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Summary

Background—Abatacept was well tolerated by patients with early diffuse cutaneous systemic
sclerosis in a phase 2, double-blind randomised trial, with potential efficacy at 12 months. We
report here the results of an open-label extension for 6 months.

Methods—~Patients (aged =18 years) with diffuse cutaneous systemic sclerosis of less than 3
years’ duration from their first non-Raynaud’s symptom were enrolled into the ASSET trial (A
Study of Subcutaneous Abatacept to Treat DiffuseCutaneous Systemic Sclerosis), which is a
double-blind trial at 22 sites in Canada, the UK, and the USA. Aftercompletion of 12 months

of treatment with either abatacept or placebo, patients received a further 6 months ofabatacept
(125 mg subcutaneous every week) in an open-label extension. The primary endpoint of the
double-blind trial was modified Rodnan Skin Score (mRSS) at 12 months, which was reassessed
at 18 months in the open-label extension. The primary analysis included all participants who
completed the double-blind trial and received at least one dose of open-label treatment (modified
intention to treat). This trial is registered with ClinicalTrials.gov, NCT02161406.

Findings—Between Sept 22, 2014, and March 15, 2017, 88 participants were randomly allocated
in the double-blind trial either abatacept (n=44) or placebo (44); 32 patients from each treatment
group completed the 6-month open-labelextension. Among patients assigned abatacept, a mean
improvement from baseline in mRSS was noted at 12 months (=6-6 [SD 6-4]), with further
improvement seen during the open-label extension period (-9-8 [8-1] at month 18). Participants
assigned placebo had a mean improvement from baseline in mRSS at 12 months (-3-7 [SD
7-6]), with a further improvement at month 18 (=6-3 [9-3]). Infections during the open-label
extension phase occurred in nine patients in the placebo—-abatacept group (12 adverse events, one
serious adverse event) and in 11 patients in theabatacept—abatacept group (14 adverse events,
one serious adverse event). Two deaths occurred during the 12-month double-blind period in the
abatacept group, which were related to scleroderma renal crisis; no deaths were recorded during
the open-label extension.

Interpretation—During the 6-month open-label extension, no new safety signals for abatacept
were identified in the treatment of diffuse cutaneous systemic sclerosis. Clinically meaningful
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improvements in mRSS and other outcome measures were observed in both the abatacept and
placebo groups when patients transitioned to open-label treatment. These data support further
studies of abatacept in diffuse cutaneous systemic sclerosis.

Funding—RBristol-Myers Squibb and National Institutes of Health.

Introduction

Systemic sclerosis is an immune-mediated connective tissue disease characterised by
inflammation and fibrosis of the skin and internal organs.! Participants with diffuse
cutaneous systemic sclerosis have high mortality rates, particularly those who experience
progressive skin fibrosis.2 Autologous haematopoietic stem-cell transplantation shows
survival benefits in early diffuse cutaneous systemic sclerosis but can be associated with
substantial toxicities and costs and is usually reserved for individuals with worsening
internal organ involvement.3,% Nintedanib has been approved for the treatment of systemic
sclerosis-associated interstitial lung disease, but options remain scarce for disease-modifying
therapies aimed at treatment of overall disease, including skin involvement.5,8

Several studies implicate activated T cells in the pathogenesis of early diffuse cutaneous
systemic sclerosis, particularly with respect to cutaneous disease.’ Skin biopsy samples
from patients with early diffuse cutaneous systemic sclerosis are enriched with an
inflammatory infiltrate consisting of activated T cells and macrophages in perivascular
regions.8-10 Abatacept is a cytotoxic T-lymphocyte-associated antigen 4 immuno globulin
fusion protein that blocks T-cell co-stimulation. Animal models that mimic the early
inflammatory skin changes seen in diffuse cutaneous systemic sclerosis show that abatacept
can prevent and induce the regression of dermal fibrosis.1! In addition to decreasing T-cell
activation, abatacept might mediate its anti-fibrotic effects by preventing the differentiation
of circulating fibrocytes into myofibroblasts or fibroblasts.12

A 6-month, placebo-controlled pilot study of ten participants with diffuse cutaneous
systemic sclerosis showed that abatacept was well tolerated, with potential use for treatment
of skin tightening.13 In a EUSTAR observational study that included 27 patients, abatacept
had a good safety profile, improving inflammatory arthritis and function in patients with
systemic sclerosis treated in routine care.14 In view of these preclinical and clinical

data, we did the ASSET trial (A Study of Subcutaneous Abatacept to Treat Diffuse
Cutaneous Systemic Sclerosis), which is a phase 2, double-blind, placebo-controlled trial

of weekly subcutaneous abatacept over 12 months in patients with early diffuse cutaneous
systemic sclerosis (<36 months of disease).1> ASSET showed numerical, but not statistically
signi ficant, improvements with abatacept in the primary endpoint of mean change from
baseline to month 12 of modified Rodnan Skin Score (MRSS).16 Moreover, abatacept was
safe and showed significant and clinically meaningful changes in secon dary outcome
measures, including the Health Assessment Questionnaire disability index (HAQ-DI) and
the composite index the American College of Rheumatology (ACR) Combined Response
Index in diffuse cutan eous Systemic Sclerosis (CRISS).17 At completion of the 12-month
double-blind phase, all participants were eligible to transition to open-label treat ment with
weekly subcutaneous abatacept for an additional 6 months. Here, we describe safety and
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exploratory efficacy outcomes up to month 18, including a 6-month open-label exten sion
period.

