UNIVERSITY OF LEEDS

This is a repository copy of Temporal trends in vascular medication use in 8079 patients
with systemic sclerosis: insights to inform future trials and therapeutic strategies from the
EUSTAR cohort.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/id/eprint/229582/

Version: Accepted Version

Article:

Di Donato, S. orcid.org/0000-0003-1256-0761, Pauling, J.D., Ramjug, S. et al. (149 more
authors) (2025) Temporal trends in vascular medication use in 8079 patients with systemic
sclerosis: insights to inform future trials and therapeutic strategies from the EUSTAR
cohort. Rheumatology. keaf290. ISSN: 1462-0324

https://doi.org/10.1093/rheumatology/keaf290

This is an author produced version of an article published in Rheumatology, made
available under the terms of the Creative Commons Attribution License (CC-BY), which
permits unrestricted use, distribution and reproduction in any medium, provided the
original work is properly cited.

Reuse

This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the
authors for the original work. More information and the full terms of the licence here:
https://creativecommons.org/licenses/

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

| university consortium eprints@whiterose.ac.uk
WA Universities of Leeds, Sheffield & York https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://doi.org/10.1093/rheumatology/keaf290
https://eprints.whiterose.ac.uk/id/eprint/229582/
https://eprints.whiterose.ac.uk/

1

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Temporal trends in vascular medication use in 8,079 patients with Systemic
Sclerosis: insights to inform future trials and therapeutic strategies from the

EUSTAR cohort

Stefano Di Donato’43, John D Pauling?, Sheila Ramjug®, Yannick Allanore®, Edward B

Jude’, Marie-Elise Truchetet38, Paolo Airo?, Lidia P. Ananyeva'®, Andra Balanescu?,

Goncalo Boleto'213, Francesco Paolo Cantatore'4, Patricia E. Carreira’®, Carolina de

Souza Miiller'®, Masataka Kuwana'’/, Gianluca Moroncini'®1°, Marco Di Battista2®, Luc

Mouthon??, Madelon C. Vonk??, Elisabetta Zanatta?324, Marco-Matucci-Cerinic2°2,

Francesco Del Galdo'2, Michael Hughes»>#4/, EUSTAR collaborators.

Author affiliations

1.

Leeds Institute of Rheumatic and Musculoskeletal Medicine, University of Leeds,
Leeds, UK.

NIHR Leeds Biomedical Research Centre, Leeds Teaching Hospitals Trust, Leeds,
UK.

Univ. Bordeaux, CNRS, ImmunoConcEpT, UMR 5164, Bordeaux, Nouvelle-Aquitaine,
France.

Department of Rheumatology, North Bristol NHS Trust Southmead Hospital, Bristol,
UK.

Northern Care Alliance NHS Foundation Trust, Salford Care Organisation, Salford,
UK.

Department of Rheumatology, Cochin Hospital, APHP, Université Paris Cité, Paris,
France.

Tameside and Glossop Integrated Care NHS Foundation Trust, Ashton-under-Lyne,
UK and Department of Diabetes, Endocrinology and Gastroenterology, University of

Manchester, Manchester, UK.



1

2

3

4

S

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

8. CHU de Bordeaux, Rheumatology department, Centre National de référence Des
Maladies Autoimmunes et Systémiques Rares Est/Sud-Ouest (RESO), Bordeaux,
Nouvelle-Aquitaine, France.

9. Scleroderma Unit, Division of Rheumatology and Clinical Immunology, ASST
Spedali Civili, Brescia, ltaly.

10.V.A. Nasonova Rersearch Institute of Rheumatology, Moscow, Russian Federation.

11.Sf Maria Hospital, University of Medicine and Pharmacy Carol Davila, Bucharest,
Romania ORCID 0000-0003-0688-9173.

12.Rheumatology Department, Unidade Local de Saude Santa Maria, Centro
Académico de Medicina de Lisboa, Lisboa, Portugal.

13.Rheumatology Research Unit, Instituto de Medicina Molecular, Faculdade de
Medicina, Universidade de Lisboa, Centro Académico de Medicina de Lisboa,
Lisboa, Portugal.

14.Rheumatology Clinic — Department of Medical and Surgical Sciences - University of
Foggia, Italy.

15.Rheumatology Department. University Hospital 12 de Octubre and Complutense
University, Madrid, Spain.

16.Division of Rheumatology, Department of Medicine, Universidade Federal do
Parang, Curitiba, Brazil.

17.Department of Allergy and Rheumatology, Nippon Medical School Graduate School
of Medicine, Tokyo, Japan.

18.Department of Clinical and Molecular Sciences, Marche Polytechnic University,
Ancona, Italy.

19.Clinica Medica, Department of Internal Medicine, Marche University Hospital,
Ancona, ltaly.

20.Rheumatology Unit, Department of Clinical and Experimental Medicine, University

of Pisa.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

21.Department of Internal Medicine, Cochin Hospital, APHP, Université Paris Cité,
Paris, France.

22.Department of Rheumatology, Radboud University Njmegen Medical Center,
Nijmegen, the Netherlands.

23.Department of Medicine, University of Padova, Padova, Italy.

24 . Department of Cardiac, Thoracic, Vascular Sciences and Public Health, University
of Padova, Padova, Italy.

25.IRCCS San Raffaele Hospital, Unit of Immunology, Rheumatology, Allergy and Rare
diseases (UnIRAR), Milan, Italy.

26.Vita Salute San Raffaele University, Milano, Italy.

