N

N

Preventive effects of early immunosuppressive treatment
on the development of interstitial lung disease in
systemic sclerosis.

A. Velauthapillai, M. F. R. Bootsma, C. Bruni, C. Bergmann, M.
Matucci-Cerinic, David Launay, G. Riemekastan, L. Garzanova, P. Airo, E.

Rezus, et al.

» To cite this version:

A. Velauthapillai, M. F. R. Bootsma, C. Bruni, C. Bergmann, M. Matucci-Cerinic, et al.. Preven-
tive effects of early immunosuppressive treatment on the development of interstitial lung disease in
systemic sclerosis.. Rheumatology, 2024, Rheumatology (Oxford), 10.1093/rheumatology/keae375 .
hal-04686859

HAL Id: hal-04686859
https://hal.univ-lille.fr /hal-04686859v1

Submitted on 4 Sep 2024

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.univ-lille.fr/hal-04686859v1
https://hal.archives-ouvertes.fr

Rheumatology, 2024, 00, 1-9
https://doi.org/10.1093/rheumatology/keae375

° . .
Advance access publication 22 July 2024 British SOCIth for
Original Article .x. Rheumatology RHEUMATOLOGY OXFORD

Clinical science

Preventive effects of early immunosuppressive treatment
on the development of interstitial lung disease in
systemic sclerosis

Arthiha Velauthapillai ®"*, M. F. R. Bootsma (®', Cosimo Bruni (%3, Christina Bergmann (3,

Marco Matucci-Cerinic (%7, David Launay (3, Gabriela Riemekasten ©°, L. Garzanova ®'°,

Paolo Airo ("', Elena Rezus ®'%3, Jose A. P. da Silva (®'*'®, Francesco Del Galdo ('€,

Nicolas Hunzelmann'’, Lorinda S. Chung '8, Dorota Krasowska ('°, Oliver Distler (2,
Cornelia H. M. van den Ende ®', Madelon C. Vonk (®"; on behalf of EUSTAR Collaborators

'Department of Rheumatology, Radboud University Medical Center, Nijmegen, Netherlands

2Department of Rheumatology, University Hospital Zurich, University of Zurich, Zurich, Switzerland

3Division of Rheumatology, Department of Experimental and Clinical Medicine, University of Florence—Careggi University Hospital,
Florence, Italy

*Department of Internal Medicine 3, Rheumatology and Clinical Inmunology, Friedrich-Alexander-University (FAU) Erlangen-Niirnberg and
Universitatsklinikum Erlangen, Erlangen, Germany

SDeutsches Zentrum Immuntherapie (DZI), Friedrich-Alexander University (FAU) Erlangen-Niirnberg and Universitatsklinikum Erlangen,
Erlangen, Germany

SUniversity Vita Salute San Raffaele, Milano, Italy

"Unit of Inmunology, Rheumatology, Allergy and Rare Diseases, and Division of Clinical and Experimental Rheumatology, IRCCS San
Raffaele Hospital, Milan, Italy

8Département de Médecine Interne et d'Immunologie Clinique, Centre National de Référence Maladies Systémiques et Auto-immunes
Rares Nord et Nord-Ouest de France (CeRAINO), European Reference Network on Rare Connective Tissue and Musculoskeletal Diseases
Network (ReCONNECT), Univ. Lille, CHU Lille, Lille, France

®Department of Rheumatology and Clinical Immunology, University of Medical Center Schleswig-Holstein, University Liibeck, Germany
1%/A Nasonova Research Institute of Rheumatology, Moscow, Russian Federation

"JOC Reumatologia e Immunologia Clinica, ASST Spedali Civili di Brescia, Brescia, ltaly

2Department of Rheumatology, ‘Grigore T. Popa’ University of Medicine and Pharmacy, 16 Universitatii Street, lasi, Romania

13Clinical Rehabilitation Hospital, lasi, Romania

14Faculty of Medicine, University of Coimbra, Coimbra, Portugal

Department of Rheumatology, Centro Hospitalar e Universitario de Coimbra, Coimbra, Portugal

