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Figure 2 Change in modified Rodnan skin sore, forced vital capacity, diffusing capacity of the lung and HealthAssessment
Questionnaire during 24-month follow-up in patients with systemic sclerosis treated with rituximab (RTX) orplacebo. HAQ,
Health Assessment Questionnaire; RTX, rituximab; mRSS, modified Rodnan Skin Score; predFVC, forced vitalcapacity,
percentage of predicted; predDLCO, diffusing capacity of the lung, percentage of predicted. Dots indicate medians;error bars

indicate ranges.

95% CI -3.4 to 6.2; p=0.55). For FVC and HAQ-DI, differ-
ences in AUC between baseline and lyear were also
insignificant. For FVC, there was a slight improvement
with RTX and a slight deterioration with placebo (mean
change AUC baseline to 12 months follow-up 0.6 for RTX
and —-0.4 for placebo, p=0.59). Also during the second
year, no significant differences were observed in AUC
for mRSS, FVC and HAQ-DI (see online supplementary
table 2).

Efficacy analyses for the individual disease parameters
were repeated excluding the two patients with disease

duration of >24 months since diagnosis. These analyses
did not show different results.

Recorded parameters reflecting vascular complications
did not differ between the treatment arms: no patients
in the trial had impaired kidney function and estimated
glomelurar filtration rates (eGFR) within study arms were
comparable (mean eGFR at T=0: placebo 118.5mL/
min/1.73m? RTX 106.8mL/min/1.73m? and were
stable throughout the trial. Also LVEF (as measured by
echocardiography) remained stable throughout the trial
in all participants (mean LVEF at T=0: placebo 62.0%,

Figure 3 Change in mean extent of lung tissue and lung tissue with ground glass or reticular pattern involvement from
baseline to 12 months follow-up in patients with systemic sclerosis. Vertical axis represent differences in Goh scores between
baseline and 12 months for (from left to right): (1) mean extent of affected lung tissue, (2) GGO; mean extend of ground

glass opacities, (3) mean extend of affected lung tissue with reticular pattern. At 12 months a non-significant trend in favour
of rituximab was observed (mean change in lung involvement: -1.6% RTX group vs. +2.8% placebo group [p=0.28]). The
beneficial effect in the rituximab group was explained by a decrease of ground glass opacities. RTX, rituximab; t0, baseline;

t12, 12 months follow-up.
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Figure 4 Improvement of lung involvement as evaluated
by HRCT of a patient treated with rituximab. HRCT, high
resolution computed tomography; inspiratory scan, halfway
between pulmonary venous confluence and right hemi-
diaphrag. Upper HRCT: baseline HRCT, before rituximab use;
lower HRCT: 12 months after initial gift of rituximab.

RTX 60.2%, at T=24: placebo 60.2%, RTX 65.5%). Digital
ulcers occurred both in the placebo (n=3) and the ritux-
imab group (n=3).

In the analyses of SF-36 scores and EQ-5D scores, no
differences were seen (data not shown).

Two patients in the placebo group showed disease
progression during follow-up according to prespecified
criteria, including the patient that died after dropout.
In the rituximab group, one patient showed disease
progression. Apart from the patient that died, study
disease progression was based on a >30% increased
mRSS relative to baseline at the 12-month (placebo, n=1)
and 18-month visits (RTX, n=1) in both cases. Including
the patient that died after dropout, there was no differ-
ence in progression-free survival between groups (log
rank (Mantel-Cox) p=0.674). Also after excluding the
two patients with disease duration of >24 months, there
was no significant difference in progression-free survival
between the groups.

Safety and toxicity

No patients died during the study. One patient (placebo
group) died due to disease progression, after dropout
at 6 months because of active disease. This patient
eventually died at 23 months due to scleroderma renal
crisis after autologous haematopoietic stem cell trans-
plantation.

A total of 88 adverse events (AEs) occurred during
the study: 52 in the RTX group (six grade 3 AEs, two
grade 4 AEs) and 36 in the control group (seven grade 3
AEs, zero grade 4 AEs) (p=0.22) (see online supplemen-
tary table S1). There were seven serious adverse events
(SAEs) in the RTX group and four in the placebo group
(p=0.36). SAEs in the RTX group were a breast carcinoma
(18 months after first gift of RTX), abnormal cervical
histology leading to hysterectomy (6 months after first
gift of RTX; medical history of this patient mentioned
abnormal cervical histology also before inclusion in the
trial), an anaemia due to severe menstruation (7 months
after first gift of RTX), a pancytopenia (12 months after
first gift of RTX) and three events related to digital
ulcers (n=2 at 1 month after first gift of RTX, the other
at 7 months). SAEs in the placebo group included severe
weight loss which required treatment by percutaneous
endoscopic gastrostomy placement (17 months after first
gift of RTX) and three events related to digital ulcers (1,
14 and 18 months after initial RTX). There were more
grade 1 AEs in the rituximab group due to mild infusion
reactions (system organ class type: immune system). A
clear causal relation between AEs and treatment with
RTX could not be established, except for mild infusion
reactions.