27.Division of Musculoskeletal and Dermatological Sciences, Faculty of Biology,
Medicine and Health, Centre for Musculoskeletal Research, The University of

Manchester, Manchester Academic Health Science Centre, Manchester, UK.

Corresponding author:

Dr. Michael Hughes BSc (Hons) MBBS MSc MRCP (UK) (Rheumatology) PhD

Senior Clinical Lecturer. Division of Musculoskeletal and Dermatological Sciences,
Faculty of Biology, Medicine and Health, Centre for Musculoskeletal Research, The
University of Manchester, Manchester Academic Health Science Centre, Manchester,
UK

Honorary Consultant Rheumatologist. Department of Rheumatology, Northern Care
Alliance NHS Foundation Trust, Salford Care Organisation, Salford, UK.
Michael.hughes-6 @postgrad.manchester.ac.uk

Telephone: 0161 922 64616

ORCID: 0000-0003-3361-4909



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Introduction:
Systemic sclerosis (SSc) is characterised by widespread vascular damage resulting in
digital and systemic vasculopathic sequelae. Although there are effective treatments

available, vascular disease remains a significant cause of morbidity and mortality in
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SSc. Our aim was to describe patterns of vascular medication use in SSc, including

examination for potential changes over time.

Methods:

A cross-sectional study of SSc patients enrolled in the EUSTAR database meeting
2013 ACR/EULAR SSc criteria. Patients were divided into two time periods: 2012-2017
and 2018-2022. We analysed the prescription patterns of endothelin receptor
antagonists (ERA), phosphodiesterase type-5 inhibitors (PDES5i), calcium channel
blockers (CCB), intravenous iloprost, and antiplatelet therapies. Logistic regression

was used to evaluate temporal trends and interaction effects.

Results:

8079 patients were included. Significant increases over time were observed in the use
of ERA (7% to 12%, p<0.001), PDES5i (5.4% to 7.2%, p=0.064), CCB (20% to 32%,
p<0.001), and anti-platelet therapies (15% to 20%, p<0.001). There was a notable
decrease in iloprost use (3.1% to 0.3%, p<0.001). The prevalence of active digital
ulcers (DU) decreased (16% to 13%, p=0.040), while a history of DU (24% to 30%,
p<0.001) increased. Year-by-year and nonlinear increases were noted for ERA and
CCB whereas nonlinear increase was observed for PDESi. Year-by-year and nonlinear

decrease was observed for lloprost prescription.

Conclusion:
A significant change has occurred over time in vascular medication use in SSc
patients, with increased utilisation of ERA, PDESi, CCB, and anti-platelet therapies,

suggesting the adoption of more proactive and/or preventive treatment strategies.

Key words: Systemic sclerosis; Scleroderma; Vascular, Medication; Prescription;

Temporal
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Rheumatology key messages:

e Vascular therapy in SSc has shifted from reactive treatment toward more
preventive, long-term approaches.

e Prescription rates of ERA, PDES5I, and CCB increased over time, while lloprost
use declined sharply.

e Future SSc trial designs for vascular drugs will need to take into account the

evolving prescription practices.

INTRODUCTION

Systemic sclerosis (SSc) represents a multifaceted disease characterized by
progressive vascular damage (‘vasculopathy’), adaptive and humoral immune
dysregulation, and fibrosis of the skin and internal organs, together resulting in
multi-organ loss of function [1]. Specifically, vasculopathy is often an early and
cardinal feature of the disease [2,3], affecting multiple vascular beds and associated

with significant morbidity and mortality [3—6] .

Digital vasculopathy, manifesting as Raynaud's phenomenon (RP), is observed in>95%
of patients and often represents the first disease manifestation, sometimes occurring
decades before skin involvement [7,8] . Furthermore, persistent digital ischaemia may
result in irreversible tissue loss, from the development of acral digital ulcers (DU) and
critical digital ischaemia (gangrene) [6,9] . Another common manifestation is digital
pitting scars (PS), represented by often painful areas of concave depression with
hyperkeratosis, typically occurring on the fingertips, and believed to be part of the

ischaemic-fibrotic spectrum of SSc- vasculopathy [10] .
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Systemic vasculopathy can lead to severe complications such as pulmonary arterial
hypertension (PAH) and scleroderma renal crisis (SRC) [11]. Primary pan-cardiac
involvement in SSc, increasingly recognised as related to microvascular damage, can
have a major impact on prognosis. In addition, other complications are part of the
spectrum of vascular disease in SSc, including cutaneous telangiectasia, associated
with marked body image dissatisfaction, and gastric antral vascular ectasia, a

potentially life-threatening condition, that can result in major gastrointestinal bleeding.

Pharmacological treatment of SSc vasculopathy has progressed by targeting
complementary pathways, including prostacyclin and nitric oxide augmentation,
endothelin antagonism, and general vasoactive strategies. Main therapeutic classes
include endothelin receptor antagonists (ERA), phosphodiesterase type-5 inhibitors
(PDESi), prostanoids, and calcium channel blockers (CCB) [12] . Importantly, targeting
common disease effector pathways by combination therapies is beneficial in the
context of the different vascular complications of SSc, especially PAH and DUs [13-

19].

More recently, Selexipag (a non-prostanoid prostacyclin receptor agonist) has been
approved for SSc-PAH [16] although not effective on SSc-RP in a randomised,
placebo-controlled trial [17]. Nonetheless, encouraging findings in favour of this drug
for SSc-DUs and RP have emerged [18,19]. Despite these advancements, unmet
needs concerning vascular treatments for SSc remain in real world practice, as
highlighted by recent studies showing that only 60% of patients receive at least one
vasoactive therapy, and the use of specific treatments, such as prostanoids and ERAs,

is limited to a minority of cases [20].

