyangiitis, or eosinophilic granulomatosis with poly-
angiitis), giant cell arteritis, Behget's syndrome, and
other vasculitides induding Kawasaki disease. A text
entry option was available when inputting data to the
registry to provide a specific diagnosis or another
diagnosis, if not listed. Data quality was assessed by the
University of California (San Francisco, CA, USA) and
the University of Manchester (Manchester, UK), both of
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which confirmed that there were no duplicates in the
data entries. Given the nature of the data collected, the
UK Health Research Authority and the University of
California San Francisco institutional review board
considered this study exempt from the need to obtain
patient consent. Both institutions provided ethics
approval for this study.

Procedures

Data from the COVID-19 Global Rheumatology Alliance
and EULAR COVID-19 registries were collected for
analysis on April 15, 2020, by the GRA data analytic center
at the University of California San Francisco. All patients
with primary systemic vasculitis or polymyalgia rheumnatica
were induded in the main analysis. Given disease-specific
differences in treatments and risk factors for COVID-19
outcomes, subgroup analyses were done for the following
specific diagnoses: giant cell arteritis, ANCA-associated
vasculitis, polymyalgia rheumatica, Behget's syndrome,
and other vasculitis.

Immunosuppressive therapies for primary systemic
vasculitis at the time of COVID-19 infection were included
in the analyses and categorised into groups. DMARDs
were categorised as conventional synthetic DMARDs
(including antimalarials, apremilast, azathioprine or
6-mercaptopurine, colchicine, cydosporine, cydophos-
phamide, leflunomide, methotrexate, mycophenolate
mofetil or mycophenolic acid, sulfasalazine, and
tacrolimus) and biological and targeted synthetic
DMARDs (including abatacept, rituximab, anakinra,
canakinumab, tocilizumab,  sarilumab, infliximab,
etanercept, adalimumab, golimumab, and certolizumab
pegol). Rituximab, cyclophosphamide, and glucocorticoids
were also analysed separately; glucocorticoids were
categorised by the prednisolone-equivalent dose
(0 mg/day, 1-5 mg/day, 6-9 mg/day, or =10 mg/day).

The primary outcome was COVID-19 outcome, assessed
by use of an ordinal COVID-19 severity scale, which was
definedas: (1) no hospitalisation (ie, admission to hospital);
(2) hospitalisation with no supplemental oxygen;
(3) hospitalisation with any supplemental oxygen or
mechanical ventilation; and (4) death.

Relevant covariates induded age (analysed as a
continuous variable and by decade), sex (female or male),
race or ethnicity (White, Black, Latin American, or
other), time period (on or before June 15, 2020;
June 16 to Sept 30, 2020; or Oct 1, 2020, to April 12, 2021),”
comorbidities (hypertension, cardiovascular disease,
diabetes, chronickidney disease,lung disease, interstitial
lung disease, or cancer), number of comorbidities
(analysed as a continuous variable), body-mass index
(BMI; obese [BMI =30 kg/m2] or non-obese
[BMI <30 kg/mg2]), smoking status (ever or never
smoker), disease activity, as per the physician’s global
assessment (remission, low, moderate, or high or
severe), and region (Europe, North America, South
America, or other). Other regions induded Asia, Eastern

www thelancet.com/theumatology Vol 3 December 2021

Mediterranean, South-East Asia, and Western Pacific
region.

Statistical analysis

Categorical variables are reported as numbers and
percentages, and continuous variables are reported as
means (SD) or medians (IQR). Data were analysed by
ordinal logistic regression, and associations were
estimated with odds ratios (ORs) and their associated
95% Cls. Only patients with complete outcome data were
included in the models. Missing data for other variables
were assumed to be missing at random. Multiple
imputation was performed for all models to obtain pooled
estimates for disease activity, smoking, and glucocorticoid
use. An overall model induded sex, age, glucocorticoid
use as a categorical variable (ie, prednisolone-equivalent
dose categories), medication category (no DMARDs,
conventional synthetic DMARDs only, biological or
targeted synthetic DMARDs only, combined biological or
tar geted synthetic plus corventional synthetic DMARDs,
rituximab only, or cydophosphamide only), time period,
number of comorbidities, smoking status, obesity (ie, a
BMI of 230kg/m?2), disease activity, and region. Individual
ordinal regression models, which included the same
covariates but with different medication categories (ie, no
DMARDs, methotrexate, leflunomide, IL-6 inhibitor,
azathioprine, rituximab, or cyclophosphamide), were also
constructed for giant cell arteritis, ANCA-associated
vasculitis, and polymyalgia rheumatica. In all models, age
was treated as a continuous variable by decade, and a
nominal test was used to confirm that the parallel
regression assumption was met. An interaction term
between prednisolone usage (binary) and disease activity
was included as an exploratory analysis in the overall
population.** We also did a sensitivity analysis induding
independent comorbidities (hypertension, cardiovascular
disease, diabetes, chronic kidney diseases, lung disease, or
interstitial lung disease) in patients with ANCA-associated
vasculitis. Results were considered statistically significant
at a twosided p value of less than 0-05. Analyses were
done in R, version 4.0.2.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

Between March 12, 2020, and April 12, 2021, 1202 cases of
COVID-19 in patients with primary systemic vasculitis or
polymyalgia rheumatica were reported to the COVID-19
Global Rheumatology Alliance physician registry and
were included in our analysis (figure). 733 (61-0%) of
patients werewomen and 469 (39 -0%) were men, and the
mean age of patients was 63-8 (SD 17-1) years. Most
patients were from Europe (704 [58-6%)] patients) and
North America (328 [27-3%]). Polymyalgia rheumatica
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Figure: Global distribution of patients with primary syste micvasculitis and polymyalgia rheumatica who had COVID-19 in the COVID-19 Global

Rheumatdogy Alliance physician registry

was the most common diagnosis (374 [31-1%)] patients),
followed by ANCA-associated vasculitis (353 [29-4%)),
giant cell arteritis (183 [15-29]), other vasculitis
(180 [15-0%)]), and Behget's syndrome (112 [9-3%]; table 1).
The most common comorbidities were hypertension
(564 [46-9%)]), cardiovascular disease (222 [18-5%)]),
diabetes (216 [18-0%)]), lung disease (212 [17-6%]), and
chronic kidney disease (160 [13 -3%]). Most patients were
in remission (442 [36-8%]) or had low disease activity
(370 [30-8%)]) at the time of COVID-19 diagnosis. A total
of 752 (62-6%) patients were taking glucocorticoids and
631 (52-5%) were taking DMARDs.

Among the 1020 patients for whom outcomes were
reported, 512 (50- 296) were not hospitalised (table 2). The
baseline characteristics of these 1020 patients, stratified
according to primary systemic vasculitis subtype and
polymyalgia rheumatica, are presented in the
appendix (pp 1-3). Based on the ordinal COVID-19
severity scale, 114 (11-29) patients were hospitalised and
required no supplemental oxygen, 239 (23-4%) were
hospitalised and required ventilation or supplemental
oxygen, and 155 (15-2%) died (table 2). In an ordinal
regression model that induded all disease types, patients
had higher odds of worse COVID-19 outcomes if they
were older (per each additional decade of life OR 1-44
[95% CI 1-31-1-57)), male compared with female (1-38
[1-05-1-80]), had a greater number of comorbidities
(per each additional comorbidity 1-39 [1-23-1-58]), were
taking 10 mg/day or more of prednisolone compared
with none (2-14 [1-50-3-04]), or had moderate, or high or
severe disease activity compared with disease remission

or low disease activity (2-12[1-49-3-02); table 3). Patients
were less likely to have worse outcomes if they developed
COVID-19 between Oct 1, 2020, and April 12, 2021,
compared with on or before June 15, 2020 (0-39
[0-30-0-51)). An exploratory analysis that included an
interaction term between prednisone use and disease
activity was not significant (p=0-27).

Among 158 patients with giant cell arteritis, 69 (43-7%)
were not hospitalised, 19 (12-09) were hospitalised and
required no supplemental oxygen, 38 (24-1%) were
hospitalised and required ventilation or supplemental
oxygen, and 32 (20-3%) died. In a multivariable ordinal
regression model, factors associated with a higher odds
of worse COVID-19 outcomes included older age
(per each additional decade of life OR 1-89 [95% CI
1-27-2-83]) and obesity compared with non-obesity
(2-98 [1-18-7-55]; table 4). Patients diagnosed with
COVID-19 between Oct 1, 2020, and April 12, 2021, were
less likely to have severe outcomes than those diagnosed
on or before June 15, 2020 (0- 28 [0-13-0-62]).

Among 294 patients with ANCA-associated vasculitis,
110 (37-4%) were not hospitalised, 30 (10-2%) were
hospitalised and required no supplemental oxygen,
89 (30-3%) were hospitalised and required ventilation or
supplemental oxygen, and 65 (22-1%) died. In a
multivariable ordinal regression model, factors
associated with higher odds of worse COVID-19
outcomes included older age (per each additional decade
of age OR 1-60 [95% CI 1-33-1-91)), rituximab use
compared with no DMARD use (2-15 [1-15-4-01)),
cydophosphamide use compared with no DMARD use
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(4-30 [1-10-16-75)), and moderate, or high or severe
disease activity compared with low disease activity (2-16
[1-01—4-31J; table 4). Patients diagnosed with COVID-19
between Oct 1, 2020, and April 12, 2021, had a lower odds
of severe outcomes than those diagnosed on or before
June 15, 2020 (0-47[0-27-0-81]). In a sensitivity analysis
that included individual comorbidities, only chronic
kidney disease (2-12 [1-17-3- 84]) was associated with a
higher odds of worse COVID-19 outcomes compared
with not having chronic kidney disease in patients with
ANCA-associated vasculitis (appendix pp 4-5).

Among 323 patients with polymyalgia rheumatica,
187 (57-99) were not hospitalised, 30 (9-3%) were

www thelancet.com/rtheumatology Vol 3 December 2021

All patients(n=1202) All patients (n=1202)

Mean age, years 638 (17:1) (Continued from previous column)

Sex Smokingstatus
Female 733(610%) Eversmoker 265 (220%)

Male 469 (39-0%) Neversmoker 448 (373%)

Race or ethnicity Missing 489 (407%)
White 724(602%) Median glucocorticcid dose, 6.0(5.0-12:0)
Black 19 (16%) mg/day
Latin American 145 (12:1%) CGategorial gluicocorticod (prednisolone equivalent) dose, mg/day
Other 110 (9:2%) 0 369 (30-7%)
Missing 204 (170%) 1-5 367 (30-5%)

Region 6-9 99 (8-2%)
Europe 704 (58-6%) =10 286 (23-8%)
North Ameria 328 (27-3%) Missing 81(6:7%)
South Armerica 90 (7:5%) Disease activity
Other 80(67%) Remission 442 (36-8%)

Time period Low 370(30-8%)

June 15, 2020, or before 502 (41.8%) Moderate 112 (9:3%)
June16,2020,toSept 30,2020 164 (13-6%) Highor severe 54 (45%)
Oct1,2020, toApril 12, 2021 536 (44.6%) Missing 224 (18-6%)

Diagnesis Medication

ANCA-associated vasculitis 353(29-4%) No DMARDs 571 (47-5%)
Giant cellarteritis 183(15-2%) Corventional syntheticDMARDs 367 (30-5%)
Polymyalgia theumatica 374 (311%) or.ily ) )

Behget's syndrome 112(93%) g;:'gm'fl;'; rgeted synthetic 193 161%)
Othervasculitis 180 (150%) Combined biologicalor targeted 71 (5:9%)

Number of comerbid ties synthetic plus conventional
0 428 (35:6%) synthetic DMARDs
1 388(32:3%) Rituximab only$ 128/353 (36-3%)
=2 386 (32:1%) Cydophosphamide only 20(1.7%)

Comorbidities Data are mean (SD), n (%), madian (KQR), or n/N(%). ANCA=antineut rophil
Hypertersion 564 (46:9%) cytoplasmic antibo dy. DM ARD=d: difying antirh icdrug. * Includes
Crlbustrdese 220859 ity o ek iy e s b
Diabetes 216 (18:0%) antineutrophil cytoplasmic antibo dy- associated vasculitis only.

Chronic kidrey disease 160(13:3%)
Table 1:Baseline characteristics of patientswith primary systemic
Lung dsease* 212(17:6%) vasculitis or polymyalgia rheumatica at the time of COVID-19 onset
Interstitial lungdisease 44 (37 %)
Cancer 77 (6:4%)
Body-mass index =30 mg/ky’ 240(20-0%) hospitalised and required no supplemental oxygen,
(Table 1 continues in next column) 71 (22-0%) were hospitalised and required ventilation

or supplemental oxygen, and 35 (10-8%) died. In a
multivariable ordinal regression model, factors
associated with higher odds of worse COVID-19 severity
included older age (per each additional decade of life
OR 2:75 [95% CI 2-00-3-80]; table 4). Patients
diagnosed with COVID-19 between Oct 1, 2020, and
April 12, 2021, had a lower odds of severe outcomes
than those diagnosed on or before June 15, 2020 (0-28
[0-16-0-47)).

Among 97 patients with Behget's syndrome, 69 (71-1%6)
were not hospitalised, 15 (15- 5%) required hospitalisation
with no supplemental oxygen, 11 (11-3%) required
hospitalisation and ventilation or supplemental oxygen,
and two (2-1%) died (table 2). Due to the low number of
events among Behcet’s syndrome patients, ordinal
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Al patients Giantcell arteritis ANCA-associated ~ Polymyalgia Behget's Othervasculitis
(n=1020) (n=158) vasculitis (n=294)  rheumatica syndrome (n=97) (n=148)
(n=323)
Not hospitalised 512 (50-2%) 69 (437%) 110 (37-4%) 187 (57-9%) 69 (71-1%) 77 (520%)
Hospitalisation with no 114 (11:2%) 19 (120%) 30 (10-2%) 30(9:3%) 15 (15:5%) 20 (13:5%)
supplemental acygen
Hospitdisation with 239 (234%) 38 (241%) 89(303%) 71(22:0%) 11 (11:3%) 30(20-3%)
ventilation or supplernentd
oxygen
Death 155 (15:2%) 32 (203%) 65 (22:1%) 35 (108%) 2 (21%) 21(14:2%)
Dataare n (%). This analysis excludes 182 patients with missing outco me data. ANCA=antineutrophil cyto plasmic antibody.
Table2: Outcomes according to the ordinal COVID-19 severity scale by type of disease
regrr;;‘si sion models were not constructed due to 0dds ratio (5% CI)*  pvalue
insufficient power. ; ——
Finally, among 148 patients with other types of :?Perd“deome TS oo
vasculitis, 77 (52-0%) did not require hospitalisation, ,
20 (13- 5%) required hospitalisation with nosupplemental Female 100(reh)
. e : Male 138 (1.05-1.80) 0020
oxygen, 30 (20-3%) required hospitalisation with .
ventilation or supplemental oxygen, and 21 (14- 2%) died. Time period
Text entry diagnoses for this group were only present for RS ol
nine (6-1%) patients (four had Takayasu's arteritis, J""“G'mmmse.ptmmzo 080(054-115) o
one had Cogan’s syndrome, one had cryoglobulinaemic S A0 N2 A TR OR S O FF0 53) <ooo
vasculitis, one had isolated pulmonary capillaritis, one Numbarofemorbidkies 139 0-3-1-58) <ooo
had deficiency of adenosine deaminase 2 vasculitis, and Smoking status
one had relapsing polychondritis). Given the hetero- bl 100 (wf)
geneity of diagnoses, ordinal regression models were not Eversmorar 101 (070-1:45) 095
constructed. Body-mass index, mg/kg’
<30 1.00 (ref)
Disc Ussion =30 1.07 (078-1.46) 016
To our knowledge, we report the largest study to date of Glucocorticoid (prednisolone equivalent) use, mg/day
COVID-19 outcomes in patients with primary systemic 0 1:00 (ref)
vasculitis or polymyalgia rheumatica. Older age, a higher 15 114 (083-1.57) 041
number of comorbidities, higher disease activity, and 6-9 122(075-197) 043
taking 10 mg/day or more of prednisolone were =10 214 (1-50-3.04) <0001
associated with worse COVID-19 outcomes. In disease- Disease activity
specific analyses, we observed unique factors associated Rernission or low 1.00 (ref)
with poor outcomes in individual primary systemic Moderate, orhigh or severe  2:12 (1.49-3.02) <0001
vasculitis categories. Reassuringly' patients with Thisanalysis excludes 182 patients with missingoutcome data. *Adjusted forage,
COVID-19 submitted to the rcgistry later in the analysis sex, time period, number of comarbidities, smoking status, obesity, glucocorticoid
period (ie, Oct 1, 2020, to April 12, 2021) had a lower rate | use disease activity, region, and medication categ ory.
of poor outcomes than those submitted earier in the | Tupp 3 Multivariable logistic regression analysis of factors associated
analysis period (ie, on or before June 15, 2020)." with ordinal COVID-19 severity outcomes in patients with primary
These data extend previous observations from smaller | systemi vasculitis or polymyalgia rheumatica

cohort studies to a large and well characterised
international cohort of patients with primary systemic
vasculitis who had COVID-19. In the pooled cohort,
almost half (49-8%) of patients were hospitalised and
15-2% had died. Compared with a recent (2021) study
done in the UK and Ireland, which found that 59 (91%)
of 65 patients with primary systemic vasculitis were
admitted to hospital and 18 (28%) died, our results are
reassuring and could reflect an improvement in
outcomes over time.™* The cause of this change is not
known, but it could plausibly be related to more
experience with managing COVID-19 or the use of

fewer experimental interventions over time.” As with
the general population, both comorbidities and age
were important risk factors for poor outcomes,
emphasising the importance of public health measures,
risk mitigation, and prioritisation of vaccination in
these individuals. Consistent with previous studies,
higher doses of glucocorticoids and moderate or high
disease activity were associated with worse outcomes;
however, no interaction between these two variables was
found.*#

www.thelancet com/theumatolbgy Vol 3 December 2021

164



Giantcell arteritis (n=149) AN (A -associated vasculitis (n=266) Polymyalgia rheumatica (n=291)
OR (95%CI)* pvalue OR(95% CI)* pvdue OR(95% 0)* pvalue
Age, per decade of life 189(1:27-2.83) 0.0019 1.60(1:33-1.91) <0001 275(200-380)  <0.001
Sex
Female 1.00 (ref) 100 (ref) 100 (ref)
Male 120 (056-2:55) 0-64 1.37 (0-83-2:26) 021 154 (0-89-2.67) 012
Time period
June 15,2020, o1 before 100 (ref) 1.00 (ref) “ 100 (ref)
June 16,2020, to Sept 30, 020 072 (0-22-2:34) 0-59 0-82(039-171) 059 059 (0-24-1-44) 0:25
Octl, 2020, toApril 12,2021 028(0-13-0-62) 0.0015 0-47 (0-27-081) 00062 028(0-16-047) <0001
Medcation
NoDMARD 1.00 (ref) 1.00 (ref) - 1.00 (ref) -
Methotrexate 097 (034-2.71) 0.95 0.79(031-1.99) 061 161 (0-85-3.07) 015
Leflunomide 4.93 (0-34-72.07) 024
IL-6 inhibitor 052(020-1:33) 017
Azathioprine 1:10(054-2-24) 079
Rituximab 2:15(115-4.01) 0016
Cychophosphamide 4-30(110-1675) 0036 - -
Number of comorbidities 1.48 (106-207) 0-021 113 (0-89-1-42) 031 127 (0-98-1.63) 0068
Sroking status - . B
Never smoker 1.00 (ref) 100 (ref) 1.00 (ref)
Ever smoker 0.93 (0-42-2-06) 086 1.12(0:61-2.05) 071 080(039-162) 052
Body-mass index, mg'kg'
<30 1.00 (ref) 1.00 (ref) 1.00 (ref) -
=30 2.98(118-7-55) 0.021 1.35 (073-251) 034 1.06 (055-2.05) 087
Glucocorticaid (prednisolone equivalent) use, mg/day
0 100 (ref) 1.00 (ref) 100 (ref)
1-5 0-96(039-2-34) 0.92 1.67 (0-92-303) 0091 1.29 (0-60-2.79) 052
6-9 175 (0-44-704) 043 0-60 (0-21-1-69) 033 130 (0:50-3-38) 058
=10 2.89(1167.21) 0.023 2.80(1:36-579) 00054 127 (0-52-3-12) 060
Disease activity
Remissionor low 1.00 (ref) 1.00 (ref) 1.00 (ref) “
Moderate, o high or severe 314 (071-13.97) 012 216 (1.01-4-31) 0028 199 (081-489) 013
This andysis includes cnly patients with studied factors (ie medications). ANCA=antineutrophil cytoplasmic antibody. DMARD= disease-m odifying antitheumaticdrug.
IL-6=interle ukin 6. OR=0dds rtio. * Adjusted for age, sex, time period, medication use @tegory, numberof como rbidities, smoking status, obesity, glucocorticoid use, disease
activity, and region.
Table4: Multivariable logistic regression analysis of factors associated with ordinal COV ID- 19 sev erity outcomes in patients according to diseasetype

Among the identified patients with ANCA-associated
vasculitis and COVID-19, almost twothirds were
hospitalised and approximately one-fifth died. These
results should be interpreted with caution. First, a
provider-reported registry is biased toward accumulating
patients with severe COVID-19. Second, COVID-19
outcomes have improved over time, and this study
indudes patients from the early months of the COVID-19
pandemic. Nevertheless, this is the first study to evaluate
alarge and well characterised population of patients with
ANCA:-associated vasculitis who had COVID-19. Our
results are supported by a smaller published case-series,*
which also reported high rates of poor outcomes in
patients with ANCA-associated vasculitis. Our study
builds on these previous results by further identifying
risk factors associated with poor outcomes. In a

www thelancet.com/rheumatology Vol 3 December 2021

sensitivity analysis, patients with chronic kidney disease
had worse COVID-19 outcomes than those who did not
have chronic kidney disease, which is consistent with
other studies done in the general population.”
Glucocorticoid use and having received rituximab or
cyclophosphamide were also associated with worse
outcomes, which is similar to the results of previous
studies in other rheumatic diseases’ Whether this
observations reflects the immunosuppressive effects of
these drugs or the selection bias related to the patients
who receive them cannot be ascertained from this study.