'8 geds Raynaud's And Scleroderma Program, NIHR Biomedical Research Centre Leeds Institute Of Rheumatic And Musculoskeletal
Medicine, University of Leeds, Leeds, UK

"Department of Dermatology, University of Cologne, KoIn, Germany

®Department of Medicine & Dermatology, Division of Immunology & Rheumatology, Stanford University School of Medicine and Palo Alto
VA Health Care System, Palo Alto, CA, USA

9Department of Dermatology, Venereology and Pediatric Dermatology, Medical University of Lublin, Lublin, Poland

*Correspondence to: Arthiha Velauthapillai, Department of Rheumatology, Radboud University Medical Center, Nijmegen, Geert Grooteplein Zuid 10, 6525 GA
Nijmegen, The Netherlands. E-mail: arthiha.velauthapillai@radboudumc.nl

Abstract

Background: Hypothesizing that early treatment yields improved prognosis, we aimed to investigate how the timing of immunosuppressive
treatment relates to interstitial lung disease (ILD) development and the course of pulmonary function in systemic sclerosis (SSc).

Methods: A cohort was created using data from the EUSTAR database and Nijmegen Systemic Sclerosis cohort, including adult patients who
started their first immunosuppressive treatment (i.e. mycophenolate mofetil, methotrexate, cyclophosphamide, tocilizumab or rituximab) after
SSc diagnosis, and no signs of ILD on high-resolution CT. ILD-free survival and the course of forced vital capacity (FVC) % predicted were
assessed for up to 5years’ follow-up comparing patients who started early (disease duration <3years) vs late with immunosuppression.

Results: 1052 patients met the eligibility criteria. The early treatment group (n=547, 52%) showed a higher prevalence of male sex, diffuse cu-
taneous subtype (53.1% vs 36.5%), and anti-topoisomerase-l antibody (ATA, 51.1% vs 42.7%). Most patients were treated with methotrexate
(60.1%), whereas only a few patients were treated with biologics (1.7%). The incidence of ILD was 46.6% after mean (s.n.) 3.6 (1.4) years; the
hazards ratio for ILD in the early treatment group was 1.13 (95% Cl: 0.93, 1.38) after adjustment for confounders. FVC % predicted trajectories
were comparable between groups.
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Conclusion: Our findings did not confirm a preventive role of early initiation of immunosuppressive therapy vs late initiation on ILD develop-
ment. However, our findings should be interpreted with caution, considering the high inflammatory, ATA-positive enriched nature of the cohort,
confounding by indication, and that very few patients were treated with biologics.

Keywords: systemic sclerosis, interstitial lung disease, early treatment.

Rheumatology key messages

¢ Early immunosuppressive treatment is not associated with prevention of ILD compared with late treatment.
* The course of pulmonary function is comparable between patients starting early or late with immunosuppressive treatment.

Introduction

SSc is a heterogeneous auto-immune disease characterized by a
triad of inflammation, vascular damage and fibrosis [1].
Although the cause of SSc is unknown to date, the hypothesis
is that microvascular damage triggers an autoimmune response
and inflammation causing fibrosis [2]. Different organ systems
may be affected to a varying degree, causing increased morbid-
ity and mortality [3]. Interstitial lung disease associated to SSc
(SSc-ILD) is an important organ complication that leads to re-
duced quality of life and represents the most frequent cause of
disease-related mortality [4].

The clinical course of ILD is highly variable, ranging from
patients with long-term stability of pulmonary function to
patients with rapid decline. A recently published analysis of the
European Scleroderma Trials And Research (EUSTAR) data-
base showed that 67% of all systemic sclerosis associated inter-
stitial lung disease (SSc-ILD) patients experience progression of
ILD at any time in a 5-year follow-up period. Interestingly, this
study showed that periods of stabilization alternate with periods
of progressive decline in pulmonary function and that only a mi-
nority of patients showed a pattern of rapid, continuous decline
[5]. To date, clinical practice is to monitor pulmonary function
in SSc patients with high-resolution CT (HRCT) scan-
confirmed absence of ILD. This monitoring is especially per-
formed in early stages to identify new onset ILD or progression
of existing disease, followed by a HRCT scan to confirm the
new diagnosis or the progression [6].

