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Alfredo Guillén-Del-Castillo,6 Corrado Campochiaro,7 Hadi Poormoghim,8 Sophie Liem,9

Maria-Grazia Lazzaroni,10 Alessandro Giollo,11 Arsène Mekinian,12 Jeska de Vries-Bouwstra,9

Maria De Santis,13 Alexandra Balbir-Gurman,14 Carina Mihai,1 Giacomo De Luca,7 Sergey Moiseev,15

Elisabetta Zanatta,16 Rosario Foti,17 Simona Rednic,18 Christopher Denton,19 Maurizio Cutolo,20

Laura Belloli,21 Paolo Airo,10 Liudmila Garzanova,22 Gianluca Moroncini,23 Murat _Inanç,24 Stylianos Panopoulos,25

Jose-Luis Tandaipan,26 Emmanuel Chatelus,27 Edoardo Rosato,28 Masataka Kuwana,29 Sule Yavuz,30

Juan J. Alegre-Sancho,31 Vanessa Smith,32 Gabriella Szűcs,33 Joerg Henes,34 Ignasi Rodríguez-Pint�o,35

Fabiola Atzeni,36 Julia Spierings,37 Marie-Elise Truchetet,38 Marcin Milchert,39 Daniel Brito de Araujo,40

Gabriela Riemekasten,41 Vera Bernardino,42 Thierry Martin,43 Francesco del Galdo,44 Alessandra Vacca,45

Fabian Mendoza,46 Øyvind Midtvedt,47 Giuseppe Murdaca,48 Tânia Santiago,49 Veronica Codullo,50

Fabio Cacciapaglia,51 Ulrich Walker,52 Cathrine Brunborg,53 Francesca Tirelli,54 Yannick Allanore,55

Daniel E. Furst,56 Marco Matucci,57 Armando Gabrielli,23 Oliver Distler,1*

and Anna-Maria Hoffmann-Vold58*

Objective. The outcome of patients with COVID-19 improved over the pandemic, including patients with systemic
rheumatic diseases. However, data on patients with systemic sclerosis (SSc) are lacking. This study aimed to assess
the outcome of patients with both SSc and COVID-19 over several waves.

Methods. Patients with both SSc and COVID-19 who were registered in the European Scleroderma Trials and
Research group (EUSTAR) were collected between April 2020 and April 2021. Patients were assigned to waves 1, 2,
or 3 depending on the date of their COVID-19 diagnosis. Primary endpoints were death, intensive care unit stay, or
ventilatory support (severe outcome). Subgroup analyses of patients who were hospitalized or died were conducted.
General and SSc-specific characteristics and treatment were compared over the waves. Descriptive statistics and
multivariate logistic regression were applied.

Results. A total of 333 patients were included; 57 patients (17%) had a severe outcome, and 30 patients (9%) died.
Compared to wave 1, significantly fewer patients with SSc suffered from severe COVID-19 in waves 2 and 3 (28.2% vs
9.8% and 12.7%; P < 0.001), fewer patients required hospitalization (46.7% vs 19.6% and 25.5%; P < 0.001) or venti-
latory support (24.0% vs 8.7% and 10.9%; P = 0.001), and fewer patients died (15.7% vs 5.0% and 7.5%; P = 0.011).
Patients were significantly younger, more often men, had less frequent arterial hypertension, and less SSc cardiac
involvement over waves 1 to 3. Patients received significantly less medium to high doses of corticosteroids as they
did SSc treatment.

Conclusion. The outcome of patients with both SSc and COVID-19 improved significantly over time because of
intrinsic and extrinsic factors.

INTRODUCTION

Over more than three years, the SARS-CoV-2 pandemic has

strongly impacted the whole world.1 More than 630 million cases

of infections and 6.6 million deaths have been reported.2 Not only

is modern medicine being challenged to develop novel treatment

options3 but also to gain experience in epidemiologic and patho-

physiologic characteristics of SARS-CoV-2,4 as well as to
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discover which patients are at highest risk for a worse outcome.5

Major research projects have been conducted or are ongoing to

study the course of COVID-19 in different diseases, including

systemic sclerosis (SSc).6–8

SSc is a multiorgan autoimmune disease with high
morbidity and mortality and frequent organ manifestations,
including interstitial lung disease (ILD).9–12 Many patients receive

immunosuppressive treatment, which has been shown to impact
the outcome of COVID-19 infection.13,14 As demonstrated
recently, patients with SSc are at risk for a more severe
COVID-19 disease course.13,15 Multiple common risk factors are
known to have a relevant impact on the outcome of COVID-19 in
the general population, such as older age, male sex, and comor-
bidities like cardiovascular disease.16,17 SSc-related disease
characteristics, such as the presence of ILD, pulmonary arterial
hypertension (PAH), and SSc-associated renal or cardiac disease
were associated with hospitalization and more severe out-
comes.13 These analyses were conducted over a time span from
December 2019 to February 2021, but the specific time period of
SARS-CoV-2 mutations were not taken into account. This is
important, because multiple SARS-CoV-2 mutations have
occurred over these years, resulting in substantial differences in
the clinical course of COVID-19. In a population-wide study in
the UK, a relevant risk reduction for mortality in hospitalized
patients was shown in wave 2 (starting October 2020) compared
to wave 1 (starting March 2020).6 In patients with systemic auto-
immune rheumatic diseases (SARD), a study from the US showed
a decline of severe outcomes in patients with SARD over the first
months of the pandemic.7 Furthermore, a recent publication from
Boston verified a 71% risk reduction of hospitalization or death

SIGNIFICANCE & INNOVATIONS
• Our study compares outcome due to COVID-19 in

patients with systemic sclerosis (SSc) over the differ-
ent waves, ensuring a broad generalizability of our
results.

