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CLINICAL SCIENCE

Efficacy and safety of abatacept in active primary
Sjogren’s syndrome: results of a phase Ill,
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ABSTRACT

Objectives To evaluate efficacy and safety of abatacept
in adults with active primary Sjogren’s syndrome (pSS) in
a phase I, randomised, double-blind, placebo-controlled
trial.

Methods Eligible patients (moderate-to-severe pSS
[2016 ACR/European League Against Rheumatism
(EULAR) criteria], EULAR Sjogren’s Syndrome Disease
Activity Index [ESSDAI] =5, anti-SS-related antigen A/
anti-Ro antibody positive) received weekly subcutaneous
abatacept 125mg or placebo for 169 days followed by
an open-label extension to day 365. Primary endpoint
was mean change from baseline in ESSDAI at day 169.
Key secondary endpoints were mean change from
baseline in EULAR Sjogren’s Syndrome Patient Reported
Index (ESSPRI) and stimulated whole salivary flow (SWSF)
at day 169. Other secondary clinical endpoints included
glandular functions and patient-reported outcomes.
Selected biomarkers and immune cell phenotypes were
examined. Safety was monitored.

Results Of 187 patients randomised, 168 completed
double-blind period and 165 continued into open-

label period. Mean (SD) baseline ESSDAI and ESSPRI
total scores were 9.4 (4.3) and 6.5 (2.0), respectively.
Statistical significance was not reached for primary
(ESSDAI —3.2 abatacept vs —3.7 placebo, p=0.442)

or key secondary endpoints (ESSPRI, p=0.337; SWSF,
p=0.584). No clinical benefit of abatacept over

placebo at day 169 was seen with other clinical and
PRO endpoints. Relative to baseline, abatacept was
associated with significant differences vs placebo

in some disease-relevant biomarkers (including IgG,
IgA, IgM-rheumatoid factor) and pathogenic cell
subpopulations (post hoc analyses). No new safety
signals were identified.

Conclusions Abatacept treatment did not result in
significant clinical efficacy compared with placebo in
patients with moderate-to-severe pSS, despite evidence
of biological activity.
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INTRODUCTION

Primary Sjogren’s syndrome (pSS) is a chronic,
systemic autoimmune disease typically affecting the
salivary and lacrimal glands and producing symp-
toms of dry mouth, dry eyes, fatigue and pain.' The
estimated prevalence of pSS in the general popula-
tion is 0.01%-0.1%; pSS is associated with a high
burden of disease and diminished quality of life.>*
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Key messages

What is already known about this subject?

» In patients with primary Sjogren’s syndrome
(pSS), open-label uncontrolled studies of
various therapeutic agents with efficacy in
other autoimmune diseases have shown some
promising results based on different outcome
measures, but large controlled studies have so
far been unable to demonstrate a meaningful
treatment benefit.

What does this study add?

» Abatacept treatment did not result in
significant clinical efficacy versus placebo in
this randomised controlled trial, but it showed
evidence of disease-relevant biological activity.

» The lack of clinical benefit of abatacept
treatment for patients with pSS in the face of an
apparent biological effect is not understood.

How might this impact on clinical practice or

future developments?

» Although this study does not support the use
of abatacept in pSS, further studies would be
needed to assess the impact of factors such as
the heterogeneity of pSS.

» In highlighting the clinical heterogeneity of pSS
and the major challenges in designing efficacy
studies of novel therapies targeting systemic
disease, the results from this study can be used
to inform the development of new composite
endpoints—which are sensitive to change and
reflect clinical and biological effects—to aid
future clinical development in pSS.

Treatment recommendations for patients with
pSS focus mainly on symptomatic agents.” Avail-
able symptomatic therapies include artificial tears
and saliva, cholinergic agonists such as pilocarpine’
and cevimeline,® cyclosporine” and lifitegrast eye
drops.® There are currently no approved disease-
modifying treatments for pSS. Small, open-label,
uncontrolled and controlled clinical efficacy studies
of methotrexate,” leflunomide,'’ hydroxychlo-
roquine,’ rituximab,'*™* epratuzumab (B-cell-
targeted agents),” belimumab (B-cell-activating
factor-blocking agent)'® and infliximab (tumour

BM)
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necrosis factor-o-blocking agent)'” have shown mixed results
using a variety of outcome measures. Additionally, randomised
placebo-controlled trials of hydroxychloroquine!® and ritux-
imab'? '3 for pSS have been negative.