These medications reduce frequency and severity of vascular complications by

addressing core SSc mechanisms. Moreover, vascular injury is pathogenically linked
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to fibrotic complications in SSc through processes such as endothelial-mesenchymal
transition [21-23], vascular remodelling [24,25], and tissue ischemia, representing a
significant therapeutic target [26] . A unified endovascular phenotype in SSc has been
proposed, in which the judicious use of vascular-acting therapies may provide benefit

to multiple vascular beds [3,4,9,27] .

Against this background, our analysis aimed to describe trends in vascular medication
use in SSc, focusing on CCB, PDE-5i, ERA, and iloprost. These therapies represent the
cornerstone of treatment for digital vasculopathy (namely RP and DU) with a ‘strength

of recommendation of ‘A’, according to EULAR recommendations [28] .

METHODS

Study design and patients

Our study was a cross-sectional analysis of patients enrolled in the prospective,
multicenter, international European Scleroderma Trials and Research group (EUSTAR)
cohort database [29,30]. We censored data after the first recorded visit for each
patient. The primary focus of the analysis was on the medications (ERA, PDESi, CCB,
and iloprost) deployed in the management of SSc-associated vasculopathy. The local
ethics committee of each EUSTAR centre approved the study, in compiance with the

Declaration of Helsinki. Informed written consent was provided by all participants.

Patients aged 18 years or older who fulfilled the 2013 American College of
Rheumatology (ACR)/EULAR criteria for SSc [31] were eligible for inclusion only if
they had complete documented status of specified vascular disease manifestations:

1) baseline history of DU, 2) active DU, and 3) the presence of PS.

We grouped our data into two time periods: 2012-2017 and 2018-2022, to provide a

pragmatic description of the changes in the use of the specified vascular medications
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(ERA, PDES5i, CCB, and iloprost) over the course of the preceding decade. The choice of
these time periods aligns with significant events in the pharmaceutical landscape. In
2017, new SSc guidelines significantly endorsed ‘advanced’ treatments for digital
vasculopathy, specifically by recommending PDESi for RP and DUs. Additionally,
Bosentan lost its patent shortly after this threshold, with generic versions available in
early 2019. Similarly, Sildenafil saw generic versions enter the market in December

2017.

These developments likely influenced prescribing patterns and the availability of these
medications, justifying our selected timeframes and enabling a comprehensive

analysis of trends in vascular medication use over the last decade.

Data collection

The structure of the EUSTAR database and the collected variables within it have been
well described in the extant literature [10,30,32] . We selected patient demographic
and disease-related clinical features relevant to the objectives of our study. In the
2012-2017 cohort, 79.3% of all database patients were excluded, while in the
2018-2022 cohort, 52.7% were excluded. A comparative analysis of included and
excluded patients for each period revealed no significant differences in available

baseline characteristics (data not shown).

Statistical analysis

Categorical data were reported as absolute numbers and percentages and compared
using Fisher's exact test or Pearson's Chi-squared test, as appropriate. Continuous
data were reported as means (SD) or medians (IQR), normality was assessed with
Shapiro-Wilk's significance test, with graphical check through density plots and QQ
plots. Homogeneity of variance for continuous variables was assessed using F-test

and their comparisons were performed with Student’s t-test or Wilcoxon's test, as
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appropriate. For all statistical tests, a two-tailed p-value<0.05 was considered
statistically significant. Type | error from multiple comparisons between the two time
periods was controlled using false discovery rate correction. Logistic regression
methods were used to analyse trends in drug prescriptions from 2012 to 2023. Year of
baseline visit was converted into a progressive variable from 0 (2012) to 11 (2023) -
‘Year progressive’- and prescription status for each medication was coded as a binary
outcome. Acceptable collinearity of independent variables was assessed using the
Variance Inflation Factor, with a threshold set at 5. Initial univariate logistic
regressions assessed the association of each drug with every other drug and with the
year. Covariates significant in univariate models were advanced to the multivariable
stage. Before advancing significant variables to the multivariable model, Bonferroni
correction was applied to the results of the univariate analyses to minimize type |
errors. For multivariable analysis, logistic regression models incorporating interaction
terms between significant drugs and the year variable were built. Each drug was
analysed as a drug of interest, with models structured to elucidate the effects of
co-prescriptions and year on prescription probabilities. To account for potential
non-linearity in prescription trends over time, the "Year progressive variable was
modelled using a penalized spline. This allows for the estimation of both linear and
non-linear components of year as a continuous variable, providing a more flexible

approach to capturing deviations from a strictly linear trend in prescribing patterns.

RESULTS

Patients’ demographics and disease features

Patient and disease-related characteristics are presented in Table 1. The median (IQR)
age and disease duration of the included patients were 55 (46-65) years and 105
(46-190) months, respectively and did not differ significantly across the two groups.
The 2018-2022 cohort had a slightly shorter median (IQR) disease duration compared
to the earlier cohort (104 [46-189] vs 114 [49-198] months, p=0.069). Additionally,

10
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there was a higher proportion of patients with limited cutaneous systemic sclerosis
(IcSSc) in the 2018-2022 cohort compared to 2012-2017 (63% vs 67%, p=0.038).
Disease subsets, autoantibody profiles, and baseline mRSS were comparable between
the two cohorts. Although the overall prevalence of PAH was lower in the 2018-2022
cohort, this was not statistically significant (12% in 2012-17 vs 9.5% in 2018-22,
p=0.12). No clinically significant important differences were observed concerning the
presence of interstitial lung disease, FVC (97% vs 95%, p=0.069), or diffusion capacity
measures. The presence of telangiectasia remained stable also over time (59% vs
61%, p=0.4), as well as SRC (1.4% vs 1.6%, p=0.8) for 2012-2017 and 2018-2022,

respectively.