Methods
Study design

ASSET is an investigator-initiated, phase 2, double-blind randomised trial with an open-
label extension phase done at 22 sites in Canada, the UK, and the USA. Eligible participants
(aged =18 years) fulfilled the 2013 ACR and European Union League Against Rheumatism
classification criteria for systemic sclerosis8 with diffuse cutaneous involvement as defined
by LeRoy and Medsger.1® Further inclusion criteria were either disease duration of 18
months or less from the time of first non-Raynaud’s symptoms and an mRSS of 10-35 at
the time of screening, or disease duration of 36 months or less but more than 18 months, an
mRSS of 15-45, and evidence of active disease at the screening visit compared with the last
clinic visit in the previous 6 months. Active disease was defined as an increase in mRSS of
3 or more units, involvement of one new body area with an increase in mRSS of 2 or more
units, involvement of two new body areas with an increase in mRSS of 1 or more unit, or
presence of one or more tendon friction rubs.

If the participant completed the 12-month double-blind trial, they were offered the chance
to join the 6-month open-label extension. If the participant worsened with respect to their
systemic sclerosis for 3 months or longer during the 12-month study, and escape therapy
was indicated (as determined by the clinician), study medication was withdrawn. However,
if the participant agreed to continue study follow-up (up to month 12), participated in visits
and procedures, and agreed to blood and tissue collection, they were offered the chance to
participate in the open-label phase.

Each participating site obtained approval from their local institutional review board

or ethics committee. The study design and participant inclusion and exclusion criteria
have been previously published and are available in the appendix (pp 1-2); the study
protocol is available from the corresponding author.1® All participants provided written
informed consent before any study procedures. The study was done in accordance with the
Declaration of Helsinki.

Randomisation and masking

Participants were randomly assigned (1:1) either abatacept or matching placebo.
Randomisation was stratified by duration of diffuse cutaneous systemic sclerosis (<18
months vs>18 to <36 months). The Data Coordinating Center (DCC) at the University

of Michigan prepared the randomisation schedule, using computer-generated block
randomisation (random block sizes of two and four [known only by the DCC]). Study staff
(including research pharmacists, outcomes assessors, and investigators analysing data) and
participants were unaware of treatment assignments.
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During the double-blind phase, patients received either 125 mg subcutaneous abatacept
weekly or matching placebo (both provided by Bristol-Myers Squibb, Manati, PR, USA).
Escape therapy with non-biological immunomodulatory agents was permitted at month 6 for
par ticipants with worsening diffuse cutaneous systemic scler osis. Partici pants in both the
abatacept and placebo groups who completed 12 months in the double-blind phase of the
trialtransitioned to open-label treatment with 125 mg subcutaneous abatacept weekly for up
to 6 months.

Participants were assessed for adverse events, had a physical examination, and were
analysed by mRSS at baseline and months 1, 3, 6, 9, and 12 during the double-blind

phase, then at months 14, 16, and 18 during the open-label phase. Scores on the HAQ-DI
(range 0-3), Scleroderma-HAQ (S-HAQ) visual analogue scale (VAS), Patient-Reported
Outcomes Measurement Information System (PROMIS)-29,20 University of California at
Los Angeles Scleroderma Clinical Trial Consortium (UCLA) gastrointestinal tract (GIT)
2.0,21 and patient and physician global assessments of overall disease by VAS (range 0-10;
higher score denotes worse symptoms) were obtained at baseline and months 3, 6, 12 and
18. Pulmonary function tests were done at baseline and months 6, 12, and 18. Systemic
sclerosis-specific autoantibodies were assessed by immunofluorescence for anti-centromere.
Ten other antibodies were evaluated by protein and RNA immunoprecipitation.

The primary efficacy endpoint for the double-blind phase of the trial was change from
baseline in mRSS at month 12, as previously reported.1> Exploratory efficacy endpoints for
the open-label extension included changes from baseline to month 18 in mRSS, % predicted
forced vital capacity (FVC), HAQ-DI, patient and physician global assessments, and ACR
CRISS. We also included S-HAQ VAS, PROMIS-29, and UCLA GIT 2.0 questionnaires as
exploratory outcomes. Finally, we calculated the percen tage of participants fulfilling a novel
consensus-driven definition of low disease activity for patients with moderate-to-severe
diffuse cutaneous systemic sclerosis who met all three of the following criteria: mRSS 10

or lower, HAQ-DI 0-75 or lower, and patient global assessment 3 or lower (on a scale of
0-10).22 We also assessed the proportion of participants who achieved minimal clinically
important differences in mRSS (decrease of =5 units),23 % predicted FVC (increase >3%),24
HAQ-DI (decrease >0-14),25 and ACR CRISS (=0-6).17 Safety was assessed by the number
of participants with at least one adverse event, adverse event leading to withdrawal, or
serious adverse event. The number of serious adverse events was reported by system organ
class.

