
HAL Id: hal-04520523
https://hal.univ-lille.fr/hal-04520523

Submitted on 25 Mar 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License

Effectiveness and safety of tocilizumab in patients with
systemic sclerosis: a propensity score matched

controlled observational study of the EUSTAR cohort.
S. Kuster, S. Jordan, Muriel Elhai, U. Held, K. Steigmiller, C. Bruni, F.

Cacciapaglia, S. Vettori, E. Siegert, S. Rednic, et al.

To cite this version:
S. Kuster, S. Jordan, Muriel Elhai, U. Held, K. Steigmiller, et al.. Effectiveness and safety of
tocilizumab in patients with systemic sclerosis: a propensity score matched controlled observational
study of the EUSTAR cohort.. RMD Open, 2022, RMD Open, 8, �10.1136/rmdopen-2022-002477�.
�hal-04520523�

https://hal.univ-lille.fr/hal-04520523
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr


  1Kuster S, et al. RMD Open 2022;8:e002477. doi:10.1136/rmdopen-2022-002477

ORIGINAL RESEARCH

Effectiveness and safety of tocilizumab 
in patients with systemic sclerosis: a 
propensity score matched controlled 
observational study of the 
EUSTAR cohort

Simon Kuster,1 Suzana Jordan,1 Muriel Elhai,1,2 Ulrike Held,3 Klaus Steigmiller,3 
Cosimo Bruni,1,4 Fabio Cacciapaglia    ,5 Serena Vettori,6 Elise Siegert,7,8 
Simona Rednic,9 Veronica Codullo    ,10 Paolo Airo,11 Yolanda Braun- Moscovici,12 
Nicolas Hunzelmann,13 Maria Joao Salvador,14 Valeria Riccieri,15 
Ana- Maria Gheorghiu,16 Juan José Alegre Sancho,17 
Katarzyna Romanowska- Prochnicka,18,19 Ivan Castellví    ,20 Ina Kötter,7,21 
Marie- Elise Truchetet,22 FJ López- Longo,23 Pavel I Novikov,23 Alessandro Giollo,24 
Yuichiro Shirai,25 Laura Belloli,26 Elisabetta Zanatta,27 Eric Hachulla,28 
Vanessa Smith    ,29,30 Chris Denton,31 Ruxandra M Ionescu,32 
Tim Schmeiser    ,33 Joerg H W Distler,34 Armando Gabrielli,35 
Anna- Maria Hoffmann- Vold    ,36 Masataka Kuwana    ,25 Yannick Allanore,2 
Oliver Distler    ,1 on behalf of the EUSTAR collaborators

To cite: Kuster S, Jordan S, 
Elhai M, et al. Effectiveness 
and safety of tocilizumab in 
patients with systemic sclerosis: 
a propensity score matched 
controlled observational study of 
the EUSTAR cohort. RMD Open 
2022;8:e002477. doi:10.1136/
rmdopen-2022-002477

 ► Additional supplemental 
material is published online only. 
To view, please visit the journal 
online (http:// dx. doi. org/ 10. 
1136/ rmdopen- 2022- 002477).

Received 18 May 2022
Accepted 14 September 2022

For numbered affiliations see 
end of article.

Correspondence to
Professor Oliver Distler;  
 Oliver. Distler@ usz. ch

Systemic sclerosis

© Author(s) (or their 
employer(s)) 2022. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Objectives Tocilizumab showed trends for improving 
skin fibrosis and prevented progression of lung 
fibrosis in systemic sclerosis (SSc) in randomised 
controlled clinical trials. We aimed to assess safety and 
effectiveness of tocilizumab in a real- life setting using 
the European Scleroderma Trial and Research (EUSTAR) 
database.
Methods Patients with SSc fulfilling the American College 
of Rheumatology (ACR)/EULAR 2013 classification criteria, 
with baseline and follow- up visits at 12±3 months, 
receiving tocilizumab or standard of care as the control 
group, were selected. Propensity score matching was 
applied. Primary endpoints were the modified Rodnan skin 
score (mRSS) and FVC at 12±3 months compared between 
the groups. Secondary endpoints were the percentage of 
progressive/regressive patients for skin and lung at 12±3 
months.
Results Ninety- three patients with SSc treated with 
tocilizumab and 3180 patients with SSc with standard of 
care fulfilled the inclusion criteria. Comparison between 
groups did not show significant differences, but favoured 
tocilizumab across all predefined primary and secondary 
endpoints: mRSS was lower in the tocilizumab group 
(difference −1.0, 95% CI −3.7 to 1.8, p=0.48). Similarly, 
FVC % predicted was higher in the tocilizumab group 
(difference 1.5 (−6.1 to 9.1), p=0.70). The percentage 
of progressive/regressive patients favoured tocilizumab 
over controls. These results were robust regarding the 
sensitivity analyses. Safety analysis confirmed previously 
reported adverse event profiles.