Current consensus statements recommend treating patients
with severe and progressive SSc-ILD with immunosuppressive
therapies such as mycophenolate mofetil or cyclophospha-
mide [7, 8]. Other immunosuppressive agents used for the
treatment of ILD previously included methotrexate and aza-
thioprine, whereas more recently rituximab and tocilizumab
have been used [9, 10]. For patients with mild SSc-ILD with-
out signs of progression, a wait-and-see approach might be
considered [6, 7]. However, several recent studies, such as the
tocilizumab trials, have shown that starting immunosuppres-
sive treatment in mild and moderate ILD might also have a
favourable effect on the disease course compared with pla-
cebo [11-14], which is further supported by a recent retro-
spective cohort analysis [12].

Although there are no data on possible preventive mecha-
nisms, an exploratory stratified analysis of a recent retrospec-
tive study revealed that mycophenolate mofetil might play a
preventive action on the development of ILD in SSc [15].
There are no data available on the time to treatment and any
preventive mechanisms of immunosuppressive treatment. We
hypothesize that early treatment, defined as treatment started
in the first 3years after first non-Raynaud phenomenon
symptom, reduces the risk to develop ILD and has a positive
effect on the course of pulmonary function.

Therefore, our primary objective was to analyse the associ-
ation between the timing of immunosuppressive treatment
and the development of ILD. Furthermore, the secondary aim
of this study was to analyse the association of timing of im-
munosuppressive treatment on the course of pulmonary func-
tion [defined as forced vital capacity (FVC) % predicted]
regardless of the development of ILD, given the variability in
screening for SSc-ILD [16] and the difficulty in defining the
timing of ILD onset [17, 18].

Methods
Patients and study design

We performed a post-hoc analysis of prospectively collected
data extracted from two databases, namely the EUSTAR
database and Nijmegen Systemic Sclerosis cohort. There was
no overlap in patients within the two databases. A detailed
description of the structure of the databases, the collected
data set and definitions of clinical variables have been de-
scribed earlier [4, 19-21]. In compliance with local regula-
tions, the pre-existing databases were approved by the
Ethical Committees at each centre and patients provided
written informed consent. According to Dutch law and regu-
lations, this observational, non-interventional study was ex-
empt from the requirement of approval by a medical ethics
committee. Data were extracted from the registries in April
2021 and December 2022 for the EUSTAR database and
Nijmegen Systemic Sclerosis cohort, respectively.

After cleaning and structuring the data (for details see
Supplementary Table 1 available at Rbheumatology online), we
constructed a database using data of patients meeting the fol-
lowing criteria: (i) age >18years, (ii) treated with at least
3 months’ immunosuppressive drugs (i.e. mycophenolate mofe-
til, cyclophosphamide, methotrexate, tocilizumab or rituximab),
(iii) absence of ILD defined as an HRCT scan negative for ILD
at or within 2 months of start of first immunosuppressive treat-
ment, (iv) documented visit at start of immunosuppressive treat-
ment =12 months to characterize study population, (v) no prior
treatment with a biologic or antifibrotic therapy in the preced-
ing year, and (vi) at least 1 year follow-up. Patients entered the
study at start of immunosuppressive treatment and were fol-
lowed for a period of up to 5 years. Azathioprine was not in-
cluded in our analysis since it is mostly used as maintenance
therapy after cyclophosphamide induction [9].

Baseline data were derived from visits with a maximum dif-
ference of 1year from first start of immunosuppressive treat-
ment. We used data on demographic and disease characteristics
including subsets of SSc according to LeRoy criteria, antibody
status, fulfilment of ACR/EULAR criteria [22], pulmonary func-
tion tests, New York Heart Association (NYHA) functional
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class, organ involvement and CRP status (elevated vs normal
according to laboratory cut-off values of each centre).