Statistical analysis

Descriptive statistics for safety and exploratory efficacy endpoints by original randomised
treatment group are provided separately for the double-blind and open-label treatment
phases. This approach, which includes all measures without censoring for escape therapy
(the principle approach in the primary double-blind analyses), allows for more interpretable
conclusions about the effect of continued abatacept in participants allocated abatacept and
the early abatacept experience in participants allocated placebo. All randomised participants
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who received at least one dose of double-blind or open-label abatacept (modified intention-
to-treat population) were included in double-blind and open-label analyses, respectively.
Summary statistics (eg, mean [SD]) of observed data (ie, with no imputation for missing
data) were calculated to allow a simple consistent approach to investigate treatment-specific
estimates between the double-blind and open-label extension phases. Estimates using this
complete case-analysis approach are valid under a strict missing data assumption (missing
completely at random), which does not reflect that dropouts could be attributable to scant
tolerability or efficacy. SAS version 9.4 was used for all statistical analyses.

This trial is registered with ClinicalTrials.gov, NCT02161406.

Role of the funding source

Results

The industry funder (Bristol-Myers Squibb) provided study medication and matching
placebo but had no role in study design, data collection, data analysis, data interpretation,

or writing of the report. The academic funder (National Institutes of Health) funded the
biomarker analysis and had no role in the study. Data were stored at the University of
Michigan. The manuscript was reviewed by the industry funder before final submission, but
publication of this Article was not contin gent on approval by the funder. The corres ponding
author had full access to all data in the study and had final responsibility for the decision to
submit for publication.

Between Sept 22, 2014, and March 15, 2017, 88 participants were randomly allocated either
placebo (n=44) or abatacept (n=44) during the double-blind phase of the trial. 34 (77%)
participants assigned placebo and 33 (75%) assigned abatacept completed the 12-month
study period and transitioned to open-label treatment for another 6 months. 32 participants
in each group (placebo—abatacept and abatacept—abatacept) completed the month 18
assessments (figure 1). During the open-label extension, three participants discontinued

the study (two originally assigned placebo and one originally assigned abatacept). Escape
therapy was received by 13 participants originally assigned placebo (12 who started escape
therapy during the double-blind phase and one who started during the open-label extension)
and six participants originally assigned abatacept (five who started escape therapy during
the double-blind phase and one who started during the open-label extension; appendix p 4).
Baseline characteristics were similar between participants who were randomly assigned in
the double-blind phase and those who transitioned to open-label treatment (table 1).

Among patients assigned abatacept, a mean improvement from baseline in mRSS was
noted at 12 months (-6:6 [SD 6-4]), with further improvement seen during the open-label
extension (—9-8 [8-1] at month 18; figure 2, table 2). Participants assigned placebo had a
mean improvement from baseline in mRSS at 12 months (-3-7 [SD 7-6]), with a further
improvement at month 18 (-6-3 [9-3]). The proportion of participants who had a 5-unit

or greater improvement in mRSS at month 12 was 68% (23 of 34) among those assigned
abatacept and 50% (19 of 38) among those assigned placebo. After 6 months of open-label
treatment, this proportion had risen to 72% (23 of 32) in the abatacept—abatacept group and
65% (20 of 31) in the placebo—abatacept group (appendix p 3).
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% predicted FVC declined in both groups during the double-blind trial; at 12 months,

the mean change from baseline was —2:7% (SD 5-5) among those assigned placebo and
-1-6% (8:0) among those assigned abatacept owever, during the open-label extension both
treatment groups saw improvements in % predicted FVVC such that the mean change from
baseline to month 18 was small (-0-3% [SD 6-3] in the placebo-abatacept group and 0-9%
[9-9] in the abatacept—abatacept group; figure 3A, table 2). A minimal clinically important
difference for % predicted FVVC was attained at month 12 by 19% (six of 32) of patients
assigned abatacept and by 16% (six of 37) of patients assigned placebo, which increased

to 30% (nine of 30) of the placebo-abatacept group and 28% (eight of 29) of the abatacept—
abatacept group at month 18 (appendix p 3).

Participants assigned abatacept during the double-blind phase had an improvement in
disability score at month 12 (mean HAQ-DI -0-09 [SD 0-46]), whereas the disability score
in those assigned placebo worsened (0-09 [0-43]). Disability scores did not change by much
in both groups during the open-label extension, with mean HAQ-DI of -0-13 (SD 0-43)

in the abatacept-abatacept group and 0-04 (0-47) in the placebo-abatacept group (figure

3B, table 2). The proportion of participants who achieved the minimal clinically important
difference for HAQ-DI at month 12 was 79% (26 of 33) of those assigned abatacept and
67% (24 of 36) of those assigned placebo; these proportions did not change by much in both
groups during the open-label extension (appendix p 3).

Patient global assessment VVAS scores for participants assigned abatacept initially worsened
and then returned to the baseline score during the double-blind phase (figure 3C), with a
mean score at month 12 of 0-0 (SD 2-2) in those assigned abatacept versus —0-4 (3-3) in
those assigned placebo. Improvements in scores continued during the open-label extension
(mean score —0-4 [SD 2-1] in the abatacept—abatacept group and —0-6 [3-3] in the placebo-
abatacept group; table 2). By contrast, physician global assessment VVAS scores improved
during the double-blind phase among patients assigned abatacept (mean score —1-4 [SD
1.5]) compared with those assigned placebo (-0-3 [1-9]; table 2). During the open-label
extension, physi cian global assessment VVAS scores were maintained in the abatacept—
abatacept group (mean score —1-3 [SD 2-1]) and improved in the placebo- abatacept group
(-1-0 [2-0]; figure 3D).

