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ABSTRACT

Objective To assess the safety and efficacy of
rituximab in systemic sclerosis (SSc) in clinical
practice.

Methods We performed a prospective study including
patients with SSc from the European Scleroderma Trials
and Research (EUSTAR) network treated with rituximab
and matched with untreated patients with SSc. The main

Key messages

What is already known about this subject?

» Some efficacy of rituximab in systemic sclerosis
(SSc) has been suggested by few small-sized
uncontrolled studies. Large controlled studies
were lacking.

outcomes measures were adverse events, skin fibrosis
improvement, lung fibrosis worsening and steroids use
among propensity score-matched patients treated or not
with rituximab.

What does this study add?
» Rituximab is safe in SSc.
» Treatment with rituximab improves skin

fibrosis, which is a marker of disease activity
and severity as compared with untreated
control-patients.

» No significant change was observed on lung
fibrosis in the whole cohort.

» Secondary analyses suggest that combination
therapy with mycophenolate mofetil might be
more effective for treating lung fibrosis.

Results 254 patients were treated with rituximab,

in 58% for lung and in 32% for skin involvement.
After a median follow-up of 2 years, about 70%

of the patients had no side effect. Comparison of
treated patients with 9575 propensity-score matched
patients showed that patients treated with rituximab
were more likely to have skin fibrosis improvement
(22.7 vs 14.03 events per 100 person-years; OR:

2.79 [1.47-5.32]; p=0.002). Treated patients did

not have significantly different rates of decrease in
forced vital capacity (FVC)>10% (OR: 1.03 [0.55—
1.94]; p=0.93) nor in carbon monoxide diffusing
capacity (DLCO) decrease. Patients having received
rituximab were more prone to stop or decrease
steroids (OR: 2.34 [1.56-3.53], p<0.0001). Patients
treated concomitantly with mycophenolate mofetil
had a trend for better outcomes as compared with
patients receiving rituximab alone (delta FVC: 5.22
[0.83-9.62]; p=0.019 as compared with controls vs 3
[0.66-5.35]; p=0.012).

Conclusion Rituximab use was associated with a good
safety profile in this large SSc-cohort. Significant change
was observed on skin fibrosis, but not on lung. However,
the limitation is the observational design. The potential
stabilisation of lung fibrosis by rituximab has to be
addressed by a randomised trial.

How might this impact on clinical practice or

future developments?

» A clue for the future to get a better impact on
SSc outcomes might be combination therapy,
which should be further studied.

INTRODUCTION

Systemic sclerosis (SSc) is an orphan disease that
is characterised by fibrosis of the skin and internal
organs, autoimmunity and vasculopathy.! SSc
has the highest cause-specific mortality among
connective tissue diseases.” Progressive interstitial
lung disease (ILD) is the leading cause of death
in SSc.” Despite the fatal burden associated with
this condition, treatment options for SSc remain
limited.* Preliminary case-reports and series
have suggested that rituximab, a chimeric mono-
clonal antibody targeting B cells, could improve
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Systemic sclerosis

Table 1 Baseline characteristics of patients with SSc treated with
rituximab and untreated SSc-controls from EUSTAR database