WHAT IS ALREADY KNOWN ABOUT THIS 
SUBJECT?

 ⇒ Two placebo- controlled randomised controlled clin-
ical trials (RCTs) with tocilizumab have been con-
ducted in systemic sclerosis (SSc). Both RCTs were 
recruiting a highly enriched population of patients 
with inflammatory, early, diffuse, skin- progressive 
SSc. Main messages from these two RCTs were 
trend for improving skin fibrosis and prevention of 
worsening of lung fibrosis over placebo.

WHAT DOES THIS STUDY ADD?
 ⇒ No significant effectiveness of tocilizumab was 
shown in this broader, multicentre, propensity 
score matched, controlled observational, hetero-
geneous, non- enriched real- life SSc population 
from the large European Scleroderma Trial and 
Research registry.

 ⇒ The consistency of direction in all predefined prima-
ry and secondary endpoints generates hypothesis 
for potential effectiveness in a broader SSc popula-
tion rather than in highly selective RCT.

HOW MIGHT THIS IMPACT ON CLINICAL 
PRACTICE OR FUTURE DEVELOPMENTS?

 ⇒ Adds important information from real- life to the ex-
isting RCTs with tocilizumab by generating hypoth-
esis that should be confirmed in a prospective RCT 
with broader SSc population.
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Conclusion Although this large, observational, controlled, real- life 
EUSTAR study did not show significant effectiveness of tocilizumab 
on skin and lung fibrosis, the consistency of direction of all predefined 
endpoints generates hypothesis for potential effectiveness in a broader 
SSc population.

INTRODUCTION
Systemic sclerosis (SSc) is a rare but potentially lethal 
autoimmune connective tissue disease characterised by 
inflammation, fibrosis and microvasculopathy.1 It is a 
multiorgan disease involving the skin and various internal 
organs.2 3 Mortality is high, especially if lungs, heart or 
kidneys are involved.4 5 Even though new trials on various 
disease- modifying drugs have been conducted over the 
last years, therapy is still mainly based on treatment of 
organ- specific complications.6–9

Several preclinical and translational studies have shown 
that interleukin 6 (IL- 6) might play an important role 
in SSc, in particular when inflammation is driving the 
disease process.10 11 IL- 6 serum concentrations in patients 
with diffuse cutaneous (dc) SSc are significantly higher 
than in healthy individuals.12 Serum IL- 6 levels correlate 
with disease severity and mortality, and are associated 
with higher C reactive protein (CRP) levels and platelet 
counts.12 13 Inhibition of IL- 6 prevented the develop-
ment of inflammation- driven dermal fibrosis induced by 
bleomycin in mice, but did not show effects in the non- 
inflammatory TSK- 1 model.14 15

Tocilizumab (TCZ) is a humanised monoclonal 
antibody against the IL- 6 receptor.16 Two randomised 
placebo- controlled clinical trials (RCTs) with tocili-
zumab have been conducted in SSc. In the phase II 
faSScinate trial, a trend for improving skin fibrosis 
over placebo was found. Exploratory analysis revealed 
a possible stabilisation of FVC.17 18 The phase III 
focuSSced study confirmed the trend on skin fibrosis 
without reaching statistical significance. Stabilisation 
of lung fibrosis, this time with FVC as a key secondary 
endpoint and additional HRCT quantification, was 
observed.19 Both RCTs were recruiting a highly enriched 
population of patients with inflammatory, early, diffuse, 
skin- progressive SSc.

Thus, while these data are promising and have resulted 
in the approval of tocilizumab for SSc- associated inter-
stitial lung disease (SSc- ILD) by the FDA, little is known 
about the effects of tocilizumab in a broader SSc popu-
lation. Data from large ‘real- life’ registries could better 
determine the effects of tocilizumab on a more heteroge-
neous, non- enriched population. The aim of the present 
study was to estimate the treatment effect and safety 
of tocilizumab in patients with SSc, as compared with 
patients not treated with tocilizumab in a large real- life 
observational cohort study using the European Sclero-
derma Trials and Research (EUSTAR) database.

MATERIAL AND METHODS
Study design
This study was designed as a multicentre, propen-
sity score matched no- treatment controlled observa-
tional study. Data for tocilizumab- treated patients were 
requested from the EUSTAR network using a case report 
form (CRF) designed by the lead investigators.20–22 
The treating physicians made the treatment decision 
according to their local practice and routine. Requested 
data included demographics, clinical characteristics, 
treatment details and adverse events (see online supple-
mental file for CRF). Queries were sent to centres for 
missing data and data clarification. The matched control 
group was formed from patients prospectively registered 
in the EUSTAR database, not treated with tocilizumab. 
Database extraction was done on 30 October 2017.