As patients with an unfavourable prognostic phenotype are
more likely to start early with immunosuppressive treatment,
we defined a priori established disease predictors through liter-
ature search and identified the following confounders based
on authors consensus: i.e. gender, diffuse cutaneous subtype,
Caucasian ethnicity, presence of anti-topoisomerase-I antibod-
ies, presence of anti-RNA polymerase III antibodies, higher
age, lower FVC % predicted and lower diffusing capacity of
the lung for carbon monoxide (DLCO) % predicted [23].

Patients were analysed according to the first prescribed im-
munosuppressive drug. No adjustments were performed for
treatment changes or discontinuation of immunosuppres-
sive drug.

Patient and public involvement
Patients were not involved with this analysis.

Statistical analysis

Patients were dichotomized into an early and late treatment
group based on disease duration from first non-Raynaud phe-
nomenon symptom at start of immunosuppressive treatment
using a threshold of 3years in line with the criteria used for
early disease, while developing the ACR/EULAR criteria [22].

Baseline demographic and clinical characteristics were com-
pared with an independent Student’s ¢-test, Mann—Whitney U-
test or Fisher’s exact test as appropriate on cases with known
date of first non-Raynaud phenomenon symptom between the
early and late treatment group. For multivariable analysis, miss-
ing baseline values were imputed using chained imputations and
predictive mean matching. Based on the maximum fraction of
missing data (FMI) and coefficient of variation (standard error)
[CV(SE)], we calculated that 42 imputations were needed. All
statistical tests were performed two-sided (@ = 0.05). The analy-
ses were carried out using Stata statistical software version 17
(StataCorp, College Station, TX, USA).

Association between disease duration at first start
of immunosuppressive treatment and time to
ILD diagnosis

ILD diagnosis was defined as an HRCT scan showing the
presence of ILD, honeycombing, lung fibrosis, ground glass
opacification, reticular changes, tractions or bullae. Patients
with a visit-free interval of >2years were censored on their
last visit date.

First, we assessed ILD-free survival in the early and late
treatment groups by unadjusted Kaplan-Meier analysis on
complete cases. Then, we performed a Cox proportional haz-
ards analysis to correct for confounding by indication on im-
puted data. The base Cox proportional hazards model was
defined using the a priori selected set of confounders as speci-
fied above. The other baseline characteristics were assessed
for potential confounding using a ‘change-in-estimate’ (CIE)
approach using a cut-off point of 10% [24, 25].

In addition, the association between first start of immunosup-
pressive treatment and ILD development was analysed using
disease duration as a continuous variable and after stratification
by first prescribed immunosuppressive agent. Furthermore, all-
cause mortality was assessed in both groups.

Association between start of first
immunosuppressive treatment and the course of
pulmonary function during 5-year follow-up
irrespective of the ILD-status

For this analysis, data of patients with at least two PFTs during
follow-up were used. The difference in the trajectory of FVC
% predicted between early vs late treatment was estimated by
a multilevel mixed linear regression analysis on imputed data
using the predefined confounders and the CIE approach.

Next, where data were available, the change in PFT was
categorized in every 12-month period using the following
previously reported definition: ‘significant decline’ (absolute
FVC decline >10%), ‘moderate decline’ (absolute FVC de-
cline 5-10%), ‘stable’ (absolute FVC change <5%) and
‘improvement’ (absolute FVC improvement of >5%) [5]. A
margin of 3 months was allowed for the PFT at the beginning
and end of each 12-month period.

Sensitivity analysis

All described analyses were repeated excluding patients diag-
nosed with ILD in the interval 2—-12 months after first start of
immunosuppressive treatment to exclude patients with poten-
tially undiagnosed ILD at baseline.

Sample size calculation

While this study lacks a formal power calculation, it aligns
with the general guideline for Cox regression models, which
suggests a minimum of 10 events per predictor variable to en-
sure adequate power [26].

Results
Patient population

Within the two included databases, 4612 patients with a
documented start date of a prescribed immunosuppressive
agent were identified (Fig. 1). After applying the eligibility
criteria, 1052 patients without ILD at baseline were included
in our analyses. Demographic and clinical characteristics of
all eligible patients are shown in Table 1 (see online
Supplementary Table 2, available at Rbheumatology online,
for details about missing data rate).