Abatacept is a selective costimulation modulator that blocks
the interaction between CD80/CD86 on antigen-presenting cells
and CD28 on T cells,"” ?° thereby disrupting T-cell activation, a
likely key step in pSS pathogenesis.”! Proven efficacy of abata-
cept for treatment of patients with rheumatoid arthritis (RA),*>
a T-cell-driven systemic autoimmune disease,'’ > supports the
rationale that blocking this co-stimulatory pathway can produce
clinical efficacy in an autoimmune disease.

Early studies of abatacept in pSS showed promising results.
In two small, open-label pilot studies with pSS, a 24-week
course of intravenous abatacept treatment was associated with
a beneficial effect on disease activity and an acceptable safety
profile.”® # Additionally, a small, prospective observational
study of 11 patients with pSS from Brazil recently reported a
significant reduction in European League Against Rheumatism
(EULAR) Sj6gren’s Syndrome Disease Activity Index (ESSDAI)
and improved salivary flow following treatment with intravenous
abatacept.’® An open-label study of secondary SS (associated
with RA) in Japanese patients demonstrated efficacy of intrave-
nous abatacept for RA-related and SS-related manifestations.®!

Here, we present the results of a double-blind (day 169) phase
III, randomised, placebo-controlled trial with an extended open-
label (day 365) treatment period to assess efficacy and safety of
subcutaneous (SC) abatacept in patients with moderate-to-severe
pSS.

METHODS

Study design

In this phase III, double-blind, placebo-controlled trial (Clini-
calTrials.gov: NCT02915159), eligible patients with active pSS
were randomised 1:1 to receive either weekly SC abatacept
125 mg or SC matching placebo for 169 days. A subsequent
197-day (365-day in Japan) open-label extension followed the
initial double-blind period, when all eligible patients received
SC abatacept 125 mg/week (those receiving placebo switched to
abatacept). Post-treatment safety follow-up lasted an additional
168 days.

Patients were recruited from December 2016 to January 2018
from 60 centres in 13 countries. Random assignment of study
treatment was performed by a central system. Randomisation
schedules were generated by the Randomisation Group within
Drug Supply Management of Bristol Myers Squibb Company.
Randomisation was stratified globally by current corticoste-
roid use, current hydroxychloroquine use, enrolment in Japan
(yes/no) and level of stimulated whole salivary flow (SWSF;
</=0.1mL/min). A block size of 2 was applied.

This study was conducted in accordance with the Declaration
of Helsinki** and the International Conference on Harmonisa-
tion Good Clinical Practice guidelines.> All patients enrolled
provided written informed consent in accordance with local
laws.

Patients

Patients aged =18 years with pSS defined by 2016 American
College of Rheumatology/EULAR criteria®* and moderate-to-
severe disease activity with an ESSDAI score =5,>* who were
refractory to symptomatic or local therapy (eg, non-steroidal
anti-inflammatory drugs) and anti-SS-related antigen A/anti-Ro
antibody positive, were included. Patients were excluded if:

they had another systemic autoimmune disease, inflammatory
conditions, severe fibromyalgia or other medical conditions
associated with clinical features of pSS that could interfere with
assessment of treatment response; or they had received intrave-
nous, intramuscular, SC or intra-articular corticosteroids within
4 weeks prior to randomisation, rituximab within 12 months or
belimumab, other biological therapy or methotrexate within 12
weeks. Additional information regarding exclusion criteria can
be found in the online supplemental appendix.