The local ethic committees of the participating centres 
approved the data collection. All patients signed informed 
consent forms when required by the local ethics commit-
tees. This study was conducted in accordance with the 
guidelines for good clinical practice and the principles of 
the Declaration of Helsinki and registered at www.drks.de 
under DRKS00015537, including a predefined detailed 
statistical analysis plan (provided in online supplemental 
file).

Inclusion criteria and selection of control patients
Inclusion criteria for the treatment group were defi-
nite SSc according to the American College of Rheu-
matology (ACR)/EULAR 2013 criteria, treatment with 
tocilizumab and age ≥17 years.23 24 For analysis of primary 
and secondary outcomes, only patients with at least three 
applications of tocilizumab and follow- up at 12±3 months 
were included. Safety data were analysed for all patients. 
Additional/different inclusion criteria for the control 
group were absence of tocilizumab therapy, disease dura-
tion <35 years to meet the tocilizumab group and date 
of observations after 1 January 2010 (start of the online 
EUSTAR database). If multiple visits existed for one 
control patient, we used the most recent one, and this 
approach was revisited in the sensitivity analysis.

Primary and secondary outcomes
The primary outcomes were the difference at 12±3 
months of follow- up between the tocilizumab and the 
control group in the modified Rodnan skin score (mRSS) 
for skin fibrosis and the FVC for pulmonary function 
compared. Both outcomes were addressed separately, but 
a single matched set of patient treated- control pairs was 
used for analysis.

Secondary outcomes were the percentage of progres-
sive patients for skin fibrosis (increase in mRSS of 5 
points and 25%), lung fibrosis (decrease in either FVC 
≥10% or FVC ≥5% and diffusing capacity of the lung for 
carbon monoxide DLCO ≥15%), and the percentage 
of regressive patients for skin and for lung (decrease 
in mRSS of 5 points and 25% or increase in either FVC 
≥10% or FVC ≥5% and DLCO ≥15%).25–27 Presence of 
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ILD was defined as evidence for ILD on HRCT or X- ray 
as judged be the local investigator. Safety measures were 
assessed as percentage of patients suffering from adverse 
events.

Subgroup analysis
Predefined subgroup analyses included mRSS ≥10 versus 
mRSS <10 at baseline and dcSSc versus limited cutaneous 
SSc (lcSSc) (for the outcome mRSS) and FVC ≥80% 
versus FVC <80% at baseline and FVC <80% and X- ray 
or high- resolution CT (HRCT) positive versus FVC ≥80% 
and X- ray or HRCT negative (for the outcome FVC).

Exploratory subgroup analysis included disease dura-
tion ≤3 years versus disease duration >3 years and C reac-
tive protein (CRP) ≤5 mg/L versus CRP >5 mg/L and 
HRCT and/or X- ray positive versus HRCT and/or X- ray 
negative.

Subgroup analyses were preceded by a test for inter-
action. Subgroup results were only reported if there 
was evidence for differential treatment effect between 
subgroups (if p<0.05).

Propensity score matching
Based on expert opinion and considering the published 
literature, the following variables were identified as 
confounders in an interdisciplinary team discussion 
(SJ, OD, SK, UH, KS): age at diagnosis, gender, disease 
subtype (diffuse or limited), baseline mRSS, FVC, DLCO, 
co- therapy with immunosuppressive disease- modifying 
antirheumatic drugs (either one of prednisone >10 
mg/day, methotrexate, azathioprine or mycophenolate 
mofetil), rituximab within 6 months before baseline, 
disease duration in years, and year of treatment.

The propensity score was the estimated probability of a 
patient in the EUSTAR database to receive tocilizumab. 
To estimate the propensity score, a logistic regression 
model was fitted to the confounders.28 29 We used a 
nearest neighbour 1:1 propensity score matching (PSM) 
algorithm.30 Balancing of baseline characteristics before 
and after matching was assessed with descriptive statistics, 
the standardised mean difference (SMD) and explor-
atory p values. If the SMD was smaller than 0.1, the distri-
bution of confounders was assumed to be balanced.31