The mean age of the overall population was 51.8 years,
with a male to female ratio of 1:3. A total of 95.0% of
patients fulfilled the ACR/EULAR criteria and 46.1% had
dcSSc, with a mean (s.n.) modified Rodnan skin score (mRSS)
value of 11.7 (9.5). With respect to antibody status, 27.3%
were positive for anticentromere antibodies, 47.7% were
positive for anti-topoisomerase I antibodies, and 9.4% were
positive for RNA polymerase III antibodies.

Patients in the early treatment group were more frequently
male, had a higher frequency of dcSSc and had more fre-
quently anti-topoisomerase I and anti-RNA polymerase III
antibodies. The mean mRSS values and the prevalence of ele-
vated CRP were higher in the early treatment group. In both
groups, MTX was the most frequently prescribed immuno-
suppressive agent.

The follow-up duration in the total population was median
(IQR) 3.8 (2.2-5.0) years and not different between the two
subgroups [mean (s.D.): early group: 3.6 (1.4); late group: 3.7
(1.4)]. All-cause mortality was 5.6% in the total population
(4.9% in the early treatment group and 6.7% in the late
treatment group, P=0.31).
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4612 Patients with IMS treatment and
registered startdate medication
- Eustar: 4238

- Nijmegen cohort: 374
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4571 Patients
- Eustar: 4198

- Nijmegen cohort: 373
1806
>

2765 Patients
- Eustar: 2392

- Nijmegen cohort: 373
73

2692 Patients
- Eustar: 2323

- Nijmegen cohort: 369
822

1870 Patients
- Eustar: 1570
- Nijmegen cohort: 300

818

1052 Patients with no ILD at baseline
- Eustar: 893
- Nijmegen cohort: 159

Arthiha Velauthapillai et al.

Patients with prior biological/antifibrotic use
Eustar: 40, Nijmegen cohort: 1

Patients without any baseline characteristics
Eustar: 1806, Nijmegen cohort: 0

Patients aged < 18 year
Eustar: 69, Nijmegen cohort: 4

Patients with follow-up < 1 year
Eustar: 753, Nijmegen cohort: 69

Patients excluded
530 ILD, Eustar: 451, Nijmegen cohort: 79
288 missing ILD status, Eustar:226, Nijmegen cohort:62

Figure 1. Flowchart of patient selection from combined cohort of the EUSTAR database and Nijmegen Systemic Sclerosis cohort

ILD-free survival after the start of
immunosuppressive treatment

We observed 490 (46.6%) new ILD cases after mean (s.p.) 3.6
(1.4) years of treatment. Fig. 2 displays the unadjusted Kaplan—
Meier survival curve on cases complete for disease duration
showing no differences in ILD-free survival rates at each given
time point during the 5 year follow-up period for both groups.
In addition, we found no clinically relevant difference in ILD-
free survival between the groups on imputed data after adjusting
for a priori defined confounders; mean incidence ILD 0.45
(95% CI: 0.40, 0.50) in the early group and 0.46 (95% CI:
0.43, 0.51) in the late group. Using a CIE approach, no addi-
tional confounder to the predefined base Cox proportional haz-
ards model was identified (see Supplementary Table 3, available
at Rheumatology online). Thus, after adjustment for sex, age,
Caucasian ethnicity, diffuse cutaneous subtype, presence of
anti-topoisomerase I antibodies, presence of anti-RNA polymer-
ase III antibodies, FVC % predicted and DLCO % predicted,
the hazard ratio (HR) for ILD in the early treatment group vs
the late treatment group was 1.13 (95% CI: 0.93, 1.38).
Performing the same analysis for methotrexate, cyclophospha-
mide and mycophenolate mofetil separately yielded HR (95%

CI) of 1.04 (0.76, 1.43), 1.25 (0.87, 1.79) and 1.33 (0.88,
1.98), respectively. No separate analysis was performed for toci-
lizumab and rituximab, given the limited number of patients re-
ceiving these drugs. In addition, the HR (95% CI) for ILD
survival with disease duration as a continuous variable was
0.99 (0.98, 1.01) (Supplementary Tables 4-7, available at
Rheumatology online, for detailed models).

