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SUPPLEMENTARY APPENDIX 

 
Assessment of data 

 
The following parameters were collected in the CRFs: age and gender, autoantibody profile, disease 

duration (defined as time since onset of first non-Raynaud symptoms), disease subtype (diffuse vs. 

limited disease according to Leroy). The modified Rodnan Skin Score (mRSS) was used to evaluate skin 

fibrosis.(1) EUSTAR investigators are regularly trained to perform the mRSS.(2-4) Pulmonary function 

was primarily evaluated by measurement of forced vital capacity (FVC) % predicted, diffusing capacity 

of the lung for carbon monoxide (DLCO) % predicted and high-resolution CT (HRCT). Moreover, safety 

of TCZ was assessed by various other clinical and laboratory parameters. Data were collected at 

baseline as well as 3-, 6- and 12-months follow-up. 

Supplementary tables 

 

Supplementary Table S1. Overlap syndrome with RA 

 TCZ treated patients (n=93) 

Anti CCP positive 13/55 (23.6%) 

RF positive 22/60 (36.7%) 

RF and anti- CCP both positive  11/60 (18.3%) 

Overlap syndrome RA as reported by principal investigator 20/72 (27.8%) 

No data was available for the control patients. Abbreviations: anti-CCP- anti cyclic citrullinated peptide antibody, RA-rheumatoid arthritis; RF-rheumatoid factor; 

TCZ-tocilizumab 

 

Supplementary Table S2. Pooled SMD between groups after multiple imputation and propensity score matching 

(nearest neighbour matching algorithm) 

 SMD mean across imputations 

age 0.077 

sex 0.080 

Scleroderma subtype 0.073 

Baseline mRSS 0.061 

Baseline FVC % predicted 0.093 

Baseline DLCO % predicted 0.085 

Immunosuppressive co-therapy 0.061 

Rituximab within 6 months 0.076 

Disease duration 0.053 

Year of treatment 0.063 

Abbreviations: SMD- standardised mean difference; mRSS- modified Rodnan skin score; FVC- forced vital capacity; DLCO-diffusing capacity 

for carbon monoxide; 
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Supplementary Table S3. Progressive and regressive patients 

Secondary outcome group Percentage (%) 

Progressive lung fibrosis TCZ treated 14.1 

Progressive lung fibrosis control 17.4 

Progressive skin fibrosis TCZ treated  4.0 

Progressive skin fibrosis control  3.9 

Regressive lung fibrosis TCZ treated 22.3 

Regressive lung fibrosis control 16.1 

Regressive skin fibrosis TCZ treated 20.1 

Regressive skin fibrosis control 18.9 

Progression/regression of the skin fibrosis was defined as: an increase/decrease in mRSS >5 units AND ≥25% from baseline to 12±3 months 

follow up. Progression/regression of lung fibrosis is defined as decrease from baseline to12±3 months follow-up in FVC ≥10%, or FVC 

decrease 5%–9% combined with diffusing capacity for carbon monoxide (DLCO) ≥15%. After multiple imputation the most.recent selection 

of patients and the nearest neighbor matching was applied. Abbreviations: TCZ- tocilizumab 
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Supplementary Table S4. Baseline demographics of random drawn dataset after multiple imputation and 