The median ACR CRISS score was significantly greater at month 12 in patients assigned
abatacept compared with those assigned placebo; both groups showed improvements in
ACR CRISS scores during the open-label treatment period (table 2). An ACR CRISS score
of 0:60 or higher was achieved at month 12 in 55% (18 of 33) of participants assigned
abatacept compared with 36% (13 of 36) of those assigned placebo; in the open-label
extension, 66% (19 of 29) of patients in the abatacept—abatacept group versus 50% (13 of
26) of those in the placebo—abatacept group achieved an ACR CRISS score of 0-60 or higher
(appendix p 3). Physical function and anxiety, as measured by PROMIS-29 questionnaires,
also improved more in the abatacept group at month 12, followed by improvements in both
groups in the open- label extension (table 2). Low disease activity criteria were fulfilled at
month 12 in five (15%) of 34 patients assigned abatacept and in six (16%) of 38 patients
assigned placebo, increasing at month 18 to ten (31%) of 32 patients in the abatacept—
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abatacept group compared with four (13%) of 31 patients in the placebo—abatacept group
(appendix p 3).

Abatacept was well tolerated throughout the study, with no new safety signals noted

during the open-label extension. In general, during the double-blind phase, adverse events,
infectious adverse events, adverse events leading to study withdrawal, and serious adverse
events were more frequent among patients assigned placebo than among those assigned
abatacept; in the open-label extension, these adverse events occurred in fewer participants
in both groups than in the double-blind phase (table 3). During the open-label extension,
treatment-emergent adverse events that led to study drug discontinuation included a serious
adverse event of ventricular fibrillation with cardiac arrest in one partici pant in the placebo-
abatacept group and two adverse events of tachy cardia (in one participant) and an upper
respiratory infection and night sweats (in one participant) in the abatacept—abatacept group.
Infections occurred during the open-label extension in nine patients (12 events) in the
placebo—abatacept group and 11 patients (14 events) in the abatacept—abatacept group, and
one event in each group was considered serious: one participant in the placebo-abatacept
group had an infected Bartholin’s cyst and one participant in the abatacept—abatacept
group had cellulitis (table 3). Other serious adverse events included one participant in

the placebo—abatacept group who had ventricular fibrillation with cardiac arrest (which led
to study discontinuation) and participants in the abatacept—abatacept group with gastric
antral vascular ectasia related to underlying systemic sclerosis (n=1), pan creatitis (1), and
pregnancy (1). Regarding adverse events of special interest during the open-label extension,
seven participants had a decrease in haemo globin greater than 2 g/dL, five in the placebo—
abatacept group (two of whom had a drop that resulted in haemoglobin <8 g/dL) and two
in the abatacept—abatacept group. Two deaths occurred during the 12-month double-blind
phase in the abatacept group, which were related to scleroderma renal crisis; no deaths were
reported during the openlabel extension.

Discussion

The findings of a 6-month open-label extension of the ASSET phase 2 randomised

trial showed that abatacept is safe in participants with early diffuse cutaneous systemic
sclerosis for up to 18 months and suggest preliminary efficacy for various outcome
measures. Infectious adverse events were less frequent in participants initially treated with
abatacept than in those treated with placebo during the double-blind phase of the trial.
Moreover, lower rather than higher proportions of participants had infectious complications
in both groups on transitioning to open-label treatment. Although the primary endpoint of
change in mRSS from baseline to month 12 was not statistically different with abatacept
compared with placebo, exploratory analyses suggested potential disease-modifying effects
of abatacept in participants with systemic sclerosis.

The treatment of early diffuse cutaneous systemic sclerosis, including skin involvement,
remains a challenge. Current options include mycophenolate mofetil, methotrexate, and
cyclophosphamide.® These three drugs stabilised or showed some improvement in systemic
sclerosis in well controlled trials.28:27 Improvements in skin involvement in those

studies were modest and, similar to other immunosuppressive and immunomodulatory
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treatments, all three drugs can be complicated by serious or severe toxic effects, including
cytopenias, infections, and gastrointestinal events. Haematopoietic stem-cell transplantation
also leads to improvements in skin fibrosis and prevention of pulmonary deterioration or
improvement, but this procedure has high associated risks and costs and requires specialty
multidisciplinary management.3:4

Similar to findings of other clinical trials, at 12 months in the ASSET trial, mRSS showed
numerical improve ment in patients assigned abatacept compared with those assigned
placebo, but with substantial individual hetero geneity. This improvement occurred despite
enrichment strategies (such as short disease duration and requirement for worsening skin
disease) that were included in the trial design. In the double-blind phase of the trial,

skin gene expression signatures affected change in outcome measures over 12 months,1°
highlighting molecular heterogeneity in early disease. Data for explora tory endpoints in the
double-blind and open-label extension phases of the ASSET trial provide confidence for a
potential disease-modifying effect of abatacept in participants with early diffuse cutaneous
systemic sclerosis. For example, patients in both groups showed numerical improvements
in % predicted FVC during the open-label extension. % predicted FVVC is an objective
outcome measure and is now considered by many clinicians to be a surrogate measure for
systemic sclerosis-associated interstitial lung disease. Furthermore, the ACR CRISS score
improved more at month 12 in patients assigned abatacept than in those assigned placebo,
with continued improvements in both groups at month 18. This finding should be interpreted
with caution since ACR CRISS was developed using patient-level data at 12 months.
Ongoing incorporation of ACR CRISS at different timepoints will provide further validity
of this outcome measure. HAQ-DI and patient and physician global assessment scores

also improved in both groups during open-label treatment with abatacept. Additionally, we
calculated the proportion of participants achieving a minimal clinically important difference
and investigated the idea of low disease activity in this cohort with early diffuse cutaneous
systemic sclerosis. The percentage of participants who had low disease activity at month