Handling of missing values
The procedure for handling of missing values of poten-
tial control patients and treated patients varied. The 
following variables were used in the multiple imputation 
model as predictor variables: age in years (numeric), 
gender (binary), subtype (binary), prednisone (binary), 
methotrexate (binary), azathioprine (binary), myco-
phenolate mofetil (binary), rituximab (biologic) within 
6 months before baseline (binary), disease duration in 
years (numeric), year of treatment (numeric) as well 
as baseline and follow- up of mRSS, FVC and DLCO 
(numeric). Age, disease duration in years, baseline 
and follow- up mRSS, FVC and DLCO were imputed 
using predictive mean matching. Subtype, prednisone, 

methotrexate, azathioprine, mycophenolate mofetil and 
rituximab (biologic) within 6 months before baseline 
were imputed via logistic regression and co- therapy was 
passively imputed. Missing data in the primary outcomes 
(mRSS and FVC) in potential control patients led to 
listwise exclusion of these patients, whereas none of the 
patients in the TCZ group were excluded due to missing 
parameters in the primary outcomes. Covariates with a 
percentage of missing values of more than 50% were a 
priori defined to be excluded from the analysis. For the 
remaining variables, missingness patterns were assessed. 
As we assumed that data were missing completely at 
random or missing at random, multiple imputation using 
chained equations (MICE) was used for confounders and 
outcomes at baseline as well as follow- up. The number of 
multiply imputed data sets was set to 60 (m=60).

Statistical analysis
Descriptive statistics included mean and SD or median 
and IQR for continuous variables, and number and 
percentage of total for categorical variables.

The primary outcomes, mRSS and FVC, were compared 
with linear mixed- effects models to account for the correla-
tion between the matched samples. The results from 
multiply imputed data sets were combined using Rubin’s 
rule. We used a generalised linear mixed model with bino-
mial family with a random intercept accounting for pair 
membership of matched treated and control patients.

Binary secondary outcomes were compared with ORs 
and 95% CIs between treatment groups; again, these were 
corrected for correlation in matched pairs due to matching. 
Between- group differences for continuous outcomes were 
estimated and reported with 95% CIs. The effect measures 
for the binary outcomes are marginal ORs. The signifi-
cance level for confirmatory p values was set to 0.05.

A sensitivity analysis was conducted to address pre- 
processing decisions (selection of most recent vs random 
observation for control patients with multiple suitable 
time intervals), as well as matching algorithm (nearest 
neighbour vs exact matching) and robustness of the 
results. For further details and specifications, see the 
statistical analysis plan (online supplemental file).

All data analyses were conducted using R, V.4.1.2 for 
Windows32 and the packages tableone, mice, MatchIt, 
reshape2, dplyr, mitools, lsmeans, VIM, cobalt, ggplot2, 
lmer and glmer. Results of the study were reported 
according to the STROBE guidelines.33

RESULTS
Baseline characteristics of tocilizumab and control patients
Data from 109 patients with SSc treated with tocilizumab 
were collected from 25 EUSTAR centres. Of these 109 
patients, 12 were excluded for the effectiveness anal-
ysis due to missing follow- up at 12±3 months and 4 due 
to absence of at least three tocilizumab applications. 
Route of administration was intravenous in 65 (69.9%), 
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subcutaneous in 13 (14.0%) and no information avail-
able in 15 (16.1%).

From the EUSTAR database, 3180/10 426 patients were 
fulfilling the inclusion criteria for the control group. 
There were 14.0% missing data in baseline mRSS and 
40.9% at follow- up. For FVC, the corresponding percent-
ages were 25.8% at baseline and 45.2% at follow- up. 
Through application of MICE and PSM on these patients, 
60 imputed sets of 93 matched sets of treated and control 
patients were generated (figure 1).

Baseline demographics and clinical characteristics of 
the tocilizumab group and the control group before and 
after multiple imputation and propensity score matching 
can be found in table 1. As expected, the proportion 
of patients with the diffuse subtype, the prevalence of 
increased inflammation markers (CRP/erythrocyte sedi-
mentation rate above normal limits) and patients with 
arthritis, and overlap to rheumatoid arthritis (online 
supplemental table S1) was high, reflecting the typical 
real- life indications for tocilizumab at time of the 
study. Indeed, the majority of physicians selected tocili-
zumab as a treatment because of SSc- associated arthritis 
(table 2). After multiple imputation and propensity 
score matching, the pooled SMD of baseline covari-
ates between the two groups was <0.1 for all matching 
variables. Therefore, baseline covariates were consid-
ered balanced and further adjustment was not needed 
(online supplemental table S2). In addition, online 
supplemental table S4 shows baseline characteristics 
with SMD and p values for a randomly drawn data set 
after multiple imputation.

No covariates had a percentage of missing values >50%; 
therefore, no covariate needed to be excluded.

Effects of tocilizumab on skin and lung fibrosis
Follow- up mRSS as a measure of skin fibrosis after 12±3 
months of therapy was lower in the tocilizumab group 
(mean estimate of 11.2, 95% CI 9.1 to 13.3) compared 
with the control group (12.2, 9.7 to 14.6, p=0.48). This 
effect was stable regardless of the pre- processing deci-
sions and the matching algorithm (see sensitivity anal-
yses).