• This is the first study to report improved outcome of
patients with both SSc and COVID-19 in a multicen-
ter international SSc cohort.

• The results reflect the implementation of the
most current treatment and management guide-
lines, including handling of immunosuppressive
treatment.

• Our data support the assumption that following
these adapted treatments and management guide-
lines results in a better outcome for patients with
both SSc and COVID-19.

Giacomo De Luca, MD: IRCCS San Raffaele Hospital, Milan, Italy; 8Hadi
Poormoghim, MD: Firoozgar Hospital, Tehran, Iran; 9Jeska de Vries-Bouwstra,
MD, PhD, Sophie Liem, MD, MSc: Leiden University Medical Center, Leiden,
The Netherlands; 10Maria-Grazia Lazzaroni, MD, PhD, Paolo Airo, MD: ASST
Spedali Civili of Brescia, University of Brescia, Italy; 11Alessandro Giollo, MD,
PhD: University of Verona, Verona, Italy; 12Arsène Mekinian, MD, PhD: Hôpital
Saint Antoine, Paris, France; 13Maria De Santis, MD, PhD: IRCCS Humanitas
Research Hospital, Rozzano,Milan, Italy, andHumanitas University, Pieve Ema-
nuele, Milan, Italy; 14Alexandra Balbir-Gurman, MD: B. Shine Rheumatology
Institute, and Technion, Haifa, Israel; 15Sergey Moiseev, MD: Sechenov First
Moscow State Medical University, Moscow, Russian Federation; 16Elisabetta
Zanatta, MD: University of Padova, Padova, Italy; 17Rosario Foti, MD:
A.O.U. Policlinico S. Marco Catania, Catania, Italy; 18Simona Rednic, MD: Uni-
versity of Medicine & Pharmacy “Iuliu Hatieganu” Cluj, Cluj-Napoca, Romania;
19Christopher Denton, MD: Royal Free and University College London Medical
School, London, UK; 20Mauricio Cutolo, MD: University of Genova, Genova,
Italy; 21Laura Belloli, MD: ASST Grande Ospedale Metropolitano Niguarda,
Milano, Italy; 22Liudmila Garzanova, MD: VA Nasonova Research Institute of
Rheumatology, Moscow, Russian Federation; 23Gianluca Moroncini, MD, PhD,
Armando Gabrielli, MD: Università Politecnica delle Marche, Polo Didattico,

University of Ancona, Ancona, Italy; 24Murat _Inanç, MD: Istanbul University,
Istanbul, Turkey; 25Stylianos Panopoulos, MD, PhD: National and Kapodistrian
University of Athens Medical School, Athens, Greece; 26Jose-Luis Tandaipan,
MD: Hospital Universitari de la Santa Creu I Sant Pau, Barcelona, Spain;
27Emmanuel Chatelus, MD: Centre National de Référence des Maladies
Auto-immunes et Systémiques Rares Est/Sud-Ouest (RESO), Strasbourg,
France; 28Edoardo Rosato, MD: Sapienza University of Rome, Rome, Italy;
29Masataka Kuwana, MD, PhD: Nippon Medical School, Tokyo, Japan; 30Sule
Yavuz, MD: University of Marmara, Istanbul, Turkey; 31Juan J. Alegre-Sancho,
MD, PhD: Hospital Universitario Dr Peset, Comunitat Valenciana, Spain;
32Vanessa Smith, MD, PhD: Ghent University, Ghent University Hospital, and
VIB Inflammation Research Center (IRC), Ghent, Belgium; 33Gabriella Szűcs,
MD, DSc: University of Debrecen, Debrecen, Hungary; 34Joerg Henes, MD:
Centre for Interdisciplinary Clinical Immunology, Rheumatology and
Auto-inflammatory Diseases (INDIRA), University Hospital Tuebingen,
Tuebingen, Germany; 35Ignasi Rodríguez-Pint�o, MD, MSc, PhD: Hospital
Universitari Mútua de Terrassa, Barcelona, Catalonia, Spain; 36Fabiola Atzeni,
MD: University of Messina, Messina, Italy; 37Julia Spierings, MD, PhD: University

Medical Center Utrecht, Utrecht, The Netherlands; 38Marie-Elise Truchetet,
MD, PhD: Université de Bordeaux, Bordeaux, Aquitaine, France; 39Marcin
Milchert, MD, PhD: Pomeranian Medical University in Szczecin, Szczecin,
Poland; 40Daniel Brito de Araujo, MD: Universidade Federal de Pelotas,
Pelotas, Brazil; 41Gabriela Riemekasten, MD: University Clinic Schleswig
Holstein Lübeck, University of Lübeck, Lübeck, Germany; 42Vera Bernardino,
MD, MSc: Centro Hospitalar Universit�ario Lisboa Central, Lisboa, Portugal;
43Thierry Martin, MD, PhD: Centre de Référence des Maladies Autoimmunes
Systémiques Rares Est Sud-Ouest (RESO), Nouvel Hôpital Civil, Strasbourg,
France; 44Francesco del Galdo,MD, PhD: Leeds Institute of Rheumatic andMus-
culoskeletal Medicine and NIHR Biomedical Research Centre, University of
Leeds, Leeds, UK; 45Alessandra Vacca, MD: Azienda Ospedaliero Universitaria
di Cagliari, Cagliari, Italy; 46Fabian Mendoza, MD: Thomas Jefferson University,
Philadelphia, Pennsylvania; 47Øyvind Midtvedt, MD: Oslo University Hospital,
Oslo, Norway; 48Giuseppe Murdaca, MD, PhD: University of Genova and IRCCS
Ospedale Policlinico San Martino, Genova, Italy; 49Tânia Santiago, MD: Centro
Hospital e Universit�ario de Coimbra, University of Coimbra, Portugal; 50Veron-
ica Codullo, MD, PhD: IRCCS Policlinico S. Matteo University Hospital, Pavia,
Italy; 51Fabio Cacciapaglia, MD, PhD: University of Bari “Aldo Moro,” Bari, Italy;
52Ulrich Walker, MD: Universitätsspital Basel, Basel, Switzerland; 53Cathrine
Brunborg, MSc: Oslo University Hospital, Oslo, Norway; 54Francesca Tirelli,
MD: University Hospital Zurich, University of Zurich, Zurich, Switzerland, and
University of Padova, Padova, Italy; 55Yannick Allanore, MD, PhD: Cochin Hospi-
tal, Université de Paris, Paris, France; 56Daniel E. Furst, MD: University of Califor-
nia, Los Angeles; 57Marco Matucci, MD, PhD: University of Florence, Florence,
Italy and IRCCS San Raffaele Hospital, Milan, Italy; 58Anna-Maria Hoffmann-
Vold, MD, PhD: University Hospital Zurich, University of Zurich, Zurich, Switzer-
land and Oslo University Hospital, Oslo, Norway.