Immunophenotyping of peripheral blood mononuclear cells
At baseline, there were no differences seen in propor-
tions of macrophages (CD14+), NK cells (CD56+), T
helper cells (CD3+/CD4+), cytotoxic T cells (CD3+/
CD8+) or B cells (CD19+) between placebo and ritux-
imab group (Data not shown). Three months after
initial anti-CD20 treatment, significant depletion B cells
was seen and simultaneously a decline in T cells was
observed. Counterwise the proportion of macrophages
increased.

When observing the different subsets of B cells during
the study, as shown in figure 5, naive and memory B
cells were depleted 3 months after the first gift of RTX.
In five of eight patients with rituximab, a reduction of
CD19+CD20-CD27++ plasmablasts was seen. Reduction
of plasmablasts was significant within the RTX group
when compared with baseline, but insignificant when
compared with the placebo at the same time point. When
assessing depletion of immunoglobulin expressing (IgG,
IgA, IgM and IgD) naive (CD19+CD27-) and memory
(CD19+CD27+) subsets, as a positive control, all subsets
were depleted (data not shown). At time of consolida-
tion treatment (month 6), repopulation of naive B cells,
memory B cells and plasmablasts was present. However,
throughout the complete follow-up period, repopulation
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Figure 5 Naive B cells (CD19+CD27-), memory B cells (CD19+CD27+) and plasmablasts (PB CD27++) levels in patients with
systemic sclerosis. Indicated points resemble medians; Rituximab: TO, n= 8; T3 n=8; T6 n=7; T12 n=6; T24 n=4; Placebo: TO,
n=8; T3, n=8; T6 n=8; T12 n=7; T24 n=7. Total events are defined as the number of detected cells by the flow cytometer. B cell

depletion after rituximab treatment is seen in all B cell subsets.

of naive B cells and memory B cells was incomplete in the
RTX group (figure 5).

ELISPOT data are presented in online supplemen-
tary figure 1, which shows persistence of plasma cells at
month 3.

Skin biopsies

Skin biopsies were performed in 15 patients (RTX n=7,
placebo n=8) at baseline and in 14 patients (RTX n=7,
placebo n=7) at 3 months (see online supplementary
table S3). For three patients in the placebo group, and
for one patient in the RTX group, skin was clinically
unaffected at the site of biopsy. Interobserver agree-
ment of histological skin score evaluated by Fleiss’ kappa
was K=0.49 for T cells, k=0.32 for B cells and k=0.63 for
macrophages.

There were no significant differences found in immune
cell presence in skin neither between groups, nor within
groups over time. At baseline there was a trend towards
more mononuclear infiltration in the placebo group,
based on the presence of more T cells. Over time, pres-
ence of T cells in the rituximab group increased at 3
months compared with baseline. Presence of other
immune cells was stable over time (see online supple-
mentary table S3).

B cells were rarely present in skin tissue, only one
patient in the placebo group that showed a collection
of >10 cells, but less than 50 cells at baseline. Scattered
B cells (range 2-7 per biopsy) were seen in 5 out of 15
biopsies at baseline (RTX n=3, placebo n=2). Over time,
there were no changes in the presence of B cells in skin
of RTX-treated patients, 3 months after initial gift, with B
cells present in 4 out of 7 biopsies. This was identical to
the number of placebo patients with B cell presence in
skin at 3months (4 out of 7).

DISCUSSION

This small randomised, placebo-controlled trial cannot
reject nor confirm the hypothesis of RTX preventing
fibrotic complications. No major safety issues were
observed with RTX in the subset of patients with early SSc.
Immunologically, RTX achieved its presumed biological
effect: a depletion of circulating B cells up to minimal
counts, but with persistence of antigen-secreting cells
and incomplete depletion of the CD27++ plasmablast
compartment. No change in the small number of cells
from the B cell lineage present in skin tissue was observed
with RTX treatment. Over time, small, non-significant
differences in FVC, extent of pulmonary involvement and
HAQ-DI in favour of the RTX group were found. Further
research must confirm the credibility of these findings.
A larger scale RCT in patients with proven pulmonary
involvement therefore seems plausible and feasible.