propensity score matching 

 Tocilizumab Control group p-values SMD 

 N=93 N=93   

Age (mean±SD; years) 50.9±13.5 48.4±15.1 0.23 0.18 

Sex  

     Female (n, %) 73 (78.5) 73 (78.5) 1.00 <0.001 

Scleroderma subtype     

     Diffuse (n, %) 54 (58.1) 55 (59.1) 1.00 0.02 

Immunosuppressive co-therapy  

     Yes (n, %) 75 (80.6.) 75 (80.6) 1.00 <0.001 

Prednisone (≥10 mg/day; n; %)) 44 (47.3) 16 (17.2) <0.001 0.68 

Cyclophosphamide (n, %) 0 6 (7.2) NaN NaN 

Methotrexate (n, %)  41 (44.1) 31 (33.3) 0.18 0.22 

Azathioprine (n, %) 6 (6.5) 20 (21.5) 0.01 0.45 

Mycophenolate mofetil (n, %) 6 (6.5) 18 (19.4) 0.02 0.39 

D-penicillamine (n, %) 0 0 NaN NaN 

Rituximab within 6 months (n, %) 1 (1.1) 1 (1.1) 1.00 <0.001 

Imatinib (n, %) 0 0 NaN NaN 

TNF-alpha antagonist (n, %) 0 0 NaN NaN 

Abatacept (n, %) 1 (1.1) 0 NaN NaN 

Disease duration (mean±SD;  years)  6.4±5.4 6.2±4.9 0.79 0.04 

Autoantibodies positive  

     ANA (n, %) 73 (92.4) 78 (96.3 0.47 0.17 

     ACA (n, %) 12 (16.7) 10 (13.5) 0.76 0.09 

     Anti-Scl-70 (n, %) 54 (65.1) 42 (53.8) 0.20 0.23 

CRP ≥ 5mg/l (n, %) 38 (43.7) 80 (87.9) <0.001 1.05 

ESR elevation (>25mm/h) 38 (54.3) 29 (34.9) 0.03 0.40 

mRSS (median, IQR) 13.0 (6.0, 22.0) 11.0 (6.0, 21.0) 0.67 0.07 

FVC % predicted (mean±SD) 87.7±21.4 88.0±22.8 0.93 0.01 

DLCO % predicted (mean±SD) 62.6±21.9 65.1±19.0 0.41 0.12 

HRCT positive or X-ray positive 49 (73.1) 37 (47.4) 0.003 0.54 

Digital ulcers (n, %) 16 (17.8) 12 (18.5) 1.00 0.02 

Joint synovitis (n, %) 44 (62.0) 14 (15.4) <0.001 1.09 

Tendon friction rubs (n, %) 25 (31.2) 11 (12.1) 0.004 0.48 

Demographics and clinical Characteristics are defined according to EUSTAR criteria.[5] Above shown data is before multiple imputation and 

propensity score matching. Abbreviations: SD-standard deviation;  mRSS- modified Rodnan skin score; FVC- forced vital capacity; DLCO-

diffusing capacity for carbon monoxide;NaN- not available number; 
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Supplementary Table S5. Subgroup analysis (nearest neighbour matching and selection of most recent 

observation) 

 outcome p-value for interaction test 

mRSS ≥10 versus mRSS <10 mRSS 0.77 

FVC 0.47 

diffuse versus limited mRSS 0.81 

FVC 0.69 

HRCT positive vs HRCT negative mRSS 0.63 

FVC 0.90 

FVC <80% versus FVC ≥80% mRSS 0.68 

FVC 0.84 

FVC <80% & HRCT positive  mRSS 0.76 

FVC 0.41 

Disease duration (in years) ≤3 versus  

disease duration >3 

mRSS 0.23 

FVC 0.63 

C-reactive protein (CRP) ≤ 5 mg/l versus 

CRP> 5 mg/l 

mRSS 0.95 

FVC 0.55 

Abbreviations: mRSS- modified Rodnan skin score; FVC- forced vital capacity % predicted; HRCT- high resolution computed tomography 

 

Supplementary Table S6. mRSS at follow-up (12±3months), sensitivity analyses 

  nearest neighbour matching exact matching 

  most recent random most recent random 

Tocilizumab mean estimate 

(95% CI) 

11.2 (9.1 to 13.3) 11.1 (9.1 to 13.2) 11.2 (9.1 to 13.3) 11.1 (9.1 to 13.2) 

Controls mean estimate 

(95% CI) 

12.2 (9.7 to 14.6) 12.0 (9.6 to 14.4) 

 