*Drs. Distler and Hoffmann-Vold contributed equally to this work.
Additional supplementary information cited in this article can be found

online in the Supporting Information section http://onlinelibrary.wiley.com/
doi/10.1002/acr.25226.

Author disclosures are available at https://onlinelibrary.wiley.com/doi/10.
1002/acr.25226.

Address correspondence via email to Oliver Distler, MD, at Oliver.
Distler@usz.ch.

Submitted for publication March 31, 2023; accepted in revised form
August 24, 2023.

COVID-19 OUTCOME IN PATIENTS WITH SSc OVER TIME 89

 21514658, 2024, 1, D
ow

nloaded from
 https://acrjournals.onlinelibrary.w

iley.com
/doi/10.1002/acr.25226 by IR

C
C

S O
spedale San R

affaele, W
iley O

nline L
ibrary on [04/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1002/acr.25226
https://doi.org/10.1002/acr.25226
https://onlinelibrary.wiley.com/doi/10.1002/acr.25226
https://onlinelibrary.wiley.com/doi/10.1002/acr.25226
mailto:Oliver.Distler@usz.ch
mailto:Oliver.Distler@usz.ch


with the Omicron variant compared to early waves in patients with
SARD.8 A subgroup analysis of the 35 patients with SSc included
in that study was not performed.

Additionally, because of increasing knowledge about SARS-
CoV-2 mutations and outcome of patients on certain
immunosuppressants,18,19 physicians were able to adapt patient
management. On the one hand, this included avoidance of certain
immunosuppressants, but on the other hand, an awareness of
keeping patients on their immunosuppressive treatment for better
control of SSc organ manifestations developed. This is mirrored in
the updated European Alliance of Associations for Rheumatology
(EULAR) guidelines for the management of patients with rheu-
matic diseases in the context of SARS-CoV-2, with the recom-
mendation to postpone the next rituximab (RTX) cycle as well as
to continue glucocorticoids with the lowest possible dose,
whereas other immunosuppressants were recommended to be
continued unchanged.20 Furthermore, different treatments used
in rheumatic diseases, such as hydroxychloroquine and tocilizu-
mab, were tested for the treatment of SARS-CoV-2 infection,
which again influenced treatment patterns for patients with
SARD.21

A change of disease course over the waves may be
expected in patients with SSc—secondary to internal (the virus
mutations) and external (change of patient management)
influence—but has so far not been studied. Therefore, the aim of
our study was to determine the disease outcome of COVID-19
in patients with SSc over time.

PATIENTS AND METHODS

Patients with SSc from the European Scleroderma
Trials and Research (EUSTAR) cohort. Patients with pro-
spectively collected and standardized data from EUSTAR, a reg-
istry of patients with SSc containing data on COVID-19, were
included. Data collection of patients with both SSc and
COVID-19 was started in the EUSTAR database on April 8,
2020, and completed on April 15, 2021. General characteristics
and SSc-specific information at the time of COVID-19 infection
were collected and are detailed below. Characteristics specific
for COVID-19, such as hospitalization, duration of hospitalization,
intensive care unit (ICU) admission, any ventilatory support,
and death, were recorded, as was drug therapy for SSc and
COVID-19. The time from COVID-19 to outcome assessment
was recorded in the EUSTAR COVID database as total duration
from symptom onset to outcome. Inclusion required pre-existing
SSc and a confirmed or presumptive diagnosis of COVID-19
regardless of whether COVID-19 was diagnosed by classical
symptoms and contact to SARS-CoV-2 only or confirmed by
polymerase chain reaction (PCR). The EUSTAR data collection
was approved by local and national ethical committees and the
COVID-19 module within the EUSTAR database was approved
by the Oslo University Hospital Data Protection Office.

SARS-CoV-2 infections. To make patients from different
geographical regions and date of COVID-19 onset comparable
to each other, we grouped all patients into waves from 1 to
4. These were determined for each country using the COVID-19
dashboard of the Center for Systems Science and Engineering
at Johns Hopkins University.22 The cutoff point was the lowest
number of weekly cases between two visually apparent waves,
whereas the week with the lowest incidence number was added
to the previous wave. Countries included Belgium, Brazil, the
Czech Republic, France, Germany, Greece, Hungary, Iran,
Israel, Italy, Japan, The Netherlands, Norway, Poland, Portugal,
Romania, Russia, Spain, Switzerland, Turkey, UK, and US
(Supplementary Table 1).