Unfortunately, the trial had recruitment problems
resulting in premature termination of inclusion. More-
over, patients in the control group experienced an
unexpected favourable disease course, which complicates
firm conclusions about efficacy of RTX in preventing
fibrotic complications. This study aimed to include
patients with early dcSSc. Indeed, our placebo group
included patients of which the majority had dcSSc at
baseline (63%), and four of eight patients were either
ATA or RNAPpIII positive. Both these antibodies are asso-
ciated with more severe disease course.” * Despite these
characteristics reflecting high risk, early dcSSc, 75% of
patients in the placebo group had favourable outcome
after 2 years.

There is a small insignificant difference in disease dura-
tion between the RTX and the placebo group, with the
placebo group having a longer disease duration. It has
been shown that with longer disease duration, chances
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to improve spontaneously slightly increase® which might
partially explain the beneficial disease course in placebo.
However, excluding the two patients with the longest
disease duration did not change our results.

Several case reports, open-label studies and a nested
case—control study thus far reported a potential beneficial
effect of RTX on pulmonary function, skin fibrosis and
functional impairment in SSc."**' *** Our observations
are in line with the study from Lafyatis,'”” who treated 15
patients with early SSc with RTX and did not find a clear
beneficial effect on skin fibrosis and pulmonary function
at 6 and 12 months of follow-up. Various explanations
can account for the difference between previous open-
label studies and our findings. As these studies did not
include a placebo group, part of the observed efficacy
might reflect natural disease course. In addition, most
open-label studies included patients with longer disease
duration''*** and thus possibly selected an immunologi-
cally different subgroup of SSc patients. In comparison to
the open-label studies of Lafyatis et al and Smith et al,'"® "
who both also included patients with early disease, mean
skin scores were lower in our population, which compli-
cates the possibility of demonstrating clear clinical
efficacy on skin involvement. When analysing only the
patients with dcSSc at baseline, RTX n=3/7 showed a
decrease in mRSS >5 versus n=2/5 within the placebo
group. On the other hand, it is known that patients with
more skin fibrosis at baseline are more likely to regress
even without therapy over the next year.”!

Immunophenotyping of peripheral blood showed
almost complete B cell depletion, which is in line with
previous studies.”” ' It is known that during treatment
with RTX, plasmablasts and plasma cells can persist.””
Besides confirming this with ELISPOT, thereby showing
persistence of IgA, IgG and IgM antigen-secreting cells
after treatment with RTX, this is also demonstrated by
the incomplete depletion of the CD27++ plasmablast
compartment (see online supplementary figure SI).
Other studies found CD20-positive B cells in skin biop-
sies in approximately half of patients at baseline and
depletion in most of these cases.' ® 7 To overcome
possible interference of RTX treatment with detection
of CD20-positive B cells in skin, we chose to use CD79a
staining on skin, which also stains plasmablasts and
plasma cells that lack CD20, while in previous studies,
CD20 staining was used. Based on morphology, the
persisting B cells in our samples could reflect unaffected
long-lived B cell populations. The exact nature and the
relevance of these persistent B cells for development and
persistence of skin fibrosis remains to be determined,
and might be relevant in determining subsets of patients
with SSc with high likelihood of responding to RTX.

Remarkably, two out of eight RTX-treated patients
showed evident improvement of the extent of ground
glass opacities in HRCT at 1year follow-up versus none
of the placebo-treated patients. Radiological improve-
ment of CTD-associated and RA-ILD after treatment with
RTX has also been described by other authors.”®** Out of

interest, and to possibly guide future research in the field,
we compared different B cell subsets in baseline PBMCs
between RTX patients with pulmonary improvement
and those without. RTX-treated patients with pulmonary
improvement both had higher counts of naive B cells
(CD19+,CD27-) (mean CD19+CD27+ of n=2 non-im-
provers under RTX 1.8% of total events vs n=6 improvers
under RTX 5.6% of total events, p=0.003), while other
subsets were comparable. We speculate that this subgroup
of patients, possibly reflecting those with very early and
active inflammatory pulmonary involvement, might be
the subset of patients most likely to benefit from B cell
depleting therapy. However, these observations obviously
await replication.

In conclusion, we performed a double-blind place-
bo-controlled trial in patients with early SSc and show
in-depth analysis of B cells in peripheral blood and skin
tissue. Although given the small sample size and the unex-
pected favourable disease course in the placebo group,
no firm conclusions on clinical efficacy of rituximab in
early SSc can be drawn; our data show that a larger RCT
in early SSc with proven pulmonary involvement might
be worthwhile. In addition, inclusion of peripheral blood
and skin tissue analyses is also warranted in future trials
to determine the nature, role and relevance of persisting
B cells in skin, and persisting plasmablasts and plasma
cells in peripheral blood. Analysis as presented herein
might help to identify a subset of patients with SSc most
likely to benefit from B cell-depleting therapies.
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