12.5 (10.3 to  14.7) 12.1 (9.8 to 14.4) 

between group difference mean estimate 

(95% CI) 

-1.0 (-3.7 to 1.8) -0.8 (-3.8 to 2.1) -1.3 (-3.5 to 0.9)  -1.0 (-3.4 to 1.5)  

p-value  0.48 0.58 0.25 0.44 

Abbreviations: mRSS- modified Rodnan skin score; CI-confidence interval 

 
 

Supplementary Table S7. FVC at follow-up (12±3months), sensitivity analyses 

  nearest neighbour matching exact matching 

  most recent random most recent random 

Tocilizumab mean estimate 

(95% CI) 

88.7 (83.7 to 93.7)  88.7 (83.6 to 93.8)  88.7 (83.7 to 93.7)  88.7 (83.7 to 93.8)  

Controls mean estimate 

(95% CI) 

87.2 (80.8 to 93.6)  87.2 (80.6 to 93.9)  87.9 ( 82.2 to 93.6)  87.6 (81.2 to 93.9)  

between group difference mean estimate 

(95% CI) 

1.5 (-6.1 to 9.07)  1.5 (-6.4 to 9.3)  0.8 (-6.1 to 7.7)  1.2 (-6.6 to 8.9)  

p-value  0.70 0.72 0.82 0.77 

Abbreviations: FVC- forced vital capacity % predicted;  CI-confidence interval 
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Supplementary Table S8. Progression and regression of mRSS, sensitivity analyses 

 nearest neighbour matching exact matching 

 most recent random most recent random 

Estimated treatment effect of TCZ 

for progression OR (95% CI) 

0.73 (0.11 to 4.83)  0.66 (0.10 to 4.39)  0.83 (0.12 to 5.76)  0.76 (0.10 to 5.51)  

p-values 0.74 0.66 0.85 0.78 

Estimated treatment effect of TCZ 

for regression OR (95% CI) 

1.09 (0.44 to 2.70)  1.01 (0.39 to 2.64) 1.11 (0.39 to 3.13)  1.10 (0.39 to 3.09)  

p-value  0.86 0.99 0.84 0.85 

Abbreviations: mRSS- modified Rodnan skin score; CI-confidence interval; TCZ-tocilizumab; OR-odds ratio 

 
 
 

Supplementary Table S9. Progression and regression of FVC, sensitivity analyses 

 nearest neighbour matching exact matching 

 most recent random most recent random 

Estimated treatment effect of TCZ 

on FVC decline OR (95% CI)  

0.77 (0.27 to 2.24)  0.68 (0.24 to 1.95)  0.80 (0.27 to 2.37) 0.68 (0.23 to 2.00)  

p-values 0.63 0.48 0.69 0.48 

Estimated treatment effect of TCZ 

for  on FVC improvement OR (95% 

CI) 

1.49 (0.58 to 3.84)  1.46 (0.53 to 4.06) 1.29 (0.52 to 3.18)  1.35 (0.53 to 3.40) 

p-value 0.41 0.47 0.58 0.53 

Abbreviations: FVC- Forced vital capacity % predicted; CI-confidence interval; TCZ-tocilizumab; OR-odds ratio 
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disease.   Increasing evidence supports a contribution of the immune system and    in particular 
interleukin 6 (IL-6) in the pathogenesis of SSc (O’Reilly et al., 2013). In SSc-patients
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preliminary data have suggested that tocilizumab, a humanised anti-IL-6 receptor antibody, might 
improve dermal fibrosis and joint involvement in refractory polyarthritis associated with SSc (Shima 
et al., 2010) (Elhai et al., 2013). Following these results, a phase II randomized controlled trial was 
performed enrolling 87 diffuse cutaneous SSc with progressive skin disease (Khanna et al., 2016). The 
primary endpoint (difference in mean change from baseline in modified Rodnan skin score at 24 
weeks) was not met, but Rodnan skin score had a greater decreasing trend in patients treated with 
Tocilizumab than in those receiving placebo (p=0.06). Furthermore, one exploratory analysis revealed 
that fewer  patients in the Tocilizumab group had a decline in forced vital capacity at      48 weeks 
(p=0.04). An ongoing phase III trial might help to better analyse safety and efficacy of tocilizumab in 
SSc. However, limited follow-up periods and strict criteria for recruitment in clinical trials prevent 
from documenting effects in a broader population and the long-term outcomes of the patients and 
might lead to an underestimation of adverse events. Therefore, data from large "real- life" registries 
could be used to better determine the effects of Tocilizumab on different involvements of SSc, to 
identify who, among SSc-patients might benefit from this treatment, and to analyse long- term efficacy 
and safety of tocilizumab in SSc. 