Course of pulmonary function after start of
immunosuppressive treatment

We identified 789 patients fulfilling the eligibility criteria for
this research question. As shown in Fig. 3, the estimated
course of pulmonary function on imputed data adjusted for
confounders is not different between groups. Over the 5-year
follow-up period, the FVC % predicted in the early treatment
group was not higher [AFVC (95% CI): 1.36% (-0.52,
3.25), P=0.16]. Classifying the magnitude of change in FVC
% predicted in every consecutive follow-up year showed that
the proportion of patients with a major or significant decline
in FVC % predicted varied over the years between 25% and
38% for the early treatment group and between 19% and
30% for the late treatment group (see Table 2).
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Table 1. Overall baseline demographic and clinical characteristics of all SSc patients and characteristics stratified by early treatment and late
treatment group
Characteristic Total sample (n=1052) Early group (n=547) Late group (17 =376) P-value
Age, mean (s.D.), years 51.8(13.2) 50.4 (13.2) 53.0(12.5) 0.004
Male, % 24.6 29.6 17.3 <0.001
Caucasian (=1001), % 79.6 81.5 77.5 0.17
Disease characteristics
ACR/EULAR criteria fulfilled (n=1037), % 95.0 93.2 95.0 0.01
Disease duration® (7 =923), median (IQR), years 2.1(0.7-6.7) 0.8 (0.4-1.7) 8.4 (5.1-13.8) <0.001
Diffuse cutaneous SSc (n=927), % 46.1 53.1 36.5 <0.001
Limited cutaneous SSc (7 =927), % 49.6 42.5 59.0
Antinuclear antibodies (7 =1047), % 97.7 97.6 97.9 1.00
Anti-centromere Ab (n=1012), % 27.3 19.0 39.4 <0.001
Anti-topoisomerase I Ab (7=1028), % 47.7 511 42.7 0.01
Anti-RNA polymerase Il Ab (#="705), % 9.4 12.4 5.3 0.003
Lung characteristics
FVC % predicted (n=867), mean (s.D.) 93.9 (20.3) 94.9 (19.2) 94.0 (21.6) 0.55
DLCO % predicted (n=857), mean (s.D.) 70.4 (20.3) 71.6 (20.3) 69.6 (20.6) 0.10
Other characteristics
mRSS (7 =784), median (IQR) 9 (4-18) 12 (6-19) 7 (3-14) <0.001
Oesophageal symptoms (7= 884), % 56.6 53.2 63.0 0.01
Arthritis (7=906), % 87.5 86.4 88.5 0.45
Tendon friction rubs (2=919), % 11.1 12.3 9.6 0.26
Pulmonary hypertension (7 =693), % 10.1 8.8 11.7 0.28
Elevated CRP (n=772), % 25.6 30.7 22.3 0.02
Ever smoker (n=2885), % 41.8 43.9 38.9 0.16
First prescribed immunosuppression 0.90
Cyclophosphamide, % 18.7 19.7 19.4
Methotrexate, % 60.1 59.6 57.5
Mycophenolate mofetil, % 19.5 19.0 21.0
Rituximab, % 0.4 0.4 0.5
Tocilizumab, % 1.3 1.3 1.6

? Disease duration is calculated from first non-Raynaud phenomenon symptom. Of note, 129 patients could not be subdivided into early and late group,

due to missing date of first non-Raynaud symptom. P-values in bold are significant. Ab: antibodies; DLCO: diffusing capacity of the lungs for carbon

monoxide; FVC: forced vital capacity; IQR: interquartile range; mRSS: modified Rodnan skin score; SSc: systemic sclerosis.

0.5+

0.25

ILD-free survival rate

Early treatment
- Late treatment

Number at risk
Early treatment 547
Late treatment 376

1 2 3 4
Follow-up duration, years
391 275 196 142
287 210 156 123

107
83

Figure 2. Kaplan—-Meier curve of ILD-free survival estimates. Survival rate with 95% confidence interval is shown for the early and late treatment group

with the number at risk per follow-up period presented in the table below the figure. ILD: interstitial lung disease

Sensitivity analysis

Repeating all analyses excluding patients diagnosed with ILD
in the interval 2-12 months after baseline (n=273) yielded

similar results.