Similar to patients with ANCA-associated vasculitis, a
high proportion of patients with giant cell arteritis
reported in this registry had poor COVID-19 outcomes,
including death. In addition to the aforementioned
limitations ofthese data, the high mortality rates observed
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in patients with giant cell arteritis could reflect the
importance of age in COVID-19 mortality.® The high
COVID-19 mortality rates could also be associated with an
increased risk or severity of cardiometabolic
comorbidities, which have been associated with poor
outcomes in COVID-19."* Few cohorts of patients with
giant cell arteritis are available to further verify these
findings. A study done in France reported eight cases of
COVID-19 among 148 patients with large vessel vasculitis,
only one of whom died.” A similar study done in Italy
reported four cases of COVID-19 among 151 patients with
large vessel vasculitis, none of whom died.* Given some
of the unmodifiable risk factors for outcomes in patients
with giant cell arteritis, attention to other factors, such as
the prescription of high-dose glucocorticoids, is crucial.
Patients with polymyalgia rheumatica in our study had
less severe COVID-19 outcomes and lower mortality rates
than did patients with giant cell arteritis and ANCA-
associated vasculitis. In patients with polymyalgia
rheumatica, poor outcomes were associated only with
age, which is a known risk factor for the general
population. Despite a similar age distribution in this
group as in the group of patients with giant cell arteritis,
these differences could potentially highlight the role of
other important factors, such as the use of higher
glucocorticoid doses and obesity.

Overall, few patients with Behget's syndrome in our
cohort had severe COVID-19 outcomes, with only a third
of patients requiring hospitalisation and two patients
who died. Patients with Behget's syndrome were younger
than those with other disease types. Despite the evident
concern of an increased risk of thrombosis associated
with both Behget's syndrome and COVID-19,” which is
associated with poor outcomes, our results showing less
severe outcomes in these patients than in those with
other disease types are reassuring and consistent with
those reported by small case-series.*** Due to a low
number of events, patients with Behget’s syndrome who
had COVID-19 were not included in the regression
analysis. The mortality rate in patients with other types
of vasculitis was lower than in those with giant cell
arteritis and ANCA-associated vasculitis, but given the
smaller sample size, reduced diversity of diagnoses, and
absence of information on specific diagnoses, this patient
group was not included in regression analyses.

In addition to the limitations already noted, the following
factors should also be acknowledged. First, cross-sectional,
physician-entered, case-reporting registries might be
subject to selection bias toward patients with more severe
COVID-19. In particular, the mortality rate should be
considered a case fatality rate as opposed to an infection
fatality rate, as we have probably overestimated the true
mortality risk among patients with primary systemic
vasculitis who develop COVID-19. Second, given the
nature of the COVID-19 Global Rheumatology Alliance
physician registry, participation is dependent on a
COVID-19 diagnosis, and particular covariates (eg, age)

that were accounted for can lead to a collider bias (by
affecting both condition and outcomes).* Third, the time
periods between COVID-19 diagnosis and clinical
outcomes were not fully collected, and the attribution of
clinical outcomes to COVID-19 was based on the treating
physician’s opinion. However, the results from this registry
are consistent with findings from other data sources,
verifying the information collected and the interpretation
of our results. Fourth, although we were able to analyse
multiple factors associated with COVID-19 outcomes in
our models, we cannot exclude other confounders as
potential explanations for our findings. We therefore
caution against making causal inferences from our data.
Finally, the absence of an interaction between prednisolone
treatment and disease activity, as well as other medication
associations, could have been due to low power rather than
an absence of an association.

In condusion, in this study of patients with primary
systemic vasculitis or polymyalgia rheumatica who had
COVID-19, we report high rates of severe COVID-19
outcomes, particularly in patients with giant cell arteritis
and ANCA-associated vasculitis. Important predictors of
poor COVID-19 outcomes indude older age, a higher
number of comorbidities, moderate, or high or severe
disease activity, and the use of specific medications,
induding high-dose glucocorticoids. Our study identifies
risk factors associated with poor COVID-19 outcomes in
this patient population and in those with specific disease
phenotypes, and stratifies outcomes by specific disease
phenotypes. These observations could guide risk
mitigation strategies in the treatment of patients with
these conditions. Further studies should address the
reasons for these concerning outcomes in patients with
primary systemic vasculitis who develop COVID-19.
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3.8 Einstellung der Rheumatologinnen gegenuber der COVID-19

Impfung
Originalarbeit 15:
Hasseli R, Pfeil A, Krause A, Schulze-Koops H, Miiller-Ladner U, Specker C; COVID-19 Task Force

of the German Society for Rheumatology (DGRh). A survey to evaluate knowledge, perceptions and

attitudes toward COVID-19 vaccinations among rheumatologists in Germany.
Rheumatol Int. 2021 Nov;41(11):1949-1956. doi: 10.1007/s00296-021-04986-1

Zur Bewaltigung der Pandemie wurden weltweit verschiedene Strategien entwickelt,
spezifische Therapeutika und Impfstoffe zu entwickeln. Die Entwicklung von spezifischen
Therapeutika war Mitte 2020 noch nicht ausreichend erfolgversprechend, so dass der Fokus
auf der Entwicklung eines Impfstoffes lag. Ende des Jahres 2020 stand der Impfstoff von
Biontech/Pfizer zur Verfugung. Die neuartigen Impfstoffe stieBen jedoch nicht nur auf
Akzeptanz innerhalb der Bevolkerung. Die bisherigen Impfquoten gegen Influenza und
Pneumokokken bei Patientinnen mit ERE legten nahe, dass eine adaquate Kommunikation
und Aufklarung notwendig waren, um eine hohe Impfquote und somit Herdenimmunitat zu
erreichen. Dies setzt jedoch auch voraus, dass die behandelnden Rheumatologlnnen eine
Impfung befirworten und den Patientinnen entsprechend Empfehlungen aussprechen. Fir
eine adaquate Empfehlung sind evidenzbasierte Daten notwendig. Bis Marz 2021 und somit
lediglich gut drei Monate nach Start der Impfkampagne lagen noch keine ausreichenden Daten
bezuglich der Effektivitdt und Sicherheit der Impfstoffe bei ERE-Patientinnen vor. Dennoch
sprach sich die Standige Impfkommission des Robert-Koch-Instituts fur eine COVID-19-
Impfung bei ERE-Patientinnen mit den damals zur Verfigung stehenden Impfstoffen aus, da

es sich um keine Lebendimpfstoffe handelte 2%°.

Dies flihrte jedoch nicht nur in der Allgemeinbevélkerung, sondern insbesondere auch bei
ERE-Patientinnen verstandlicherweise zur Unsicherheit und Zweifel. Um dies zu beheben,
veroffentliche die Adhoc-Kommission COVID-19 der DGRh bereits im Dezember 2020 eine

Empfehlung zum Umgang mit dem COVID-19-Impfstoffen 2.

Die Hauptpunkte der
Empfehlung waren, dass alle bisher zur Verfugung stehenden Impfstoffe bei ERE einsetzbar
sind. Eine Impfung sollte bei Remission/geringer Krankheitsaktivitdt erfolgen. Eine
Therapieunterbrechung der Immunmodulation zur Verbesserung der Impfantwort wurde nicht
empfohlen. Lediglich unter Therapie mit Rituximab sollte eine Impfung 4-6 Monate nach der
letzten Rituximab-Therapie erfolgen und frihestens 14 Tage nach Abschluss der Impfung
sollte die Therapie mit Rituximab wieder eingeleitet werden. Die Entscheidung gegen eine
Therapieunterbrechung basierte auf der fehlenden Evidenz diesbezuglich und dem méglichen

Risiko einer Aktivitdtszunahme der ERE durch eine Therapiepause. Trotz dieser schnellen
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Reaktion der DGRh herrschte sowohl unter den Patientinnen als auch Arztinnen weiterhin
Zweifel beziglich des Einsatzes der COVID-19-Impfstoffe bei ERE.

Aus diesem Grund wurde eine bundesweite anonyme Befragung unter Rheumatologlnnen
initiiert, um das Meinungsbild bezuglich der COVID-19-Impfstoffe zu erfassen und mdgliche

Informationsdefizite aufzudecken.

Hierfir wurde ein Online-Fragebogen mit 21 Fragen entwickelt (Originalarbeit 715). Die
Umfrage erfolgte von Anfang Februar bis Mitte Marz 2021. Zu diesem Zeitpunkt war bereits
die COVID-19-Impfkampagne in Deutschland angelaufen. Mithilfe verschiedener
Kommunikationswege, wie z.B. Newsletter der DGRh, Soziale Medien, diversen Mailverteilern,
und direkter Interaktion, konnten 214 Rheumatologlnnen fir die Umfrage gewonnen werden.
Die groRte Altersgruppe stellten Personen zwischen 51-60 Jahren dar (41%), gefolgt von
Personen zwischen 41-50 Jahren (21%). Uber 80% der Befragten hatten mehr als 11 Jahre
Berufserfahrung und waren mehrheitlich auch wissenschaftlich (59%) oder/und in der Lehre

(46%) tatig. In rheumatologischen Schwerpunktpraxen waren 61% der Befragten tatig.

Trotz der fehlenden Daten bezuglich der Sicherheit und Effektivitdt der zur Verfigung
stehenden COVID-19-Impfstoffe, sprachen sich 99% der Befragten fir eine COVID-19-
Impfung bei ERE aus und ca. 90% gaben an, dass sie sich sicher im Umgang mit COVID-19-
Impfungen bei ERE flihlen wirden. Entsprechend der Empfehlung gab die Mehrheit der
Befragten an, dass sie die Immunmodulation aufgrund der Impfung nicht pausieren wirden.
Nur im Falle von Rituximab wurde eine Therapiepause in Erwagung gezogen. Trotz der Option
des Einsatzes der Vektorimpfstoffe und der fehlenden Datenlage bezlglich der Praferenz
eines COVID-19-Impfstoffs, bevorzugten Uber 70% der Befragten den Einsatz von mRNA-
Impfstoffen bei ERE.

Somit spiegelte sich die Entscheidung der Befragten mit der Empfehlung im Umgang mit den
COVID-19-Impfstoffen seitens der DGRh wider.
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Abstract

The objective is to evaluate the attitude of rheumatologists regarding the use of COVID-19 vaccination in patients with
inflammatory rheumatic diseases (IRDs). From February 2nd until March 15th, 2021, rheumatologists from Germany were
asked to participate anonymously in a survey addressing their attitude with respect to COVID- 19 vaccinations of IRD patients.
The survey was completed by 214 participants (107 men, 103 women, 4 unspecified). More than half of the physicians
(61 %) were working in rheumatologic private practices and 62% had more than 20 years of experience in rheumatology.
90% reported to be at least confidential in handling issues of COVID-19 vaccination and 99% would recommend COVID-19
vaccination for IRD patients. The majority would not recommend to stop or reduce immunomodulatory drugs for vaccination
except for rituximab. More than 70% would prefer vaccination with a mRNA vaccine for their IRD patients. This study shows
that almost all rheumatologists in Germany support the COVID-19 vaccination for their IRD patie nts without reducing or
terminating the actual immunomodulatory medication to potentally improve the response to the vaccine. This attitude is in
accordance with the current recommendations of the German Society of Rheumatology regarding COVID-19 vaccination
in IRD patients, and indicates that these have been well accepted and work in everyday clinical practice.

Keywords Immunmodulatory drugs - Rituximab - Inflammatory rhe umatic diseases - Glucocorticoids - COVID-19
vaccines

Introduction pandemic tunnel by achieving a so-called ‘herd immu-
nity’. Herd immunity works through achieving a threshold
For more than 1 year, the world is struggling with the coro-  immunity at the population level that is able to interrupt the
navirus SARS-CoV-2 disease (COVID-19). The available transmission chain of a given infectious disease, either by
COVID-19 vaccines are offering light at the end of the  wild virus infection or by vaccination [1]. Anoptimal herd
immunity is achieved by a high immediate and long-term

The members of the COVID- 19 Task Force of the German Society vaccine efficacy [1]. For a vaccine with an eflicacy of 95%,
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the required herd immunity level would be 63-76% [1]. In
addition to a fundamental skepticism toward vaccinations,
concerns prevail in Germany among patients and many phy-
sicians about the effectiveness and safety of vaccinations
ininflammatory rhe umatic diseases (IRDs), especially with
respect to triggering flares. In addition, the so far unsur-
passed rapid development of several new vaccines and the
respective new technologies used to develop COVID-19 vac-
cires raised additional doubts and concerns in the population
and among physicians [2].

Although until March 15th, 2021, no data on the safety
and efficacy of the COVID-19 vaccines specifically in
patients with IRDs were available, the Standing Committee
on Vaccination (STIKO) ofthe Robert Koch Institute (RKI)
recommends vaccination against COVID-19 of IRD patients
[3]. The caveat, that live vaccines should not be adminis-
tered in patients under immunosuppressive therapy, is not an
issue for vaccination against COVID-19 since all currently
licensed vaccines are non-live vaccines. Nevertheless, this
has been and still is questioned repeatedly by patients and
physicians.

To overcome the concerns and fears, both of the patients
with IRD and their caring rheumatologists, the German Soci-
ety forRheumatology released the first recommendations for
handling COVID-19 vaccinations in IRD patients in Decem-
ber 2020 [4, 5]. The recommendations were based also on
the recommendations of the German National Authorities
for vaccination strate gies (Robert Koch Institute (RKI) and
Paul Ehrlich Institute) and phase three clinical trials of the
SARS-CoV-2 vaccines [3]. The main statements were that
all available vaccines against COVID-19, including those
using viral vectors (since they are non-replicating) are non-
live vaccines and the use of nucleic acid technologies for the
development of messenger RNA-vaccines does not imply
threat or harm to the genetic inte grity of the recipient [4, 6].
Therefore, these vaccines can and should be used without
restriction in IRD patients, especially under immunosup-
pressive/immunomodulating therapy. Vaccinations should
preferably be givenwhen the IRD is in remission or a state
of low activity. Moreover, to avoid disease flares, it is not
recommended to reduce the dose or terminate immunomod-
ulators in general [4]. In case of rituximab, if possible, an
alternative treatment strategy should be considered to facili-
tate an adequate vaccination response without risking a flare
[4]. However, the assumption to develop protective immune
esponse upon vaccination was derived from other vaccines,
as this aspect has not been evaluated specifically for COVID-
19 vaccination. Similarly, derived from a markedly impaired
immune response to established vaccinations during B cell
depletion therapy, vaccination against COVID-19 is recom-
mended not earlier than 4-6 months after the last applica-
tion of rituximab [7-9]. Vice versa, the vaccination should
be completed at least 2 weeks prior to the next rituximab

@ Springer

infusion. The (so far unproven) idea to reduce immunosup-
pressive therapy in patients with IRD to facilitate or enhance
the immune response upon vaccination was explicitly dis-
couraged to avoid the risk of disease flares.

To increase the vaccination rate, rheumatologists
should provide their patients with sufficient and consist-
ent information. This study aimed to evaluate the attitude
and knowledge of rheumatologists regarding the use of
COVID-19 vaccination in patients with IRDs and thus
examine the implementation of recommendations and
identify any further needs.

Methods

An online questionnaire with 21 questions, including
baseline characteristics of the participants (e.g., age, work
experience) and questions focusing on their attitude toward
COVID-19 vaccination in IRD patie nts, was developed and
announced to the German rheumatologists on a nationwide
basis in a cross-sectional design using computer software
SoSci Survey (version 3.1.06, Leiner [10], available at
https://www soscisurvey.de). The questions were designed
as a selection of only one answer or selection of multi-
ple answers. For pretest validation of the survey, a pilot
test was run by a group of rheumatology staff members.
Answers of the participating rheumatologists and health
professionals were recorded by transferring the submitted
data into an excel sheet. Only fully completed question-
naires were evaluated. Duplicate entries and incomplete
questionnaires were excluded.

The study was open from February 2nd until March
15th, 2021 . At this time, the nationwide vaccination cam-
paign in Germany started with healthcare workers, espe-
cially healthcare workers involved in the treatment of
COVID-19 patients, along with people aged 80 and over.
Vaccination for IRD patients younger than 80 years were
not available at that time period. Participants had to be
specialized rheumatologists, trainees in clinical depart-
ments of theumatology, or physicians treating mainly IRD
patients. Participation was voluntary, anonymously, and
without any reimbursement. Therefore, the ethics com-
mittee of the University of Giessen certified that no addi-
tional ethical approval was required for this study (January
26th, 2021) and the study was performed based on the
rules of the ethics committee of the University of Giessen
in accordance with the Declaration of Helsinki. Written
informed consent was not required. This work was con-
ducted in accordance to the recently published primer for
author guidelines for reporting survey-based studies [11].
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Statistical analysis

The analysis was based on a descriptive statistic and addi-
tional exact binomial tests were used to assess differences
between physicians’ characteristics and COVID-19-related
answers using SPSS (version 26 IBM SPSS Statistics, Chi-
cago, Illinois, USA). P values were 2-sided with a signifi-
cance level set at p<0.05.