Total Non-treated Treated

(n=9829) (n=9575) (n=254) P value
Sex (Female) 8437 (85.8%) 8256 (86.2%) 181 (71.3%)  <0.0001
Age, Mean+SD 54.4+13.8 55 (45-65) 51 (44-58) <0.0001
Diffuse 3022 (31%) 2866 (30.2%) 156 (63.9%)  <0.0001
cutaneous
form
Disease 5.2 (2:11.1) 5.2 (2-11.1) 42(1.9-9.7) 0.046
duration
(years),
Median
(Q1-Q3)
ANA 9053 (94.6%) 8813 (94.5%) 240 (98%) 0.026
Anti-Scl70 3123 (33.9%) 2994 (33.4%) 129 (52.9%) <0.0001
ACA 3436 (37.4%) 3410 (38.1%) 26 (10.7%) <0.0001
RNA pol IIl 162 (5.3%) 145 (5.2%) 17 (7%) 0.31
antibodies
Modified (0:86) 7 (3-13) 14 (6-24) <0.0001
Rodnan skin
score, Median
(Q1-Q3)
Lung fibrosis 1686 (43.4%) 1505 (41.4%) 181 (71.3%) <0.0001
(on HRCT)
FVC, Mean+SD 94.5+21.7 96 (81-110) 77 (63-95.2) <0.0001
DLCO, 70.2+23.1 71 (57-84) 57 (43-72.3) <0.0001
Mean+SD
Tender joints 0 (0:0) 0 (0-0) 0 (0-4) <0.0001
count, Median
(Q1-Q3)
Swollen joints 0 (0:0) 0 (0-0) 0(0-0.8) <0.0001
count, Median
(Q1-Q3)
CRP, Median 3(1:7) 2.4 (1-6) 5(2-14.6) <0.0001
(Q1-Q3)
Previous IS or 1798 (18.3%) 1698 (17.7%) 100 (39.4%) <0.0001
biologics
Steroids 171 (67.3%)
Prednisone 0 (0:5) 0 (0-5) 5(0-10) <0.0001
(mg/day),
Median
(Q1-Q3)
Follow-up 25.1(18.5:38.1) 25.1(18.9-38) 24.3 0.005
(months) (13.3-41.4)

Previous IS (immunosuppressive drugs) include methotrexate, mycophenolate
mofetil, azathioprine and cyclophosphamide, whereas biologics include anti-TNF
alpha, tocilizumab and abatacept.

Values are median (IQR) or mean+SD or numbers (%) of observations.

Lung fibrosis was diagnosed on HRCT.

ACA, anticentromeres; ANA, antinuclear antibodies; DLCO, diffusing capacity of lung
for carbon monoxide; FVC, forced vital capacity; HRCT, high-resolution CT; RNA pol
11, RNA polymerases 1l antibodies; SSc, systemic sclerosis.

skin and lung fibrosis in SSc.”"” However, these studies were
mostly limited by small samples sizes, lack of control arms,
single centre designs, discrepancies in study designs and short
durations of follow-up. In a previous European Scleroderma
Trials and Research (EUSTAR) report on 63 patients with SSc,
rituximab treatment was associated with improvement in skin
fibrosis, particularly in the diffuse cutaneous form, together
with a stabilisation of pulmonary functional testing.?’ Though
rituximab demonstrated a good safety profile, but this was
limited by 6 months follow-up; and only nine of these patients
had restrictive SSc-ILD, thus preventing any firm conclusions.

The aim of our study was to investigate larger population
with longer follow-up and including more patients with lung
involvement to better assess the effect of rituximab on SSc and
establish a side effect profile specific for SSc.

METHODS

Data source

The ongoing EUSTAR is an international, multicentre, prospec-
tive registry managed by physicians (list of authors and online
supplementary appendix 1) and organised centrally by its
committee.

For controls, we interrogated the EUSTAR database at the end
of July 2017, providing information on 14 239 patients, from
142 participating centres, fulfilling the 2013 criteria for SSc*!
(Strobe Checklist in online supplementary appendix II). Patients
without follow-up (n=4664) and patients with previous autol-
ogous stem cell transplantation were excluded. The structure of
the database, the minimum essential data set and the inclusion
criteria have been described in detail previously.**

Design and analytic sample

From March to September 2017, we queried the database and
sent a call for observations in the EUSTAR network regarding
rituximab use. Out of 14 239 patients recorded in the data-
base, 254 were recruited because of rituximab use (37 centres).
We sent a questionnaire to each centre with at least one ritux-
imab-treated patient. For each patient, we collected in addi-
tion to the database content, the main indication for initiating
the treatment, previous treatments received and dosage. The
following baseline and follow-up information were also queried:
modified Rodnan skin score (mRSS), presence and extent of
lung fibrosis on CT, FVC (% predicted), DLCO (% predicted),
presence of digital ulcers, overlap disease (defined by co-occur-
rence of another autoimmune disease),®> number of tender and
swollen joints (/28), DAS-28 ESR/CRP scores, joint contracture
and tendon friction rubs, morning stiffness, visual analogic scale
for articular pain, HAQ-DI score, presence of lower and upper
gastrointestinal symptoms and CRP (mg/L). The number of infu-
sions and dosage were recorded. Concomitant treatments and
dosage were also collected.