 
2 Data source 

We will use data from the EUSTAR ("European Scleroderma Treatment And Research") database. 
There are currently more than 200 scleroderma centres in the EUSTAR cohort, treating more than 
15,000 patients with SSc. To document the course and treatment of scleroderma, the EUSTAR cohort 
maintains an online patient database. The data is stored centrally in Switzerland (New Win AG). 
Patient data were entered starting from January 2009. Further information is available on 
www.EUSTAR.org. 

 
3 Aims 

The aim of this project is to evaluate the outcomes of SSc-patients receiving tocilizumab in routine 
care in comparison with SSc-patients not receiving tocilizumab. 

 
4 Analysis sets and populations 

Definition of treated  and controls: Patients reported from the EUSTAR database receiving 
tocilizumab for at least 3 months are considered as TREATED. Patients from the database not 
receiving tocilizumab are considered as potential CONTROLS. 

 
 

Inclusion criteria: 

• Age ≥ 17 years 

• Observations of patients entering the database after 1.1.2010 

• Classification criteria for SSc fulfilled (ACR 1980 criteria or 2013 ACR/EULAR criteria) 

• Potential control patients with disease duration ≤ 35 years 
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5 Endpoints, covariates, and subgroups 

Primary endpoints: Primary endpoints are mRSS (modified Rodnan Skin Score) and FVC, both at 
12 months follow-up time. The time window for the 12 months assessment will be a 9-15 months 
window. The two different endpoints will be addressed separately, but a single matched set of patient 
treated-control pairs will be used for analysis. 

 
 

Exploratory secondary endpoints: The percentage of progressive patients for skin under therapy, 
defined as an increase in (mRSS of 5 points AND of 25% compared to baseline). The percentage of 
progressive patients for lung under therapy, defined as a decrease in either (FVC > 10%) or (FVC > 
5% AND DLCO > 15%). 

 
The percentage of regressive patients for skin under therapy, defined as a (decrease in mRSS of 5 
points AND of 25% compared to baseline). The percentage of regressive patients for lung under 
therapy, defined as an increase in either (FVC > 10%) or (FVC > 5% AND DLCO > 15%). 

 
 

Covariates identified to impact outcomes are 

• Age (years) 

• Gender 

• Subtype (limited / diffuse) 

• Baseline mRSS, baseline FVC, baseline DLCO 

• Co-therapy immunosuppressive DMARDs (prednisone > 10mg/d, Methotrexate, azathioprine 
and mycophenolate mofetil), either one (coded 1) or none (coded 0) 

• Rituximab (biologic) within 6 months before baseline 

• Disease duration (years) 

• Year of treatment 

The above defined covariates (confounders) will be used for matching. 
 
 

Pre-specified exploratory subgroup analysis for primary endpoints, and secondary endpoints 

where applicable: 

• Subgroup analysis for baseline mRSS: mRSS ≥ 10 versus < 10. 

• Subgroup analysis for subtype analysis: diffuse SSc vs limited SSc. 

• Subgroup analysis for baseline FVC: FVC < 80% versus ≥ 80%. 

• Subgroup analysis for baseline FVC: FVC < 80% and HRCT-diagnosed lung fibrosis versus 
complementary group. 