Results
Baseline characteristics (details see Table 1)

In total, 214 physicians (Table 1) from all federal German
states participated and 90% were rheumatologists (special-
ists and residents). Most of them were middle aged with
an equal distribution of males and females and had con-
siderable work experience as rheumatologists (more than
80% between 11 and more than 30 years). Almost half of
the participants were involved in teaching (46%) and/or sci-
ence (59%). The majority of the physicians were working

Table 1 Baseline characteristics of participating physicians

in private practices (61%), 37% in academic or university
hospitals(Table 1).

Physicians’ attitudes to vaccination
against COVID-19 (details see Table 2)

Participants reported following the afore mentioned recom-
mendations of the German Society of Rheumatology (84%),
recommendations of the Robert Koch Institute (82%) and
its STIKO (74%). In addition, own online research (72%),
online training (72%), personal communication among col-
leagues (69%), and public media [(television and radio) 61%)
were used to stay informed. Only 35% of the participants
reported informing themse ves via the official association of
panel doctors. The majority of physicians reported feeling
at least confident with counseling their patients regarding
vaccination (90%) and two-thirds that almost every patient
spontaneously addressed questions regarding COVID-
19 vaccination. Only 1.4% of the rheumatologists would
not recommend COVID-19 vaccination for IRD patients.
Half of the partcipants had already undergone vaccination

Age (years)

<30 31-40 41-50 51-60 61-70 >70 No arswer

7 (33%) 40 (18.7%) 45 (21%) 87 (40.7%) 29 (13.6%) 4(1.9%) 2(0.9%)

Gender

Malk 107 (50%)

Fe mak 103 (48.1%)

Unspeafied 2 (0.9%)

No answe r 2(0.9%)

Specialty

Inernal medicine and rheumatology 174 (81.3%)

Internal me di ane 6(2.8%)

Orthopedics 2(0.9%)

Orthopedics with specialization in rheumatology 2 (0.9%)

Residency in rhe umatology 2 (9.3%)

Resddency in internal mediane 5(2.3%)

Other 5(2.3%)

Workplace

Privake practice Outpatie nt clinic Hospital without eaching Acade mic eaching University hospital
assignment hospital

130 (60.7%) 16 (7.5%) 7(3.3%) 38 (17.8%) 41(19.2%)

Work experience (years)

<5 5-10 > 10 >20 >30

17(7.9%) 16 (7.5%) 48 (224%) 85 (39.7%) 48 (224%)

Ivolve ment in eaching

Involve mentin science

98 (45.8%)

126 (58.9%)

@ Springer
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Table2 Questions regarding COVID-19 vaccination

Information sources for COVID-19 vaccination

Training

German Sockety for Rhe umatology
Robert Koch Institute

Standing vaccination commission
Online research

Communication among colleague s
General media (TV, radio)
Association of panel doctors

154 (72%)

179 (836%)
176 (822%)
159 (743%)
154 (72%)

147 (687%)
131 (612%)
76 (355%)

Self-assessment regarding handling COVID-19 vaccination and IRD

Very uncertain Uncertain

Undecided

Confident Very confident

4(1.9%) 4(1.9%)

14 (6.5%)

136 (63.6%) 56 (26.2%)

How many patients are asking for further infoarmation about COVID-19 vacanation?

No <50% >50% Nearly every patient
3(1.4%) 17 7.9%) 55(25.7%) 139 (65%)

Recommendation of COVID-19 vaccination for IRD patients

Self-vaccination against COVID-19

211 (98.6%)

211 (98.6%)

Under w hich dose of prednisolone (mg/day ) would you recommend COVID-19 vaccination in IRD patients? (multiple s lection possible)

<5 mg/day 116 (542%)
5-10 mg/day 121 (565%)
11-15 mg/day 40 (187%)
> 15 mg/day 15(7%)
No influence of GC on recommendation for COVID-19 vacdnati on* T1(33.2%)
Which type of COVID-19 vaccine do you prefer for IRD patients? (multiple selection possible)
Moderna (COVID-19 Vaccine )v1oderna°) 153 (71.5%)
Biontech/Pfizer (Camirnaty®) 169 (79%)
AstraZeneca/Oxford (AZD 1222%) 62 (29%)
Dead vacane 2 (0.9%)
No opinion yet" 41(19.2%)
Changes in therapy dee to COVID-19 vaccination?

Pause before Pause afervaccimtion Pause before and Reduction of dose No change No answer

vaccination after vaccination before vaccination
csDMARDs 6(2.8%) 26(12.1%) 19 (8.9%) 3(1.4%) 158 (73.8%) 2(0.9%)
Azathioprine 3(14%) 5(2.3% 17 (7.9%) 1 (0.5%) 183 (85.5%) 5(2.3%)
My cophenolate 4(1.9%) 9(4.2%) 20(93%) 2 (0.9%) 165 (77.1%) 14 (6.5%)
TNF-inhibitors 4(1.9%) 10 (4.7%) 18 (84%) 5(2.3%) 172 (80.4%) 5(2.3%)
IL-17-inhibitors 4(1.9%) 10 (4.7%) 18 (8.4%) 4(1.9%) 172 (80.4%) 6(2.8%)
IL-6-inhibitors 5(2.3%) 10 (4.7%) 22 (10.3%) 5(2.3%) 166 (77.6%) 6(2.8%)
IL- 1-inhibitors 3(1.4%) 10 (4.7%) 21 (9.8%) 5(2.3%) 166 (77.6%) 9(4.2%)
Abatacept 8(3.7%) 13 (6.1%) 36 (16.8%) 5(2.3%) 142 (664%) 10 (4.7%)
Rituximab 54(25.2%) T(33%) 124 (57.9%) 6(2.8%) 19 (8.9%) 4(1.9%)
JAK-inhibitors 7(3.3%) 14 (65%) 24(11.2%) 1 (0.5%) 160 (74.8%) 8(3.7%)

*Multiple s lections were possible except for thisitem
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themselves, 49% planned to do so and 1.4% stated that they
would not get vaccinated.

Rheumatology treatment strategy
during vaccination (details see Table 2)

One-third of the participants reported that their recommen-
dation for COVID-19 vaccination would be independent
of the use of glucocorticoids (GC). More than half of the
physicians would recommend vaccination at a maximum
dose of 10 mg prednisolone daily, 19% up to a maximum
dose of 15 mg prednisolone, and 7% even at higher doses.
More than 80% reported checking the vaccination status of
their patients routinely. More than 70% would recommend
vaccination with Comirnaty“ (79%) and COVID-19 Vac-
cine Moderna® (72%), while only 29% would recommend
vaccination with Vaxzevria® (AstraZeneca). At least 19%
reported having no clear opinion about which type of vac-
cine to recommend.

More than 70% of the physicians would not recommend
changing therapy with conventional synthetic (CS) disease-
modifying anti-rheumatic drugs (DMARDs), and around
&% would recommend to continue TNF-, interleukin(IL)-1-,
IL-6-,1L-17-, and JAK-inhibitors (Table 2). However, one-
third would pause the therapy with abatacept, and only 9%
would recomme nd vaccination during ongoing therapy with
rituximab. Rituximab was considered to be rather paused
before vaccination whereas abatacept was rather recom-
mended to be withheld after vaccination.

Overall, the answers re garding the handling of immuno-
therapy and COVID-19 were independent of the gender of
the respective physician, and whether the physicians worked
in private practices or rheumatology dep artments.

Discussion

To our knowledge, this study is the first to investigate the
opinion of rheumatologists on COVID-19 vaccines in IRD
patients and it illustrates the attitude of physicians toward
the actally lice nsed vaccines in Germany. For IRD patients
as well as for their rheumatologists, itis important to know
if vaccination against COVID-19 will be effective, even
under immunomodulating therapy, and does not induce dis-
ease flares. At the time of the survey, no data on the eflec-
tiveness and safety of COVID-19 vaccines in IRDs patients
were available. The first paper to address this important
issue was published at the end of March 2021 and covered
selected immunosuppressants in a relatively small group of
patients with chronic inflammatory diseases (mainly RA)
[12]. Even though these primary results affirmed a sufficient
immune response and no safety issues upon vaccination in
IRDs under glucocorticoids (up to 15 mg daily), selected

¢sDMARDs (mainly leflunomide) and biologics (mainly
TNF-inhibitors), reliable data for the whole spectrum of
IRDs and especially for many other immunomodulatory
drugs are still lacking. Therefore, recommendations on vac-
cination against COVID-19, released by national and inter-
national societies rely on opinions of experts and adoptions
from (even sparse) evidence from vaccination against other
diseases [13]. The results of the survey indicate that more
than 9% of the participating rheumatologists recommend
vaccination against COVID-19 for their IRD patie nts, which
is in line with the recommendation of the German society
for rheumatology and STIKO [3, 5].

Despite the use of new platforms for development and
lacking data in special diseases or under certain thera-
pies, the administration of all available vaccines against
COVID-19 is recommended for IRDs and also under
immunosuppression by different official health institu-
tions and rheumatological societies with some restrictions,
mainly with respect to the use of rituximab. Concerns of
potentially promoting disease flares through vaccination
were outweighed unequivocally by the risk of COVID-19
inlight of its pandemic nature.

The fact that the vast majority (99%) of German rheu-
matologists recommend their patients with IRDs to get
vaccinated can be considered a success of the infor mation
policy of the German Society for Rheumatology. In a sur-
vey to explore the perspective of Egyptian Rheumatology
staff members 70.1% agreed that they will recommend
vaccination for IRD patients [14]. This is also reflected
by the willingness of physicians to get vaccinated them-
selves (Table 2). The rate of physicians to get vaccinated
themse lves was higher compared to the results of asurvey
of healthcare workers in Turkey [15]. In this survey, only
68.4% of the physicians reported their willingness to get
vaccinated against COVID-19[15]. However, itis possible
that more physicians with positive attitudes toward vac-
cines against COVID-19 completed the questionnaire, as
participation was voluntary.

Regarding the use of different vaccines, the majority
of participating rheumatologists in Germany prefers one
of the mRNA vaccines for their IRD patients, only 29%
would use the vector vaccine from AstraZeneca (Table 2).
This is notable since the first warning due to reported cer-
ebral sinus vein thromboses in the context of vaccination
with the AstraZeneca vaccine came up in Germany shortly
after closing our survey. There is no explanation for these
results, as in the survey no further questions regarding the
use of different vaccines were asked.

As immunomodulation might influence the response to
vaccination, the question was if physicians would recom-
mend to change treatment with immunomodulatory drugs
with the intention to achieve a better immune response. On
the contrary, discontinuation enhances the risk of disease
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flares, which might require the use of GC in higher doses.
For pneumococcal vaccination, it could be observed that
the use of prednisolone higher than 10 mg daily was asso-
ciated with an impaired antibody response [16]. Therefore,
physicians were asked, up to which dose of GC they would
recommend COVID-19 vaccination in their IRD patients.
In this survey, one-third reported that the use of GC would
not have any impact on their advice for COVID-19 vacci-
nation, 7 % re ported accepting dosages of more than 15 mg
prednisone daily, 19% up to 15 mg, and most accepted
doses of up to 10 mg (Table 2).

Compared to normal controls, a lower response to
preumococcal or influenza vaccines was reported for IRD
patients under le flunomide, sulfasalazine, azathioprine, and
hydroxychloroquine.. However sufficient seroprotection was
achieved in all cases [ 16-21]. This holds also true for the use
of mycophenolate, of which immune response to vaccina-
tions was investigated in organ-transplanted patients [21].
Likewise, under treatment with methotrexate, a moderately
impaired humoral response to pneumococcal and influenza
vaccines could be detected [21-25]. Discontinuation for up
to 4 weeks after vaccination increased vaccine titres, how-
ever, such a long period off therapy might provoke disease
flares [23,25]. Three-quarters of the physicians re ported not
to change csDMARD therapy due to COVID-19 vaccination
followed by 12% of the physicians who would recommend
to pause csDMARD treatment for a while after vaccination.
For practicability reasons, our survey did not differe ntiate
between different csDMARDs.

For so-called targeted therapies, exact differentiation
regarding the underlying mode of action was applied instead.
Treatment with TNF-, IL-17-, and IL-6-inhibitors was not
reported to be changed by the treating rheumatologists
because of COVID-19 vaccination. This is justified by some
studies revealing that immune response upon vaccination is
not impaired under these treatments [17, 25-31]. Although
to our knowledge, no data regarding IL-1 inhibition and
immune response upon vaccinations are available yet, 78%
of our physicians would not pause this around COVID-19
vaccination in IRD patients. In the survey of Egyptian Rheu-
matology staff members 71.7% of the participants reported
to avoid treatment with biologics before vaccination [14].
This is contrary to our results, possibly due to national dif-
ferences in the use of immunomodulaton regarding COVID-
19 vaccination or due to the availability of recomme ndations
at this time.

For the use of abatacept, data are inconsistent regarding
vaccination response. In a smdy of RA patients, subcutane-
ously administered abatacept with background csD MARDs
did not alter an appropriate immune response Lo pneumoc oc -
cal and influenza vaccines [32]. On the other hand, abata-
cept given intravenously (again with csD MARDs, mainly
methotrexate) significantly reduced the humoral response to
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influenza A/HIN1 vaccine in RA patients during a pandemic
in 2009 [33]. Therefore the ‘A merican Colle ge of Rheuma-
tology Guidance for COVID-19 Vaccination in Patients with
Rheumatic and Musculoskeletal Diseases’ recommends
withhold of subcutaneous abatacept 1 week before and 1
week after the first vaccination dose but not for the second
[34]. Even though this was not recommended in the German
recomme ndations [5], 33% of theumatologists in our survey
advised pausing of abatacept around COVID- 19 vaccination,
the highest percentage of pausing among DMARDs except
for rituximab. The latter was withhold by more than 90%
of rheumatologists. Patients are advised to pause abatacept
rather after than prior to vaccination, in contrast to the oppo-
site way for rituximab. This isinteresting, given the mode of
action of these two compounds and the huge difference in
biological half-time. Due to the known and markedly impair-
ment of humoral responses to influenza and pneumococcal
vaccines after administration of rituximab [22, 34-37], it
is suggested performing vaccination against COVID-19 not
earlier than 4-6 months after rituximab treatment [5, 8, 9].

Regarding JAK-inhibitors and vaccination responses,
data are even more sparse. For tofacitinib a satisfactory
response to the influenza vaccine could be observed, but
response to pneumococcal vaccines was decreased [8, 38].
In this survey, three-quarters of the physicians reported not
to change treatment with JAK-inhibitors due to COVID-19
vaccination, and if, this would rather be paused after than
before vaccination (Table 2).

A limitation of our study is the absence of a control
group, e.g., physicians treating other inflammatory dis-
eases or general practitioners. Of the participating physi-
cians, only 1.4% of rheumatologists would not recommend
COVID-19 vaccination for IRD patients. The possible rea-
sons for this decision were not further evaluated. As the
survey was announced among members of the German
society for Rheumatology, the results cannot be general-
ized to other specialities. As the sampling of our study was
voluntary, the possibility of a selection bias (i.e., rheuma-
tologists with special interest in vaccination or COVID-
19) could not be eliminated. This survey was conducted
during a single period of time during the third wave of
the pandemic. Information, thoughts, decisions and per-
ceptions may be a matter of change during the ongoing
pandemic.

Conclusions

Taken together, our study supports the idea that the timely
recommendations of the German Society for Rheumatol-
ogy regarding the handling of COVID-19 vaccination in
patients with IRDs were well perceived by rtheumatologists
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in Germany, providing high confidence in counseling their
patients regarding COVID- 19 vaccination.
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3.9 Einfluss der erhobenen Register-Daten auf
Handlungsempfehlungen hinsichtlich COVID-19 und ERE
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Specker C, Aries P, Braun J, Burmester G, Fischer-Betz R, Hasseli R, Holle J, Hoyer BF, Iking-
Konert C, Krause A, Kriiger K, Krusche M, Leipe J, Lorenz HM, Moosig F, Schmale-Grede R,
Schneider M, Strangfeld A, Voll R, Voormann A, Wagner U, Schulze-Koops H.

Updated recommendations of the German Society for Rheumatology for the care of patients with
inflammatory rheumatic diseases in the context of the SARS-CoV-2/COVID-19 pandemic, including
recommendations for COVID-19 vaccination.

Z Rheumatol. 2021 Dec;80(Suppl 2):33-48. doi: 10.1007/s00393-021-01055-7

Originalarbeit 17 (Ubersichtsarbeit):

Hasseli R, Mller-Ladner U.

COVID-19 and inflammatory rheumatic diseases
Dtsch Med Wochenschr. 2021 Nov;146(23):1564-1568. doi: 10.1055/a-1616-8742

Bereits im Marz 2020 wurden erste Handlungsempfehlungen fir den Umgang von COVID-19

2" Diese basierten vor allem auf

bei ERE seitens der DGRh ausgesprochen
Expertenkonsens. Bereits im Juli 2020 flossen die erhobenen Daten aus dem COVID19-
Rheuma.de-Register und den bis dahin international zur Verfigung stehenden Daten in die
aktualisierten Handlungsempfehlungen ein 2'. Durch weitere wichtige Erkenntnisse, die aus
den Daten des COVID19-Rheuma.de-Registers sowie aus den internationalen Kooperationen
abgeleitet werden konnten, erfolgte im Juli eine erneute Aktualisierung'®’. Neben spezifischen
Risikofaktoren fir einen schweren COVID-19-Verlauf bei ERE, wurde auch Bezug auf den

Einsatz von COVID-19-Impfungen genommen.

Die Kernaussagen der Empfehlung beinhalteten folgende Punkte (Originalarbeit 16 und

Originalarbeit 17):

1) Ziel des Erreichens einer Remission der ERE mithilfe steroidfreier Immunmodulation

2) erhohte Krankheitsaktivitdt und der Einsatz von Prednisolon Uber 5 mg/Tag kann einen
schweren Verlauf einer SARS-CoV-2-Infektion beguinstigen

3) Patientlnnen unter Therapie mit Rituximab weisen ein héheres Risiko fir schwere COVID-
19-Verlaufe auf

4) alle zur Verfugung stehenden Impfstoffe sind bei ERE und unter Immunmodulation
einsetzbar

5) es besteht keine Praferenz bezlglich eines COVID-19-Impfstoffes

6) eine Therapieunterbrechung der Immunmodulation aufgrund der COVID-19-Impfung wird

nicht empfohlen, aufRer bei Rituximab
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Core recommendations

B Table 1.

1 Introduction

Even after more than one year, the
COVID-19 pandemic is a great chal-
lenge for patients with inflammatory
rheumatic diseases (IRD) as well as for
rheumatologists. The recommendations
of the German Society for Rheumatol ogy
(Deutsche Gesellschaft fiir Rheumatologie
e.V.; DGRh) of March 2020 were intended
to provide initial, rapid guidance on spe-
cific concerns in the care of patients with
IRD in the face of the threat posed by
SARS-CoV-2. These were based primar-
ily on expert consensus [1-3]. The first
update in July 2020 [4, 5] already relied
on scientific data from registries, cross-
sectional studies, case reports, and case
series [6, 7). In the meantime, we have
further results from scientific publications
on COVID-19 in IRD, from which much

Originalarbeit 16: Handlungsempfehlungen

more precise statements on disease- or
therapy-related risks can be derived. An
important reason for updating the rec-
ommendations for action again is the fact
that vaccinations against SARS-CoV-2 are
now available and are thus increasingly
being administered to patients with IRD.
This raises many questions, also and es-
pecially for patients with IRD, but also for
the physicians and medical professionals
caring for them.