Primary and key secondary endpoints

The primary endpoint was mean change from baseline (day 1)
in ESSDAI at day 169 for abatacept versus placebo. The two
key secondary endpoints were mean changes from baseline in
EULAR Sjogren’s Syndrome Patient Reported Index (ESSPRI)
and in SWSF (among patients with SWSF =0.1mL/min at
screening and baseline) of abatacept versus placebo at day 169.
ESSDAI includes 12 domains (cutaneous, respiratory, renal,
articular, muscular, peripheral nervous system, central nervous
system, haematological, glandular, constitutional, lymphadenop-
athy and lymphoma, and biological)®*®*” and ESSPRI is a patient-
reported symptom index for dryness, fatigue and limb (joint/
muscular) pain.** SWSF was determined by vigorously chewing
(one chew/second) a piece of preweighed sterile gauze for 2 min
and determining difference in weight.

Other efficacy and exploratory endpoints

Other secondary clinical endpoints included mean change from
baseline in 28-joint Disease Activity Score based on C reactive
protein (DAS28 [CRP]) at day 169, ESSDAI score according to
hydroxychloroquine and corticosteroid use (both were strati-
fication variables for randomisation), Physician Global Assess-
ment score and proportion of patients with minimally clinically
important improvement in both ESSDAI score (decrease >3)*
and in ESSPRI score (decrease =1).*° Secondary patient-reported
outcome endpoints included mean changes from baseline in
Patient Global Assessment score, Patient-Reported Outcomes
Measurement Information System fatigue score and Female
Sexual Function Index score, which measures sexual function in
six subdomains. Other glandular function endpoints were also
evaluated and included mean changes from baseline in SWSF,
unstimulated WSF (UWSF; expectorated unstimulated saliva
for 15 min), numeric rating scale for eye and mouth dryness,
Schirmer’s test (measure of aqueous tear production over 5 min),
tear break-up time (TBUT; seconds between patient’s last blink
and first appearance of a random dry spot on the cornea) and
ocular staining scores® (OSS; cornea and conjunctiva staining
pattern). All ocular assessments were performed by a trained
ophthalmologist. Exploratory endpoints included mean changes
from baseline in biomarkers of B-cell hyperactivity and immune
cell phenotypes.

Assessments
Patient demographics and disease characteristics were assessed
at baseline; clinical disease activity and safety were assessed
regularly during the double-blind and open-label periods.
The endpoint assessments were conducted at various intervals
throughout the study along with tender and swollen joint counts.
For the post hoc analysis of biomarkers and laboratory param-
eters, changes from baseline were determined for erythrocyte
sedimentation rate, high-sensitivity CRP, CH50 complement, C3
complement, C4 complement, IgG, IgA, IgM, IgM-rheumatoid
factor (RF), kappa light chain, lambda light chain and beta-2
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microglobulin.  Serum biomarker chemokine ligand 13
(CXCL13) analyte was measured using the SIMOA assay from
Myriad RBM. Immune cell phenotyping of whole blood samples
was assessed in a subpopulation of patients from sites that partic-
ipated in the flow cytometry analysis with data analysed using
BD FACSDiva software.

Adverse events (AEs) were monitored throughout the study.

Statistical analysis

A hierarchical testing procedure was applied to the primary and
key secondary endpoints to preserve the overall type I error of
5%. The first key secondary endpoint would only be tested (at
significance level 5%) if the test for the primary endpoint was
statistically significant (significance level 5%). If both the test
for the primary endpoint and the first key secondary endpoint
were statistically significant (both at significance level 5%), the
second key secondary endpoint would be tested (at significance
level 59%). The primary and key secondary endpoints, along with
selected biomarkers, were analysed by a longitudinal repeated
measures model. Power and sample size calculations are included
in the online supplemental appendix.

Baseline demographics and disease characteristics of the study
population were summarised descriptively. All efficacy analyses
used the modified intent-to-treat (mITT) population, which
comprised all randomised patients who received =1dose of
study medication. Missing data for responders were imputed
as non-responders. Estimates of adjusted mean change were
derived from a repeated measures mixed model; model analysis
details are included in the online supplemental appendix.

Safety was summarised descriptively throughout the trial up to
56 days after last study drug dose.

Patient and public involvement

In addition to implementation of the intervention, patient-
reported outcomes were key components of the study clinical
efficacy outcomes. Independently of the study and through a
patient engagement network, patients with pSS provided input
towards key aspects of the final study design (such as the desired
concomitant use of stable-dose hydroxychloroquine). Patients
and patient advocacy groups were not involved in the data inter-
pretation, writing or editing of this manuscript.