Outcomes

The occurrence of any adverse event (including hypogammaglob-
ulinemia,** infection (and need for hospitalisation), scleroderma
renal crisis [SRC]), serious adverse event and discontinuation
because of an adverse event was collected. In case of death, we
asked the relationship between the death and rituximab: (1) not
related, (2) unlikely related, (3) possibly related, (4) probably
related and (5) definitely related.

Outcomes were assessed at last observation under treatment
(median follow-up [IQR]: 24.3 [13.3—41.4] months) responders
for skin fibrosis were defined as patients with =5 points and
25% of improvement in mRSS.> mRSS is frequently used as a
primary outcome in clinical trials, therefore we assessed ritux-
imab effect also in patients without a ‘skin indication’ and
limited the analysis to patients with a mRSS =10 (n=131)
consistently with distribution of skin involvement in Eustar.’ For
lung fibrosis worsening, we used the following cut-offs: =10%
decrease in FVC and >15% decrease in DLCO.*® Evolution of
articular involvement was assessed: tender and swollen joints
counts (/28), DAS-28 ESR/CRP scores, joint contracture, tendon
friction rubs, duration of morning stiffness, articular pain,
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Quality of the matching: Matching 1:4 for skin (A) and for lung involvement (B). Matching allows comparability of cases and controls with

less than 10% of difference between all variables studied. Data, presented as mean=SEM, are from the first imputed and matched (ratio 1:4) dataset.
DLCO, diffusing capacity of lung for carbon monoxide; FVC, forced vital capacity.

HAQ-DI score and CRP (mg/L). Concomitant steroid use and
dosage were collected.

Covariates

Covariates used in the model to calculate propensity score
were baseline characteristics: sex, age, cutaneous form, anti-
nuclear antibodies (ANA), anticentromere antibodies (ACA),
anti-Scl70 antibodies, RNA polymerases III (RNA pol III) anti-
bodies, disease duration, region (Western and Eastern Europe,
North and South America, Africa and Asia), time between two
visits (time between the baseline and final visit under ritux-
imab), previous and concomitant use of immunosuppressant
(IS) or biologics, mRSS, DLCO, FVC and lung fibrosis. IS drugs
included methotrexate, mycophenolate mofetil, azathioprine
and cyclophosphamide, whereas biologics included TNF alpha
inhibitors, tocilizumab and abatacept.

Statistical analysis

Categorical results are presented as counts and percentages.
Non-normally distributed variables are presented as median with
IQR and normally distributed variables as means+=SD. Compar-
ison of characteristics of treated and non-treated patients was
performed by 2 test and Student’s t-test or the Mann—-Whitney
test, according to the distribution of the variable. Side effects
during treatment with rituximab were summarised by the
frequency and percentage. To evaluate efficacy of rituximab for
skin fibrosis in SSc, a propensity score approach was used. This
score was estimated using a logistic regression with adjustment
on regions. The analysis of responders was based on propensity
score matching with a ratio 1:4 and a calliper of 0.05 SD of
the logit propensity score. To account for missing data, analyses
were conducted using multiple imputations by chained equations
with 50 imputations obtained after 10 iterations.”” The variables
considered in the imputation models were all characteristics
used in propensity score. For each complete imputed data set,
propensity score was estimated and association between decrease
in the mRSS and treatment was evaluated using conditional
logistic regression. Results were aggregated by pooling estimates
obtained on each imputed dataset according to Rubin’s rules.*®
Balance in potentials confounders was assessed by standardised
mean differences.” Sensitivity analyses were performed using

other alternative methods of propensity score analysis: ratio
1:1 within a calliper of 0.05 SD of the logit propensity score,
stratification on the quintiles of the propensity score and inverse
probability of treatment weighting. The analyses of decrease in
the FVC of 10%, decrease in the DLCO of 15% and tapering or
stopping steroids were performed according the same method-
ology and same covariates as decrease in mRSS. The variation of
FVC as a continuous variable was analysed by a linear mixed-ef-
fects model. Exploratory analyses of skin fibrosis improvement
and lung fibrosis worsening were focused on diffuse cutaneous
form and early disease (<5 years of disease duration).