2 To whom should these
recommendations apply?

The statements and recommendations
made here refer to patients with inflam-
matory rheumatic diseases (IRD), espe-
dally in consideration of the medicinal
antirheumatic therapy. Where appropri-
ate or necessary, comparisons are also
made with SARS-CoV-2 infections and
COVID-19 in the general population. The
statements have to be relativised—at
least partially—for IRD patients who have
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Table 1 Core re commendations of the DGRh for the care of patients with inflammatory rheumatic diseases in the context of the SARS-CoV-2/COVID-

19 pandemic
i Recommendation LoA® GoR
(£SD)

1 Patients with inflammatory rheumatic diseases (IRD) should follow the behavioural and precautionary measures | 9.9 ft
described by the Robert Koch Institute to avoid infections. This also appliesin the case of a positive SARS-CoV-2 (£0.43)
19G antibody det ection. Special additional measuresare not necessary

2 To interrupt chains of infection and contain a new possible wave of infection, patients may be advised to use the | 8.95 <>
“Corona Warning App”or similar digital applications (+1.25)

3 The individual risk for infection or severe disease progression can be estimated based on general (such as age, 9.43 i
multimorbidity, obesity, smoking) and disease-specific (e.g. high activity of IRD, severe systemic disease)risk (+0.85)
factors

4 Initiation or change of antirheumatic therapies should neither be omitted nordelayed due to the COVID-19 pan- | 9.9 i
demic (+£0.43)

5 Before administering rituximab, an individual isk-benefitassessment should be arried out due to the increased | 9.81 t
risk of asevere COVID-19 course, and the use of alternative therapies should also be examined (£0.5)

6 In patient swithout signs of infection, even with contact with SARS-CoV-2 positive persons, the existing an- 9.76 ft
tirheumatictherapy should be continved unchanged. Thisalsoapplies to the therapy with glucocorticoids in (+£0.53)
the therapeutically necessary dose

7 In patients tested positive for SARS-CoV-2 by PCR without signs of infection, pausing or delaying ts-or b-DMARD | 9.38 ft
therapy for the duration of the meanincubation period of SARS-CoV-2 infection (e.g. 5-6 days) should be consid- | (+0.72)
ered. Generally, sDMARDs should not be discontinued in the absence of signs of infection

8 In patient swith confirmed active COVID-19, DMARD therapy should be paused and leflunomide washed out if 9.43 ft
necessary. Continuous GC therapy <10 mg/day used for the treatment of the rheumatological disease should be | (+0.85)
continued at the same dose

9 Rheumatologists should always be involved in the decision to maintain, reduce or pause antirheumati therapy | 9.89 ft
inthe context of COVID-19 (+£0.31)

10 A general recommendation for screening patientswith IRD for SARS-CoV-2 antibodies after infection cannot be 9.33 t
given at present due to a lack of dataon antibody formation and persistence (especially under immunosuppres- | (+1.21)
sion)

n Patients with IRD and positive test for SARS-CoV-2 (PCR, rapid antigen test, antibody test) should be documented | 9.76 ft
inthe COVID-19 registry of the DGRh (COVID19-theuma.de) (£0.61)

12 Patients with IRD should be vaccinated against SARS-CoV-2 following the vaccination recommendations of the 10 fift
STIKO (+0)

13 The presence of IRD alone does not imply a preference for one of the vacdnes approved in Europe. Withtheaim | 9.48 t
of rapid immunisation in urgently needed rituximab therapyand in patients over 60 years of age with confirmed | (+0.85)
APS or immune thrombocytopenia, the use of an mRNA vaccine should be considered as a precaution in these
situations

14 Gereral discontinuation of DMARD therapy solely due to vaccination—as DMARDs and immunosuppressants an | 9.71 t
attenuate the measurable humoral immune response after COVID vaccination(with ths most clearly affecting (+0.55)
rituximab and least affecting anti-cytokine biologics)—is not recommended, asit is not known to what extent
this affects actual vaccination protection

15 Pausing methotrexate for 1-2 weeks aftereach vaccination, JAK inhibitors for 1-2 days before and 1 week after 9.1 <>
each vaccination,and abataceptfor 1 week before and afte reach vaccination can be considered if IRD is in sta- (£0.92)
bleremisson. But thisis not mandatory. Good disease control has priority over a possibly attenuatedimmune
response, even in the context of vacdnation

16 The vaccinationseries should begin at least4 months after the last rituximab ad ministration and rituximab 9.29 ft
should ideally be given at the earliest 4 weeks after completion of the vaccinationseries. In individualcasesand | (+£0.93)
patients at risk, this may be deviated from

17 SARS-CoV-2 antibody titre s should not be determined regularly to monitor vacdnation success. Itis not yet dear | 9.48 t
to what extent the results are predictive of protection against infection ordisease (£0.79)

"LoA Level of Agreement (+ standard deviation) after consultation in the author group with 21/21 votes for every item. GoR Grade of recommendation.
ftft strong recommendation, ff recommendation, <= open recommendation (according to 3-level grading of the AWMF requlatiors). Although level 2b or
3b evdence was also available for individual recommendations, only evidence level (LoE) 5is used for the consensus recommendations and is not shown
individually in the table

APS antiphospholipid syndrome
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Table2 Generalrisk factors fora severe
course of COVID-19

Higherage
Male gender
Smoking
Obesity

Multimorbidity, especially pre-existing
lung disease, renal insufficiency, diabetes
mellitus, hy pertension, coronary heart

disease

been vaccinated against COVID-19 or who
are protected after a SARS-CoV-2 infec-
tion. However, there is still no clarity as to
whether and how a vaccination’s success
or protection after a previous infectioncan
be investigated with sufficient reliability
and when booster vaccinations may be
necessary. It should also be pointed out
that these recommendations cannot cover
all situations that justify or even suggest
a deviation from them in individual cases.

3 What is the risk for patients with
IRD for infection with SARS-CoV-2
and a severe course of COVID-19?

An idea of the significance of age for the
risk of COVID-19 for hospitalisation and
death, alsoin relation to various concomi-
tant diseases, is given in @Fig.1 in the
appendix from a comprehensive so-called
“Umbrella Review” of the Robert Koch In-
stitute (RKI) [8].

3.1 General risk factors for COVID-19
and a severe course

Risk factors in the general population for
asevere course of COVID-19 (@ Table 2; [9])
also apply to patients with IRD [10-20].

3.2 Specific risk factors of
inflammatory rheumatic diseases
for SARS-CoV-2 infection and severe
course of COVID-19

3.2.1 Risk for infection

Whether patients with IRD have an in-
creased risk of COVID-19 compared to the
normal populationisnotcondusive. While
some studies report an increased risk of
COVID-19 compared to the normal popu-
lation or compared to a“matched” popula-
tion without IRD in certain patient popula-

tions, e.g. in patients with systemic sclero-
sis [20-22], others indicate a comparable
risk to the normal population [23-25].

3.2.2 Risk of a severe course
Current data from registries and a meta-
analysis [20] mostly confirm results from
early case series [26], according to which
the risk of a severe course (defined here
and in the following as inpatient admis-
sionand/or the need for ventilationand/or
death)isgenerally notinaeasedinpatients
with IRD in total compared to the normal
population or compared to “matched” co-
horts without IRD. As in the normal pop-
ulation, the risk is increased above all in
the presence of comorbidities [12-15, 27].
Only a few cohort studies found an en-
hanced risk for a severe course in patients
with rheumatoid arthritis [28, 29] orin the
total cohort of IRD patients compared to
the normal population or to “matched”
cohorts without IRD. These publications
show a high proportion of patients with
connective tissue disease and vasculitides
(@Table 5 in the appendix), which could
possibly contributetoa moresevere course
(see [28]). Subgroup analyses from recent
registry and cohort studies support this
finding: systemic diseases such as vas-
culitides, SLE, systemic sclerosis, Sjogren's
syndrome, as well as autoinflammatory
diseases possibly carry ahigherrisk forase-
vere COVID-19 course or death compared
to the normal population or a matched
non-IRD population or rheumatoid arthri-
tis used as a reference [12, 13, 18, 19,
28-30]. When interpreting these data and
drawing conclusions from them, it must
be taken into account that only relatively
small numbers of cases of these IRD sub-
populations have been recorded in the
registries and cohort studies to date. It
is also unclear whether the increased risk
for a severe course is caused by the dis-
ease itself or by certain organ involvement
(e.g. lung or kidney involvement) or the
intensity of immunosuppression.
Inanalyses from the Germanand global
COVID-19 registries, high disease activity
of the respective IRD was clearly identified
as arisk factor for a severe course of COVID-
19, with an odds ratio (OR) of 1.96 (95%
confidenceinterval [(1]1.02-3.76)and 1.87
(95%C11.27-2.77), respectively, compared

to patients with low or no disease activity
[14,15].

4 Influence of immunosuppressive/
immunomodulatory drugs on the
course of COVID-19

4.1 Glucocorticoids

Long-term therapy with glucocorticoids
(GC)isa knownrisk factor forinfections and
also for a more severe course of infections
inIRD [31, 32]. Cohort studies and registry
data have shown that this also applies to
COMID-19: Therapy with GC was already
associated with an increased COVID-19 in-
fection rate from a dose of 2.5mg daily
in a large northern Italian cross-sectional
study of over 2000 IRD patients [33]. GC
use at doses of 10 mg (prednisone equiv-
alent) daily and above resulted in an in-
creased risk of severe COVID-19 compared
with a matched non-IRD population at an
OR of 1.97 (959%Cl 1.09-3.54) in a cohort
study of 694 patients with IRD [13]. In the
global registry study of 3729 IRD patients,
the OR for COVID-19-assodated mortality
was 1.7 (95%Cl 1.18-2.41) for GC above
10mg daily versus no systemic GC intake
[15]. In the German registry of 468 IRD
patients, the OR for GC>5mg was 3.67
(95%C1 1.49-9.05) versus no glucocorti-
coid therapy [6].

The interpretation of this risk increase
must be made with caution since an in-
crease in the glucocorticoid dose in most
cases occurs due to increased disease ac-
tivity leading to “confounding by indica-
tion” In a further evaluation of the global
registry, it could be shown that in remis-
sion or low disease activity, even GC in
a dosage of >10mg daily versus no glu-
cocorticoid therapy are not associated with
a higher risk of a more severe course or
death [34]. Therefore, the data suggest
that higher disease activity is the main
risk factor compared to the GC dose, but
since the strength of the association with
amoresevere course within the subgroups
of different disease activity inaeased with
higher GCdoses, itcannot be ruledoutthat
GC exert an additional negative influence.

Zeitschriftfiir Rheumatologie - Suppl 2- 2021 S35
182



Empfehlungen und Stellungnahmen von Fachgesellschaften

4.2 Conventional DMARDs],
immunosuppressants, and
immunomodulators

In the analysis of the global IRD reg-
istry with data up to July 2020, ongo-
ing therapy with immunosuppressants
overall (azathioprine, cyclophosphamide,
ciclosporin, mycophenolate, tacrolimus)
was significantly associated with a lethal
outcome of COVID-19 with an OR of 2.22
(959%Cl 143-3.46), as was therapy with
sulfasalazine with an OR of 3.6 (95%CI|
1.7-7.8) [15]. In the French registry, of
the immunosuppressants, mycophenolate
was conspicuous for a severe course (ven-
tilation or death) with an OR of 6.6 (95%Cl
1.47-29.6), while no signal was found
for methotrexate, leflunomide, and aza-
thioprine (although the number of cases
for azathioprine was very small) [13].
In the evaluation of the global registry,
“no DMARD therapy” was also associated
with an increased OR for a lethal course
of 2.11 (95%Cl 1.48-3.01) compared to
methotrexate monotherapy. In the afore-
mentioned northern Italian cohort study,
therewas no increased riskof COVID-19in-
fection either in the group of conventional
synthetic DMARDs (csDMARDs) or in the
group of biological or targeted DMARDs
(b/tsDMARDs), although an analysis by
individual substances was not carried out
[33].

4.3 Biologics and JAK inhibitors

There is inaeasing evidence that B-cell
depletion, or possibly only significant hy-
pogammaglobulinemia, are risk factors for
a severe course of COVID-19. Initially, in-
dividual cases were reported [35-38] of
a more severe course of COVID-19 after
or during therapy with rituximab. Ritux-
imab therapy was significantly associated
with a fatal course of COVID-19 in the
global COVID-19 registry on IRD [15] with
an OR of 4.04 (95%Cl 2.32-7.03) and in
the French registry [13] with an OR of

! The term Diease modifying antirheumatic
drug (DMARD) is usually used only in the
context of inflammatory joint diseases. In these
recommendations, for simplicity, it is used for
the drug groups regardless of the respective
indication.
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4.21 (95%Cl 1.61-11.0). In another anal-
ysis of the French registry [39], a total
of 137 (13%) severe courses and 89 (8%)
deaths were found in 1090 patients with
IRD (mean age 55+ 16 years; 734 [67%]
female). Of 63 patients treated with rit-
uximab, 13 (21%) died compared to 76
(79) of the 1027 patients without ritux-
imab. Although the risk of death adjusted
for the above-mentioned parameters was
notsignificantly increased inthe rituximab
group (effect size 1.32, 95% Cl 0.55-3.19,
p=0.53), severe courses were significantly
more frequentwith rituximab (n = 22) than
in the control group (n=115), even af-
ter adjustment (effect size 3.26, 95% Cl
1.66-6.40, p=0.0006).

The Global Rheumatology Alliance
(GRA) evaluated 2869 of 6132 RA patients
in the global COVID-19 registry (as of mid-
April 2021) who were on treatment with
the biologics abatacept (n=237), ritux-
imab (n=364), IL-6R inhibitors (n=317),
TNF inhibitors (n=1388) or JAK inhibitors
(n= 563)at the time of infection. A higher
rate of treatment with TNF and IL-6R in-
hibitors was found in nonhospitalised RA
patients and a higher rate of treatment
with rituximab in oxygen-dependent
and deceased RA patients; the rate of
treatment with JAK inhibitors was also
slightly higher. In multivariate analysis ad-
justed for age, sex, region, season, obesity,
smoking, csDMARDs, GC (+/dose), disease
activity and the number of comorbidities,
the OR for a severe course of COVID-19
versus treatment with TNF inhibitors was
4.15 (3.16-5.44) for rituximab and 2.06
(1.60-2.65) for the JAK inhibitor group
[40]. Whether a protective effect of TNF or
IL-6R inhibitors concerning severe courses
of COVID-19 may also play a role here
cannot yet be answered. Patients under
TNF inhibitors were chosen as a reference
in the multivariate analysis, and patients
under IL-6R inhibitors did not show any
difference. It should be mentioned, how-
ever, that even among the 571 patients
treated with TNF blockers in the German
registry so far, only two fatal courses of
COVID-19 were recorded and the number
of hospitalised cases was comparatively
low at 52 patients (as of 23 May 2021).
However, it must be taken into account
that patients treated with TNF inhibitors
were on average younger (53 vs. 59 years),

received GC less frequently, and had less
disease activity compared to patients not
treated with TNF blockers.

Insummary, due to an inaeased risk of
a more severe course of COVID-19 during
therapy with rituximab, we recommend
that this therapy be carefully weighed up
about possible alternatives or concerning
the individual benefit and risk. Otherwise,
the risk of increased disease activity for
a severe course of COVID-19 is estimated
to be higher than the risk of a severe
course due to antirheumatic therapy. It
is therefore not recommended to discon-
tinue or reduce antirheumatic therapy as
a precaution. Even a therapeutically nec-
essary glucocorticoid dose should not be
changed out of concern for a more severe
course of COVID-19.

5 Preve ntion of infections and
protective measures

Common behavioural and precautionary
measures describedand regularly updated
by the Robert Koch Institute [41] and the
Federal Centre forHealth Education [42] for
the general population and for persons at
special risk apply. Special measures going
beyond this are not recommended.

Weighing up the benefits and risks,
there is no need to avoid visits to thedoctor
intending to reduce the risk of infection.
Necessary inpatient treatment should not
be delayed.

Appropriate behavioural and hygienic
measures must continue to be ensured in
out- and in-patient settings. Intelligent
planning of consultation hours should be
carried out (e.g. shortwaiting times, obser-
vance of distance rules, wearing of mouth
and nose protection masks, minimisation
of the number of accompanying persons,
generous ventilation).

To prevent the spread of infection, pa-
tients should be informed in advance not
to attend unannounced health facilities
with symptoms of illness or after contact
with people who are known to be infected
with SARS-CoV-2. In such cases or after
a stay in a high-risk or virus variant area
(“variants of concern”), the practice should
first be contacted by telephone.

Typical COVID-19 symptoms (see
B Table 6 in the appendix) or contacts
to infected persons can be asked for in
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advance. In case of doubt, adequate test-
ing is recommended. To break chains of
infection and contain new possible waves
of infection, patients canbe advised to use
the “Corona warning app” or comparable
digital applications [43].

According to the recommendations
of the Standing Commission on Vacdna-
tion (STIKO) of the Robert-Koch-Institute
(RKI), the vaccination status should be
updated: In addition to SARS-CoV-2 (see
section 8), this primarily concerns vaccina-
tions against pneumococci and influenza.

6 Antirheumatic therapy in the
context of SARS-CoV-2 or COVID-
19

In principle, rheumatologists should al-
ways be involved in the decision to main-
tain, reduce or pause antirheumatic ther-
apy in the contextof COVID-19. Counseling
regarding antirheumatic therapy should
be performed in a shared-decision man-
ner between doctor and patient even in
the context of the COVID-19 pandemic.
To further improve the data situation, it
is recommended that patients with IRD
and COVID-19 (detected through positive
PCR, rapid antigen test, or antibody test
for SARS-CoV-2) are documented in the
COVID-19 register of the DGRh (COVID19-
rheuma.de).

The following specific recommenda-
tions continue to apply:

6.1 Patients without signs of
infection

6.1.1 Existing antirheumatic therapy

- Treatment with nonsteroidal anti-
inflammatory drugs (NSAIDs), gluco-
corticoids (GCs), conventional synthetic
DMARDs (csDMARDs), targeted syn-
thetic DMARDs (tsDMARDs), biologic
DMARDs (bDMARDs) and immun osup-
pressants (see section 4.2) should be
continued unchanged as indicated by
the IRD and should not be discontin-
ued or reduced for fear of SARS-CoV-2
infection alone. The GC dose should
be keptaslow as possible—asiis valid
for all situations in IRD therapy —and
a necessary inaease above 10 mg daily
should be accompanied by consistent
protective measures.

Inthe case of therapy with rituximab
(RTX) in indications without potentially
life-threatening manifestations, espe-
cially in uncomplicated RA in sustained
remission, a postponement of RTX ad-
ministration should be considered, also
to enable a potentially more promis-
ing vacdnation of the patient (see
section 8). This should be done after
weighing the risk of relapse against the
individual risk of infection. Under no
circumstances should the use of RTX
for remission induction be delayed in
cases of systemic diseases that pose

a serious threat, e.g. ANCA-associated
vasculitis (AAV).