The prevalence of active DUs significantly decreased over time between the two time
periods (16% vs 13%, p=0.040). Whereas, both a history of DUs (24% vs 30%, p<0.001),
history of gangrene (0.7% vs 3.9%, p<0.001), and the presence of PS (21% vs 26%,
p<0.001) showed an increase over the study period. Although there was a small
increase observed in the frequency of active gangrene over time, this did not reach

statistical significance (0.6% vs 1.5%, p=0.063).

Temporal changes in vascular medication use

The use of ERA saw a substantial increase from 2012-2017 to 2018-2022 (7% vs 12%
respectively, p<0.001). Similarly, PDE5i usage increased during the same periods
(5.4% vs 7.2% respectively, p=0.064), as well as CCB prescription (20% vs 32%
respectively, p<0.001). There was a notable decrease in lloprost utilisation (3.1% vs
0.3%, p<0.001). The proportion of patients on vascular medications for each year and

stratified by vascular drug is reported in Figure 1.

The combination of CCB with ERA saw a significant increase (2.1% vs 4.8%, p<0.001),

while the association of PDE5i and ERA (1.9% vs 2.7%, p=0.3) and the combined use

11



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

of CCB and PDES5i (2.3% vs 2.6%, p=0.8) showed only modest absolute, but statistically
non-significant, increases. Importantly, compared to 2012-2017, the prescription of
anti-platelet therapies showed a significant increase in the 2018-2022 timeframe (15%
vs 20% respectively, p<0.001). The distribution of recorded baseline visits by month is
reported, grouped by the two 5-year periods, as imbalances in autumn/winter visits
could influence the results (Supplementary Table S1 and Supplementary Figure S1).
To this matter, differences in the geographical distribution of patients between the two
cohorts, reflecting the geographical expansion of the EUSTAR centres, do not appear
to systematically favour one group over the other in terms of colder or warmer climate.
Therefore, the impact of climate-related distribution changes on the likelihood of
RP/digital vasculopathy, and by consequence on vascular medication treatments,
remains minimal (Supplementary Table S2 and Supplementary Table S3). Considering
that therapeutic changes in the guidelines primarily affected ERA and PDESi, we
categorized patients into “ERA only”, “PDE5i only”, “Combination therapy (ERA +
PDE5i)", and the overall cohort to better assess their clinical characteristics, the
prevalence of digital vasculopathic complications, and PAH (Supplementary Table
S4). This stratification allows for a clearer understanding of the clinical profile of
patients requiring more aggressive vasodilator therapy and the potential impact of

evolving prescription patterns.

In logistic regression analyses, ERA prescription showed a linear yearly increase with a
prescription odds ratio (OR) of 6.8 per year (p<0.001) with a further significant
nonlinear increase in prescription (coefficient 0.51, p<0.001) in univariate analysis
(Table 2). After adjusting for other medications and interactions in multivariable
analysis, a significant nonlinear increase in prescription was observed (coefficient
0.68, p=0.005) without a significantly linear pattern (Table 2). Similarly, the use of
PDESi increased nonlinearly over time, with a significant nonlinear positive coefficient

of 0.61 (p<0.001) in univariate analysis, confirmed after adjusting for other

12
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medications and interactions in the multivariable model (1.20, p<0.001) (Table 3). CCB
usage showed a growth trend as well, with an OR of 3.75 (p<0.001) per year and a
nonlinear significant increase over time with a positive coefficient of 0.71 (p<0.001) in
the univariate model. In the multivariable analysis, the prescription OR per year for CCB
was 3.61 (p<0.001) with a significant nonlinear increase over time (coefficient 0.66,
p<0.001) (Table 4). lloprost prescription showed a year-by-year and a further nonlinear
reduction over time with a yearly prescription OR of 0.0001 (p<0.001) with a strong
significant nonlinear reduction over time with a coefficient of -13.0 (p<0.001) (Table
5). A post-hoc analysis was performed for lloprost prescription in patients with a
history of DUs to explore its relationship with ERA prescription, as these are known to
prevent new DUs. Even in this population lloprost prescription showed a significant
reduction over time (Supplementary Figure S2), with a yearly prescription OR of 0.001

(p<0.001) (Supplementary Table S5).

Vascular medication combination therapy

When adjusting the vasoactive drug prescription for concomitant vascular
medications, ERA prescription was shown to be positively associated with the
concomitant use of PDES5Si (OR 14.2, p<0.001) (Table 2). Accordingly, a higher
likelihood for prescription of PDE5i was conferred by concomitant use of ERA (OR
11.0, p<0.001) and concomitant CCB use (OR 4.10, p=0.033) (Table 3). Lastly, CCB
prescription odds were significantly higher in the presence of concomitant PDE5i (OR

5.38, p=0.018) or anti platelets (OR 2.59, p=0.015) prescriptions (Table 4).