The Cox proportional hazards analysis incorporating the ad-
ditionally identified confounders with the CIE approach for this

analysis, i.e. pulmonary arterial hypertension, renal crisis, ten-
der joints, UIRNP antibodies, reduced left ventricular ejection

fraction, and dyspnoea NYHA classification showed an HR

(95% CI) of 0.86 (0.61, 1.20) for ILD in the early treatment
group (Supplementary Tables 8-12 and Supplementary Fig. 1,
available at Rheumatology online).
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Course of pulmonary function
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Figure 3. Course of pulmonary function adjusted for confounders. Predicted FVC value (%) based on mixed regression analysis adjusted for gender,
diffuse subtype, Caucasian ethnicity, anti-topoisomerase | antibodies, anti-RNA polymerase |l antibodies, age at baseline, FVC at baseline and DLCO at
baseline. Error bars represent 95% confidence interval. DLCO: diffusing capacity of the lungs for carbon monoxide; FVC: forced vital capacity

Table 2. Descriptive data on the course of pulmonary function in every 12-month consecutive period

Year 1 Year 2 Year 3 Year 4 Year 5
Early group
1 (95% CI) 239 (238, 240) 121 (121, 122) 84 (83, 84) 55 (54, 55) 42 (42,42)
Improved PFT, % 26 30 23 18 16
Stable PFT, % 46 42 52 44 51
Moderate decline, % 16 16 16 25 19
Significant decline, % 12 12 9 13 14
Late group
1 (95% CI) 157 (156, 158) 76 (75,76) 59 (58, 59) 43 (43, 44) 33(33,33)
Improved PFT, % 24 22 31 25 29
Stable PFT, % 56 55 40 53 50
Moderate decline, % 10 11 22 10 15
Significant decline, % 9 12 8 12 6

Patients in the early treatment group and in the late treatment group were categorized based on their annual FVC change if present for that interval. The
following definition has been used: significant decline: absolute FVC decline of >10%; moderate decline: absolute FVC decline of 5-10%; stable: absolute
FVC change of <5%; improvement: absolute FVC improvement of >5%. FVC: forced vital capacity; PFT: pulmonary function test.

Discussion

This is the first observational study of prospectively collected
data analysing the association between time to intervention
in SSc and the risk to develop ILD. In our cohort of 1052
patients with SSc and no ILD receiving immunosuppressive
treatment, the incidence of ILD in the first 5 years after initia-
tion of treatment was not different between patients starting
with immunosuppressive treatment early in the disease course
vs patients starting late. Similarly, the timing of start of im-
munosuppressive treatment did not influence the course of
pulmonary function in the first Syears after initiat-
ing treatment.

To date, only one small single centre study (7 =43, 80%
ILD at baseline) evaluated the influence of time to interven-
tion on disease course [12]. Patients starting with early immu-
nosuppressive treatment had less clinical worsening after
1year than the late treatment group. Despite a substantial
proportion of patients experiencing a worsening of pulmo-
nary function in the early group, the authors of this study

suggest that a window of opportunity exists in early SSc. The
results of our study do not confirm these findings, for which
several explanations are possible. First, we included only
patients without ILD, allowing us to focus on preventive
mechanisms. Secondly, in contrast to the above-mentioned
study we corrected for confounding by indication. Of note,
the analysis was not corrected for differences in baseline FVC
% predicted, which was higher in the early treatment group
[12]. Last, we specifically focused on the development of ILD
and did not assess clinical worsening by the first step of the
revised ACR-CRISS.

In our cohort, starting early with immunosuppressive treat-
ment did not influence the course of FVC % predicted during
follow-up compared with starting late with immunosuppres-
sive treatment, regardless of ILD status. The prevalence of a
progressive phenotype varied between 28% and 38% in the
early treatment and 19% and 30% in the late treatment
group over 5 years, suggesting a slightly higher prevalence of
a progressive phenotype in the early treatment group.
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However, this is likely not a meaningful difference, given our
findings that the absolute change in pulmonary function is
comparable (Fig. 3), the incidence of ILD is not different in
the groups, and the fluctuations in the prevalence of progres-
sive phenotype should be interpreted with caution given the
amount of available data. Interestingly, the prevalence of a
decline in FVC % >10% is comparable to earlier reported
annual prevalence of 13-18% in SSc-ILD patients [5]. Our
results indicate the need of monitoring of the pulmonary
function in SSc regardless of the presence of ILD.