Assessment of general and SSc specific risk factors
and treatment. We assessed the impact of general and SSc-
specific risk factors and treatments as covariates for the outcome
over time. General characteristics were age, sex, and comorbidi-
ties, including type 2 diabetes mellitus, arterial hypertension, car-
diovascular and chronic obstructive pulmonary disease,
malignancy, and smoking. We compared patients with any
comorbidity and two or more comorbidities. SSc-specific risk fac-
tors included SSc subtype (diffuse or limited cutaneous SSc); dis-
ease duration (from first non-Raynaud phenomenon); organ
manifestations including ILD (diagnosed by high-resolution com-
puted tomography or x-ray); PAH (diagnosed by right heart cath-
eterization); renal disease (including scleroderma renal crisis and
SSc-related renal failure); cardiac disease (defined as any con-
duction blocks, high-grade arrhythmias, diastolic dysfunction, or
pericardial effusion); esophageal involvement (defined as dyspha-
gia or reflux); and musculoskeletal involvement (defined as any
arthritis, muscle weakness, or muscle enzyme elevation greater
than two times the upper limit of normal, tendon friction rub); dig-
ital ulcers; and modified Rodnan skin score. We also assessed the
impact of immunosuppressive treatment including RTX, mycophe-
nolate mofetil, cyclophosphamide, methotrexate (MTX), azathio-
prine (AZA), corticosteroids (prednisone >10 mg/day or
equivalent), tocilizumab, abatacept, tacrolimus, tumor necrosis fac-
tor (TNF) inhibitors or autologous stem cell transplantation and
other treatments such as antimalarials, nintedanib, and intravenous
immunoglobulins. We also assessed the change in immunosup-
pressive treatment at the time of COVID-19 diagnosis (medication
switched, dose or number of drugs reduced or stopped) and
COVID-19 specific treatments (ventilatory support including any
invasive or noninvasive mechanical ventilation; invasive was defined
as intubation and/or extracorporal membrane oxygenation and
noninvasive as any other mechanical, noninvasive ventilatory sup-
port, antivirals, antibiotics, tocilizumab, antimalarials, systemic cor-
ticosteroids, and others [colchicine, nonsteroidal anti-
inflammatory drugs, heparin, aspirin, paracetamol, vitamin D and
plasma exchange, interferon beta]). Analyses included receiving
any of the following COVID-treatments: antivirals, antibiotics,
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tocilizumab, antimalarials, or systemic corticosteroids, as well as
multiple treatments, defined as more than one.

Outcome measures. First, we determined time/wave
dependent changes of the following: 1) general characteristics
and characteristics of patients with SSc, as described above; 2)
immunosuppressive treatment in patients with both SSc and
COVID-19, as defined above; 3) specific treatment for
COVID-19, as defined above. Next, we assessed our primary out-
come measure, which was severe outcome of COVID-19. Severe
outcome was defined as hospitalization with ventilatory support
(noninvasive and/or invasive mechanical ventilation) and/or ICU
stay and/or death.13 We then conducted subgroup analyses of
patients who were hospitalized and/or died.

Statistical analysis. Statistical analyses were performed
using the statistical software IBM SPSS version 26 and STATA
version 17. Descriptive statistics were applied as appropriate,
and descriptive tables were created. Continuous variables were
reported as mean ± SD and categorical variables as numbers
and percentages. Characteristics between the presence or
absence of a severe outcome and variables across the different
waves were compared using the chi-square or Fisher’s exact test
for categorical variables and analysis of variance with the Tukey
post hoc test for continuous variables. Multivariable logistic
regression analyses with odds ratio (OR) and 95% confidence
interval (CI) adjusting for significant different baseline characteris-
tics were applied using severe outcome and hospitalization as
endpoints. In the multivariable analyses, 8 to 10 events per vari-
able were needed. All multivariable analyses were preceded by
an estimation of correlation between variables. Models were
tested by area under the curve with 95% CI, in which values
≥0.7 were considered acceptable. P < 0.05 was considered sig-
nificant for all analyses. Patient data for this study were extracted
from the COVID-19 EUSTAR database. Data are available upon
reasonable request. Data collection by the EUSTAR database
was approved by local and national ethical committees, and spe-
cifically, the module of COVID-19 within EUSTAR was approved
by the Oslo University Hospital Data Protection Office.

RESULTS

Patient characteristics and treatments over the
waves. We included 333 of the 351 registered patients. We
excluded 14 patients because of an unknown date of COVID-19
diagnosis. Of the included patients, 125 (37.5%) were assigned
to wave 1, 153 (45.9%) to wave 2, and 55 (16.5%) to wave
3, respectively. Only four patients were assigned to wave 4 and
was excluded from all analyses because it did not allow for any
meaningful analyses. Of all the measured patients, 37 (11.2%)
had COVID-19 diagnosed by symptoms only (26.6%, 2.0%,
1.8% in waves 1, 2, and 3, respectively), whereas the other
295 (88.8%) were confirmed by PCR.

Patients were significantly younger in wave 3 (49.3 years)
compared to waves 1 (57.8 years; P < 0.001) and 2 (55.3 years;
P = 0.014) and were more frequently men (20.8%, 14.4%, and
30.9% inwaves 1, 2, and 3, respectively;P = 0.027), whereas fewer
patients experienced arterial hypertension. There was a trend of
fewer patients experiencing more than two comorbidities (Table 1).