Interaction effects in multivariable models

In interaction analyses, despite the positive association between ERA and PDESi
prescription (OR 14.2, p<0.001), this combination was found to be diminished
nonlinearly over time with a coefficient of -1.7 (p=0.008) (Table 2). Likewise, the odds

of prescribing a PDESi in combination with either ERA or CCB also demonstrated a

13
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nonlinear decreasing pattern over time with year by CCB nonlinear interaction
coefficient of -1.3 (p=0.003) and a year by ERA nonlinear interaction coefficient of -1.4
(p=0.005), respectively (Table 3). In line with these analyses, the odds of prescribing a
CCB in concomitance with a PDE5i has reduced nonlinearly over time (year by PDE5i
nonlinear coefficient -2.0, p<0.001) (Table 4). Lastly, the prescription of CCB in
combination with both PDESi and anti-platelet agents has significantly increased over
time in a nonlinear manner (year by PDE5i by anti-platelets nonlinear coefficient 3.1,

p=0.011) (Table 4).

DISCUSSION

We present a comprehensive analysis of the temporal trends in the prescription of
vascular medications in patients with SSc enrolled in the multinational EUSTAR cohort,
as well as the overall prevalence of vascular manifestations of the disease over the
last decade, revealing several shifts in clinical practice. However, distinguishing
whether these changes reflect evolving clinical practices or a response to changes in
disease manifestations potentially influenced by other treatments, such as
immunosuppressive therapies, more integrated care approaches, and earlier
diagnosis, remains challenging. Furthermore, the examined drug classes are known to
confer benefit across multiple vascular beds in SSc and we were not able to
confidentially determine the primary vascular indication for their prescription. To
maintain the focus on prescribing trends over time rather than on the influence of
specific indications, we did not adjust for PAH or DU, as such adjustments would
obscure the temporal association we aimed to investigate. Notably, the interaction
effects observed between different drug combinations offer novel ‘real world’ insights

into the evolving management strategies for SSc-related vascular disease.

The most important finding resides in the progressive increase in the use of CCB, ERA,

and PDESi drug therapies which also temporally aligns with the reduced incidence of

14
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active DUs and lloprost utilisation, possibly corresponding to a decrease in the need
for acute interventions such as hospitalizations for prostanoid infusions, and possibly
influenced by the COVID pandemic [33]. A striking drop in lloprost prescription
occurred in 2020 and the following years, coinciding with the onset of the COVID
pandemic, where restrictions on non-urgent admissions likely played a substantial
role. Notably, lloprost use has not returned to pre-pandemic levels, suggesting that the
pandemic may have accelerated an ongoing shift in clinical practice towards
alternative long-term vasoactive therapies such as PDESi and ERA. This shift may not
only reflect an improvement in outpatient management strategies [34] but also a
transition from reactive to more proactive and preventative treatment strategy in

managing SSc-associated vascular disease.

Noticeably, the diminishing positive association of ERA with PDESi over the years, as
well as the general reduction of prescriptions concerning PDESi in combination with
either ERA or CCB suggest a potential shift in therapeutic preferences towards the use
of ERA and PDESi as interchangeable monotherapies. This trend may reflect an
adaptation to the availability of emerging clinical evidence [27] . Despite the apparent
reduction in combination prescriptions over time, the presence of ERA or PDES5i still
confers a high OR for the prescription of the other. This indicates that these
medications have remained strongly prescribed in combination for SSc complications.
However, as these drugs are also broadly prescribed over time for SSc-vasculopathy
as monotherapy (probably thanks to lower costs and availability/generalised uptake
by treating clinicians), this trend likely mimics an apparent reduction in combination
prescriptions. Therefore, while combination therapies are apparently declining, driven
by an absolute increase in monotherapy, ERA and PDES5i practically remain common
combination choice for SSc-vasculopathy. These data may also be influenced by the

intrinsic heterogeneity of the EUSTAR database. To this matter, differences in the

geographical distribution of patients between the two cohorts, reflecting the
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geographical expansion of the EUSTAR centres, do not appear to systematically favor
one group over the other in terms of colder or warmer climate. Therefore, the impact of
climate-related distribution changes on the likelihood of RP/digital vasculopathy, and

by consequence on vascular medication treatments, remains minimal.

Our analysis revealed a rise in popularity of anti-platelet therapies, with a marked
increase of this class of drug prescription in the last 5 years. This is particularly true in
conjunction with CCBs. These latter presented a three-fold increase in their
prescription likelihood in the presence of anti-platelets agents, which could suggest
how anti-platelets are perceived to potentially enhance the efficacy of CCBs (probably
through micro-thrombosis prevention). We were unable to assess whether the
increase in anti-platelet prescriptions was influenced by underlying cardiovascular
comorbidities, as this information was not systematically available for the majority of
patients. Therefore, we could not determine whether these treatments were primarily
prescribed for SSc-related vascular dysfunction or for concomitant cardiovascular
disease. Nevertheless, there is no reason to suspect a higher prevalence of
cardiovascular disease in the later cohort, given that the demographic characteristics
remained comparable between the two periods. Significantly, the combination of
PDESi and anti-platelet therapies showed a significant increase over time in
combination with CCBs. Historically, the limited evidence base, including a lack of
robust efficacy data for anti-platelet agents in SSc, has limited their use despite a
strong therapeutic rationale for such treatments [35,36] . Recent emerging data has
challenged this therapeutic nihilism, including from the EUSTAR database, has found
evidence for anti-platelet therapy, including for DU disease [37]. These findings may
underscore a broader trend towards more refined and possibly patient-tailored
treatment approaches [38,39]. Our descriptive analysis is of value to investigators

planning a trial of vasoactive therapy considering permitted background treatments.
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Despite these positive trends in vascular disease epidemiology and medication
prescription observed in our study, the ongoing burden of severe manifestations such
as digital gangrene and pulmonary arterial hypertension amongst some SSc patients,
indicates ongoing challenges and substantial unmet needs in treatment efficacy.
Future research should focus on defining specific endotypes of vascular disease in
SSc and exploring the potential of combination therapies to address these resistant

manifestations in a selected and more severe SSc population.