12 was similar between groups, but at month 18 it was more than twice as high in the
abatacept—abatacept group compared with the placebo—abatacept group after open-label
treatment. This finding might indicate that a longer duration of treatment is necessary to
meet the threshold for low disease activity in diffuse cutaneous systemic sclerosis, and this
should be validated in other studies.

Abatacept was well tolerated in participants with early diffuse cutaneous systemic sclerosis
with a safety profile that was better than placebo during the double-blind phase of the study.
In particular, abatacept does not seem to increase the risk for infectious complications. The
two deaths that occurred in the double-blind period in the abatacept group were related to
scleroderma renal crisis, a severe complication that can affect up to 25% of participants
with early diffuse cutaneous systemic sclerosis;28 no participants died during open-label
treatment with abatacept.

Many novel agents are currently being assessed for treatment of skin tightening in
participants with early diffuse cutaneous systemic sclerosis.24:2930 Qur results are similar
to those from other phase 2 clinical trials, such that clinically important but statistically
insignificant improvements in mRSS were noted during the doubleblind trial, followed by
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further improvements in the open-label extension.31:32 In a study of tocilizumab versus
placebo,32 the overall improvement in mRSS from baseline to the end of the open-label
extension at week 96 was mean —9-4 (SD 5:6 [95% CI —-8.9 to —2.4]) for the placebo-
tocilizumab group and —-9:1 (8-7 [-12-5 to —5-6]) for the tocilizumab-tocilizumab group,
whereas in a study of riociguat versus placebo,33 the improvement in mRSS from baseline
to the end of the open-label extension at week 52 was mean —3:96 (SD 5:43) in the placebo—
riociguat group and —3-02 (5:51) in the riociguat—riociugat group.34 Our results (mean —6-3
[SD 9-3] in the placebo-abatacept group and —9-8 [8-1] in the abatacept—abatacept group
from baseline to month 18) were more closely aligned with those of the tocilizumab versus
placebo study32 because the participant populations were more similar. However, all these
trials showed improvement in mRSS during an open-label extension, which could be a
result of the natural history of early diffuse cutaneous systemic sclerosis. 50% (32 of 64)

of participants in our trial were positive for anti-RNA polymerase 3, which might have
played a part in this improvement. Likewise, stabilisation in % predicted FVC was seen
when comparing baseline values with those at the end of the open-Ilabel extension period

in both the tocilizumab versus placebo trial32 and in our trial. However, infectious adverse
events were numerically more common in patients treated with tocilizumab than placebo in
that study,32 whereas they were numerically less common in patients treated with abatacept
compared with placebo in our trial, which could reflect enhanced trial design. In fact, in
the phase 3 trial of tocilizumab,3 the number of infectious adverse events was numerically
smaller with tocilizumab compared with placebo. Other biological agents (eg, belimumab,36
fresolimumab,37 and ritux imab)3® have been assessed for the treatment of early diffuse
cutaneous systemic sclerosis in small single-centre studies, but larger studies are necessary
for more definitive results.

The 6-month extension to our study had some limitations, particularly with respect to

its open-label uncontrolled nature. First, it is possible that survivor bias affected our

study results, since participants who completed 12 months of double-blind treatment and
entered the open-label extension were probably more responsive to treatment or had less
severe disease (ie, only those doing well continue from the end of the double-blind phase
through to the end of the open-label extension). Second, we used an alternate approach in
tabular summaries to maximise the sample size for estimates and because the differences
in sample size (figure 1) between the double-blind and open-label extension populations,
and in missing outcome data between the 12-month timepoint and the 18-month timepoint,
were very small. Moreover, our study was not powered for formal statistical comparison
of the two treatment arms, and all results from the open-label period must be considered
exploratory. Third, missing data were unavoidable, despite rigorous monitoring during the
clinical trial. Finally, the number of participants was small, and caution should be exercised
before inferring too much from the low rates (eg, of infections) during the open-label
extension.

Our study has several strengths. The first is sole participation of centres with substantial
clinical trial experience in systemic sclerosis. Second, the discontin uation rate during the
open-label extension was low, with only three (4%) of 67 participants discontinuing the
study. Third, we obtained further information on sensitivity to change in ACR CRISS over
an 18-month period, which is especially useful because this outcome measure is now being
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used as the primary endpoint for several clinical trials in early diffuse cutaneous systemic
sclerosis. Finally, we provide information about use of a novel low disease activity definition
in clinical trials of diffuse cutaneous systemic sclerosis.