Except for SSc cardiac disease, which showed a significantly
lower frequency in later waves (44.4%, 20.3%, and 13.2% in
waves 1, 2, and 3, respectively; P < 0.001), SSc-specific charac-
teristics did not differ over time (Table 1). Immunosuppressive
treatment patterns showed a significant decrease in the use of
corticosteroids or prednisone equivalent dosed >10 mg over time
(5.6%, 0.7%, and 1.8% in waves 1, 2, and 3, respectively;
P = 0.037), and a tendency for less use of RTX (14.4%, 6.5%,
and 9.1% in waves 1, 2, and 3, respectively; P = 0.090)
(Table 2). Treatment with MTX, AZA, mycophenolate mofetil, cor-
ticosteroids or prednisone equivalent dosed <10 mg, abatacept,
tacrolimus, TNF inhibitors or autologous stem cell transplantation,
antimalarials and intravenous immunoglobulins was not signifi-
cantly different between the waves.

The use of treatment for COVID-19 declined significantly for
any COVID-19 treatment (67 [56%], 59 [39%], 13 [24%] in waves
1, 2, and 3, respectively; P < 0.001), multiple COVID-19 treat-
ments (41 [44%], 33 [27%], 7 [14%] in waves 1, 2, and 3, respec-
tively; P = 0.001), antibiotics (47 [39%], 51 [34%], 9 [16%] in waves
1, 2, and 3, respectively; P = 0.011), antimalarials (51 [43%],
6 [4%], 0 [0%] in waves 1, 2, and 3, respectively; P < 0.001) and
tocilizumab (6 [5%], 1 [1%], 0 [0%] in waves 1, 2, and 3, respec-
tively; P = 0.024), whereas the use of antivirals and systemic corti-
costeroids did not differ significantly across the waves.

Severe outcome decreased significantly across the
different waves. Over the mean ± SD days (7.1 ± 6.4) from
onset of first COVID-19 symptom, 57 out of 333 patients (17%)
experienced a severe outcome. Of these patients, 14 (25%)
received invasive ventilation, 45 (79%) noninvasive ventilation,
29 (51%) needed admission to the ICU, and 31 (54%) died.
Severe outcome occurred in 28.2%, 9.8%, and 12.7% in waves
1, 2, and 3, respectively (P < 0.001). Hospitalization, death, and
need for noninvasive mechanical ventilation, as well as ventilatory
support, decreased significantly over time (Figure 1).

We conducted a detailed analysis of 57 patients with severe
outcomes. We saw a significant decrease of SSc cardiac involve-
ment (82.6%, 21.4%, and 42.9% in waves 1, 2, and 3, respec-
tively; P = 0.001) and an increase of renal disease (8.8%, 13.3%,
and 57.1%, in waves 1, 2, and 3, respectively; P = 0.006), as well
as a trend of reduced change of immunosuppressive treatment
(75.0%, 87.5%, 33.3% in waves 1, 2, and 3, respectively;
P = 0.068) over the waves. The use of antimalarials as a
COVID-19 treatment declined significantly (71.9%, 14.3%,
and 0.0% in waves 1, 2, and 3, respectively; P < 0.001)
(Tables 3 and 4).
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A multivariable regression analysis with severe outcome as
an endpoint adjusting for arterial hypertension and SSc cardiac
disease, which both significantly differed over the waves
(Table 1), showed that in wave 2 significantly fewer severe
outcomes were seen compared to wave 1 (OR 0.37, 95% CI
0.17–0.82; P = 0.014). Cardiac disease had a significant associa-
tion with severe outcome (OR 3.28, 95% CI 1.58–6.84;

P = 0.001), whereas age, sex, and arterial hypertension did not
impact severe outcome (Figure 2A).

Subgroup analyses of patients who died and/or
were hospitalized showed differences over time. Of the
31 patients who died, significantly more patients with SSc were

Table 1. Patient characteristics over waves 1 to 3*

Characteristics

Number of
patients with
available data

All
positives

Wave 1
positives

Wave 2
positives

Wave 3
positives P value

Waves 1, 2, 3, n (%) 333 125 (37.5) 153 (45.9) 55 (16.5)
General characteristics
Age, years (SD) 328 55.3 (13.8) 57.8 (14.0) 55.3 (13.1) 49.3 (13.7) <0.001–0.290
Male, n (%) 333 65 (19.5) 26 (20.8) 22 (14.4) 17 (30.9) 0.027
Comorbidities, n (%) 332 144 (43.4) 61 (48.8) 61 (40.1) 22 (40.0) 0.301
More than two comorbidities, n (%) 332 102 (30.7) 47 (37.6) 43 (28.3) 12 (21.8) 0.072
Arterial hypertension, n (%) 332 62 (18.7) 32 (25.6) 24 (15.8) 6 (10.9) 0.031
Cardiovascular disease, n (%) 329 40 (12.2) 17 (13.6) 17 (11.4) 6 (10.9) 0.818
Diabetes mellitus, n (%) 332 144 (43.4) 61 (48.8) 61 (40.1) 22 (40.0) 0.301
Chronic obstructive lung disease, n (%) 332 22 (6.6) 12 (9.6) 7 (4.6) 3 (5.5) 0.233
Malignancy, n (%) 144 21 (14.6) 13 (21.3) 6 (9.8) 2 (9.1) 0.146
Smoking, n (%) 133 14 (10.5) 6 (10.7) 7 (12.3) 1 (5.0) 0.658