6.1.2 Restarting or changing
antirheumatic therapy

The start of antirheumatic therapy
should not be omitted or delayed
because of the COVID-19 pandemic;
the dose should follow the usual
recommendations.

A recommendation for or against

a specific DMARD (for RTX see next
point in the list) cannot currently be
made for new patients.

In the case of valid alternatives (e.g. in
RA), the use of RTX should be critically
questioned because of possible favour-
inga more severe course of COVID-19
(see section 4.3), the long B-cell deple-
tion, and limited vacdnation response.
However, the use of RTX for remission
induction in systemic diseases (e.g. in
AAV) should notbe omitted in concern
of COVID-19.

Protocols with reduced GCadministra-
tion, e.g. in giant cell arteritis or AAV
should be preferred [44, 45].

6.2 Patients with contact to SARS-
CoV-2 positive persons and without
own COVID-19 infection signs

The therapy should be continued as
described in section 6.1. If symptoms
occur, a doctor or rheumatologist
should be contacted (see section 63).

6.3 Patients with signs of infection
after contact with SARS-CoV-2
positive persons

- A change in therapy should not be
made ifsymptoms are mild and fever is
absent.

~ If there are clear signs of infection
and especially fever (>38°C), the
antirheumatic medication should be
paused.

~ GC therapy =10mg prednisolone
equivalent daily can be continued;
for higher doses, the continuation of
GC treatment must be decided onan
individual basis.

6.4 Patients tested positive for SARS-
CoV-2 and without signs of COVID-
19infection

- Pausing or delaying ts- or bDMARD
therapy for the duration of the mean
incubation period may be considered.
As it is often not known when an infec-
tion has occurred, a pause for 5-6 days
after smear may be considered if
sym ptom-free conditions persist.

- GC therapy =10 mg prednisolone
equivalent daily can be continued;
at higher doses, the continuation of
GC treatment must be decidedonan
individual basis.

- ¢sDMARDs should not be discontinued.

6.5 Patients tested positive for SARS-
CoV-2 and with signs of COVID-19
infection

- GC therapy <10 mg prednisolone
equivalent daily can be continued;
for higher doses, the continuation
of GC treatment must be decided
individually.

~ DMARDs should be paused in this
situation (leflunomide should be
washed out, if necessary, because of
the long half-life of this compound).

- In patients at risk for severe COVID-
19 progression (e.g. severe immuno-
suppression with active IRD, primary
immunodefidendes), early passive
immunisation with a combination of
two neutralising monoclonal antibod-
ies should be considered according to
the COVRIIN/STAKOB/DGI statement
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Table 3 COVID-19vaccines licensed inthe EU {as of 15 May 2021)

Company Name Vaccination type Doses | Schedule Application EU approval

BioNTech/Pfizer Comirnaty® (BNT162b2) mRNA + LNP 2 Days 0, i.m. 21 Dec. 2020

21/6 weeks?

Moderna COVID-19-Vacdne Mo- mRNA+ LNP 2 Days 0, i.m. 06 Jan. 2021
derna (MRNA-1273) 28/6 weeks®

Astra-Zeneca/Oxford | Vaxzevia® (AZD1222) Vector-based ChAdOx1, 2 Days 0, 28-84/ im. 29 Jan. 2021

University nonreplicative 12 weeks?

Janssen-Cilag Ad26.COV2.S Adenovirus-26-Vector- 1 Single shot i.m. 11 Mar. 2021

Intemational N.V. based, nonreplicative

*Recommendation of the STIKD regarding the scheduling of the second vaccination [49

(for currentinformation including link
to the list of therapy centres see [46]
or explanation in the supplementary
online information).

7 Proof of pastinfection with
SARS-CoV-2

With the duration of the pandemic, the
proportion of patients who have been ex-
posed to SARS-CoV-2 increases, regard-
less of whether COVID-19 symptoms were
present. In the future, it may become
important to be able to estimate the in-
dividual risk of infection by knowing the
patients’ (possibly protective) immune sta-
tus against SARS-CoV-2. At present, due
to lack of data on antibody formation and
persistence and the importance of T-cell
immunity, especially under immunosup-
pression, and due to limited or unclear
specificity and sensitivity of the different
test methods, norecommendation canyet
be made for screening patients with IRD
for antibodies. A general saeening be-
fore vaccination in the absence of clinical
evidence of a previous infection is not rec-
ommended.

Furthermore, it cannot be assessed at
present whether the risk of re-infection or
contagiousness is reduced if 1gG antibod-
iesagainst SARS-CoV-2are detected. Thus,
evenin the case ofa positi ve antibody test,
it is not recommended to loosen the mea-
sures for infection and foreign infection
prophylaxis.

8 Vaccination against COVID-19

8.1 Introduction

Despite worldwide efforts to develop ef-
fective drugs for the treatment of COVID-
19, there is as yet no therapeutic option
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that promises a cure with sufficient cer-
tainty. Thus, vaccination of large parts of
the population as soon as possible is con-
sidered the decisive step to contain the
pandemic [47].

Alsoforthe accelerated assessmentand
approval procedures of the COVID-19 vac-
cines by the EMA, the safety standards
required for approval applied without re-
striction [48]. Currently, four SARS-CoV-2
vacdnes are available in Germany [49].
Thesearetwo messenger RNA (mRNA) vac-
cines and two vector vaccines (@ Table 3).

Patients with known or suspected im-
mune dysfunction were excluded from the
phase lll trials of the vaccines, but because
“healthy adults and those with stable pre-
existing conditions” could be included [8],
the pivotal trials with more than 43,000
[50] and more than 30,000 [51] subjects
included also some with IRD [25].

Based on this situation, the DGRh had
published the first recommendations for
vaccination of patients with IRD or un-
der immunomodulating therapies against
SARS-CoV-2 in IRD and subsequently up-
dated them (online) several times. These
recommendations could not be based on
studies on the safety and efficacy of SARS-
CoV-2 vaccines in IRD patients so far but
were consented based on findings with
other vaccinations in IRD patients among
the experts of the COVID-19 commission
of the DGRh [52-54]. In addition to a con-
tinuous literature search, national [8, 47,
49]and international recommendations of
other professional societies [55, 56] were
also taken into account.

8.2 Type of vaccines and
inflammatory rheumatic diseases

None of the vaccines against SARS-CoV-2
approvedsofarisalive vacdne. Therefore,

all of them can beadministered to patients
withIRD, evenunder immunosuppressive/
immunomodulatory therapy. Apart from
extremely rare allergies to vaccine com-
ponents, there are no contraindications to
COVID-19 vaccination.

8.3 Vaccination against COVID-19
during pregnancy and lactation

From an ongoing study of more than
35,000 pregnant women vaccinated
against COVID-19 with mRNA vaccines,
a firstinterim evaluation of 827 completed
pregnandes was carried out, in which
no significant safety signals were seen
[57]. The STIKO does not currently make
a general vacdnation recommendation
for pregnant women. Pregnant women
with previous illnesses and a resulting
high risk of severe COVID-19 disease or
with an increased risk of exposure due
to their life circumstances can be of-
fered vaccination with an mRNA vaccine
from the 2nd trimester onwards after
a risk-benefit assessment and detailed
medical information [49]). The German
Society for Gynaecology and Obstetrics
recommends (as of 05/2021) that preg-
nant women are vaccinated with mRNA-
based vaccine against COVID-19 in an
informed participatory decision-making
process and after exclusion of general
contraindications [58]. To protect preg-
nant women indirectly, the prioritised
vaccination of close contacts of preg-
nant women, especially their partners,
as well as midwives and doctors, is also
recommended. mRNA-based vaccination
against COVID-19 should be offered and
made available to breastfeeding women.
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8.4 Are there differences in the
effectiveness of COVID-19 vaccines?

The vaccines approved in Germany by
BioNTech/Pfizer, Moderna, AstraZeneca,
and Janssen (Johnson & Johnson) all
offer protection against symptomatic
infections. The efficiency data in the
prevention of all infections determined
by the clinical trials as percentages only
reflect the effectiveness to a limited ex-
tent. All vaccines approved to date can
largely prevent severe courses and deaths
[49]. Current data on the vaccines can
be found on the website of the Paul
Ehrlich Institute (PEI) (https://www.pei.
de/DE/arzneimittel/impfstoffe/covid-19/
covid-19-node.html).

8.5 Efficacy of vaccines against
SARS-CoV-2 variants

All vaccines licensed in Europe are con-
sidered to provide very good protection
against symptomatic disease not only
against the original “wild type” of SARS-
CoV-2 but also against the alpha (B.1.1.7)
and delta (B.1.617.2) variants currently
prevalent in Germany, although a com-
plete vaccination series seems to be
important for protection against the delta
variant [49].

8.6 To what extent does an
inflammatory rheumatic disease or
immunosuppressive/modulatory
therapy change the entitlement to
COVID-19 vaccination?

According to the Corona Vaccination Ordi-
nance (CoronalmpfV) of the Federal Min-
istry of Health, patients with rheumatic
diseases have so far been entitled to be
vaccinated with increased priority, and in
the case of certain organ manifestations
also with high priority [59]. Concerning
changes or cessation of prioritisation, ref-
erence is made to the current Corona Vac-
cination Ordinance in the official “Bun-
desanzeiger’, the recommendations of the
Robert Koch Institute, and the website of
the DGRh. Even if prioritisation is discon-
tinued, the DGRh would like to point out
that patients with IRD should continue to
be vaccinated preferentially.

8.7 Tolerance of vaccinations in
rheumatic diseases

On the question of the tolerability of
COVID-19 vaccinations in patients with
IRD, an online survey of 325 patients [60]
and two first prospective German studies
with 29 and 84 patients [61, 62] have been
published so far. Overall, good tolerability
and no specific intolerance reactions were
observed. However, only mRNA vaccines
were used in all these studies. With more
than 1.4 billion vaccinations administered
worldwide (as of 15 May 2021) [63], there
is currently no evidence that patients with
IRD have a different spectrum of side
effects or increased adverse reactions to
the currently approved vaccines than the
normal population. In prindple, there is
a recommendation not to administer el ec-
tive vaccinations during a disease flare,
but whether vaccination against COVID-
19 should be made at all dependent on
actual disease activity is controversial [55,
56].

8.8 Can COVID-19 vaccination
trigger a flare of rheumatic diseases?

Theoretically, vaccines, like infections,
could trigger relapses of known or even
initial manifestations of IRD. This is not yet
known for the currently approved vaccines
against COMD-19. According to current
knowledge, the benefit of vacdnation
clearly outweighs the theoretical risk of
a usually only slight or temporary activa-
tion of the underlying disease. Studies on
other vaccines showed no evidence that
they trigger flares of IRD [64, 65]. In the
first German study mentioned above, no
effect on the activity of the underlying
disease was found in association with the
mRNA vaccination against SARS-CoV-2
[61]. Even if in individual cases “relapses”
can occur in the context of the (desired)
vacdnation response, which can generally
be controlled with symptomatic therapy,
there are no hints for permanent act-
vation of an IRD by vaccination against
SARS-CoV-2. Therefore, concerns about
the worsening of an IRD are no reason to
refrain from vaccination.

8.9 Is there a vaccine to prefer
for rheumatic diseases or
immunomodulatory medication?

The STIKO does not derive any preference
fora specific vaccine for the German pop-
ulation from the data available to date on
the effectiveness of the available vaccines
with regard to the virus variants known to
datebutassumes thatall vaccines available
to date are equally suitable for combating
the pandemic [49].

No significant differences in the safety
of these vaccines can be inferred from the
controlled trials. Postmarketing surveil-
lanceforthe AstraZeneca vaccine showed
evidence of very rareimmunological ly me-
diated events, predominantly in younger
female patients with thrombocytopenia,
coagulation disorders, and unusual throm-
boses, including sinus vein thrombosis
[66-68]. The EMA sees a probable con-
nection with the vaccine, but continues to
assume a clearly positive benefit-risk ratio
due to the rarity of the events and has
therefore not decided on any restrictions
on theuse of the AstraZenecavaccine [69].
For Germany, the PEl and the STIKO came
to a different conclusionand recommend
its use, as well as that of the Johnson
& Johnson vector vaccine due to simi-
lar complications, only for people under
60 years of age after detailed medical
information [49].

Comparative data on the efficacy and
safety of the vaccines currently used in
Germany in patients with IRD is not avail-
able. This means that beyond the general
differences described and the restrictions
on use imposed by the PEland the STIKO,
there is no preference for patients with
IRD in favour of a particular vaccine.

Fortwo patient groupswith IRD, namely
patients in whom rapid complete immuni-
sation is indicated because of urgent ther-
apy with RTX and patients over 60 years of
age with confirmed APS (antiphospholipid
syndrome) or immunothrombocytopenia,
the administration of an mRNA vaccine is
recommended asa precautionary measure
in view of the DGRh.

The mechanism of the very rare co-
agulation disorders, thrombopenias, and
sinus vein thromboses is probably based
on the formation of autoantibodies (VIPI:
vaccine-induced prothrombotic immune
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thrombocytopenia) [66]. The postmarket-
ing surveillance data from Great Britain
show comparatively more reported cases
of APS and ITP under vaccination with the
AstraZeneca vaccine [70] than with the
Pfizer/BioNTech vaccine [71], although the
number of cases cannot be analysed with
statistical certainty. However, details on
the cases of VIPI that have occurred so far
are hardly available. Among 9 published
cases, 2 were patients with pre-existingau-
toimmune disease, including 1 with pos-
itive antiphospholipid antibodies [66]. In
a Norwegian study of healthcare workers,
antibodies to platelet factor 4 (PF4) were
detected in 6/492 cases after vaccination
with the AstraZeneca vaccine. None of
these cases developed thrombopathy or
thrombosis [72].

If this does not delay vaccination,
for patients with confirmed APS or im-
munothrombocytopenia, the use of an
mRNA vaccine could representa risk reduc-
tion. This does not apply to cases where
only low-titre or single antiphospholipid
antibodies are detectable or where there
is no chronic immunothrombocytopenia.

Withthe mRNA vaccines, immunisation
can be achieved within about 4-7 weeks:
Currently, based on modeling by the RKI
and the available data, a vacdnation in-
terval of 6 weeks is recommended for the
mRNA vaccines, and 12 weeks for the As-
traZeneca vaccine [49]. Immunity exists
2weeksafterthe second vacdnation (BioN-
Tec, Moderna, AstraZeneca) or after the
single vaccination (Johnson & Johnson),
accordingto therespective technical infor-
mation. Patients for whom therapy with
RTX is urgent would benefit from rapid
immunisation, as a significantly reduced
vaccination response can be assumed af-
ter such anti-B cell therapy over a longer
period of time. Under ongoing therapy
with RTX, e.g. for remission maintenance
in AAV, there may only be short time win-
dowsinwhichvaccination appears promis-
ing—at least with regard to anti-body for-
mation. In these cases, too, patients would
benefit from the use of an mRNA vaccine.
There are no concrete data available on
this procedure for IRD either. There is only
a plausible analogy to other vaccinations.

For both case constellations, the DGRh
concludes that vaccination should also be
carried out with vector vaccines if, e.g. for
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reasons of availability, an mRNA vacdne
cannot be used promptly, as the risk of
a severe SARS-CoV-2 infection outweighs
the possible vaccination risks.

8.10 Vaccinations following SARS-
CoV-2 infection

Dueto the immunityaftera SARS-CoV-2in-
fection and because of the continuing vac-
cine shortage, immunocompromised per-
sons who have undergone a SARS-CoV-2
infection confirmed by direct pathogen
detection (PCR) should, in the opinion of
the STIKO, receive a COVID-19 vacdnation
6 months after recovery or diagnosis, tak-
ing into account prioritisation. Initially,
one vaccine dose is sufficient for this, as
high antibody concentrations can already
be achieved, which cannot be further in-
creased by a second vaccine dose. On the
other hand, it must be decided on a case-
by-case basis whether a single vacdnation
is sufficient or whether a complete vac-
cination series should be administered to
persons with ‘impaired immune function”
[49].

8.11 Is the effect of corona
vaccination attenuated by
antirheumatic therapy/
immunosuppressants/-modulants?

Immunomodulatory andimmunosuppres-
sive therapies can influence the response
to vaccination. Previous studies investi-
gated the antibody response after vaccina-
tion against tetanus, influenza, pneumo-
coccus, and varicellain rather small cohorts
and focused on the humoral immune re-
action. Data on the immune response to
vacdnations studied so far (no COVID-19
vacdnations) under different DMARDSs are
listed in @ Table 7 (Appendix).

It is uncertain whether the results of
these studies can be extrapolated to the
SARS-CoV-2 vaccines and whether there
is a difference between the mRNA and
vector vaccines. It canalso not be assumed
that assessment of the humoral immune
response alone is sufficient to assess the
efficacy of the SARS-CoV-2 vaccination.

Inthe meantime, some studies on vacci-
nation against SARS-CoV-2 have alsobeen
able to show that antibody formation de-
pends on the existing immunosuppres-

sion. In the first study worldwide using
asmallcohortof IRD patients, mainly under
biologic therapy, the Kiel working group
ledby B.Hoyer found an immune response
in all of them after mRNA vaccination, al-
though the antibody titres against SARS-
CoV-2 were (slightly) reduced compared
to healthy controls [61]. Colleagues from
Erlangenwere thenableto show thatacer-
tain reduction in the humoral vaccination
response can be observed, especially with
methotrexate and also with JAK inhibitors
[62]. Complete nonresponders were only
observed in the Erlangen cohort, the ex-
planation for this is still pending. In both
the Kiel and Erlangen studies, it should be
noted that the patient cohort was signifi-
cantly older than the healthy controls and
that in the Kiel cohort a large proportion
of the differences were no longer statisti-
ally significant in an age-matched anal-
ysis, which could also be the case for the
Erlangen data. This would be supported
by the fact that in this study a reduction
in the humoral vaccination response was
also found in patients without immuno-
suppression, which would argue for im-
mune senescence as an explanation. The
reduction of antibody titres in the Kiel
cohort was independent of whether the
basic therapy was paused around the vac-
cinations or not—however, in this cohort,
there were neither patients under JAK in-
hibitors nor under methotrexate.