Similar to skin fibrosis, we could consistently see a 
tendency towards a benefit of tocilizumab therapy for lung 
fibrosis as measured by FVC per cent predicted, which 
did not reach statistical significance. FVC at follow- up was 
88.7 (83.7 to 93.7)% predicted in the tocilizumab group 
versus 87.2 (80.8 to 93.6)% predicted in the control group 
(p=0.70). Results from the pre- defined main analysis 
of primary outcomes are shown in table 3 and figure 2. 
Accordingly, the mean estimated difference (with 95% CI) 
between groups for skin fibrosis measured by mRSS was 
lower in TCZ −1.0 (−3.7 to 1.8) and higher in TCZ for lung 
fibrosis measured by FVC (% predicted) 1.5 (−6.1 to 9.1).

Secondary outcomes
The percentage of progressive patients for skin fibrosis 
as well as for lung fibrosis (online supplemental table 
S3) was lower under tocilizumab therapy as compared 
with the control group without reaching statistical signifi-
cance. The OR for mRSS was 0.7 (0.1 to 4.8, p=0.74) and 
0.8 (0.3 to 2.2, p=0.63) for progression of ILD as meas-
ured by decline in FVC.

No significant effectiveness of tocilizumab could be 
shown for percentage of regressive patients under therapy, 
with an OR of 1.1 (0.4 to 2.7, p=0.86) for regression of 

Figure 1 Flow diagram. *Matching criteria: age at diagnosis, gender, subtype (limited/diffuse), baseline modified Rodnan skin 
score, baseline FVC, baseline diffusing capacity of the lung for carbon monoxide, co- therapy immunosuppressive disease- 
modifying antirheumatic drugs (either one of prednisone >10 mg/day, methotrexate, azathioprine and mycophenolate mofetil), 
rituximab (biologic) within 6 months before baseline, disease duration (years), year of treatment. TCZ, tocilizumab; EUSTAR, 
European Scleroderma Trial and Research.
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mRSS and 1.5 (0.6 to 3.8, p=0.41) for increase of FVC 
(table 4).

Interaction tests for differential treatment effects 
between the subgroups showed no evidence for subgroup 
effects (online supplemental table S5), suggesting that 
either the results are not different or the sample size is 
too small for patients with mRSS ≥10 versus mRSS <10, 
dcSSc versus lcSSc (for the outcome mRSS) as well as 

FVC ≥80% versus FVC <80% and FVC ≥80% and X- ray 
or HRCT positive versus FVC <80% and X- ray or HRCT 
negative (for the outcome FVC).

Sensitivity analysis
The sensitivity analysis addressed multiple observations 
in patients with more than one suitable time interval 
as well as different matching algorithms. The sensitivity 

Table 1 Baseline characteristics before and after multiple imputation and propensity score matching