SSc-specific characteristics
ILD, n (%) 283 128 (45.2) 42 (40.0) 63 (48.1) 23 (48.9) 0.396
PAH, n (%) 320 30 (9.4) 16 (13.2) 11 (7.6) 3 (5.5) 0.164
Esophageal disease, n (%) 283 198 (70.0) 81 (73.6) 79 (63.7) 38 (77.6) 0.113
Renal disease, n (%) 330 16 (4.8) 4 (3.2) 8 (5.3) 4 (7.3) 0.478
Cardiac disease, n (%) 282 73 (25.9) 36 (44.4) 30 (20.3) 7 (13.2) <0.001
dcSSc, n (%) 330 142 (43.0) 56 (44.8) 60 (40.0) 26 (47.3) 0.570
ATA positive, n (%) 320 124 (38.8) 42 (35.0) 61 (41.2) 21 (40.4) 0.563

Time between first non-Raynaud to
COVID, years (SD)

301 11.70 (9.02) 9.46 (8.34) 8.72 (10.83) 0.126–0.875

Digital ulcers (ever), n (%) 328 127 (38.7) 50 (40.3) 55 (36.9) 22 (40.0) 0.828
Musculoskeletal, n (%) 328 75 (22.9) 27 (22.0) 32 (21.3) 16 (29.1) 0.480
mRSS, score (SD) 289 7.2 (7.46) 7.4 (7.27) 8.5 (7.25) 0.539–0.963

* Shown are general and systemic sclerosis (SSc) patient characteristics over waves 1 to 3. The percentages correspond to the proportion of
positive patients per wave. For continuous variables, a range of P values is reported, because multiple comparisons were performed with the
analysis of variance test. ATA, anti-topoisomerase antibody; dcSSc, diffuse cutaneous systemic sclerosis; ILD, interstitial lung disease; mRSS,
modified Rodnan skin score; PAH, pulmonary arterial hypertension.

Table 2. SSc treatment of patients over waves 1 to 3*

Variables

Number of
patients with
available data

All
positives

Wave 1
positives

Wave 2
positives

Wave 3
positives

P
value

Waves 1, 2, 3, n (%) 333 125
(37.5)

153
(45.9)

55 (16.5)

SSc treatment
Immunosuppressives, n (%) 333 194 (58.3) 72 (57.6) 84 (54.9) 38 (69.1) 0.184
Change in
immunosuppressives, n (%)

185 108 (58.4) 44 (63.8) 44 (57.9) 20 (50.0) 0.370

RTX, n (%) 333 33 (9.9) 18 (14.4) 10 (6.5) 5 (9.1) 0.090
Mycophenolate mofetil, n (%) 333 89 (26.7) 32 (25.6) 36 (23.5) 21 (38.2) 0.102
Nintendanib, n (%) 333 7 (2.1) 1 (0.8) 3 (2.0) 3 (5.5) 0.106
Tocilizumab, n (%) 333 12 (3.6) 2 (1.6) 7 (4.6) 3 (5.5) 0.219
Corticosteroids >10 mg/d
prednisone
equivalent, n (%)

333 9 (2.7) 7 (5.6) 1 (0.7) 1 (1.8) 0.035

* Shown are systemic sclerosis (SSc) treatments of patients over Waves 1 to 3. The percentages correspond to the
proportion of positive patients per wave. RTX, rituximab.
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male in wave 2 (26.3%, 85.7%, and 25.0% in wave 1, 2, and
3, respectively; P = 0.019) and only patients in wave 1 were
treated with antimalarials for COVID-19 (62.5% in wave 1;

P = 0.006). Five of these patients experienced SSc renal disease
(5.6%, 28.6%, and 50.0% in waves 1, 2, and 3, respectively;
P = 0.069) (Supplementary Tables 2 and 3).

Figure 1. Different outcomes with proportion of patients of wave 1 to 3. Proportion of patients of each wave for the different outcomes. Death,
intensive care unit (ICU) stay and/or ventilatory support define severe outcome; hospitalization is not included in the definition of severe outcome.
Invasive and/or noninvasive mechanical support define ventilatory support.

Table 3. Patient characteristics in severe outcome over waves 1 to 3*

Characteristics
All

positives
Wave 1
positives

Wave 2
positives

Wave 3
positives P value

Waves 1, 2, 3, n (%) 57 (17) 35 (59.3) 15 (25.4) 7 (11.9)
General characteristics

Age, years (SD) 62.0 (12.8) 62.9 (11.3) 62.6 (12.8) 54.7 (19.4) 0.283–0.997
Male, n (%) 15 (26.3) 8 (22.9) 5 (33.3) 2 (28.6) 0.735
Comorbidities, n (%) 30 (52.6) 19 (54.3) 8 (53.3) 3 (42.9) 0.857
More than two comorbidities, n (%) 26 (45.6) 16 (45.7) 7 (46.7) 3 (42.9) 0.986
Arterial hypertension, n (%) 21 (36.8) 12 (34.3) 6 (40.0) 3 (42.9) 0.873
Cardiovascular disease, n (%) 13 (23.2) 8 (22.9) 3 (21.4) 2 (28.6) 0.932

SSc-specific characteristics
ILD, n (%) 26 (56.5) 15 (55.6) 8 (61.5) 3 (50.0) 0.884
PAH, n (%) 12 (22.2) 8 (25.0) 3 (20.0) 1 (14.3) 0.802
Esophageal disease, n (%) 39 (79.6) 25 (83.3) 9 (69.2) 5 (83.3) 0.557
Renal disease, n (%) 9 (16.1) 3 (8.8) 2 (13.3) 4 (57.1) 0.006
Cardiac disease, n (%) 25 (56.8) 19 (82.6) 3 (21.4) 3 (42.9) 0.001
dcSSc, n (%) 31 (55.4) 18 (51.4) 8 (57.1) 5 (71.4) 0.616
ATA positive, n (%) 25 (47.2) 14 (43.8) 9 (64.3) 2 (28.6) 0.251
Musculoskeletal involvement, n (%) 11 (20.4) 5 (15.2) 4 (28.6) 2 (28.6) 0.490
Digital ulcers (current), n (%) 3 (7.9) 3 (11.5) 0 (0) 0 (0) 0.472
Digital ulcers (ever), n (%) 21 (37.5) 11 (32.4) 6 (40.0) 4 (57.1) 0.455
Time of first non-Raynaud SSc to
COVID (SD)