This study leveraged data from the multinational EUSTAR database, employing a
cross-sectional design to explore the patterns of medication usage at patients’ first
recorded visit and across different years. By focusing on patients with available data
concerning digital vasculopathy at baseline, our study provides an understanding of
the real-world application of these therapeutic agents and their association with
clinical outcomes. Furthermore, this analysis identified trends in the prescribing
practices over time, providing insights into the evolving landscape of SSc
management. The large sample size and extended observation period provide a
robust background for understanding these trends. However, the imbalanced numbers
between the first and the second groups and the potential for selection bias represent
limitations of the study. Our analyses did not suggest any systematic differences
between the two five-year cohorts, but it cannot be assumed that no unknown
differences may have been present. Another limitation of our study is the inability to
fully account for the specific clinical indications behind each prescription and the lack
of data regarding past exposure to these classes of treatments. It is likely that there
are patients within the EUSTAR cohort who have previously tried CCB but had not
continued treatment at the time of entry to the EUSTAR database e.g., on account of

adverse effects and/or lack of efficacy.
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Finally, comparing the absolute numbers of our cohort with another large-scale study
from Germany, which revealed that up to 60% of patients received at least one
vasodilator therapy, might cause our findings to appear low [20]. However, in the
German study a significant proportion of patients was treated with
angiotensin-converting enzyme inhibitors and angiotensin receptor blockers [20],
which were not classified as vasodilative agents in our study. Conversely, the
prevalence of CCB use in the German study was even lower than our reported rate.
This highlights how differences in the inclusion criteria, as well as possible different
regulations for prescriptions, can influence the real-world use of such therapies.
Additionally, the intrinsic potential for reporting bias which can occur in large registries
may lead to a tendency for the underreporting of medication use in general [40],

which could account for the seemingly low prevalence in our sample.

In conclusion, our study benchmarks the significant progress made to date and the
remaining unmet needs concerning SSc vascular disease. Future research, informed
by our findings, could explore the development of risk prediction models to unlock

novel approaches towards systemic vascular disease modification in SSc.
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8 Table 1. Patient and diseaserelated demographic characteristics of the overall
9 included study population. ACE: Angiotensin Converting Enzyme; ANA: antinuclear
10 antibody; CCB: Calcium Channel Blocker; DLCO: Diffusing Capacity of the Lungs for
11 Carbon Monoxide; DUs: digital ulcers; ERA: Endothelin Receptor Antagonist; FVC:
12 Forced Vital Capacity; HRCT: High-Resolution Computed Tomography; ILD: Interstitial
13 Lung Disease, KCO: Carbon Monoxide Transfer Coefficient; PDES5;:

14 Phosphodiesterase-5 inhibitor.

15
Choracteristic Overall, | 2012-20117, 2018-202;:, o-value?
N =8,079 N =985 N =7,094

Age (median) 55(46,65)  55(45,64) 56 (46,65  0.069
Sex 0.6

Female 6,813 (84%)  822(83%) 5991 (84%)
Leroy subset 0.038

IcSSc 4432 (63%) 593 (67%) 3,839 (63%)

dcSSc 2564 (37%) 292 (33%) = 2272 (37%)
Disease duration in months 105(46,190) 114(49,198) 104 (46,189) 0.069
(median)
ANA positive 6,255 (96%) 756 (95%) 5499 (96%) 0.7
Anti-Scl-70 2252 (38%) 257 (36%) 1995 (38%) 0.4
Anticentromere 2,302 (40%) 286 (42%) 2,016 (40%) 0.4
mMRSS 6(3,12) 6(4,11) 6(3,12) >0.9
History of DUs 2371(29%)  238(24%) 2,133 (30%) <0.001
Active DUs 1,066 (13%) 154 (16%) 912 (13%)  0.040
History of Gangrene 287 (3.6%) 7 (0.7%) 280 (3.9%)  <0.001
Active Gangrene 110 (1.4%) 6 (0.6%) 104 (1.5%) 0.063

26



Telangiectasia

Pitting scars

Pulmonary Artery Hypertension
Scleroderma Renal Crisis

ILD at HRCT scan

FVC (%)

DLCO (%)

KCO (%)

ACE inhibitors use

Angiotensin receptor blockers
CCB

PDESi

ERA

Intravenous iloprost

Anti platelets

CCB + PDES5i (combined)

CCB + ERA (combined)

PDES5i + ERA (combined)

CCB + ERA + PDE5i (combined)
1 Median (IQR); n (%)

4,541 (61%)
2,073 (26%)
339 (10%)
123 (1.6%)
164 (47%)
95 (79, 109)
68 (54, 81)
78 (65, 89)
618 (8.0%)
436 (5.6%)
2,368 (31%)
538 (6.9%)
893 (12%)
41 (0.6%)
1,504 (19%)
198 (2.6%)
345 (4.5%)
200 (2.6%)
69 (0.9%)