TCZ- treated patients Patients without TCZ, potential controls

Before MICE and PSM
Randomly drawn data set 
after MICE and PSM

N=93 N=3180 SMD N=93 SMD

Age (mean±SD; years) 50.9±13.5 56.8±13.7 0.43 48.4±15.1 0.18

Sex

  Female (n, %) 73 (78.5) 2637 (82.9) 0.11 73 (78.5) <0.001

Systemic sclerosis subtype

  Diffuse (n, %) 49 (57.6.) 1319 (41.6) 0.33 52 (55.9) 0.02

Immunosuppressive co- therapy

  Yes 70 (80.5) 882 (29.4) 1.20 75 (80.6) <0.001

Prednisone ≥10 mg/day (n, %) 41 (48.8) 214 (7.5) 1.04 16 (17.2) 0.68

Cyclophosphamide (n, %) – 146 (5.0) – 6 (7.2) –

Methotrexate (n, %) 36 (50.0) 336 (11.3) 0.92 31 (33.3) 0.22

Azathioprine (n, %) 6 (9.2) 198 (6.7) 0.09 20 (21.5) 0.45

Mycophenolate mofetil (n, %) 4 (6.7) 232 (7.8) 0.05 18 (19.4) 0.39

D- Penicillamine (n, %) – 21 (0.7) – 0 (0.0) –

Rituximab within 6 months (n, %) 1 (1.1) 42 (1.3) 0.02 1 (1.1) <0.001

Imatinib (n, %) 0 (0.0) 1 (0.0) – 0 (0.0) –

TNF- alpha antagonist (n, %) 0 (0.0) 10 (0.3) 0.08 0 (0.0) <0.001

Abatacept (n, %) 1 (1.1) – – 1 (1.1) –

Disease duration (mean±SD, years) 6.4±5.4 10.6±7.5 0.65 6.2±4.9 0.04

Autoantibodies positive

  ANA (n, %) 73 (92.4) 2789 (95.7) 0.14 78 (96.3) 0.17

  ACA (n, %) 12 (16.7) 1054 (38.0) 0.49 10 (13.5) 0.09

  Anti- Scl- 70 (n, %) 54 (65.1) 1013 (36.3) 0.60 42 (53.8) 0.23

CRP ≥5 mg/L (n, %) 49 (56.3) 250 (8.0) 1.21 11 (12.1) 1.054

ESR >25 mm/h (n, %) 38 (54.3) 867 (30.4) 0.50 29 (34.9) 0.40

Baseline mRSS (median, IQR) 14.0 (6.0, 22.2) 6.0 (2.0, 11.0) 0.79 11.0 (6.0, 21.0) 0.07

Baseline FVC % predicted (mean±SD) 84.9±19.6 95.8±21.6 0.52 88.0±22.8 0.01

Baseline DLCO % predicted (mean±SD) 62.2±22.4 67.5±19.9 0.25 65.1 (19.0) 0.12

HRCT or X- ray positive for ILD (n, %) 49 (73.1) 1276 (48.3) 0.53 37 (47.4) 0.54

Digital ulcers (n, %) 16 (17.8) 274 (12.2) 0.16 12 (18.5) 0.02

Joint synovitis (n, %) 44 (62.0) 320 (10.2) 1.28 14 (15.4) 1.09

Tendon friction rubs (n, %) 25 (31.2) 184 (6.0) 0.69 11 (12.1) 0.48

Demographics and clinical characteristics are defined according to EUSTAR criteria.39 The standardised mean difference (SMD) is a 
measure for assessing balance of distributions, values <0.1 indicate balanced covariates between matched samples.
ACA, anti- centromere antibodies; ANA, antinuclear antibodies; anti- Scl- 70, anti- topoisomerase antibodies; CRP, C reactive protein; 
DLCO, diffusing capacity for carbon monoxide; ESR, erythrocyte sedimentation rate; FVC, forced vital capacity; ILD, interstitial lung 
disease; MICE, multiple imputation using chained equations; mRSS, modified Rodnan skin score; PSM, propensity score matching; 
RNA- pol III, anti- polymerase III; TCZ, tocilizumab.
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analyses were not significant, but showed consistency of 
direction in the differences between tocilizumab and 
control observed in the main analysis (summarised in 
online supplemental tables S6–S9).

Safety of tocilizumab
Safety parameters of all 109 patients were assessed at 0, 3, 
6 and 12 months of follow- up. Assessed exposed patient 
years (PY) were 93.8. A total of 90 adverse events (AEs) 
(96 per 100 PY) and 17 serious adverse events (SAEs) 
(18.1 per 100 PY) were registered. SAEs are summarised 
in table 5. Among the SAEs, there was one death and 
eight events resulted in discontinuation of tocilizumab.

Most frequently observed adverse events were disorders 
of the blood and lymphatic system like leucopenia and 
thrombocytopenia (32 events, 34.2 per 100 PY). However, 
31 of 32 were mild (leucocytes >1500/µL, thrombocytes 
>50 000/µL). Twenty- five infections were registered (26.7 
per 100 PY). Superinfection of digital ulcers was reported 
in four patients. Elevated transaminases were reported 
(18 events, 19.2 per 100 PY), yet only five were >2× upper 
limit of normal.

DISCUSSION
Our multicentre, propensity score matched, controlled 
observational study in the EUSTAR database did not 

show significant effectiveness of tocilizumab on skin and 
lung fibrosis. Subgroup analysis did not show evidence 
for differences in effectiveness across subpopulations, 
although sample sizes might have been too small to detect 
differences in subgroups. However, a remarkable finding 
of this study was the consistent, although not significant, 
point estimates in favour of tocilizumab across all prede-
fined primary and secondary endpoints. Furthermore, 
additional sensitivity analyses were consistent. The data 
used in this study were from a large registry including 
a general population of patients with SSc. Although the 
estimated effects of tocilizumab were not significant, the 
results of the study may be seen as hypothesis generating 
for a potential effectiveness of tocilizumab in broader 
patient populations than studied in the highly selected 
and enriched RCT populations. The hypothesis that 
tocilizumab might also be effective in broader patient 
populations needs now to be tested in further large 
prospective RCTs.