11.78 (10.42) 14.54 (14.37) 17.86 (22.34) 0.528–0.858

* Shown are general and systemic sclerosis (SSc) patient characteristics of patients with severe outcome over Waves 1 to
3. The percentages correspond to the proportion of positive patients per wave. For continuous variables, a range of P val-
ues is reported, asmultiple comparisons were performedwith the analysis of variance (ANOVA) test. ATA, anti-topoisom-
erase antibody; ILD, interstitial lung disease; PAH, pulmonary arterial hypertension.
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Of the 101 patients who were hospitalized, 83 (82%) were
due to COVID-19, 5 (5%) to SSc-related causes, and 13 (13%)
due to other or unknown reasons. Significant differences were
noted among the waves: patients were younger in wave
3 (54.1 years) compared to wave 2 (66.3 years; P = 0.026). There
was less SSc cardiac involvement (59.0%, 25.0%, and 21.4% in
waves 1, 2, and 3, respectively; P = 0.005) and generally less use
of antibiotics (70.4%, 82.1%, and 42.9% in waves 1, 2, and 3,
respectively; P = 0.033). There was successively less antimalarial
use (72.2%, 7.1%, and 0.0% in waves 1, 2, and 3, respectively;

P < 0.001) but more corticosteroids use (29.6%, 57.1%,
and 64.3% in waves 1, 2, and 3, respectively; P = 0.012)
(Supplementary Tables 4 and 5).

A multivariable regression analysis with hospitalization as the
endpoint, adjusting again for arterial hypertension and SSc car-
diac disease, showed that, in waves 2 and 3, significantly fewer
patients with SSc were hospitalized compared to wave 1
(OR 0.26, 95% CI 0.14–0.48; P < 0.001 and OR 0.28, 95% CI
0.12–0.65; P = 0.003). None of the other baseline characteristics
impacted hospitalization (Figure 2B).

Table 4. SSc and COVID treatment in severe outcome over waves 1 to 3*

Variables
All

positives
Wave 1
positives

Wave 2
positives

Wave 3
positives

P
value

Waves 1, 2, 3, n (%) 57 (17) 35 (59.3) 15 (25.4) 7 (11.9)
SSc treatment
Immunosuppressives, n (%) 39 (68.4) 25 (71.4) 9 (60.0) 5 (71.4) 0.716
Change in immunosuppressives, n (%) 27 (71.1) 18 (75.0) 7 (87.5) 2 (33.3) 0.068
RTX, n (%) 12 (21.1) 7 (20.0) 3 (20.0) 2 (28.6) 0.873
Mycophenolate mofetil, n (%) 18 (31.6) 14 (40.0) 4 (26.7) 0 (0) 0.103
Nintendanib, n (%) 1 (1.8) 0 (0) 1 (6.7) 0 (0) 0.241
Tocilizumab, n (%) 0 0 0 0
Corticosteroids >10 mg/d prednisone equivalent, n
(%)

3 (5.3) 2 (5.7) 1 (6.7) 0 (0) 0.794

COVID treatment
Any COVID treatment, n (%) 46 (85.2) 28 (84.8) 12 (85.7) 6 (85.7) 0.996
Multiple COVID treatments, n (%) 36 (80.0) 23 (79.3) 9 (81.8) 4 (80.0) 0.984
Antivirals, n (%) 10 (18.9) 8 (25.0) 1 (7.1) 1 (14.3) 0.343
Antibiotics, n (%) 38 (71.7) 24 (75.0) 10 (71.4) 4 (57.1) 0.637
Systemic corticosteroids, n (%) 25 (47.2) 12 (37.5) 8 (57.1) 5 (71.4) 0.182
Antimalaria, n (%) 25 (47.2) 23 (71.9) 2 (14.3) 0 (0) <0.001
Tocilizumab, n (%) 7 (13.5) 6 (19.4) 1 (7.1) 0 (0) 0.288

* Shown are systemic sclerosis (SSc) and COVID treatments of patients with severe outcome over waves 1 to 3. The
percentages correspond to the proportion of positive patients per wave. RTX, rituximab.

Figure 2. (A) Forrest plot showing associations with severe outcome over wave 2 and 3 compared to wave 1. Shown is a significant reduction of
severe outcomes in wave 2 and a significant association with SSc-associated cardiac disease. Area under the curve (AUC) = 0.75. (B) Forrest plot
showing associations with hospitalization over wave 2 and 3 compared to wave 1. Shown is a significant reduction of hospitalizations in wave 2
and 3. AUC = 0.7
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DISCUSSION

This is the first study to assess severe outcome due to
COVID-19 in patients with SSc over several waves. We demon-

strated that patients with SSc showed a less severe disease

course when infected with SARS-CoV-2 after the first wave with

fewer instances of severe outcomes and hospitalization. A signifi-

cant change in treatment patterns including immunosuppression

for SSc and medical treatment for COVID-19 was observed. We

show that severe outcomes decreased significantly after the first

wave and stabilized in patients with SSc, not only because there

were significantly fewer patients in need of ventilatory support,

but even more importantly, because fewer patients were dying.