479 (59%)
206 (21%)
82 (12%)
13 (1.4%)
105 (47%)
97 (81,111)
69 (51,81)
78 (66, 89)
74 (7.8%)
51 (5.4%)
193 (20%)
51 (5.4%)
66 (7.0%)
27 (3.1%)
138 (15%)
22 (2.3%)
20 (2.1%)
18 (1.9%)
10 (1%)

2 Wilcoxon rank sum test or Pearson's Chi-squared test.
False discovery rate correction for multiple testing

1

2

27

4,062 (61%)
1,867 (26%)
257 (9.5%)
110 (1.6%)
59 (48%)
95 (79, 109)
68 (54, 81)
78 (65, 89)
544 (8.0%)
385 (5.7%)
2,175 (32%)
487 (7.2%)
827 (12%)
14 (0.3%)
1,366 (20%)
176 (2.6%)
325 (4.8%)
182 (2.7%)
59 (0.9%)

0.4
<0.001
0.12
0.8
0.9
0.069
0.8
0.6
0.9
0.8
<0.001
0.064
<0.001
<0.001
<0.001
0.8
<0.001
0.3
0.4



1 Table 2. Univariate and multivariable logistic regression with interactions to explain

2 the change in prescription of Endothelin Receptors Antagonists. CCB: Calcium channel

3 blocker, ERA: Endothelin receptor antagonist; PDES5i: Phosphodiesterase type-5

4 inhibitor.

Characteristic

Year progressive

Linear component

Nonlinear component
Phosphodiesterase 5 Inhibitors (PDE5i)
Calcium Channel Blockers (CCB)
Antiplatelets agents
lloprost

OR" 95%ClI’

6.8 2.78,17.9
0.51**%0.22, 0.79**
5.56 4.59,6.73
1.50 1.30,1.74
2.25 1.93,2.62
2117 0.94,4.26

Year progressive * PDESI
Linear component * PDESi
Nonlinear component * PDESi
Year progressive * CCB
Linear component * CCB
Nonlinear component * CCB
PDES5i * CCB
Year progressive * Antiplatelet agents
Linear component * Antiplatelet agents
Nonlinear component * Antiplatelet agents
PDESi * Antiplatelet agents
CCB * Antiplatelet agent
Year progressive * PDESI * CCB
Linear component * PDESi * CCB
Nonlinear component * PDE5i * CCB
Year progressive * PDESi * Antiplatelet agents
Linear component * PDES5i * Antiplatelet agents
Nonlinear component * PDESi * Antiplatelet agents
Year progressive * CCB * Antiplatelet agents
Linear component * CCB * Antiplatelet agents
Nonlinear component * CCB * Antiplatelet agents
PDESi * CCB * Antiplatelet agents
Year progressive * PDESi * CCB * Antiplatelet agents
Linear component * PDE5i * CCB * Antiplatelet agents
Nonlinear component * PDESi * CCB * Antiplatelet ag.

28

p-value?

<0.001
<0.001
<0.001
<0.001
<0.001
0.2

OR’

95% CI’

p-valu
e

3.20 0.87,13.6 0.10

0.68**
14.2
0.94
0.76

0.26
1 T**

2.53
-0.16**
0.77

8.39
-0.19**
0.45
1.40

0.33
1.5%*

10.1
0.54**

0.35
-0.56**
0.46

6.02
-0.77**

0.2, 1.7**
2.62,71.4
0.18,3.87
0.11,3.87

0.01, 6.91
-2.9,-0.5**

0.17,56.9
-1.0, 0.69**
0.04,13.5

0.35,362
-1.2,0.82**
0.01,13.3
0.08, 25.2

0.00,97.4
-0.57,3.6**

0.01,18.4
-2.0, 3.1**

0.00, 81.5
-2.0,0.97**
0.00, 297

0.00,34.3
-4.7,3.3**

0.005

0.001
>0.9
0.8

0.4
0.006

0.5
0.7
0.9

0.2
0.7
0.6
0.8

0.7
0.2

0.5
0.7

0.7
0.5
0.8

0.8
0.7



T OR = 0dds Ratio, Cl = Confidence Interval. 2 Bonferroni correction for multiple testing.

* Represents the interaction term.
** The nonlinear component of "Year progressive" represents the deviation from linearity and is derived from a natural spline transformation.

Coefficient for this component has not been exponentiated and do not correspond to odds ratio but describes the (positive) non-linear

effect of time progression.

Characteristic
OR’ 95% CI’”  p-value2 OR! 95% CI’ p-value

Year progressive

Linear component 2.11 0.77,6.29 0.2 2.80 0.56,17.9 0.2
Nonlinear component 0.61** 0.26,0.95** <0.001 1.20* 0.67,1.80** <0.001
Endothelin Receptor Antagonists (ERA) 5.56 4.59,6.73 <0.001 11.0 2.57,45.5  <0.001
Calcium Channel Blockers (CCB) 1.35 1.13,1.62 0.006 4.10 1.10,15.0 = 0.033
lloprost 2.21 0.83,4.91 0.4
Antiplatelet agents 1.18 0.95,1.46 0.6
Year progressive * ERA
Linear component * ERA 0.53 0.03,8.82 0.7
Nonlinear component * ERA -1.4**  -2.5,-0.44*  0.005
Year progressive * CCB
Linear component * CCB 0.18 0.01, 2.31 0.2
Nonlinear component * CCB -1.3**  -2.2,-0.44**  0.003
ERA* CCB 0.75 0.05,9.38 0.8
Year progressive * ERA * CCB
Linear component * ERA * CCB 0.30 0.00,46.5 0.6
Noninear component * ERA * CCB 1.5**  -0.13,3.2** 0.07/0

1 OR = Odds Ratio, Cl = Confidence Interval ; 2 Bonferroni correction for multiple testing.
* Represents the interaction term.
** The nonlinear component of "Year progressive" represents the deviation from linearity and is derived from a natural spline

transformation. Coefficient for this component has not been exponentiated and do not correspond to odds ratio but describes the

(positive) non-linear effect of time progression.