For RTX, it could be shown in a study
with 5patients [73]andanotherwith 30 pa-
tients [74] that antibody formation after
COVID-19 vaccination is significantly sup-
pressed depending on the time elapsed
since the last administration of RTX. How-
ever, an antigen-specific T-cell response
remained mostly present. In the second
study, the detection of vaccine antibodies
was also dependent on the presence of
peripheral B cells in the blood. In another
study, positive SARS-CoV-2 antibody titres
were detected in a total of 94% of 404
IRD patients vaccinated with mRNA vac-
cines. While 100% of patients under TNF
inhibitors showed a humoral vaccination
response, this was only the case in 26% of
patients under rituximab, albeit with an
unclear time interval between the last ad-
ministration and vaccination, and in 73%
under mycophenolate [75].
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vaccinations against COVID-19

Table 4 Expertconsensus onpossibleadjustments ofantitheumatictherapiesinthe contextof

Medication

Possible adjustments in the context of vacdnations LoA

(+SD)

tologist in the context of vaccination

Pauses or postponements arenot generally recommended. In the case of a sustained remis-
sion, the following therapy adjustments can be considered in consultation with the rheuma-

Prednisolone <10mg No change 9.74
perday (+£0.55)
Prednisolone >10mg If possible, reduction to lower doses (< 10mq daily) 8.63
per day (+2.25)
Hyd roxychloroquine No change 10
(+0)
Methotre xate Pause for 1(-2) weeks after each vacdnation 7.79
(+2.76)
Sulfasalazine,lefluno- No change 9.63
mide, azathioprine, (+0.67)
aldneurine inhibitors
Belimumab No change 8.84
(+£1.63)
TNF-I, IL-6-R-1, IL-1-1, IL- | No change 9.95
17-1, 1L-12/23-|, IL-23-1 (+£0.22)

JAK inhibitors Pause for 1-2days beforeto 1 week after each vaccina- | 7.74
tion (+2.63)
Abatacept(sc) Pause for 1 week before and 1 week aftereach vaccina- | 8.47
tion (+1.67)
Abatacept (iv) Vacdnationin the interval betwee ntwo infusions; if 8.53
possible 4weeks afteran infusion with delay of the next | (+1.63)
infusion by 1 week
Rituximab Consder alternative therapy and carry out vaccination | 9.42
(£1.27)
Postponement of the firstor next RTX cycle to 8.68
2-4weeks after completion of the vaccination series (£1.92)
If possible, vaccination at the earliest 4-6 months after | 9.53
the last RTX administration (+£0.75)
For patientsat risk, earlier vaccinationif necessary an
(+1.17)
Mycophenolate Pause for 1 week after each vaccination 7.53
(£2.11)
NSAIDs and paraceta- Pause for 6-24 h {according to half-life of NSAID) before | 7.68
mol and 6 h afterevery vaccination (£2.77)

At the end of May 2021, a retrospec-
tive study from two cohorts located in New
Yorkand Erlangen was published, in which
a reduced humoral and cellular response
after vaccination with the Pfizer/BioNTech
vacdne under methotrexate was reported
in some of the vaccinated patients [76].
It remains questionable whether isolated
subgroup analyses by age (comparison of
those under 55 years of age, as methotrex-
ate patients were 10 years older on av-
erage) and by COVID-19 already experi-
enced (8% in the methotrexate group ver-
sus15% in controls and 19% in patients on
other therapies) were still statistically ad-
equate. In addition, vaccination response

was tested quite shortly after the second
vacdnation (8-14 days, assuming a vacci-
nation interval of 21 days). So it cannot
be ruled out that vaccination response is
only delayed. The authors themsel ves also
point out that it is not yet clear what level
of immune response is sufficient for a vac-
cine to be effective. The arbitrarily defined
cut-offs do not allow any conclusion as to
whether the failure to achieve the desired
humoral immune response is also associ-
ated with a higher risk of infection. The
question of whether ongoing methotrex-
ate therapy in fact weakens the immune
response after SARS-CoV-2 vaccination in
a relevant way cannot be answered with

certainty based on the available data, and
it is even less clear whether this reduces
vaccine protection.

8.12 Should immunosuppressive/
immunomodulatory therapy be
reduced or paused because of
vaccination?

Data on temporary pauses of DMARDs at
the time of the SARS-CoV-2 vaccination is
limited and refers predominantly to pa-
tients with inflammatory joint diseases.
Controversy surrounds the study data on
methotrexate, which showed animproved
humoral immune response with a 2-week
break after influenza vaccination. Other
data show an increased rate of relapses of
IRD with methotrexate paused >2 weeks,
without any further improvement in the
immune response. For tofacitinib, it was
shown that a 1-week therapy break be-
fore and after pneumococaal vaccination
did not resultin a better immune response.
Comparabledataon other DMARDs are not
available.

For basic considerations of the effec-
tiveness of vaccination, immunosuppres-
sion should be as low as possible at the
time of vaccination, but not only with re-
gard to vaccinations against SARS-CoV-2,
the risk of reactivation of IRD after a longer
pause or discontinuation of immunomod-
ulatory/immunosuppressive therapy is
estimated to be higher than the benefit of
an even potential improvement of the vac-
dnation response. Therefore, we do not
recommend regularly changing an existing
immunomodulatory/immun osuppressive
therapy because of the vaccination. An
exception is the administration of long-
acting B-cell depleting substances (RTX).
In this case, consideration should be given
to postponing or switching to alternative
therapies, taking into account the risk of
reactivation of the underlying disease on
the one hand and the improvement of
a potential vaccine response on the other
(see @Table 4).

Good disease controlis also a priority in
the context of vaccination against COVID-
19. Patients should be informed and
involved in the decision-making process
if there is even a temporary change in
therapy. In order to optimise the vac-
cination response and in consultation
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with the treating rheumatologist, a pause
of methotrexate, mycophenolate, JAK in-
hibitors, and abatacept around the COVID-
19 vacdnation can be considered in the
case of well-controlled IRD (@ Table 4).

8.13 Vaccination sequence

No s pecific restrictions or changes areseen
compared to the time sequences of vac-
cinations given by the STIKO for patients
with IRD. Depending on the urgency of an
immunosuppressive therapy that impairs
the vaccination response (i.e. especially in
the case of planned administration of RTX),
the shortest possible intervals between
the first and second vaccination should be
aimed for, as far as the approval permits,
or a single vacdnation with a vector vac-
cine (Johnson &Johnson) (see section 8.9).
When administering RTX, a time window
of 4 (in urgent cases at least 2) weeks after
completion of the COVID-19 vaccination
should be observed.

8.14 Can the success of a vaccination
against COVID-19 be checked by
titre testing?

Under any immunosuppression, the vac-
cination response may be reduced (see
section 8.11). The antibody response
after vaccination against COMID-19 can
be checked by lab testing of antibody
titre. However, routine determination
of antibodies against SARS-CoV-2 is not
recommended [77], as it cannot yet be
assessed whether these are suitable as
surrogate markers for existing immunity,
even though there is increasing evidence
that neutralising antibodies are predic-
tive of protection against symptomatic
infection [78]. With the currently avail-
able tests, it is not yet possible to give
a precise statement at which antibody
level there is actual protection against the
disease. Even in the case of a complete
absence of antibodies, a cellular immune
response against the spike protein could
exist and thus a vacdnation protection
could be present. This is not detected
by antibody tests. In the case of low or
negative antibodies, it should therefore
not be concluded that the vaccination re-
sponse against COVID-19 has completely
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failed and that patients are not protected
against infection.

Even with a history of infection, rou-
tine titre control isnotrecommended prior
to vaccination, as vaccination is recom-
mended regardless of antibody findings.

However, it should be noted that the
interpretation of humoral and cellular im-
munity is a dynamic process and a new
assessment of the value of these tests, es-
pecially withregard to the evaluation of the
need for a booster vacdnation in immune
suppressed persons with an insufficient
vacdnation response, may occur quickly.
With regard to booster vaccination, a pre-
cise assessment will only be possible when
criteriafor an effective protectiveeffectare
defined and controlled studies on booster
vacdnation (induding timing, quantity, ac-
tive ingredient) are available.

8.15 Other vaccinations

Independent of the considerations on
SARS-CoV-2, other vaccinations should be
given according to the recommendations
of the STIKO. Data on interactions be-
tween these and other known vaccines
on the one hand and the SARS-CoV-2
vacdnes on the other are not available.
A minimum interval of 14 days before the
start and after the end of the vaccina-
tion series against SARS-CoV-2 should be
reserved for other vaccinations (with the
exception of emergency vaccinations).
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Fig. 1 A Cluster-analysis—risk ofdifferent pre-existing conditions and age on hospitalisation and mortality in thecontext of
COVID-19(from [8]). ART amhythmia or atrial fibrillation; CHF congestive heart filure; CAD coronary artery disease; HTN hy-
pertengon; DM diabetes; BM/ > 300 besity &overweight; CANC cancer; AST asthma; COPD chronic obstructive pulmonary
disease; CKD chronic kidney disease; CLD chronic live rdisease; CRB cerebrovascular or stroke; DEM dementia; Auto autoim-
mune condition; Immunimmunodeficiency or mmuncsuppressed state; Rheuma(inflammatory) rheumatic disease; Or-
ganorgan transplant history
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Table 5 Various studies on the odds ratio (OR) of IRDs for a severe course, hospitalisation or death inassodation with COVID-19

*hazard ratio

Reference Diagnosis Number of patients/total | End point OR (C195%)
IR-population
Badhiller-Corral J, J Rheuma- | SLE 254/4592 Hospitalisation | 3.38 (1.28-8.95)
(f°’ 2020 (28] Sjogren’s syndrome 175/4592 4.9, (1.86-12.94)
retrospective monocenter
cohort study) PMR 474/4592 2.71(1.23-6.02)
Vasculitis 165/4592 3.9(1.27-11.99)
(vs. general population)
Cordtz R, Rheumatology RA 29440(davon 69 hospital- | Hospitalsation 1.46 (1.15-1.86)°
2020(29] isiert)/58,052
(Denmark, national cohort  ["yasculitis 4072 (davon 8 hospital- 1.82 (0.91-3.64)°
study) {vs. general population) isiert) /58,052
4 5Million
FAFPR, Ann Rheum Dis 2021 Vasculitis 65/694 Serious course 2.25(1.13-4.41)°
5‘F31 stry data) Death 2.09 (0.93-4.56)°
rance, registry data, Autoinflammatory syndromes 12/694 Serious course 7.88(1.39-37.05)°
(vs. “matched cohort” of non-IRD Death 2.56 (1.15-5.95)
COVID patients)
Freitez-Nunez Ann Rheum Systemicautoimmune diseases 123 Hospitalisation 3.55(1.30-9.67)
Dis 2020 18] (vs. RA) (50 thereof with RA)
(monocentric cohort study)
Pablos J, Ann Rheum Dis CTD* 228IRD-patients Serious course 1.82(1.00-3.30)
202012] (vs. matched nor-IRD cohort) (40% with CTD)
(multicentric cohort study)
*adjusted OR

‘CTDin thisstudy with the following diagnoses: polymyalgia rheurmatica, systemic lupus erythematosus, Sjégren’s syndrome, systemic sclerosis, pimary
antiphospholipid-syndrome, giant-cell arteriitis, myositis, other vasculitidies

Table6 CommonCOVID-19 symptoms
in patients with inflammatory rheumatic
diseasesin Germany.Data from the COVID-
19rheumatism registry [ ]—with 2729 pa-
tients enrolle d—(asof 23 May 2021)

Symptom %

nations)

Table 7 Studies onvacdnationresponse under prednisone and DMARDs (no COVID-19vacd-

(multiple answers)

Compound

Data onvaccination response

Prednisone [79-81]

>10mg Prednisone (dose-dependent) limited humoral re-
sponse

s DMARDs

Methotrexate [82-85] Decreased humoral response (influenza, preumococcus)
Mycophenolate [75] Decreased humoral response

Other csDMARDs [86-89) Limited, butacce ptable humoral response

bDMARDs

TNF inhibitors [81, 86, 90-92]

Limited, but acceptable humoral response (influenza)

IL-6-R inhibitors [93-95]

Unimpaired humoral response

Abatacept [95-97]

Inconsistent data

Rituximab [82, 98-100]

Signifi@ntly impaired humoral response (pneumococcus,
influenza)

Cough 55
Fatigue 52
Fever 49
Myalgia 36
Loss of taste 34
Headache 32
Loss of smelling 32
Dyspnoea 25
Common cold 22
Loss of appetite 22
Diarhoea 13
Vertigo 12
Expectoration 10

tsDMARDs
JAK inhibitors[101-103]

Uninpaired humoral/cellular response (pneumococcus)
Impaired humoral response (tetanus)
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Research agenda

- Arepatients with certain inflammatory
rheumatic diseases (IRD) or organ
involvement at increased risk of COVID-
19 or severe progression?

- Are certain antirheumatic therapies/
therapeutic principles associated with
anincreased risk of COVID-19 or severe
progression?

- Are glucocorticoids also associated
with an increased risk of COVID-19
or a severe course, independent of
disease activity?

- To what extent do other vaccinations
(e.g. against influenza, pneumococcus)
have a positive effect on the course of
COVID-19?

- Is pausing/discontinuing DMARD ther-
apy before/after COVID-10 vaccination
associated with an improved immune
response? How long should the pause
be foreach therapy?

~ What humoral or cellular immunity
tests are useful to assess adequate
protection against infection after
infection or vaccination?

- Whatis the significance of SARS-CoV-2
antibody determinations with regard
to protection against newly emerging
virus variants?

-~ When and at what frequency are
booster vacdnations useful?

- Isit useful to determine peripheral
B cells before vaccination?

- Isthere a preference for certain vac-
cines in the context of rheumatic
diseases?

- How protective are vaccinations in
terms of frequency and severity of
COVID-19in IRD?

- Is the influence of costimulation
blockade particularly relevant in the
primary response (first vaccination)?
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WAS IST NEU?

COVID-19 bei Patienten mit entziindlich-rheumatischen
Erkrankungen Eine erhéhte Entziindungsaktivitdt bei
Patienten mit entziindlich-rheumatischen Erkrankungen ist
mit schwereren COVID-19-Verldufen assoziiert. Der Einsatz

Verlauf von COVID-19 hin. Mittlerweile konnten in mehreren
Arbeiten héhere Raten von Hospitalisierungen und COVID-19-
assoziiertem Tod nachgewiesen werden. Ob ein vergleichbarer
Effekt auch unter der Therapie mit Januskinase-Inhibitoren bei
Patienten mit rheumatoider Arthritis besteht, wird derzeit
untersucht.

COVID-19-Impfungen Alle in Deutschland zur Verfiigung
stehenden Impfstoffe gegen COVID-19 weisen bisher ein sehr
gutes Sicherheitsprofil sowie kein relevant erhéhtes Risiko fiir
Krankheitsschiibe auf. Es wird keine generelle Pausierung oder
Reduktion der Immunmodulation zum Erzielen einer besseren
Impfantwort empfohlen. Eine Ausnahme stellt die Therapie
mit Rituximab dar.

ABKURZUNGEN
ANCA  Antineutrophile Zytoplasma-Antikérper

DGRh  Deutsche Gesellschaft fiir Rheumatologie
ERE Entziindlich-rheumatische Erkrankungen
MERS  Middle East Respiratory Syndrome
mRNA  Boten-Ribonukleinsdure
RA Rheumatoide Arthritis
SARS  Schweres akutes respiratorisches
Syndrom

SLE Systemischer Lupus erythematodes
TNFi Tumor-Nekrose-Faktor-Inhibitoren
WHO  Weltgesundheitsorganisation

Stand der Dinge

Seit dem 11. Mdrz 2020 spricht die Weltgesundheits-
organisation (WHO) von einer Coronavirus-Pandemie.
Erstmalig wurde das Virus im Dezember 2019 in Wuhan
in der Provinz Hubei beschrieben [1]. Die Infektion wird
verursacht durch das neuartige (,2), ein schweres, aku-

In dieser Arbeit wird aus Griinden der besseren Lesbarkeit das
generische Maskulinum verwendet. Weibliche und anderwei-
tige Geschlechteridentititen werden dabei ausdriicklich mit-
gemeint, soweit es fiir die Aussage erforderlich ist.

tes respiratorisches Syndrom auslésende Corona-Virus 2,
abgekirzt SARS-CoV-2. Die Erkrankung wird COVID-19
genannt (Coronavirus Disease 2019). Trotz des wahr-
scheinlich zoonotischen Ursprungs war die Ubertragung
von Mensch zu Mensch verantwortlich fir die schnelle
und weltweite Verbreitung [2]. Die Ubertragung erfolgt
Gber den respiratorischen Trakt Gber Aerosole. Nach Ein-
dringenin den Kérper bindet das Virus an Rezeptoren und
wird mithilfe von Endozytose oder Membranfusion intra-
zelluldr aufgenommen [2]. Die Replikationsphase, die in
der Regel wenige Tage betrdgt, verlduft mehrheitlich
asymptomatisch. In dieser Phase befillt das Virus den
oberen Atemtrakt. Dies kann mit Symptomen wie Fieber,
Abgeschlagenheit oder Husten einhergehen [2]. Bei ca.
20% der Infizierten kommt es zu einer Beteiligung des
unteren Atemtrakts [2], die in ein akutes vaskuldr-ent-
ziindliches Lungenversagen miinden kann [2]. Durch die
Aktivierung des Immunsystems kann es zu einer iber-
schieRenden Immunantwort kommen, die mit einem
lebensgefihrlichen Zytokinsturm einhergehen kann [2].

Bereits zu Beginn der Pandemie wurden verschiedene
antivirale Therapienim Einsatz gegen COVID-19 diskutiert,
unter anderem der Einsatz von Hydroxychloroquin [3].
Dies fiihrte zeitweise zu Lieferengpdssen in der Behand-
lung von Patienten mit entziindlich-rheumatischen Erkran-
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kungen (ERE). In den Studien konnte jedoch im Verlauf
kein Benefit durch den Einsatz von Hydroxychloroquin ge-
zeigt werden - weder als Prophylaktikum in Bezug auf die
Infektion noch im Falle von schweren Verldufen von CO-
VID-19 war die Substanz erfolgreich. Zytokinblocker wur-
den ebenfalls sehr friih im Einsatz gegen den Zytokinsturm
diskutiert. Erste Daten weckten die Hoffnung eines magli-
chen Therapieansatzes durch Interleukin-6-Blocker im
Rahmen von schweren COVID-19-Verldufen [4, 5]. Leider
konnten in der COVACTA-Studie weder der primdre End-
punkt (Verbesserung des klinischen Status des Patienten
bei COVID-19-assoziierter Pneumonie) noch der sekunda-
re Endpunkt (Reduktion der COVID-19-assoziierten Letali-
tit) emeicht werden [4]. Auch in der EMPACTA-Studie zeig-
te sich keine Besserung der Uberlebensrate [6]. Dagegen
konnte in der REMAP-CAP-Studie durch den Einsatz vonIn-
terleukin-6-Blockern ein verbessertes Outcome sowie eine
Reduktion der Letalitdt gezeigt werden [7], sodass die Fra-
ge offenbleibt, inwiefern der Einsatz von Interle ukin-6-Blo-
ckern eventuell doch einen Vorteil im Rahmen von COVID-
19 bringt. Unter der Therapie mit dem Januskinase-Inhibi-
tor Baricitinib konnte zwar keine Verbesserung der Sauer-
stoffbehandlung gezeigt werden, es kam jedoch zu einem
deutlichen Rickgang der Letalitdt, auch bei Patienten, die
bereits mit Steroiden behandelt wurden [8]. Die AWMF
empfiehlt daher, dass Januskinase-Inhibitoren bei Patien-
ten mit COVID-19-Erkrankung ohne Sauerstoffbedarf
oder mit Low-Flow-Sauerstoffbedarf unter Beachtung der
Kontraindikationen eingesetzt werden - dies aber nichtin
Kombination mit Tocilizumab. Auch unter der Kombinati-
on mit Remdesivir konnte eine Verbesserung des klini-
schen Status erreicht werden [9]. Dennoch bleibt auch
hier die Frage offen, welche COVID-19-Patienten von einer
Immunmodulation profitieren kénnten.

Trotz Parallelen zu anderen Virusinfektionen wie SARS
(schweres akutes respiratorisches Syndrom) oder MERS
(Middle East Respiratory Syndrome), welche mit einer
mit COVID-19 vergleichbaren initialen Klinik (Husten, Fie-
ber, Zephalgien und Myalgien), demselben Ubertra-
gungsweg (Tropfcheninfektion) und der sehr variablen
Symptomatik (von symptomlos bis zu kurzfristig letalen
Verldufen) einhergehen, gab es bis zu dieser Pandemie
keine auf evidenzbasierten Daten basierenden Hand-
lungsempfehlungen fiir ERE-Patienten. Dasselbe galt fiir
die Bedeutung oder den Einfluss immunmodulierender
Therapie bei diesen Patienten.