RESULTS

Patient disposition and baseline characteristics

Of 187 patients randomised (abatacept n=92; placebo n=95),
168 completed the double-blind period and 165 continued into
the open-label period (online supplemental figure S1). A total
of 19 patients discontinued treatment during the double-blind
period; reasons for discontinuation were generally balanced
between treatment arms (online supplemental figure S1). Patient
baseline characteristics were similar between treatment groups
(table 1). For the overall study population, mean age was 52
years, 95% of patients were female and 64% were white; mean
disease duration was 5 years. Mean baseline ESSDAI and ESSPRI
total scores were 9.4 and 6.5 and were similar between treat-
ment groups. At baseline, 39% of patients received concomitant
stable-dose hydroxychloroquine and 24% received oral corti-
costeroids (=10 mg/day prednisone equivalent). Mean baseline
SWSF (mL/min) was 1.0 and similar between treatment groups.

Primary and key secondary endpoints
At day 169, adjusted mean change from baseline in ESSDAI
score (primary endpoint) was not statistically different between

Table 1 Baseline patient demographics and disease characteristics
Abatacept Placebo Total
Characteristic (n=92) (n=95) (n=187)
Age, years 51.2 (12.3) 52.9 (13.5) 52.0 (12.9)
Weight, kg 71.4(18.6) 67.5(17.3) 69.4 (18.0)
Female, n (%) 85 (92.4) 92 (96.8) 177 (94.7)
Race, white, n (%) 60 (65.2) 60 (63.2) 120 (64.2)
Disease duration, years 5.0 (5.0) 5.1 (5.3) 5.0 (5.2)
ESSDAI total score 8.7 (3.4) 10.1 (5.0) 9.4 (4.3)
ESSPRI total score 6.6 (2.1) 6.5 (1.9) 6.5 (2.0)
SWSF, mL/min 1.1(0.9) 0.9 (0.9) 1.0(0.9)
SWSF >0.1 mL/min, n (%) 84 (91.3) 86 (90.5) 170 (90.9)
Concomitant treatment at day 1, n (%)
Non-steroidal anti- 44 (47.8) 31 (32.6) 75 (40.1)
inflammatory drugs
Topical eye preparation 13(14.1) 14 (14.7) 27 (14.4)
Parasympathomimetics 15 (16.3) 21(22.1) 36 (19.3)
Hydroxychloroquine 37 (40.2) 36 (37.9) 73 (39.0)
Oral corticosteroids* 22 (23.9) 22 (23.2) 44 (23.5)
Concomitant treatment prior to day 1, n (%)
Non-steroidal anti- 49 (53.3) 37 (38.9) 86 (46.0)
inflammatory drugs
Topical eye preparation 17 (18.5) 16 (16.8) 33(17.6)
Parasympathomimetics 17 (18.5) 22 (23.2) 39(20.9)
Hydroxychloroquine 48 (52.2) 45 (47.4) 93 (49.7)
Methotrexate 20 (21.7) 15 (15.8) 35(18.7)
Oral corticosteroids 32 (34.8) 27 (28.4) 59 (31.6)

Data are mean (SD) unless otherwise stated.

*<10mg/day prednisone equivalent.

ESSDAI, EULAR Sjégren’s Syndrome Disease Activity Index; ESSPRI, EULAR Sjogren’s
Syndrome Patient Reported Index; SWSF, stimulated whole salivary flow.

treatment groups: —3.2 for abatacept vs —3.7 for placebo
(p=0.442; figure 1A). At day 365 (end of open-label period),
adjusted mean change from baseline in ESSDAI score was —3.8
for abatacept vs —4.4 for placebo (switched to abatacept at day
169; figure 1A). At days 169 and 3635, proportions of patients
with minimally clinically important improvements from baseline
in ESSDAI total score (decrease =3) were 55% and 48% for
abatacept, and 58% and 56% for placebo (switched to abatacept
at day 169), respectively. In the stratified subgroups, patients not
receiving corticosteroids or hydroxychloroquine at baseline had
similar mean changes in ESSDAI score in both treatment groups
(adjusted mean differences from placebo [95% CI] 0.1 [-1.3
to 1.4] and 0.4 [—1.1 to 1.9], respectively). In patients who
received concomitant stable-dose oral corticosteroids during
the double-blind period, adjusted mean difference from placebo
(95% CI) in ESSDAI at day 169 was 2.7 (0.2 to 5.1).