Factors associated with lung improvement in patients treated
with rituximab were determined using univariate and multivari-
able logistic regression analyses with multiple imputations. Age,
disease duration and DLCO were dichotomised according to
their median or first quartile for FVC. All variables with p<0.1
in univariate were included in multivariate analysis with adjust-
ment on regions. The lack of significant interaction between
covariates was checked.

All tests were two-sided at a 0.05 significance level. Analyses
were carried out using R statistical software V.3.3.2.

RESULTS

Baseline cohort characteristics

From March to September 2017, out of 14 239 patients recorded
in the database, 254 were recruited because of rituximab use (37
centres): 71% of female, median age: 51 years, 64% of diffuse
cutaneous form and 71% displayed lung fibrosis. Median extent of
lung fibrosis on CT was 20%."%2’ Anti-Scl70 and ACA antibodies
were detected in 53% and 11% of the patients, respectively. An
overlap syndrome was diagnosed in 26% of the cohort, consis-
tently with previous reports in SSc.* Previous treatments included
DMARD:s in 66/252 (32.5%), biologics in 24/252 (9.5%), cyclo-
phosphamide in 23/252 (9.1%). Further details are provided in
table 1 and online supplementary table I and II.

The leading indication for rituximab was lung involvement in
146/254 (589%) cases, skin in 81/254 (32%) cases and in 108/254
(429%) musculoskeletal involvement (flowchart in online supple-
mentary figure 1). Concomitantly to rituximab, patients received
steroids for 67.3% (median dose: 10 mg/day [IQR: 5-10]). Total
136 (53.79%) were treated in parallel with DMARDs (methotrexate
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Figure 2 Evolution of skin and lung fibrosis among propensity score-matched patients treated and untreated with rituximab. (A,B) evolution of
modified Rodnan skin score between baseline and last visit (under treatment) in patients and propensity score-matched patients from EUSTAR: (A): in
patients with skin indication for the treatment; (B) in patients with modified Rodnan skin score at baseline >10; (C) evolution of forced vital capacity
between baseline and last visit (under treatment) in patients with a lung indication for the treatment and propensity score-matched patients from
EUSTAR; (D) evolution of DLCO between baseline and last visit (under treatment) in patients with a lung indication for the treatment and propensity
score-matched patients from EUSTAR. Data, presented as mean+SEM, are from the first imputed and matched (ratio 1:4) dataset. DLCO, diffusing

capacity of lung for carbon monoxide; EUSTAR, European Scleroderma Trials and Research; FVC, forced vital capacity.

for 75, mycophenolate mofetil for 45, azathioprine for 14 and
cyclophosphamide for 6).

Safety analysis

After a median follow-up of 2 years, nearly 70% of patients
(175/254) had no reported side effect, 43 (17%) had minor side
effects and 36 (14%) were considered as severe by investigating
centre. This led to discontinuation of the treatment in 24 patients
(9%). During follow-up, six deaths were recorded: four unrelated
to the treatment (two sudden deaths, one sepsis attributed to decu-
bitus ulcers, one heart failure) and two possibly related (two respi-
ratory insufficiencies in the context of lung carcinoma). In all, five
cancers were reported during the follow-up. There was no associa-
tion between occurrence of infections and previous or concomitant
treatment with IS or hypogammaglobulinemia. Further details are
provided in online supplementary table IIL

Efficacy

Among the 14 239 patients who underwent =1 visit, 9575 had
=1 follow-up (table 1). Comparison of characteristics between
patients with and without follow-up showed minor differences
(online supplementary table IV). Matching for skin and lung
allowed comparability of cases and controls (figure 1).

Skin fibrosis

The mRSS of patients treated for skin fibrosis decreased from
mean=SD 22.1 (£9.3) to 14.1 (=8.4) in treated patients (n=74)
vs21.1(+10.5)t016.2 (=10.3) (p<0.0001) in untreated patients
matched according to propensity score (n=281) (figure 2A). In
patients with a mRSS =10 (n=131), the mRSS decreased from
21.2 (£8.8) to 13.4 (£7.9) vs 20.4 (£8.2) to 16.0 (£8.2) in
controls (p<0.0001) (figure 2B).
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Method OR[95%CI] P