Our study has to be interpreted in light of the results 
from the two RCTs conducted in SSc with a high evidence 
level.17 19 In both RCTs, there was a consistent trend for 
the primary endpoint mRSS favouring tocilizumab. 
Considering that in these RCTs, the study population 
was strongly enriched for mRSS dynamics, the current 
confirmation of these results in a much less selected 
observational real- life cohort is encouraging. Regarding 
lung fibrosis, both RCTs showed strong effects of tocili-
zumab on FVC as a secondary or exploratory endpoint. 
An important result of both trials was the successful 
enrichment for a strong decline of FVC in the placebo 
groups using a combination of inclusion criteria such as 
early dcSSc, increased inflammatory markers and recent 
progression of skin fibrosis.34 35 The resulting progres-
sion of FVC was comparable with that seen in idiopathic 
pulmonary fibrosis and allowed demonstrating the strong 
difference of FVC in the tocilizumab group compared 
with placebo with a stabilised FVC. This strong difference 
of FVC would be more difficult to be shown with less 
enriched patient populations and slower progression of 
FVC in the placebo/control group such as in the Senscis 
trial7 or in the present study.

Considering safety, our study did not reveal signifi-
cant new potential threats of tocilizumab. The profile of 
adverse events was similar to that of other studies investi-
gating safety parameters in patients with tocilizumab.17 36 37 
There was a predominance of infections among the SAEs 
(5/17) and well- known laboratory abnormalities such as 
thrombocytopenia or elevated transaminases among the 
AEs (49/90). However, while previous studies suggested 
that serious infections might be higher in patients with 
SSc treated with tocilizumab than in patients with rheu-
matoid arthritis, our study could not confirm this.17 38 
Of particular interest are infections of digital ulcers, but 
with only four infections associated with digital ulcers 
(two considered serious) observed in 93.8 patient years, 
application of tocilizumab does not seem to dramatically 
increase ulcer infections.

Table 2 Indication for treatment with TCZ

n=93

Joints 67 (72.0%)

Skin 25 (26.9%)

Lung 20 (21.5%)

Myositis 2 (2.2%)

Heart 1 (1.1%)

Tendinitis 2 (2.2%)

Vasculitis 1 (1.1%)

Coexisting Castelman- like disease 1 (1.1%)

Joints only 50 (53.8%)

Joints and skin 6 (6.5%)

Joints and lung 7 (7.5%)

Joints and myositis 1 (1.1%)

Joints, skin and lung 3 (3.2%)

Skin only 8 (8.6%)

Skin and lung 4 (4.3%)

Skin and heart 1 (1.1%)

Skin and tendovaginitis 2 (2.2%)

Skin, lung and myositis 1 (2.2%)

Lung only 5 (5.4%)

Vasculitis only 1 (1.1%)

Coexisting Castelman- like disease only 1 (1.1%)

NA 3 (3.2%)

NA, not available; TCZ, tocilizumab.
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Our study has limitations. Despite the relatively large 
number of patients in the EUSTAR database, there were 
much less patients available who received treatment 
with tocilizumab. Therefore, uncertainty increased and 
the power of the study was not high enough to allow 
definite conclusions. In general, a higher number of 
patients is needed to show a treatment effect in obser-
vational cohorts than in RCTs because there is more 
heterogeneity. In addition, the leading indication to 
treat patients with SSc with tocilizumab was presence of 
arthritis and/or overlap to rheumatoid arthritis at time 
of the present study and the associated disease character-
istics with, for example, longer disease duration further 
decrease the likelihood that a significant treatment effect 
can be observed, at least for mRSS. After publication 
of the two tocilizumab RCTs, this practice pattern has 
likely changed and many more patients with SSc- ILD 
are treated nowadays with tocilizumab. Despite propen-
sity scoring matching for key parameters, some features 

associated with disease progression, such as increased 
inflammatory markers and arthritis, were more common 
in the tocilizumab patients than in controls. However, 
this should lead to more progression in the tocilizumab 
group and supports a potential positive effect of tocili-
zumab in this study. Due to a small number of patients 
in the subgroups, it was not possible to include all vari-
ables into a single imputation model. Therefore, the 
subgroup results are biased towards null and should be 
interpreted with caution. Another potential limitation 
is that we matched for any immunosuppressive treat-
ment, but not for single immunosuppressive drugs. If 
the immunosuppressive drugs are having very different 
effects on outcomes than others, this matching would 
not have been perfect. However, numbers would have 
been too small for matching of single immunosuppres-
sive drugs and results would have not been meaningful. 
Moreover, the absolute numbers of AE observed in this 
trial should be considered with caution, as they were 

Table 3 Primary outcomes at follow- up (12±3 months)

mRSS FVC (% predicted)

TCZ, n=93 Mean estimate (95% CI) 11.2 (9.1 to 13.3) 88.7 (83.7 to 93.7)

Controls Mean estimate (95% CI) 12.2 (9.7 to 14.6) 87.2 (80.8 to 93.6)

Between- group difference Mean estimate (95% CI) −1.0 (−3.7 to 1.8) 1.5 (−6.1 to 9.1)

P value 0.48 0.70

These results represent our main analysis with a nearest neighbour matching algorithm and selection of most recent observation in control 
patients with multiple possible baseline observations.
CI, confidence interval; FVC, forced vital capacity; mRSS, modified Rodnan skin score; TCZ, tocilizumab.