Due to non-statistically significant primary endpoint results,
the two key secondary endpoints, ESSPRI and SWSF, could not
be tested for significance; nominal p values are presented. For
ESSPRI score, adjusted mean changes from baseline at day 169
were —1.3 and —1.5 in the abatacept and placebo groups, respec-
tively (nominal p=0.337; figure 1B). At day 365, the adjusted
mean change from baseline in ESSPRI score was —1.4 and —1.5
with abatacept and placebo (switched to abatacept at day 169),
respectively (figure 1B). Proportions of patients with minimally
clinically important improvement from baseline in ESSPRI total
score (=1) at days 169 and 365 were 41% and 41% for abata-
cept, and 53% and 51% for placebo (switched to abatacept at
day 169), respectively. Among patients with SWSF =0.1 mL/min
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Figure 1 Adjusted mean changes from baseline in clinical efficacy outcomes over time for (A) total ESSDAI score, (B) total ESSPRI score, (C) SWSF
(mITT population), (D) Schirmer’s test, (E) tear break-up time and (F) ocular staining scores. (A—C) The results for day 169 in the table are from the
primary analysis and the data in the plot are based on the 1-year analysis. (D—F) The adjusted mean differences from placebo (95% Cl) at day 169

in the text boxes are from the primary analysis and the data in the plot are based on the 1-year analysis. Study eye is defined as the eye with the
higher total score for ocular surface staining at baseline. If both eyes have the same total score for ocular surface staining at baseline, the eye with
the lower Schirmer’s test time (STT) at baseline will be selected. If both eyes have equal STT at baseline, then the eye with the lower tear break-up
time will be selected. If all of the parameters above are equal, then the right eye will be selected as the study eye. CFB, change from baseline; ESSDAI,
EULAR Sjogren’s Syndrome Disease Activity Index; ESSPRI, EULAR Sjégren’s Syndrome Patient Reported Index; mITT, modified intent to treat; NA, not
applicable; SWSF, stimulated whole salivary flow.
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Table 2 Summary of change from baseline in primary and secondary clinical, glandular and patient-reported outcome measures at days 169 and

365

Day 1 (baseline scores)

Day 169 (adjusted mean change from baseline [SE] scores)

Day 365 (adjusted mean change
from baseline [SE] scores)