In summary, the results of this 6-month open-label extension support those of the 12-

month double-blind phase, in that abatacept seems to be safe in participants with early
diffuse cutaneous systemic sclerosis. Exploratory outcome measures during the open-label
extension, including the composite ACR CRISS score, indicate that abatacept might promote
overall global improvement in these participants. A phase 3 clinical trial is necessary to
definitively assess the safety and efficacy of abatacept in this participant population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

We searched PubMed with the terms “systemic sclerosis” OR*“scleroderma” and a
combination of “systemic sclerosis” AND*“ CTLA4”, “abatacept”, “modified Rodnan
skin score”, “clinicaltrials”, or “interstitial lung disease”. Activated T cells areimplicated
in the pathogenesis of early systemic sclerosis,particularly with respect to cutaneous
disease. Animal models that mimic the early inflammatory skin changes seen in systemic
sclerosis show that abatacept can prevent and induce the regression of dermal fibrosis. In
addition to decreasing T-cell activation, abatacept might mediate its antifibrotic effects by
preventing the differentiation of circulating fibrocytes into myofibroblasts or fibroblasts.
A pilot trial and recent analysis from an observational cohort showed beneficial effects of
abatacept on skin, joints, and disability.

Added value of this study

We did a 6-month open-label extension of a 12-month, phase2, randomised double-

blind trial in patients with early diffuse cutaneous systemic sclerosis treated with

either abatacept or placebo. A clinically significant (albeit not statistically significant)
improvement of skin sclerosis, and a clinically relevant improvement in disability and

a new composite index, were seen with abatacept over the 18-month period. The safety
profile was consistent with complications of systemic sclerosis and with the safety profile
of abatacept.

Implications of all the available evidence

In view of the paucity of disease-modifying treatment options for patients with early
systemic sclerosis, combined with the high morbidity and mortality associated with this
disease, data from our trial provide hope for a potential future treatment. These data
should be further investigated in a phase 3 randomised trial before definitive conclusions
can be made about the risks and benefits of abatacept.
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88 randomised in double-blind phase

v

44 assigned placebo

v

44 assigned abatacept

9 discontinued study 10 discontinued study
1 lost to follow-up 2 lost to follow-up
4 patient withdrew 2 patient withdrew
P 1 withdrawn by investigator P 3 withdrawn by investigator
1death 2 death
1 relocation 1 worsening disease
1 worsening disease
16 received escape therapy 7 received escape therapy
— 2 discontinued treatment - — 2 discontinued treatment ee-s
(worsening disease) (worsening disease)
v : :
35 completed month 12 ” [T 34 completed month 12 -l
—»{  1ldiscontinued study at month 12 —  1discontinued study at month 12
34 received open-label abatacept 33 received open-label abatacept
N 2 (ti)is.contin.ued study (withdrawn N 1 di§continued study (patient
y investigator) withdrew)
13 received escape therapy 6 received escape therapy
— 12 started in double-blind phase ----s — 5 started in double-blind phase ---s
1 started in open-label extension 1 started in open-label extension
32 completed month 18 -t 32 completed month 18 -t
Figure 1:

Disposition of study participants
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Change from baseline in mRSS

Number of patients
Placebo
Abatacept

-10

Double-blind phase Open-label

extension

—e— Placebo
—e— Abatacept

T 1
01

3 6 9 12
Study month

T T T
16 14 18

3434 34 34 32 34 29 30 31

3331

32 33 33 33 32 31 32

Figure 2: Change in mRSS from baseline to month 18 in the modified intention-to-treat

population

Data are mean (95% CI). mRSS=maodified Rodnan Skin Score.
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A % predicted FVC B HAQ-DI
Double-blind phase Open-label Double-blind phase Open-label
extension extension
I N - S - N S
; a '
4 : & 024
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gz 2 :
23 : g
] 0 = Lo, E 0+
o T i ©
E 9 i 5
o L 01
s ] : §
S c i e
S g -02-
-4 - —@— Placebo i g
—e— Abatacept : S -03-
T T T T
0 6 12 18
Number of patients Number of patients
Placebo 34 34 33 29 Placebo 34 32 29 32 28
Abatacept 33 33 31 30 Abatacept 33 33 33 32 32
C Patient global assessment D Physician global assessment

Change from baseline
in patient global assessment
Change from baseline
in physician global assessment

Number of patients S oL Number of patients Study month
Placebo 34 34 34 34 31 Placebo 32 32 32 31 27
Abatacept 33 32 33 33 32 Abatacept 33 31 33 33 32

Figure 3: Change in exploratory endpoints from baseline to month 18 in the modified intention-
to-treat population

Data are mean (95% CI).
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Baseline demographics and disease characteristics
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Double-blind phase

Open-label extension

Placebo (n=44)

Abatacept (n=44)

Placebo—abatacept
(n=34)

Abatacept— abatacept
(n=33)

Age, years
Sex
Female
Male
Ethnic origin
White
Not Hispanic or Latino
Disease duration, years *

Disease duration <18 months
Modified Rodnan Skin Score

Diffusion capacity of carbon
monoxide, % predicted 1

Patient global assessment$

disability index/
Physician global assessment$
Tender joint count

Any tender joint
Swollen joint count

Any swollen joint
Large joint contractures
Friction rub
Erythrocyte sedimentation rate,
mm/h
mg/dL

Anti-centromere positive

Anti-topoisomerase positive

Use of prednisone

Forced vital capacity, % predicted

Health Assessment Questionnaire

High-sensitivity C-reactive protein,

Anti-RNA polymerase 3 positive

51 (47-58)