COVID-19 bei Patienten mit entziind-
lich-rheumatischen Erkrankungen

Aus diesem Grund initiierte die Deutsche Gesellschaft far
Rheumatologie (DGRh) gemeinsam mit der Justus-Liebig-
Universitat, Campus Kerckhoff, ein Web-basiertes Regis-
ter (» Abb. 1), um eine schnelle Datengewinnung zu er-
maoglichen und mithilfe dieser Daten Handlungsempfeh-

» Abb.1 Fiir Arzte: Eingabe von SARS-CoV-2-Fillen bei
ERE-Patienten. www.covid19-rheuma.de.

lungen fir die Betreuung von ERE-Patienten in Bezug auf
die Pandemie abzuleiten. Diese Daten flieRen zudem in
das europdische (https://www.eular.org/eular_co
vid_19_registry.cfm) und globale (https://rheum-covid.
org/) Register ein, um gemeinsam weltweit wichtige
Erkenntnisse zu gewinnen. Das Register konnte bereits
im Mdrz 2020 gestartet werden und 3151 Félle bis zum
30.08.2021 erfassen. Lediglich bei 21 % war eine statio-
ndre Behandlung notwendig. Es wurden 102 letale Ver-
ldufe berichtet. Somit liegt die Letalitdt bei 3,2 %.

In einer ersten Publikation zum Aufbau des Registers, in
der die Félle der ersten 4 Wochen nach Beginn des Regis-
ters ausgewertet wurden, ergaben sich schon Hinweise fir
eine hohere Rate COVID-19-assoziierter Hospitalisierun-
gen unter Einsatz von Glukokortikoiden [10]. Bereits in ei-
ner Verlaufsanalyse bei 468 ERE-Patienten erwiesen sich -
neben ,allgemeinen“ Parametern wie héheres Lebensalter,
kardiovaskuldren Erkrankungen und chronischen Lungen-
erkrankungen- die Krankheitsaktivitdt der ERE sowie der
Einsatz von mehr als 5 mg Prednisolon/Tag als Pradiktoren
fir schwere COVID-19-Verliufe [11]. Ahnliche Resultate
wurden bei der Auswertung der globalen Daten beschrie-
ben [12, 13]. Diese Ergebnisse untermauern die Empfeh-
lung der DGRh, durch den Einsatz von Immunmodulatoren
eine Remission oder geringe Krankheitsaktivitdt zu erzie-
len, um das Risiko einer Infektion und somit auch das Risi-
ko fir schwere COVID-19-Verldufe zu minimieren [14]. Auf
Basis einer steigenden Zahl an Publikationen zu COVID-19
bei ERE-Patienten sowie regelmdRigen Auswertungen des
Registers konnten die Handlungsempfehlungen der DGRh
aktualisiert werden [15].

s Klinische Relevanz

Die bisherigen Daten untermauern die Empfehlungen
der DGRh die Krankheitsaktivitdt der ERE moglichst mit
dem Einsatz der zur Verfiigung stehenden, Steroid-
einsparenden Immunmodulatoren zu kontrollieren,
um dadurch das Risiko einer Infektion sowie schwerer
COVID-19-Verldufe zu reduzieren.
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COVID-19 und Immunmodulation

Bereits zu Beginn der Pandemie wurde diskutiert, ob die
verschiedenen immunmodulierenden Therapieoptionen
den Verlauf von COVID-19 negativ beeinflussen kénnten.
Daher lag die Beftirchtung nahe, dass Patienten ihre
immunmodulierende Therapie beenden kénnten. In einer
longitudinalen Befragung von ca. 4000 Patienten im Zeit-
raum von Marz bis Juni 2020 gaben erfreulicherweise ledig-
lich 3% der befragten Personen bundesweit an, ihre Thera-
pie zu beenden [16]. Dies war sehr beruhigend, da ein
selbststandiges Absetzen der Therapie mit einer Zunahme
der Krankheitsaktivitat und der Notwendigkeit einer Thera-
pie-Intensivierung einhergehen kann. Im Verauf wurden je-
doch einige schwere Félle von COVID-19 unter Therapie mit
Rituximab beschrieben [17]. Da Rituximab nicht zur Erstlini-
entherapie der rheumatoiden Arthritis gehért und bei den
mit antineutrophilen Zytoplasma-Antikérpern (ANCA) asso-
ziierten Vaskulitiden vor allem zur Remissionsinduktion ge-
meinsam mit hoheren Dosen von Kortison eingesetzt wird,
stellte sich die Frage, inwiefern diese Beobachtungen sich
durch den alleinigen Einfluss von Rituximab untermauern
lassen [18, 19]. Beziiglich der COVID-19-Todesfélle konnten
intemational signifikant héhere Zahlen unter der Therapie
mit Rituximab nachgewiesen werden [13]. In einer gemein-
samen Auswertung mit dem globalen Register wurde bei
2869 Patienten mit rheumatoider Arthritis eine signifikant
héhere Rate von Hospitalisierungen und letalen Verldufen,
sowohl unter der Therapie mit Rituximab als auch unter
Therapie mit Januskinase-Inhibitoren, im Vergleich zu Tu-
mor-Nekrose-Faktor-Inhibitoren (TNFi) festgestellt [20].
Trotz der hohen Fallzahl miissen diese Daten jedoch weiter-
hin vorsichtig interpretiert werden, da bei dieser Untersu-
chung nicht erfasst wurde, wie viele und welche Vorthera-
pien die Patienten erhalten haben. Wichtig ist deshalb die
Analyse des deutschen Registers. Die auf dem DGRh-Jahres-
kongress im September vorgestellten Daten und in der ak-
tuellen Publikation (Regierer AC, Hasseli R, Schéfer M, Hoyer
BF, Krause A, Lorenz HM, Pfeil A, Richter |, Schmeiser T,
Schulze-Koops H, Strangfeld A, Voll RE, Specker C, Mueller-
Ladner U. TNFiis associated with positive outcome, but JAKi
and rituximab are associated with negative outcome of
SARS-CoV-2 infection in patients with RMD. RMD Open.
2021 Oct; 7(3): e001896. doi:10.1136/rmdopen-2021-
001896. PMID: 34670840; PMCID: PMC8529615) von
2979 Patienten und 100 Todesféllen zeigen, dass unter Ritu-
ximab 17 fatale Verldufe auftraten, unter (verschiedenen)
Januskinase-Hemmern 12, wobei statistisch auch die ande-
ren Immunsuppressiva wie Mycophenolate, Azathioprin,
Cyclophosphamid und Ciclosporin mit einem héheren Risi-
ko assoziiert waren - Hauptproblem waren nach wie vor
die Glukokortikoide, die bei 64 der letalen Verldufe einge-
setzt wurden.

mmmmmm  Klinische Relevanz
Die bisherigen Daten deuten auf eine héhere Hospitali-
sierungsrate und Letalitdtsrate unter der Therapie mit

& Thieme

Rituximab hin. Auch unter dem Einsatz von weiteren
Immunsuppressiva konnten bei Patienten mit rheuma-
toider Arthritis im Vergleich zu TNF-Blockern héhere
Raten an schweren Verldufen und COVID-19-assoziier-
ten Todesféllen beobachtet werden.

COVID-19-Impfungen

Die zur Verfiigung stehenden Impfungen geben Hoffnung
auf eine zeitnahe Bewdltigung der Pandemie. Alle in
Deutschland zugelassenen Impfstoffe sind nicht als
Lebendimpfstoffe einzustufen und somit bei ERE-Patienten
auch unter Immunmodulation einsetzbar. Ein generelles
Absetzen der Immunmodulation zur Verbesserung der
Impfantwort wird nicht empfohlen, da bislang unklar ist,
inwieweit dies den tatsdchlichen Impfschutz beeintréch-
tigt. Zudem birgt das Absetzen der Immunmodulation das
Risiko einer Krankheitsaktivitdtszunahme, sodass dies eine
Intensivierung der Immunmodulation mit sich bringen
kénnte und dadurch auch das Risiko fir eine Infektion und
einen schweren Verauf von COVID-19 erhéhen wirde [15].
Eine Ausnahme stellt die Therapie mit Rituximab dar. Hier
wird empfohlen, die Impfserie mit einem Abstand von min-
destens 4 Monaten nach der letzten Rituximab-Gabe zu be-
ginnen, und Rituximab idealerweise friihestens 4 Wochen
nach Abschluss der Impfserie zu geben [15]. Im Einzelfall
muss bei Risikopatienten hiervon abgewichen werden.

Da es bislang keine Erfahrung in Bezug auf die neuartigen
mRNA-Impfstoffe (mMRNA: Boten-Ribonukleinsdure) gab,
herrschte sowohl seitens der Patienten als auch der behan-
delnden Rheumatologen Sorge in Bezug auf die Vertrag-
lichkeit der Impfungen. Aufgrund dessen initiierte die
Kommission COVID-19 der DGRh auch hier eine Online-Er-
fassung (» Abb. 2) zur Untersuchung der Vertréglichkeit,
des Sicherheitsprofils und der Effektivitdt der Impfung bei
ERE-Patienten. ERE-Patienten kénnen freiwillig bereits
nach der ersten Impfung an diesem Register teilnehmen
und ihre Impferfahrung mithilfe eines Fragebogens teilen.
Es erfolgt eine Verlaufsbefragung tiber insgesamt 12 bzw.
24 Wochen (abhdngig vom Impfstoff) sowie eine letzte Be-
fragung nach 12 Monaten, um zu erfahren, ob sich der Pa-
tient trotz Impfung mit SARS-CoV-2 infiziert hat und wie
dann die Infektion verlaufen ist.

Bis zum 11. September 2021 nahmen 1842 Personen an
dem Impfregister teil, 80 % waren weiblich und das Alter
lag im Median bei 54 Jahren (18-104 Jahre). Mehrheitlich
gaben die Personen an, an einer rheumatoiden Arthritis
(RA, 50%) zu leiden, gefolgt von Psoriasisarthritis (16 %),
axialer Spondyloarthritis (11%), systemischem Lupus
erythematodes (SLE, 9 %) oder Sjogren-Syndrom (6 %).
Zum Zeitpunkt der Impfung wurden 33 % mit Methotre-
xat behandelt, gefolgt von 30% mit Glukokortikoiden,
22% mit TNFi, 7 % mit Januskinase-Inhibitoren und 4%
mit Rituximab. Der Impfstoff von BioNTech/Pfizer wurde
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» Abb.2 Fiir Patienten: Erfassung von allen COVID-19-
Impfungen unabhangig von der Vertraglichkeit.
https:[fwww.covid19-rheuma.depatienten-information-
impfung.

als Erstimpfstoff bei 69% eingesetzt, 22 % erhielten den
AstraZeneca-, 9 % den Moderna-Impfstoff und 1% andere
Impfstoffe. Lediglich bei 2 % der Personen wurde eine
SARS-CoV-2-Infektion vor der Impfung berichtet. Eine
Zunahme der Krankheitsaktivitdt wurde bei 15% der
Personen berichtet, wohingegen dies lediglich bei 27 Per-
sonen in einer Anderung der Immunmodulation oder
Erweiterung der Immunmodulation um ein weiteres
Medikament resultierte. Bei 288 Personen wurden kei-
nerlei Nebenwirkungen beschrieben. Erfreulicherweise
wurden lediglich 3 Félle von schwerwiegenden Nebenwir-
kungen nach Erstimpfungen erfasst:
= Ponsinfarkt bei einem RA-Patienten ohne Immunmo-
dulation,
= Thrombose bei einem RA-Patienten unter Therapie
mit Sulfasalazin,
= Thrombose bei einem Patienten mit SLE ohne
Immunmodulation.

Das Nebenwirkungsprofil im Allgemeinen war vergleichbar
mit der Allgemeinbevélkerung. Diese ersten Daten legen
nahe, dass die Impfungen bei ERE-Patienten gut vertragen
werden und zu keiner relevanten Zunahme der Krank-
heitsaktivitat der ERE fiihren. Ahnliche Daten konnten
auch in anderen Landern beobachtet werden [21].

Nichtsdestotrotz werden in Fachkreisen Einzelfdlle von
schweren ERE-Reaktivierungen oder ERE-Erstmanifesta-
tionen diskutiert. Um dieser Frage nachzugehen, wurde
eine Online-Erfassung fiir Arzte initiiert, um diese Fille
standarisiert zu erfassen. Seit September 2021 kénnen
ERE-Patienten mit schweren Impfnebenwirkungen im
Rahmen der COVID-19-Impfung durch die behandelnden
Rheumatologen berichtet werden (» Abb.3). Dies
schlieRt auch Patienten ein, die zum Zeitpunkt der Imp-
fung keine Immunmodulation erhalten haben.

Die Erfassung der rheumatologischen Patienten mit einer
SARS-CoV-2-Infektion im COVID-19-Register ist und war
nur durch die Arbeit der dokumentierenden Arzte, der
medizinischen Fachangestellten und Studienpersonal

» Abb.3 Fiir Arzte: Erfassung von schweren
COVID-19-Impfnebenwirkungen. https:/ fwww.
covid19-rheuma.defarzt-sae.

maglich. Aktuell dokumentieren 324 Kollegen, medizini-
sche Fachangestellte und Studienpersonal aktiv in das
COVID-19-Register. An dieser Stelle ist es der Ad-hoc-
Kommission COVID-19-Register der DGRh ein ganz
besonderes Anliegen, einen groRen Dank an die Kolle-
gen, medizinischen Fachangestellten und das Studien-
personal fiir die nicht vergiitete Dokumentation der
Patienten in das Register auszusprechen. Wir bitten Sie,
uns weiterhin bei der Umsetzung des Registers und der
COVID-19-Aktivitdten zu unterstiitzen.

s Klinische Relevanz

In verschiedenen Studien zeigte sich unter der Therapie
von Zytokinblockern wie TNF-Blockern bisher eine gute
Immunantwort. Bisher konnte auch bei ERE-Patienten
ein sehr gutes Sicherheitsprofil beobachtet werden.
Inwiefern andere Immunmodulatoren die Impfantwort
beeinflussen, ist derzeit Gegenstand der Forschung.
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4. Diskussion
4.1 Einfluss der COVID-19-Pandemie auf ERE-Patientinnen

Trotz vieler klinischer Parallelen zu anderen viralen Infektionen der Atemwege standen bis zur
COVID-19-Pandemie nur eingeschrankt Daten zu Virusinfektionen bei ERE-Patientinnen zur
Verfuigung. Dasselbe galt auch fir den Einfluss von Immunmodulatoren auf Virusinfektionen
und den hierfur eingesetzten Impfstoffen. Basierend auf den Erfahrungen im Ursprungsland
China zeigte sich, dass eine SARS-CoV-2-Infektion zwar haufiger bei Personen ab dem 60.
Lebensjahr und bei relevanten Komorbiditdten komplikativ verlaufen kann, aber dass auch
schwere Verlaufe in jiingeren Altersgruppen zu beobachten waren . Diverse Literaturquellen
deuteten zu dieser Zeit auf ein erhdhtes Infektionsrisiko von ERE-Patientinnen mit oder ohne

68,72,83,101,104,106,143,213 Fir das Abschatzen des

immunmodulierender Therapie hin
Infektionsrisikos war und ist aber eine individuelle Betrachtung von Grunderkrankungen,

immunmodulierender Therapie und Komorbiditaten notwendig.

Aufgrund der mangelnden Erfahrung mit Coronaviren und der noch ausstehenden
Handlungsempfehlungen zu Beginn der Pandemie, war es notwendig, zu evaluieren, wie ERE-
Patientinnen die damalige Situation in Bezug auf ihre ERE und immunmodulierende Therapie
wahrnahmen und welche Konsequenzen daraus gezogen wurden.. In den beiden Studien der
Originalarbeit 8 und Originalarbeit 8 konnte herausgearbeitet werden, dass die Mehrheit der
ERE-Patientinnen sowohl in der Frihphase der Pandemie, als auch Uber einen Zeitraum von
ca. drei Monaten wahrend der ersten Welle ihre immunmodulierende Therapie weiterhin
fortfUhrten. Die individuelle Patientenentscheidung zur Fortfihrung der immunmodulierenden
Therapie deckte sich in diesem Zeitraum mit den Expertenempfehlungen der DGRh, welche
postulierten, dass durch Rezidive bzw. einen Schub der Grunderkrankung ein hoheres
Infektrisiko resultiere, da dadurch moglicherweise eine Intensivierung der Immunmodulation
(z.B. durch Steroidstof3) notwendig gewesen ware und somit eine gréRere Gefahrdung der

Patientinnen bestehen wiirde %*.

Diese Daten waren fir die erste Einschatzung der Versorgung von ERE-Patientinnen sehr
wichtig, da Bedenken bestanden, dass mdglicherweise ERE-Patientinnen ihre
immunmodulierende Therapie zur Risikoreduktion einer SARS-CoV-2-Infektion bzw. eines
schweren Infektionsverlaufs selbststédndig pausieren wirden. Zudem war die medizinische
Versorgung in diesem Zeitraum auf die Versorgung von COVID-19-Patientinnen fokussiert, so
dass elektive fachsepzifisch-rheumatologische arztliche Vorstellungen haufig ausblieben und

somit auch eine aufklarende Arzt-Patienten-Kommunikation nicht méglich war.

201



Diese Ergebnisse deckten sich auch mit einer Studie aus Australien, in der auch Uber 90% der
Befragten mit rheumatischen Erkrankungen angaben, ihre immunmodulierende Therapie

fortzufiihren 24,

In einer weiteren Studie zur Untersuchung von virtuellen arztlichen Visiten in Nordamerika
gaben jedoch ca. 14% der Befragten an, dass sie ihre immunmodulierende Therapie wahrend
der ersten Welle der Pandemie unterbrochen hatten 2'°. Diese geographisch unterschiedlichen
Studienergebnisse diurften am ehesten durch anders strukturierte Gesundheitssysteme oder

Aufklarungsstrategien begriindet sein.

4.2 Darstellung des Verlaufs einer SARS-CoV-2-Infektion bei ERE-

Patientlnnen
Die multiplen Therapieoptionen bei ERE mit neuen Therapieansatzen, wie z.B. bei JAKI,
stellten eine Herausforderung dar, da wunklar war, welchen Einfluss spezifische
Therapieoptionen auf den Verlauf der SARS-CoV-2-Infektion haben wirden. Es bestanden
insbesondere Bedenken, dass aufgrund der Immunmodulation schwere Verlaufe einer

Infektion beglnstigt werden konnten.

Die Grundlage zur Beantwortung der Frage nach den Verlaufen einer SARS-CoV-2-Infektion
bei ERE bildet das seit Marz 2020 etablierte deutsche COVID-19-Register fur Patientinnen mit
ERE, welches weltweit zu den grof3ten Registern zur Erfassung von COVID-19 bei ERE zahlt.

Ausgangspunkt des COVID19-Rheuma.de-Registers war die mangelnde Datenlage
hinsichtlich Virusinfektionen der Atemwege bei ERE sowie die Notwendigkeit der schnellen
Datengenerierung zur Ableitung von Handlungsempfehlungen flir medizinisches
Fachpersonal in der Pandemie. Bereits in der Anfangsphase der Pandemie entschied sich die
Deutsche Gesellschaft fur Rheumatologie, das COVID19-Rheuma.de-Register zu
unterstitzen und die Schirmherrschaft hierflir zur ibernehmen. Diese Kooperation flihrte auch
seitens der Rheumatologlnnen bundesweit zu einer hohen Akzeptanz des Registers, was sich

in den Fallzahlen und Zahlen aktive beitragender Arztinnen im Register widerspiegelt.