Adjusted mean
treatment difference
for abatacept versus

placebo
Abatacept Placebo Abatacept Placebo (95%Cl) Abatacept Placebo
Disease activity
ESSDAI score 8.7 (3.4) 10.1 (5.0) -3.2(0.7) -3.7(0.7) 0.5 (0.7 to 1.6) -3.8(0.6) -4.4(0.6)
ESSDAI responders*, n/N (%) NA NA 51/92 (55.4) 55/95 (57.9) 2.7 (-17.2t0 11.7)** 44192 (47.8) 53/95 (55.8)
DAS28 (CRP) 3.5(1.3) 3.6(1.3) -0.9(0.1) -1.1(0.1) 0.3(0.0t0 0.5) -0.9(0.1) -1.1(0.1)
Physician GDA 47.8(17.3) 47.8(19.3) -23.0 (2.4) -23.7 (2.4) 0.6 (4.3 10 5.6) ND ND
Patient-reported outcomes
ESSPRI score
Total 6.6 (2.1) 6.5(1.9) -1.3(0.3) -1.5(0.3) 0.3(-0.3100.8) -1.4(0.3) -1.5(0.3)
Dryness 7.0 (2.4) 7.0 (2.3) —-0.8(0.3) -1.0 (0.3) 0.2 (-0.5t00.8) -1.2(0.3) -1.4(0.3)
Fatigue 6.6 (2.4) 6.6 (2.5) -1.3(0.3) -1.6(0.3) 0.3(-0.4100.9) -1.9(0.4) -2.0(0.3)
Pain 6.1(2.7) 6.0 (2.7) -1.1(0.3) -1.5(0.3) 0.3 (-0.3t0 1.0) -1.3(0.4) -1.4(0.3)
ESSPRI responders, n/N (%)+ NA NA 38/92 (41.3) 50/95 (52.6) —11.2 (-25.6 10 3.2)** 38/92 (41.3) 48/95 (50.5)
Ocular dryness, NRS® 6.8 (2.4) 6.6 (2.5) -0.9(0.3) -1.0 (0.3) ND -1.3(0.4) -1.4(0.3)
Oral dryness, NRS® 7.3(2.3) 6.9 (2.5) -1.3(0.3) -1.2(0.3) ND -1.7(0.3) -1.6(0.3)
Patient GDA 58.6 (22.4) 58.0 (21.1) -10.1 3.1) -9.0 (3.0) —1.1 (-7.4105.1) ~12.9 (3.4) -12.6 (3.2)
PROMIS-Fatigue 61.2(8.8) 59.5 (8.6) 5.6(1.2) 5.6 (1.1) 0.04 (2.3 to0 2.4) —-6.5(1.2) -6.3(1.2)
FSFI 13.98.7)" 17.3(9.7)" -23(1.7) -1.9(1.8) —0.5 (-3.5 10 2.6) -0.3(1.0) 2.3(1.0)
Glandular function
Schirmer's test, mm 7.4 (9.4)"" 5.0 (8.0)'" 1.7 (1.1) 1.0 (1.1) 0.7 (-1.5t0 2.9) 13(1.2) 2.4(1.1)
TBUT, s 4739)" 3.73.1)" -0.2 (0.4) -0.3(0.4) 0.1 (-0.8t0 0.9) 0.3(0.5) -0.1(0.5)
0SS 6.13.2)" 6.5(3.5)" —1.5(0.4) —0.7 (0.4) 0.7 (1.6 10 0.1) -1.8(0.5) -1.3(0.2)
SWSF. mL/min 1.1(0.9) 0.9 (0.8) 0.1(0.1) 0.1(0.1) —0.1(-0.2100.1) 0.1(0.1) 0.1(0.1)
UWSF, mL/min 0.1 (0.1)" 0.1 (0.0)" 0.02 (0.01) 0.03 (0.01) —0.004 (-0.03 t0 0.03) 0.02 (0.01) 0.03 (0.01)

Values are mean (SD) unless otherwise noted. Ocular assessments are for study eye. The primary and key secondary endpoints (except those marked °) were analysed by a
longitudinal repeated measures model, which included randomisation stratification factors of current corticosteroid use (yes/no), current hydroxychloroquine use (yes/no),
enrolment in Japan (yes/no) and SWSF </>0.1 mL/min. Data at day 169, including adjusted mean treatment differences, are based on the primary analysis, while data at day
365 are based on the 1-year analysis. The change in outcome measures was equal to the difference between the values at baseline (day 1) and day 169 or day 365, as shown.
The adjusted mean treatment difference was equal to the adjusted change in the abatacept group minus the adjusted change in the placebo group. Baseline data are for all
randomised patients, except where marked with , which were based on those patients included at day 29 or ™, which were based on day 85 (earliest post-baseline analysis)
of the primary analysis. SWSF data at baseline and day 169 are for patients in the mITT population with SWSF of at least 0.1 mL/min at baseline and data at day 365 are for the
overall mITT population; baseline measurements for this endpoint were from those patients included at day 169.

*Patients with minimally clinically important improvement from baseline (=3 points) in ESSDAI total score.

**Estimate of difference (rather than adjusted mean treatment difference).

tPatients with minimally clinically important improvement from baseline (=1 point) in ESSPRI total score.

DAS28 (CRP), 28-joint Disease Activity Score based on C reactive protein; ESSDAI, EULAR Sjogren’s Syndrome Disease Activity Index; ESSPRI, EULAR Sjogren’s Syndrome Patient
Reported Index; FSFI, Female Sexual Function Index; GDA, global disease assessment; NA, not available; ND, not determined; NRS, numeric rating scale; 0SS, ocular staining
scores; PROMIS-Fatigue, Patient-Reported Outcomes Measurement Information System Fatigue Score; SWSF, stimulated whole salivary flow; TBUT, tear break-up time; UWSF,

unstimulated whole salivary flow.

at screening and baseline, adjusted mean change from baseline at
day 169 was 0.06 for abatacept vs 0.11 for placebo (p=0.5841).