35 (80%)
9 (20%)

37 (84%)
36 (82%)
13 (1:0-2:2)
27 (61%)
21:6 (7-3)
86:5% (16-6)
76:4% (18-4)

43(2:6)7
1.0 (07)

48177
54 (71)
28 (64%)
3.9(58)
21 (48%)
32 (74%)%
13 (30%)
17:6 (15:8)

1.0 (1-4)
1(2%)7
17 (40%) 7

7 (17%)7
5 (11%)

52 (42-56)

31 (70%)
13 (30%)

35 (80%)
40 (91%)
15 (0-9-2:5)
26 (59%)
233 (7:9)
84-2% (13:5)
79-6% (18-1)

39 (22)%
1.1 (0-7)

48(17)
36(57)
21 (48%)
36 (56)
21 (48%)
31 (70%)
19 (43%)

179 (15:2)%

11(12)

3 (1%)%
22 (51%)%
9 (21%)7%
7 (16%)

53 (47-59)

27 (79%)
7 (21%)

30 (88%)
29 (85%)
13 (1:0-21)
22 (65%)
211 (6:6)
88-5% (16'5)

78:7% (19-2)%

41(26)

09(07)

4717
41(61)
19 (56%)
3.9(65)
13 (38%)
26 (76%)
12 (35%)
17-2 (16'5)

09 (1.5)
1(3%)7
13 (41%) 7

4 (13%)7
2 (6%)

50 (42-56)

27 (82%)
6 (18%)

27 (82%)
32 (97%)
1.7 (0-9-2.4)
18 (55%)
234 (8:5)
85:9% (11-3)
84.3% (16-0)

3.4(20)

10(07)

46(17)
42 (64)

15 (45%)
3.0(49)

14 (42%)
24 (73%)
14 (42%)

151 (11.2)%

09 (09)

2 (6%*
19 (59%)%
6 (19%)7
7 (21%)

Data are median (IQR), mean (SD), or n (%).

*
Disease onset was defined as first non-Raynaud’s sign or symptoms.

fCorrected for haemoglobin.
¢Data missing for one patient.

§Theoretica| range 0-10.
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”Data missing for two patients.

I

Theoretical range 0-3.

Lancet Rheumatol. Author manuscript; available in PMC 2021 December 28.

Page 20



Page 21

(69)62- 1€ (08)e1- 82 r8) Tv-  ve ()80~ o - SOUBIBLIBIUL Uled
(68 vo- 1€ (ev)s0- 62 (6200 e (98)e0- o9 » 2ouRCINISIp daals
@8 sz- 1€ () 9z- 62 D11~ 18 L9vIi- o »onbied
(69) T o0F ()62 62 ()90 ve (6:1)80- st , uoissaidaq
(18)5T- o0€ (06) e5- 62 (T6)ov- vE (Tor) €T- &€ , faerxuy
(v 91- o8 (Lv)e1- 62 (9€)81- ¢ (ov)1T0 S€ 4uonouny edishyd

62-SINOYd

@v) 11— € rv)s1- 1€ (6€) 20~ € (Tv)s1- 8¢ ,un0d Jutof ualioms

r9)sz- (69) 91~ 1€ Z8)TI- e (9)60- 8¢ ,/1unod Jutof Japua,

(GZT) %L0  0S (80T) %Tz— g5 z/PewIpald 96 ‘apixouow uocses jo Alroedes uoisnyia

(2'808) vvi- €

(LT wre- L2
(6'e¥2) 985 62

(6TT) %60 62

(2688) LT OF (6:202) G€TT- L€ Tw ‘Ayoeded [ena paoiod

(66) %60 0F (€9) %0~ 62 (08) %91~ z€ (g9 %Lz~ ¢ PIpa1d 9 ‘Adeded [enA paoiog

T vro- 1€ (e€) 90~ 62 ()00 €& (e€) o~ st , 3105 aNBOJeUE [ENSIA ‘JaLUSSaSSE [eq01D Juaned

T)el- <z 0201~ 12 Gy~ e (6T) €0~ ge O89S anBOJeue [ensin Juawissasse [eqo]b UeroisAld
womzsr  ze (€08) v¥T 82 (89e)ve e (e18)2s  9¢ » [PUBSIIIIONSED
(Lzd)T0- 1 (0-28) 1€ 82 (012) L2~ vg (8zv) €6 S , S80I [enbia
(L18)e6- 1 (e oy 8z (@ve)zL e (898) vz- &€ 5 ScPneukey
(g8e) s 1€ (0ze)88 82 (zee) 90~ € (0ze) T9T Se ,Bunpeaig
(198) z81- 1€ (018)zo- sz (Tve) 98- v¢€ (8€8) S€T S MILAY

9Jeas anBojeue [eNnsIA ‘areuuonsang JUBWSSasSY Y1[esH BulIapo.Ia|os

(ev-0) €T:0- 2 (Ly-0) 00 82 (9v:0) 60-0- €€ (ev-0) 600 9 , XaPUI AUIGESIP B11eULONSaNG JUBWISSASSY YleaH

(18)86- 2€ (e6)€9- 1€ (79) 99- € (92) Le- 8¢ 81005 UIS UBUPOY PaLHIPOIN

Lancet Rheumatol. Author manuscript; available in PMC 2021 December 28.