A test for interaction will precede the subgroup analyses. Only if p < 0.05, we assume that there is 
evidence for differential treatment effect between subgroups, and subgroup results will be reported. 
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6 Handling of missing values and other data conventions 

Missing values Missing values will be present in the database and the case report forms. 

• Potential control patients: Missing data in each of the two outcomes (FVC and mRSS) of control 
patients will be excluded listwise. 

• Treated patients: within patients receiving tocilizumab, none will be excluded due to missing 
outcomes prior to multiple imputation. 

• If the percentage of missing values in a covariate is above 50%, the covariate will be excluded 
from the analysis. Otherwise, missingness patterns will be assessed.  If it can be assumed  that 
data are missing completely at random (MCAR) or missing at random (MAR), multiple 
imputation using chained equations (MICE) will be applied, leading to the analysis of > 50 
completed datasets. The MI will be used for the defined covariates and outcomes, at baseline 
and follow-up. 

 
Preselection of potential control observations across the database The follow-up time is 12 

±3months, leaving a time window from 9 - 15 months follow-up duration. A preselection of 
observations in control patients will extract those observations for each control patient from the 
database that have exactly 2 observations within this time window. The first of these will be 
considered as baseline, the second as follow-up. In case that still multiple control observations exist 
for single patients, we will use the most recent one, but this approach will be revisited in the 
sensitivity analysis. Eventually, one single observation (line in dataset) for each potential CONTROL 
patient, and all patients considered as TREATED will be used for estimating the propensity score 
and matching. 

 
7 Statistical methodology 

Estimation of the propensity score and matching The propensity score will be estimated with 
logistic regression, including the covariates described above. We plan to use an optimal matching 
algorithm (Ho et al., 2011), attempting to minimize a global measure of distance between treated 
and controls. Attention needs to be paid to matched sets in the subgroup analysis. 1:1 matching will 
be performed. 
Balancing of baseline covariates will be assessed with descriptive statistics, exploratory p-values, 
and the standardized mean difference (SMD), resulting in a Table 1 before and after matching. If 
SMD < 0.1, the covariate will be assumed balanced between matched samples, if SMD ≥ 0.1 the 
covariate will be adjusted for in a regression model. 

 
Analysis after matching If all baseline covariates are balanced after matching, the treatment effect 
will be estimated as mean difference between treatment groups, including 95% confidence interval 
for continuous outcomes and as odds ratios with 95% confidence intervals for binary outcomes. If 
unbalanced baseline confounders remain after matching, the analysis will be using a linear random 
effects model for continuous outcomes, including treatment group and potentially unbalanced 
covariates after matching as independent variables. Random effects will be used to account for each 
matched pair of TREATED-CONTROL patients. Binary outcomes will be addressed with logistic 
regression models under the same specifications. The results will include confirmatory p-values for 
primary outcomes, as well as exploratory p-values for all other hypotheses. The significance level for 
confirmatory p-values is set to 0.05. 
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8 Sensitivity analysis 

Preselection of observations in control patients, not the most recent observation per each patient will 
be used, but randomly an observation will be chosen. 

Exact matching for the variables Gender, Subtype, Co-therapy immunosuppressive DMARDs 
and Rituximab (biologic) within 6 months before baseline will be applied as sensitivity analysis. 

 
A common critique of the matching approach is that unmeasured baseline covariates may still affect 
the estimated treatment effect and cannot be accounted for. Robustness of the results, in case of 
unmeasured confounders, will be addressed with Rosenbaum bounds for p-values and Hodges- 
Lehmann point estimates (Rosenbaum, 1993) (Rosenbaum, 2013). The results will be presented in 
combination with the calculated level of robustness, if the significance level of the first analysis was 
met. 

 
9 Rationale for any deviation from pre-specified analysis plan 

• Percentage of missing values too large for some of the defined confounders. 

• Missing values in the outcomes. 

• Missingness generating mechanism not at random. 
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