Method

OR[95%CI] p
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Primary analysis: match 1:4 - 2.79[1.47-5.32]  0.002 Primary analysis: match 1:4 - 1.86 [1.25-2.79] 0.002
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Figure 3  Adjusted OR for skin fibrosis improvement and lung fibrosis worsening among propensity score-matched patients treated or untreated
with rituximab. The analyses of decrease in the modified Rodnan score of 5 points and 25% and decrease in the FVC of 10% and decrease in the
DLCO of 15% were based on propensity score matching with a ratio 1:4. For each complete imputed data set, propensity score was estimated and
association between decrease in the modified Rodnan score/ in FVC and in DLCO, respectively, and treatment was evaluated using conditional logistic
regression. We used other matching method with ratio 1:1 within a calliper of 0.05 SD of the logistic propensity score, stratification on the quintiles
of the propensity score and IPTW. Decrease in the modified Rodnan score of 5 points and 25% in patients with (A) skin indication; (B) modified
Rodnan skin score >10 at baseline; (C) decrease in the FVC of 10% in patients with lung indication for the treatment; (D) decrease in the DLCO of
15% in patients with lung indication for the treatment. DLCO, diffusing capacity of lung for carbon monoxide; FVC, forced vital capacity; IPTW, inverse

probability of treatment weighting.

Rituximab-treated patients had a higher probability of
improvement in dermal fibrosis as compared with propensity
score matched-controls (22.7 vs 14.03 events per 100 person-
years; OR: 2.79 [1.47-5.32]; p=0.002). This was confirmed in
sensitivity analyses (figure 3A).

Same results were observed for patients with a mRSS =10
(OR: 1.86 [1.25-2.79]; p=0.002) (figure 3B) as well as in
subgroup analyses (diffuse and early forms; online supplemen-
tary figure 2A,B).

Lung fibrosis

In lung treated patients (n=146), FVC remained stable during the
follow-up (76.3 (£19.3) to 77.7 (%20.2)), similarly to controls
(79.1 (£20.6) to 80.7 (+21.1)) (n=497) (figure 2C). DLCO
also remained stable both in treated patients (54.4 [+18.8] to
55.5 [£19.5]) and in controls (55.6 [+18.7] to 54.7 [+20.2])
(figure 2D). Extent of fibrosis remained stable (20.0 [£2.1] to
20.0 [£2.5]) (n available=60). Treated patients did not have
significantly different rates of decrease in FVC >10% (6.5 vs 6.6
events per 100 person-years; OR: 1.03 [0.55-1.94]; p=0.93)
nor in DLCO decrease (figure 3C,D), which was confirmed in all
secondary analyses (online supplementary figure 2 C, D and 3).
In univariate cox models, lung function had a trend to improve

Table 2 Factors associated with lung improvement in patients

treated with rituximab

Univariate model

Multivariate model

OR (95% Cl)

P value OR (95% CI) P value

Sex 0.84 (0.34 to 2.06)
Age >55 years 0.9(0.42101.9)
ANA 1.07 (0.07 to 16.77)
Anti-Scl70 0.84 (0.41 t0 1.72)
ACA 0.68 (0.18 to 2.64)
RNA pol Il antibodies 4(0.45 to 35.38)
Diffuse cutaneous form 1.57 (0.78 t0 3.18)

Disease duration <5 years 2.02 (0.98 to 4.17)
0.95 (0.47 to 1.93)
1.68 (0.68 to 4.2)

2.05 (0.96 to 4.38)

Previous IS or biologics
DLCO <70%
FVC <80%

0.71
0.78
0.96
0.63
0.58
0.22
0.21
0.058  1.94(0.94t04.03) 0.077
0.89
0.27
0.066  1.96 (0.91 t0 4.23) 0.089

Variables identified in univariate analysis with p<0.1 were tested in multivariate analysis
adjusted on region. Lung fibrosis improvement was defined by increase in forced vital
capacity during the follow-up. Previous IS (immunosuppressive drugs) include methotrexate,
mycophenolate mofetil, azathioprine and cyclophosphamide, whereas biologics include anti-
TNF alpha, tocilizumab and abatacept. Cut-off values to define DLCO and FVC were defined

according to distribution.