Chung et al.

auljaseq wody sbuey) U auljeseq wody sbueyd U suleseq woayabueyd U suljeseq wouy sbueyd U

(eg=u) 1dsoereqe-1decereqy  (ye=u) 1dsoereqe-ogaoe|d (pp=u) 1deoerEqY (p=u) ogaoe|d

8T IUOW "UoISUaIXa [aqe|-usdO 2T tauow ‘eseyd pul|g-ajgnoq

(e1ep panasqo uonejndod jeali-0i-uonuaiul) syulodpus
Alojelojdxe pue 3109S UIS UrUPOY paljipow ul (uoisualxa [agej-uado Buipnjour) 8T yiuow Jo (sseyd puijg-ajqnop) ZT Yluow 01 auljaseq wody abuey)

‘¢ dlgeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 22

Chung et al.

‘uigojBowsey Joy vmgow:oou

“Juawianoldwil sajealpul anjeA aansod v

i
“Juswanoldwil sayealpul anjeA aalebau v
*

'S1S0J3[9S

21W3ISAS SNOBURIND 3SNYYIP Ul X3pu| asuodsay paulquio) ABojorewnayy Jo 863]]0D) ULILBWY=SS YD ¥OV 0°Z 19B1) [RUIISSIUI0NSED WNILIOSUOD [BLIL [B2IUI]D) BWIBPOIS|IS Sajabuy SO 18 eluiofijed
10 AISISAIUN=0Z 119 V1N "62-WaISAS LUONBLWIOIU| JUSWAINSESA S3W02INO palioday-1usied=62-SIINOHd “1UsWaINseaLl 10) Blep ajqejiene yim siusied=u '(401) ueipaw 1o (Qs) uesw aie ereq

(eg=u) 1dsoereqe-1dadereqy

(pe=u) 1dadereqe-ogade|d

(py=u) 1daoereqy (y=u) ogaoeld

8T UIUOLL "UOISUSIX3 [aqe|-usdO

2T tauow ‘eseyd puijg-ajgnoq

(00T-90:0) 660 62 (66:0-10:0) G0 92 (00-T-00:0) 180 62 (€6:0-00:0) €00 0 /SSIHO ¥Ov
(€010 08 (r0)z0 82 (€010 tE (€000 9 21008 21010 LID V10N
(6T)z1- 1€ (61) 20~ 82 (62) L0~ g (LT)z0- 98 , Ausuait uted
(r8)00 1€ (18)50 82 (T1)so- € (09) g1~ 98 4 SBI0T 1008
auljeseq wouy abueyd U auljeseq wioay 9buey) U auljeseq wioay abueyd U suljeseq wod) abueyd U

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Lancet Rheumatol. Author manuscript; available in PMC 2021 December 28.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Chung et al.

Adverse events (safety population)

Table 3:

Page 23

Double-blind phase

Open-label extension

Placebo (n=44)

Abatacept (n=44)

Placebo—-abatacept
(n=34)

Abatacept—abatacept
(n=33)

One or more adverse event
One or more infectious adverse event
Adverse events leading to withdrawal
One or more serious adverse event
Infections and infestations (serious adverse events)
Cellulitis
Mastoiditis
Paronychia
Pneumonia
Infected Bartholin’s cyst
Cardiac disorders (serious adverse events)
Atrial flutter with conduction defects
Cardiac arrest
Congestive heart failure

Myocardial infarction or acute coronary
syndrome

Pulmonary arterial hypertension
Pericardial effusion
Worsening atrioventricular block
Ventricular fibrillation cardiac arrest
Gastrointestinal disorders (serious adverse events)
Anaemia
Cholecystitis
Dysphagia
Erosive oesophagitis
Gastric antral vascular ectasia
Gastric antral vascular ectasia with anaemia
Melaena
Pseudo-obstruction
Pancreatitis
Gynaecological events (serious adverse events)
Pregnancy
Malignant disorders (serious adverse events)
Basal-cell skin carcinoma
Squamous-cell skin carcinoma
Respiratory disorders (serious adverse events)
Respiratory failure

Renal disorders (serious adverse events)

40 (91%)
25 (57%)
6 (14%)
12 (27%)
212

o » B O O

6/3

T

o B O B

6/6

O O O O O F B P P P P

RN
~
iy

171

35 (80%)
19 (43%)
5 (11%)
9 (20%)
212

1
1
0
0
0

212

=, O O o

o O B

© © O B B O O O F»r O O W
N

=
~
iy

11

313

23 (68%)
9 (26%)
1 (3%)

2 (6%)
11

, O O o o

o O o o

O O O O O O O O O O O O O O O O o o +» o o o
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Double-blind phase Open-label extension
Placebo (n=44)  Abatacept (n=44) Placebo-abatacept Abatacept-abatacept
(n=34) (n=33)
Scleroderma renal crisis 1 3 0 0
Vascular disorders (serious adverse events) 11 0 0 0
Digital ischaemia 1 0 0 0
Mental disorders (serious adverse events) 11 0 0 0
Depression with suicidal ideation 1 0 0 0

Data are either number of adverse events (%), number of serious adverse events by system organ class/number of patients with at least one serious
adverse event in that class, or number of serious adverse events for preferred terms within a system organ class. Percentages of adverse events are
reported separately for the 12-month double-blind phase and the 6-month open-label extension.
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