Figure 2 Modified Rodnan skin score (mRSS) and FVC at follow- up (12±3) months. (A) Primary outcome mRSS estimate 
(95% CI) tocilizumab (TCZ) vs control between- group mean difference p=0.48. (B) Primary outcome FVC% predicted estimate 
(95% CI) TCZ vs control between- group difference p=0.70.
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collected retrospectively, are therefore likely underes-
timated, and a control group for the AE was missing. 
Finally, it must be strongly emphasised that observational 
studies can provide important signals, which may be used 
for hypothesis generation and might contribute to gener-
alisation of trial results to real- life setting, but are never 
of high enough evidence to prove drug effectiveness. 
Still, the current study adds important supportive data 
for effectiveness of tocilizumab in SSc in real- life setting 
consistent with data from the two RCTs.

Strengths of the study include the robust, predefined 
and preregistered study protocol (www.drks.de), with a 
detailed statistical analysis plan involving expert biostat-
isticians and applying propensity score matching and 
using optimised matching procedures, while accounting 
for missing data with a multiple imputation approach. All 
major decisions regarding methodological approaches 
were re- evaluated in sensitivity analyses. The results 
remained stable indicating that the methodology or 
assumptions did not affect the results of this study. This 

study reports the largest number of patients with SSc 
treated with tocilizumab with similar numbers as in 
the phase III focuSSced study.19 In addition, data were 
collected from a real- life setting avoiding over- enrichment 
as in standard RCTs. Controls were derived from the very 
large, prospectively collected EUSTAR database.

CONCLUSION
Taken together, in this large, propensity score matched, 
controlled observational real- life EUSTAR study, we 
could not show significant effectiveness of tocilizumab 
for skin and lung fibrosis across all predefined primary 
and secondary endpoints. However, the consistency of 
direction of all predefined endpoints generates hypoth-
esis for potential effectiveness in a broader SSc popula-
tion than the highly selective population included in the 
RCTs. This hypothesis needs to be confirmed by prospec-
tive RCTs with broader patient populations. Safety anal-
ysis confirmed previous AE profiles without new signals.

Table 4 Secondary outcomes: progression/regression of mRSS and decline/increase of FVC

mRSS FVC

Progression Regression Decline Increase

Estimated treatment effect of TCZ with OR (95% CI) 0.7 (0.1 to 4.8) 1.1 (0.4 to 2.7) 0.8 (0.3 to 2.2) 1.5 (0.6 to 3.8)
P values 0.74 0.86 0.63 0.41

These results represent our main analysis with a nearest neighbour matching algorithm and selection of most recent observation in control 
patients with multiple possible baseline observations.
CI, confidence interval; FVC, forced vital capacity; mRSS, modified Rodnan skin score; OR, odds ratio; TCZ, tocilizumab.

Table 5 Summary of serious adverse events over the total follow- up duration

Patient n
Age 
years

Report at 
visit (month) Event

Discontinuation 
of tocilizumab Hospitalisation

Patient 5 42 12 Severe thrombocytopenia No No

Patient 39 45 6 Toe necrosis and infection Yes Yes

Patient 39 45 12 Pneumonitis (after stop of TCZ) – Yes

Patient 43 68 6 Atrial flutter Yes No

Patient 49 32 12 Digital ulcer with osteomyelitis No NA

Patient 50 41 3 Allergic reaction Yes No

Patient 50 41 3 Influenza Yes Yes

Patient 69 41 3 Renal crisis Yes Yes

Patient 69 41 6 Thrombophlebitis (after stop of TCZ) – Yes

Patient 70 58 6 Acute heart failure Yes NA

Patient 70 58 12 Amputation last phalanx Dig I foot (after stop of TCZ) – NA

Patient 71 76 6 Deep vein thrombosis No NA

Patient 80 56 0 Severe allergic reaction Yes NA

Patient 83 58 3 Bilateral keratitis Yes No

Patient 92 63 3 Pneumonia No Yes

Patient 92 63 12 Pneumonia No Yes

Patient 97 18 12 Sudden cardiac death – NA

–, Information is not applicable; NA, data are not available; TCZ, tocilizumab.
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