Der Aufbau eines Registers war auch deshalb notwendig, da keine Sekundardaten von

Krankenkassen, Gesundheitsdmtern oder kassenarztlichen Vereinigungen zur Verfligung

standen, die fur eine Einschatzung der COVID-19-Verlaufe bei ERE hatten genutzt werden

konnen.

Aufgrund des potenziell hohen Arbeitsaufwands hinsichtlich der Dokumentation seitens des

medizinischen Personals stellte das Design eines solchen Registers ebenfalls eine
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Herausforderung dar. Die Datenerfassung im Register musste im Rahmen der
Patientenversorgung erfolgen, so dass bereits bei Aufbau des Registers die erfragten
Parameter kritisch hinsichtlich der Notwendigkeit abgewogen wurden, um mdglichst viele
Arztinnen fir das Register zu gewinnen, aber zeitgleich niemanden durch eine zu lange
Eingabedauer der Registerdaten von einer erneuten Nutzung des Registers abzuhalten. Dies
hatte neben der Sicherstellung der internationalen Vergleichbarkeit auch das Ziel, eine hohe

Datenqualitat sicherzustellen.

Die webbasierte Umsetzung des Registers ermoglichte, neben einer dezentralisierten
Eingabemdglichkeit durch die Nutzerinnen, die Reaktion auf dynamische Prozesse, die sich
wahrend der COVID-19-Pandemie regelmafig ereignen, so dass diese im Register abgebildet
werden konnten. Hierzu gehort z.B. die Erfassung bezlglich des Vorliegens einer

Virusmutation oder COVID-19-Impfung.

Bereits 4 Wochen nach Etablierung des Registers erfolgte eine erste Auswertung von 104
Fallen (Originalarbeit 8). In 32% der Falle wurde eine COVID-19-assoziierte Hospitalisierung
berichtet und die Letalitat lag bei ca. 6%. Diese Daten deuteten zudem daraufhin, dass der
Einsatz von Glukokortikosteroiden mit einem schweren COVID-19-Verlauf assoziiert sein
kénnte, wohingegen eine Biologikatherapie weniger haufig bei hospitalisierten ERE-
Patientinnen berichtet wurde. Die Letalitat sowie die COVID-19-assoziierte Hospitalisierung
sank innerhalb eines Jahres von initial 6% auf 3,9% (Letalitat) bzw. von initial 32% auf 22%

(COVID-19-assoziierte Hospitalisierung) (Originalarbeit 8).

Diese ersten Daten deckten sich mit Auswertungen des globalen Registers hinsichtlich
Hospitalisierung und Letalitat >'® sowie des Einflusses von Glukokortikosteroiden und Biologika
bei ERE-Patientinnen auf eine SARS-CoV-2-Infektion 2%,

4.3 Einfluss der Inmunmodulation zur Behandlung der ERE im Kontext
einer SARS-CoV-2-Infektion

Da der Einfluss einer SARS-CoV-2-Infektion auf Patientinnen mit ERE noch unklar war,
zahlten sie initial zur vulnerablen Patientengruppe. Daten aus lItalien und den Vereinigten
Staaten von Amerika deuteten dahingegend daraufhin, dass der Einsatz von Biologika nicht
mit einem erhéhten Risiko fir einen schweren COVID-19-Verlauf assoziiert ist 1°*'%°_ In diesen
Auswertungen wurde nicht innerhalb der Gruppe von Biologika differenziert, so dass auch der
Einfluss von Rituximab entsprechend interpretiert wurde. Diese Schlussfolgerung deckte sich
jedoch nicht mit den Beobachtungen aus dem deutschen COVID-19-Register. Aus diesem
Grund wurden zwei letale COVID-19-Verlaufe unter Therapie mit Rituximab veroffentlicht
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(Originalarbeit 8 und Originalarbeit 8). Die Erkenntnis, dass der Einsatz von Rituximab mit
einem schwereren Verlauf einer SARS-CoV-2-Infektion assoziiert sein kann, hat dazu geflhrt,
dass das Nutzen-Risiko-Profil vor Einleitung oder Wiederbeginn der Therapie starker im
Kontext der COVID-19-Pandemie abgewogen wurde und Patientinnen unter Therapie mit
Rituximab intensiver bei einer SARS-CoV-2-Infektion arztlich betreut wurden und weiterhin
werden. Dies wirkte sich auch auf die internationale Betreuung von ERE-Patientinnen unter
Therapie mit Rituximab aus. Zudem profitierten Rituximab-Patientinnen auch selbst von dieser
Erkenntnis, da sie sich tUber das mdgliche Risiko einer schweren Infektion informieren konnten
und somit eigenverantwortlich entscheiden konnten, inwiefern sie sich einem mdglicherweise
gesteigerten Risiko aussetzen, aber auch wie konsequent sie Hygienemalinahmen zur

Vermeidung einer Infektion umsetzen.

Durch die frihe Kooperation mit nationalen und internationalen Arbeitsgruppen waren
gemeinsame Auswertungen und vergleichende Analysen moglich. Diese gemeinsamen
Auswertungen ermoglichten Analysen von Erkrankungen mit niedrigerer Pravalenz sowie
Therapieoptionen mit geringerer Anwendungszahl. Dies fuhrte bereits in der ersten Welle der
Pandemie zu einer aussagekraftige Datenauswertung hinsichtlich der Rolle von Rituximab. In
einer gemeinsamen Auswertung mit dem globalen Register konnte die Assoziation von
Rituximab mit schweren COVID-19-Verlaufen bzw. COVID-19-assoziierter Letalitat
nachgewiesen werden. In der ersten Welle der Pandemie war der Einsatz von Rituximab
hierbei viermal starker mit einer Letalitat assoziiert als eine Monotherapie mit Methotrexat
(Originalarbeit 8). Auch andere Arbeitsgruppen konnten eine Assoziation von Rituximab mit

schweren COVID-19-Verlaufen nachweisen 2'7.

In einer weiteren Analyse wurde der Einfluss einer Therapie mit Abatacept, Interleukin-6-
Inhibitoren, TNF-Hemmern, JAKi oder Rituximab im Kontext einer SARS-CoV-2-Infektion bei
Patientlnnen mit einer rheumatoiden Arthritis untersucht. Im Vergleich zu TNF-Hemmern war
der Einsatz von JAKi und noch deutlicher der Einsatz von Rituximab mit COVID-19-bedingter
Hospitalisierung und Letalitat assoziiert (Originalarbeit 8). Diese Daten untermauern, dass der
Einsatz von Abatacept und Interleukin-6-Inhibitoren ein vergleichbares Risiko wie TNF-
Hemmer aufweisen und somit eher nicht mit schweren COVID-19-Verlaufen assoziiert sind
(Originalarbeit 8).

Bei der Interpretation der Daten hinsichtlich des Einsatzes von JAKi und Rituximab muss

jedoch beachtet werden, dass JAKi erst seit 2017 im Einsatz sind und Rituximab

leitliniengerecht erst nach Versagen eines TNF-Hemmers bei der rheumatoiden Arthritis zum
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Einsatz kommt. 2'®. Somit kénnte es sein, dass diese Patientlnnen per se eine héhere

Krankheitsaktivitat der ERE aufweisen und dadurch auch ein hoheres Infektionsrisiko.

In der globalen Auswertung konnte zudem gezeigt werden, dass der Einsatz von Sulfasalazin
mit schweren Verlaufen einer SARS-CoV-2-Infektion assoziiert ist (Originalarbeit 8). Dies liel3
sich jedoch bei der Auswertung der deutschen Daten nicht bestatigen (Originalarbeit 72). Ein
moglicher Grund hierfir kdénnten landerspezifischen Verschreibungsverhalten und
Verfugbarkeiten alternativer Therapieoptionen sein und untermauert eine nationale

Datenerhebung zur Feststellung solcher Unterschiede.

Mit Voranschreiten der Pandemie ergaben sich weitere Erkenntnisse in Bezug auf den Einsatz
von verschiedenen Immunmodulatoren. Sowohl in einer nationalen Auswertung als auch in
einer globalen Auswertung konnten mildere Verlaufe unter dem Einsatz von TNF-Hemmern
nachgewiesen werden (Originalarbeit 8 und Originalarbeit 8. Diese Resultate wurden ebenfalls

2123 TNF-Hemmern werden sowohl bei

von anderen Arbeitsgruppen beschrieben
inflammatorischen Arthritiden als auch bei Psoriasis und chronisch-entziindlichen
Darmerkrankungen eingesetzt 2°+2°52'® Diese Daten deuten auf ein gutes Sicherheitsprofil der

Praparate im Rahmen einer SARS-CoV-2-Infektion hin.

Bei Patientinnen mit systemischem Lupus erythematodes oder einer Vaskulitis (Originalarbeit
8 und Originalarbeit 8 waren, neben den allgemeingiltigen Risikofaktoren wie Alter und
Komorbiditaten, dieselben Faktoren mit schweren COVID-19-Verlaufen assoziiert wie in den
Gesamtauswertungen. Dies schlieBt eine erhohte Krankheitsaktivitdt, den Einsatz von
Glukokortikosteroiden in  hoherer Dosierung sowie Immunsuppressiva, wie z.B.
Cyclophosphamid und Rituximab, ein. Trotz der unterschiedlichen Pathomechanismen zeigt
sich aus allen Daten, dass die beste Pravention vor einem schweren Verlauf von COVID-19
die Krankheitskontrolle der ERE darstellt, vor allem durch den Einsatz von steroidfreien

Immunmodulatoren.

4.4 Handlungsempfehlungen zur bestmoglichen Betreuung von ERE-

Patientinnen im Kontext der Pandemie
Die zunehmenden Erkenntnisse aus den Registerdaten fuhrten zu einer Aktualisierung der
Handlungsempfehlungen seitens der DGRh fiir die Betreuung von Patientinnen mit ERE im
Rahmen der Pandemie. Dies resultierte konkret u.a. in folgenden Empfehlungen
(Originalarbeit 16):
o Die Einleitung oder Umstellung antirheumatischer Therapien sollten aufgrund der COVID-19-

Pandemie weder unterbleiben noch verzdgert werden
205



o Vor der Gabe von Rituximab sollte aufgrund des erhdhten Risikos flir einen schweren COVID-
19-Verlauf eine individuelle Nutzen-Risiko-Abwagung erfolgen und auch der Einsatz

alternativer Therapien geprift werden

4.5 Veranderungen des Infektionsgeschehens im Laufe der Pandemie

unter Einsatz der Impfungen bei
Aufgrund der webbasierten Umsetzung war es zeitnah moglich, auf Anderungen im
Pandemiegeschehen zu reagieren. Somit wurde das Register im Verlauf um weitere
Parameter erweitert, die sich im Laufe der Pandemie als relevant erwiesen hatten,,
beispielsweise der Nachweis einer Virusmutation oder die Darstellung von Infektionen trotz

COVID-19-Impfung sowie der Einsatz von COVID-19-spezifischen Therapieoptionen.

Somit konnte gezeigt werden, dass seit Beginn der Pandemie in Phasen des Auftretens neuer
Virusvarianten eine Zunahme der dokumentierten Infektionen bei ERE-Patientinnen
festzustellen war. Im Jahr 2021 war gegeniber 2020 ein Riickgang von Hospitalisierungen
und letalen COVID-19-Verlaufe zu verzeichnen, am ehesten zu erklaren durch die
Verfugbarkeit der Impfung und milderen Virusvarianten. Diese Daten zeigen, dass sich bei
Patientinnen mit ERE die gleichen zeitlichen Ablaufe der Coronapandemie wie in der
Allgemeinbevdlkerung finden. Das Auftreten von Virusmutanten und die Verfugbarkeit von
Impfungen hatten somit bei Patientinnen mit ERE einen vergleichbaren Einfluss auf die

Auswirkungen der Pandemie wie in der Allgemeinbevdlkerung (s. Abbildung 1).
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Abbildung 1: Verlauf der Daten im Register

Ambulante Falle (weil3), hospitalisierte Falle (grau) und letale Falle (schwarz) wurden im zeitlichen Verlauf seit
Januar 2020 dargestellt. Der Zeitraum der Dominanz der einzelnen Virusmutationen (a,B,y,0) in Deutschland
wurden eingefiigt(«).
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5. Vorteile des Registers

Basierend auf der Registerplattform wurden weitere Projekte generiert, die sich mit der
Thematik der COVID-19-Pandemie und ERE befassen.

Hierzu gehoren:

1) Die Untersuchung des psychosozialen Einflusses der COVID-19-Pandemie auf
Patientinnen mit ERE

2) Das COVID-19-Impfregister fur Patientinnen mit rheumatischen Erkrankungen

3) Die Erfassung von schwerwiegenden Impfnebenwirkungen oder neuen
Immunphanomenen bei ERE-Patientinnen in Bezug auf COVID-19-Impfungen

4) Das COVID-19-Register fur Patientinnen mit neuromuskuldren Erkrankungen
(www.COVID19-NME.com)

Die deutschen Daten stellen inzwischen 23% der Daten aus dem europaischen Register dar
und sind somit die grof3te Kohorte (Stand September 2022). Dies verdeutlich nochmals den
hohen Stellenwert des COVID19-Rheuma.de-Registers zur nationalen und internationalen

Pandemiebewaltigung.

6. Limitationen des Registers

Eine Limitation des Registers stellt die nicht erfasste Darstellung des Krankheitsverlaufs der
ERE vor der Infektion dar. Wie bei Registerdaten Ublich, handelt es sich hier um retrospektive
Datenanalysen. Es konnte somit keine Randomisierung erfolgen. Die Auswertung der Daten

I&sst daher nur eine Untersuchung von Korrelationen und Assoziationen zu.

Bei der Eingabe der Daten wird die Krankheitsdauer und die Anzahl und Art der Vortherapien
nicht erfasst. Somit konnte nicht beurteilt werden, ob es Unterschiede innerhalb der Gruppe
der Patientlnnen gibt, die zum Zeitpunkt der Infektion eine moderate/hohe Krankheitsaktivitat
der ERE aufweisen. Dies ist ein wichtiger Faktor, der bei der Interpretation der Daten beachtet
werden muss. Somit kdnnten diese Patientinnen insgesamt einen komplikativeren Verlauf der
ERE aufweisen. Ein weiterer Faktor ist die Verfluigbarkeit der eingesetzten Therapeutika. JAKi
werden erst 2017 in Deutschland zugelassen. Auch hier kdnnte es sein, dass beispielsweise
zuvor austherapierte Patientlnnen unter diesen ,neuen® Therapie standen und somit bereits

eine vielfache Immunmodulation in Vergangenheit erhalten haben.
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Zudem ist bei der Dateneingabe auch ein Selektionsbias mdglich. Die Dateneingabe erfolgt
freiwillig und ohne finanzielle Honorierung des Aufwands, weshalb dies als mdéglicher Anreiz
zur konsequenten Dokumentation wegfallt. Die Eingabe von mehrheitlich asymptomatischen

bzw. milden Verlaufen entkraftigt jedoch den Aspekt des Selektionsbias in gewissen Malde.

Um zumindest einen Vergleich mit SARS-CoV-2-infizierten Personen ohne ERE zu
ermaoglichen, wurde bereits in der Friihphase des Registers eine Kooperation mit dem LEOSS-
Register initiiert. Die Limitation im Rahmen der Kooperation ist jedoch, dass im LEOSS-
Register mehrheitlich hospitalisierte SARS-CoV-2-Infizierte aus universitaren Zentren erfasst
wurden und somit nur ein Vergleich der hospitalisierten Patientinnen aus beiden Registern

mdglich war bzw ist.

Um noch spezifischer den Einfluss spezifischer Immunmodulatoren untersuchen zu kénnen,
ware daher ein prospektiver, randomisierter Studienansatz notwendig, welcher derzeit nicht
umsetzbar ist, da Gesundheitsdaten nicht zentral gespeichert werden und somit keine
eindeutige Aussage zur ERE vor Infektion getatigt werden kann. Durch eine prospektive

Datenerhebung wére zudem der Infektionsverlauf detaillierter zu erfassen.

7. Zusammenfassung und Ausblick

Klinisch-epidemiologische Registerdaten zur Untersuchung des Einflusses von ERE und
Immunmodulation auf Infektionsgeschehen sind wichtige Werkzeuge fur eine evidenzbasierte
Formulierung von Handlungsempfehlungen. Aus den dargestellten Arbeiten in Bezug auf

COVID-19 bei ERE lassen sich daher folgende Schlussfolgerungen ableiten:

1) Fur ERE-Patientinnen gelten im Allgemeinen dieselben Risikofaktoren wie in der
Allgemeinbevdlkerung hinsichtlich schwerer COVID-19-Verlaufe. Hierzu zahlen u.a. das
Alter, mannliches Geschlecht und Komorbiditaten

2) ERE-Patientinnen mit pulmonaler Manifestation in Form einer interstitiellen
Lungenerkrankungen weisen ein héheres Risiko fir schwere COVID-19-Verlaufe auf

3) Eine erhdhte Krankheitsaktivitdt, und damit verbunden der Einsatz von
Glukokortikosteroiden, ist mit schweren COVID-19-Verldufen assoziiert, unabhangig von
der Art der ERE

4) Zur Reduktion des SARS-CoV-2-Infektionsrisikos sowie des Risikos schwerer COVID-19-
Verlaufe sollte eine bestmdgliche Krankheitskontrolle der ERE erzielt werden

5) Eine Krankheitskontrolle sollte mit steroidfreien Immunmodulatoren angestrebt werden
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6) Rituximab und Cyclophosphamid, und in geringerem Mafe auch JAKIi, sind mit schweren
COVID-19-Verlaufen assoziiert

7) TNF-Hemmer sind mit milderen COVID-19-Verlaufen assoziiert

Die Arbeit am Register verdeutlich die Notwendigkeit weiterer Untersuchungen von Infektionen

im Kontext von ERE. Diesbezlglich sind weitere Projekte im nationalen und internationalen

Austausch geplant. Unter anderem sollen die gewonnen Erkenntnisse im Rahmen von

Influenza untersucht werden. Die bereits etablierten web-basierten Plattformen sollen hierfir

erweitert werden.

Dadurch sollen weitere Erkenntnisse zu folgenden zukinftigen Forschungsansatzen

gewonnen werden:

1) Einsatz von Immunmodulatoren im Kontext von COVID-19 bei bereits immunmodulierten
ERE-Patientinnen

2) Einfluss der Immunmodulation und ERE auf andere Virusinfektionen der Atemwege bei
ERE-Patientinnen

3) Vertraglichkeit, Effektivitat und Sicherheitsprofil von Impfungen im Allgemeinen bei ERE-

Patientlnnen

Um die Dateneingabe attraktiv zu gestalten, soll in Zukunft auch eine finanzielle Honorierung
des Dokumentationsaufwands erfolgen. Durch eine Kooperation mit verschiedenen Zentren
sollen zudem Virusinfektionen prospektiv und longitudinal analysiert werden.

Um eine doppelte Erfassung der Daten zu verhindern, wére es sinnvoll, zuklnftige Register in
einer gemeinsamen Plattform zu vereinen. Die Etablierung einer studienorientierten

Anpassung des Datenschutzes stellt jedoch noch eine Herausforderung dar.
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