ACA, anticentromeres; ANA, antinuclear antibodies; DLCO, diffusing capacity of lung for
carbon monoxide; FVC, forced vital capacity; RNA pol Ill, RNA polymerases Il antibodies.
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Table 3 Evolution of musculoskeletal involvement during treatment
with rituximab

Variables Baseline Last follow-up P value
Tender joints count (/28) 7.6+8.6 2.4+4.7 <0.0001
(n=85)

Swollen joints count (/28)  3.1+5.2 0.7£2.2 <0.0001
(n=81)

DAS28 ESR (n=25) 5.40 (3.99-6.22) 3.29 (2.02-4.24) <0.0001
DAS28 CRP (n=29) 4.68 (3.55-5.88) 2.60 (1.59-3.87) <0.0001
Joint contracture, n (%) 44784 (52.4%) 37/84 (44%) 0.35
Tendon friction rubs, n (%)  20/76 (26.3%) 8/76 (10.5%) 0.021
Morning stiffness (min) 78.9+72.1 32.1+46.3 <0.0001
(n=47)

Visual analogic scale for 70(50-80) 35 (20-52.5) <0.0001
articular pain (n=33)

HAQ-DI (n=12) 1.31(1.12-1.92) 1.20 (0.45-1.81) 0.10

Values are median (IQR) or mean+SD numbers (%) of observations.

P comparing baseline and last follow-up data using Wilcoxon-test or paired t-test for
quantitative variables and McNemar or paired x2-test for proportions, according to
distributions.

DAS, disease activity score; HAQ, Health Assessment Questionnaire.

in early disease and in patients with FVC <80%, which was not
confirmed in multivariate analysis (table 2).

In secondary analyses, the concomitant use of mycophenolate
to rituximab (n=37 with lung indication) showed a trend for
better outcomes (delta FVC with controls: 5.22 [0.83-9.62];
p=0.019 vs delta FVC: 3 [0.66-5.35]; p=0.012 in patients
receiving rituximab alone). Furthermore, 9/31 (29%) had an
increase >10% in FVC. The difference with patients treated
by rituximab alone was not statistically significant (delta:
2.98 [-2.12 to 8.09]; p=0.25). No adjusted analysis could be
performed due to the small sample size. DLCO did not change
significantly in this subgroup.

There was no difference for skin and lung outcomes according
to rheumatoid factor, anti-CCP antibodies or smoking status
(online supplementary table V).

Musculoskeletal involvement

All articular parameters, but two (joint contractures and
HAQ-DI) significantly decreased with rituximab (table 3).
No controlled analysis could be performed because of a high
proportion of missing data (eg, 81% for tender and swollen joint
counts in control group).

Inflammation and cotreatments

CRP levels decreased during the treatment from 11.5 (%£1.0) to
6.7 (£0.7) mg/L (p<0.0001). About one quarter of the patients
treated with steroids at baseline could stop steroids and steroids
dosage decreased from 9.5 (+0.5) mg/day to 7.0 (=0.3) mg/
day (p<0.0001) in the 130 remaining patients. Patients treated
with rituximab were more likely to decrease or stop steroids in
controlled analyses (25.3 vs 18.0 events per 100 person-years;
OR: 2.34 [1.56-3.53], p<0.0001) (online supplementary figure
3B).

Dose-effect

Rituximab regimens were variable according to centres: for each
infusion: dose of 1000 mg for 203 patients, 500 mg for 27 375
mg/m” for four patients. We observed a dose-effect with a better
effect on skin involvement for a total dosage higher than 4000
mg (online supplementary table VI).

DISCUSSION

In a large cohort of carefully matched patients treated with
rituximab for skin, or lung involvement, rituximab was associ-
ated with a good safety profile. The outcomes showed a high
efficacy on skin fibrosis, but not on lung. Patients treated with
rituximab were 2-fold more likely to stop or decrease steroids.

Following previous promising studies suggesting an ameliora-
tion of lung involvement, the raw analyses after propensity score
matching clearly show no difference between treated and not
treated patients and overall a large proportion of non-progressive
patients.” 1012141619 Therefore, the results should be interpreted
as the lack of effects of rituximab in this sample of patients with
SSc. Nevertheless, one may advocate that the lung trajectory of
rituximab-treated patients may differ from the one of untreated
patients. Indeed, if the treating physician decided to offer ritux-
imab therapy, then it is most of the time because of lung activity
and severity, which are identified are poor predictive factors.
These biases (selection biases, persistence of confounders despite
the matching) are limitations to our study inherent to its obser-
vational design.’® Therefore, the potential stabilisation of ILD
following rituximab therapy has to be addressed in the future
but only a randomised trial will provide robust answer.