1 Table 3. Univariate and multivariable logistic regression with interaction to explain the
2 change in prescription of Phosphodiesterase Type-5 inhibitors. CCB: Calcium channel
3 blocker; ERA; Endothelin receptor antagonist.

4
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8 Table 4. Univariate and multivariable logistic regression with interactions to explain
9 the change in prescription of Calcium Channel Blockers. ERA; Endothelin receptor
10 antagonist; PDESi: Phosphodiesterase type-5 inhibitor.

11

12
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Characteristic OR’ 95%Cl" p-valuez OR!’ 95% CI"  p-value
Year progressive

Linear component 3.75 2.14,6.70 <0.001 3.6 1.76,7.64 <0.001
Nonlinear component 0.71** 0.52, <0.001 0.6e6** 0.40,0.92** <0.001
0.971**

Endothelin Receptor Antagonists (ERA) 1.50 1.30,1.74 <0.001 1.18 0.27,4.18 0.8
Phosphodiesterase 5 Inhibitors (PDE5i) 1.35 1.13,1.62 0.006 538 1.29,22.0 0.018
Antiplatelets agents 3.06 2.73,3.44 <0.0001 239 1.19,5.55 0.015
lloprost 1.21 0.62,2.28 >009
Year progressive * ERA

Linear component * ERA 1.63 0.14,26.4 0.7

Nonlinear component * ERA -0.15** -1.0,0.74** 0.7
Year progressive * PDESI

Linear component * PDESI 0.176  0.01,2.53 0.2

Nonlinear component * PDESi -2.0** -3.1,-0.87** <0.001
ERA * PDESI 0.65 0.04,106 0.8
Year progressive * Antiplatelet agents

Linear component * Antiplatelet agents 1.58 0.35,7.29 0.6

Nonlinear component * Antiplatelet agents -0.05** -0.55,0.46** 0.9
ERA * Antiplatelet agents 140 0.10,79.6 0.8
PDESi * Antiplatelet agents 0.18 0.01,3.22 0.3
Year progressive * ERA * PDESi

Linear component * ERA * PDEJi 0.47 0.00,121 0.8

Nonlinear component * ERA * PDESi 1.5%* -0.55,3.6** 0.15
Year progressive * ERA * Antiplatelet agents

Linear component * ERA * Antiplatelet agents 036 0.00,55.6 0.7

Nonlinear component * ERA * Antiplatelet agents -0.68** -2.2,0.82** 0.4
Year progressive * PDESi * Antiplatelet agents

Linear component * PDES5i * Antiplatelet agents 299 0.00,23.8 0.7

Nonlinear component * PDESi * Antiplatelet agents 3.1** 0.76,5.7** 0.011
ERA * PDESi * Antiplatelet agents 0.71 0.00,326 >0.9
Year progressive * ERA * PDESI * Antiplatelet agents

Linear component * ERA * PDE5i * Antiplatelet 293 0.00,3.35 0.9

Nonlinear component * ERA * PDESi * Antiplatelet -1.3** -5.2,2.6** 0.5

" OR = Odds Ratio, Cl = Confidence Interval. 2 Bonferroni corrdction for multiple testing.

* Represents the interaction term.
** The nonlinear component of "Year progressive" represents the deviation from linearity and is derived from a natural spline transformation.

Coefficient for this component has not been exnonentiated and do not correspond to odds ratio but describes the (positive) non-linear effect



of time progression.

T
2 Table 5. Univariate logistic regression to explain the association of the prescription of

3 intravenous lloprost with time and other vascular medications.

4
3}
Characteristic OR’ 95% CI’ p-value?
Endothelin Receptor 2.11 0.94,4.26 0.049
Antagonists
Phosphodiesterase 5 2.21 0.83,4.91 0.074
inhibitors
Calcium Channel 1.21 0.62,2.28 0.6
Blockers
Year progressive
Linear 0.0001 0.00001, 0.0052 <0.001
component
Nonlinear -13.0** -19.0, -7.6** <0.001
component
Anti platelets 1.45 0.68,2.87 0.3
" OR = 0dds Ratio, Cl = Confidence Interval
? Bonferroni correction for multiple testing
** The nonlinear component of "Year progressive" represents the deviation from linearity and is derived from a
natural spline transformation. Coefficient for this component has not been exponentiated and do not
correspond to odds ratio but describes the (positive) non-linear effect of time progression.
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Figure 1. Proportion of patients on vascular medications over time (2012-2022),
stratified by Drug Class. CCB (Calcium Channel Blockers), ERA (Endothelin Receptor

Antagonists), PDESi: Phosphodiesterase 5 inhibitors).
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1 Alt text:

2 Line chart showing the proportion of SSc patients receiving CCB, ERA, PDE5i, and lloprost

3 from 20172 to 2022, with increasing trends for CCB, ERA, and PDESi, and a sharp decline
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