This tremendous change occurred even before vaccinations were

established broadly.
Previously it was shown that the disease course of the gen-

eral population contracting COVID-19 improved across the
waves, including patients with SARD.6–8 Jorge et al showed
reduced rates of hospitalization, deaths, ICU admission, mechan-
ical ventilation, kidney replacement therapy, and acute kidney
injury in their comparative cohort study of patients with SARD
after the first wave in each of the following three-month periods
of the pandemic.7 Kawano et al recently verified these findings
up to the Omicron era,8 and like our results, they observed a
decrease of patient’s age over time. Patients with SSc were
included in this study; however, they constituted only 2.4% of
the population and were not investigated separately. In these
studies, a better outcome of patients with SARD was noted over
time and similar compared to the general population, as stated
in the EULAR recommendation update from November
2021.7,20,23 Importantly, the recommendation stated that
“patients with some rare and severe systemic autoimmune or
autoinflammatory diseases” cannot be included in this general-
ized statement, because of a more severe disease pattern.

In contrast, Conway and colleagues reported higher sus-
ceptibility of infection with SARS-CoV-2, as well as increased
mortality in COVID-19 of patients with rheumatic and musculo-
skeletal diseases compared to patients without.24 General
risk factors were demonstrated to contribute to mortality of
COVID-19.19 This meta-analysis did not, however, consider
COVID-19-independent risk factors and COVID-19 waves.24

Again, specific information on patients with SSc was not
available.

Comparison of outcomes of unvaccinated patients with
either rheumatoid arthritis (RA), ankylosing spondylitis, psoriasis
arthritis, systemic lupus erythematosus (SLE), or SSc was done
in a Greek study over a 12-month period between March 2020
and February 2021.15 Incidence rates for hospitalization due to
COVID-19 were higher in patients with RA, SLE, and SSc, and
the OR for COVID-19–associated death was greater in patients
with RA and SSc when adjusted for age and sex. Taken together,
conflicting and insufficient data regarding the outcome of patients

with SARD over time are available to date, especially regarding
rare diseases such as SSc.

We also studied changes of general and SSc-specific char-
acteristics across the waves. We showed that the presence of
certain comorbidities, like arterial hypertension and the presence
of more than two comorbidities, as well as age, decreased over
time, in line with the improved general outcome. However, the
proportion of men known to be associated with worse outcome
in COVID-19 overall increased across the waves.17,25 Except for
SSc-associated cardiac disease, which is often oligosymptomatic
and therefore potentially underdiagnosed in patients with SSc,26

SSc patient characteristics did not differ among the waves. In
multivariable analyses, we again show that, over waves 2 and
3, severe outcome and hospitalization decreased significantly
and that only SSc-associated cardiac disease was associated
with severe outcome. Hence, we regard the better outcome of
COVID-19 in patients with SSc after wave 1 is not only attributable
to patient- and SSc-specific characteristics, but also to increasing
awareness and better patient management. This was supported
by our analysis of the medical management of patients with both
SSc and COVID-19, which showed the implementation of contin-
uously adapted treatment recommendations. Except for specific
substances like RTX and high-dose corticosteroids, treatment
with immunosuppression, if clinically indicated, was expected to
result in better control of the primary disease and consequently
less risk of an unfavorable course in case of infection with SARS-
CoV-2.14,18,19 Interestingly, it seemed that these recommenda-
tions were implemented in clinical practice before official
European-wide guidelines were established, because the
updated EULAR recommendations were first published in
November 2021. In addition, any and multiple COVID-19 treat-
ments, especially antimalarials and antibiotics, were less fre-
quently used over time as no benefit was shown, reflecting the
up-to-date patient care of people with SSc. We therefore reason
that the adherence to current treatment guidelines with adapting
or continuing immunosuppressive therapy and COVID-19 treat-
ment contributed to the better outcome of patients with SSc.

Our study has some limitations. Even though multiple rele-
vant factors were identified, a direct causative relationship could
not be determined with this study design. Nonetheless, we
believe that the mentioned changes regarding the patient man-
agement may be relevant, especially as differences in patient
and SSc characteristics across the waves did not seem to explain
the observed findings sufficiently. Furthermore, a possible report-
ing bias cannot be excluded. Severe COVID-19 infections may
have been reported more frequently at the start of the pandemic,
whereas over time, less symptomatic patients may have con-
sulted their physician and were included in the registry, or the
other way round. However, SSc profiles did not change over time,
which makes this less likely. Additionally, with vaccination pro-
grams starting at the beginning of 2021, some patients infected
with SARS-CoV-2 in the later waves might have benefitted.
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Finally, the inclusion of patients with a presumed COVID-19 diag-
nosis can be criticized. However, all the registered patients had
classical symptoms and, to some extent, contact with a con-
firmed COVID-19 case.

A considerable strength of our study is the multicenter trial
set-up with many countries represented. Determination of the time
frame of each wave per country ensured comparability, allowing
the creation of a solid study group of patients with a rare disease.
We looked at multiple possible interfering factors, like general
characteristics and comorbidities, SSc features, as well as medical
management including SSc and COVID-19 treatment, covering
the most important internal and external parameters influencing
the outcome. Comparing our data to earlier findings, consistency
exists in multiple aspects, hence supporting our results being of
true significance and contributing essential knowledge on a large
group of patients with SSc and COVID-19 compared to the
smaller populations of patients with SSc in previous studies.

Severe outcome, including mortality of COVID-19 in patients
with SSc, decreased after the first wave and stabilized over the
second and third waves. To some extent, this was possibly due
to intrinsic patient and SSc characteristics such as cardiac dis-
ease, but for the most part we attribute the change to extrinsic
factors with improved patient management, higher awareness,
and adherence to evidence-based recommendations. Even bet-
ter outcomes are to be expected in further waves, with new and
milder mutations, broadly applied vaccinations, and improved
therapies against COVID-19.
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