To date, there is no definitive evidence supporting the start
of immunosuppressive treatment in an early disease stage in
SSc. A systematic review (reporting studies between 2005 and
2018) failed to show an added value of early treatment, but
suggested that a window of opportunity exists in SSc based
on two patients benefiting from rituximab started in an early
disease stage and the positive effects of rituximab in other
rheumatic diseases [27]. More recent studies, such as the
phase I and phase III tocilizumab studies and a retrospective
analysis of the Canadian Scleroderma Research Group regis-
try, have highlighted the importance of initiating immuno-
suppressive therapy in an early disease stage [11, 13, 14, 28].
In these studies, starting immunosuppressive treatment com-
pared with placebo resulted in a prognostically more favour-
able disease course of SSc. Regarding the preventive effect of
immunosuppressive treatment, data from prospective studies
are lacking. Despite the limited evidence, several experts have
suggested that it might be beneficial to initiate immunosup-
pressive treatment in an early disease stage, based on the find-
ings that tocilizumab has shown efficacy in early SSc-ILD
and/or on the pathophysiological mechanism that inflamma-
tion precedes irreversible fibrosis [18, 29, 30].

Our study does not show an added value of early immuno-
suppressive treatment compared with late immunosuppres-
sive treatment. However, this does not exclude that a small
subset of SSc patients might benefit from early treatment. SSc
is a heterogeneous disease, and a recent analysis has shown
that only a small proportion of patients in the EUSTAR data-
base fulfil the eligibility criteria of several recent key clinical
trials [31]. Our study population was characterized by a high
inflammatory profile, which might also explain the observed
high incidence of inflammatory arthritis. Future research
should therefore focus on classifying patients according to
their prognostic phenotype as well as identifying the optimal
time to start immunosuppressive treatment in different sub-
sets. In this light, tight control of disease features is also im-
portant, which could be accomplished with telemonitoring.
In SSc, it has been shown to be feasible to measure pulmo-
nary function and skin score reliably at home [32, 33].
Prospective longitudinal studies are needed to confirm its va-
lidity in monitoring disease activity.

A major strength of our study is the large study population
of patients with clinical SSc diagnosis from international ex-
pert centres and the long follow-up period. Nevertheless, our
study has limitations. First, our study is hampered by the po-
tential bias introduced by confounding by indication, due to
the post-hoc nature of our analysis. In addition, the follow-
up time could have been too short to capture the proportion
of patients developing ILD in a later stage. Also, the chosen
cut-off point of 3 years in our study is arbitrary; however, our
analysis using disease duration as a continuous measure
yielded similar results. Furthermore, most of the patients in
the primary analysis used methotrexate, while to date there is

scarce evidence for efficacy of methotrexate in SSc. Only two
small placebo controlled randomized controlled trials, which
were underpowered and used different eligibility criteria,
showed a limited effect on skin involvement but not on ILD
[34, 35]. Nevertheless, re-analysis excluding patients treated
with methotrexate yielded similar results as the primary
analysis (results not shown). Finally, it is arguable whether
all patients in our primary analysis were ILD-free. However,
our sensitivity analysis excluded patients who developed ILD
in the first year after start of immunosuppressive treatment
and showed similar results, confirming the robustness of
our data.

To conclude, our study does not show an added value for a
preventive immunosuppressive strategy when started early vs
late in the disease course. However, considering confounding
by indication and heterogeneity in the SSc population, an
early preventive effect in a subgroup of SSc patients cannot
be ruled out. Therefore, more research is needed in early dis-
ease stages with specific subsets of patients with different
phenotypes, to further unravel disease phenotype and identify
patients benefiting from early treatment.
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