Some previous small uncontrolled or unadjusted series have
suggested some efficacy of rituximab on cutaneous involvement
in $Sc.”™ 2% However, evaluation of drug efficacy in SSc might
be difficult because of spontaneous improvement in skin fibrosis
during the first years, highlighting the need of control group.
In our study, patients treated with rituximab were twofold
more likely to improve skin fibrosis in all matched analyses,
sensitivity analyses and subgroup approaches. The mRSS is a
validated surrogate marker®'>* frequently used as an outcome
measure in clinical trials.*® Indeed, worsening in mRSS is asso-
ciated with higher mortality, and worsening of internal organ
involvement.***” 3 Conversely, improvement of the skin score
is predictive of favourable outcomes, including better survival.*®
Therefore, improvement in mRSS observed in rituximab-treated
patients might indicate a better prognosis for these patients.
Consistently, CRP levels, a marker of disease activity and
severity,®” decreased following rituximab treatment.

One may also highlight the different trajectory between skin
and lung outcomes in our sample. It must be pointed out that
this has already been observed and by example the recent tocili-
zumab trial showed some benefit on lung whereas skin was less
influenced.*® This highlights the difficulties to design clinical
trials in SSc regarding both the choice of the primary outcome
measure and also the patients selection criteria.*' A clue for the
future to get a better impact on SSc outcomes might be combina-
tion therapy which seems to be more effective on lung involve-
ment in our study and has shown clear benefit for treatment with
rituximab in other diseases.**

Surprisingly, few patients have been previously treated with
cyclophosphamide.* This choice of using first rituximab might
be driven by the need of concomitant treatment for musculoskel-
etal involvement in almost half of the cohort (online supplemen-
tary figure 1). Furthermore, common use of rituximab in other
diseases like RA but also connective tissue diseases and vasculitis
has given rheumatologists confidence in the management and in
the safety of rituximab. Finally, the use of cyclophosphamide and
mycophenolate mofetil could be limited by safety data.**

Interestingly, rituximab use doubled the probability of discon-
tinuing or decreasing steroids. This is of major importance, since
steroids cumulative dose increases the risk of subclinical/clinical
atherosclerosis** and SRC*® in SSc.
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In our study, safety profile of rituximab was acceptable with
in particular no progressive multifocal leukoencephalopathy
or related-death. Furthermore, despite the use of intravenous
steroids, only two SRCs were reported.

The main strengths of our study are (1) large sample size, (2)
availability of well-matched controls, (3) standardised collec-
tion of data according to a questionnaire and (4) broad spec-
trum of patients included corresponding to ‘real-life’ patients
and allowing subgroup analyses (diffuse forms, early SSc). Using
extensive matching methods, we accounted for many poten-
tial cofounders of the associations between rituximab use and
outcomes. We also performed several sensitivity and subgroups
analyses, which were highly consistent.

Our study has limitations: first, rituximab regimens were
variable according to centres. We analysed effect of the dose
received and observed a dose-effect for a dosage higher than
4000 mg for skin involvement, suggesting that a dosage of 1000
mg should be used for the first infusions. This is an open label
study, which can bias study results towards beneficial effect for
the test medication (if the examiner anticipates beneficial effect
of the treatment) in an outcome measure that is less objective (ie,
mRSS) than FVC, which is more objective and less dependent
on the examiner’s bias. There are also limitations inherent to
the observational design of this study. However, the importance
of disease registries, like EUSTAR, in rare diseases was recently
highlighted, as they allowed collecting detailed case studies
with standardised information and improving understanding of
SSc and its treatment.*” Furthermore, the study reflects clinical
practice in this orphaned heterogeneous disease. The duration
of exposure to rituximab was relatively short (2 years), which
limited precision for safety analyses. We could also not assess
safety in control group (no data available) or outcomes that
occurred after withdrawal of rituximab. Finally, despite highly
matched cohorts across a wide range of characteristics, we
cannot rule out residual confounders.
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