The study was terminated prematurely by the sponsor after
the primary analysis failed to show a statistically significant
difference in the primary endpoint, and analyses of secondary
endpoints failed to demonstrate clinically meaningful differences
between abatacept and placebo groups.

Other efficacy endpoints

For SWSF score, adjusted mean changes from baseline at days
169 and 365 were 0.05 and 0.12 for abatacept vs 0.11 and 0.10
for placebo (switched to abatacept at day 169), respectively
(figure 1C) in the overall mITT population. The adjusted mean
treatment difference (95% CI) for UWSF at day 169 was -0.004
(—0.03, 0.03) (table 2). We observed no significant differences

between treatment groups in mean change in DAS28 (CRP) from
baseline (table 2). Mean changes from baseline in Schirmer’s
test, TBUT and OSS were all similar between treatment groups
(figure 1D-F).

Changes from baseline in other clinical, glandular and patient-
reported outcome measures at days 169 and 365 are summarised
in table 2.

Post hoc analyses

Numerical differences between ESSDAI domains were
observed. For example, in patients with an ESSDAI biolog-
ical domain involvement at baseline, the proportion of those
with improvements (moderate to low/no activity and low to
no activity) in this domain was higher (statistical significance
was not tested) with abatacept (12/40; 30%) vs placebo
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(6/41; 15%) at day 169; this was maintained up to day 365
(data not shown). Additionally, proportions of patients with
improvements in haematological and pulmonary domains
of ESSDAI were numerically higher with abatacept (7/16;
449 and 3/6; 50%) vs placebo (6/29; 21% and 1/14; 7%) at
day 169, respectively, among those with involvement of the
corresponding domain at baseline (data not shown). Propor-
tions of patients by ESSDAI domain activity at baseline and
day 169 are shown (online supplemental figure S2). A high
placebo effect was seen in several ESSDAI domains such as
lymphadenopathy and articular.

Of 12 selected disease-relevant laboratory parameters and
biomarkers, mean change in IgG, IgA, IgM-RF, kappa light chain
and C4 complement serum levels was significantly different
between the abatacept and placebo treatment groups at day 169
(figure 2A-E; Benjamini—-Hochberg procedure). At baseline,
based on patients with data available at day 85, mean serum
CXCL13 levels were similar between treatment arms (abatacept
90.4; placebo 97.0); however, by day 169, these levels were
significantly reduced in the abatacept vs placebo group (nominal
p<0.0001; figure 2F). At day 365, adjusted mean changes from
baseline in IgG, IgA, IgM-RF, kappa light chain, C4 complement
and CXCL13 serum levels were similar for the abatacept and
placebo (switched to abatacept at day 169) treatment groups
(figure 2). The numbers (%) of patients at baseline and day
169 with abnormally elevated IgG levels were 38 (41.3) and 31
(33.7) with abatacept, and 45 (47.4) and 50 (52.6) with placebo;
those with elevated kappa light chains were 54 (58.7) and 41
(44.6) with abatacept, and 68 (71.6) and 61 (64.2) with placebo,
respectively.

The subset of patients included for the immune cell pheno-
typing analysis (n=78) had similar baseline demographics and
disease characteristics to the study population. In this subset,
abatacept-treated patients had numerically greater decreases at
day 169 (year 1 analysis) in the proportions of blood CD4+
effector memory T cells (TEM) (adjusted mean difference
[959%CI] -9.1 [-14.2 to —4.0]), T helper type 1 cells (Th1)
(adjusted mean difference [95% CI]-2.6 [-4.2 to —1.0]), regu-
latory T cells (Treg) (adjusted mean difference [95% CI] -1.8
[-3.0 to -0.6]), T follicular helper cells (Tfh) (adjusted mean
difference [95% CI] -1.4 [-2.2 to —-0.5]) and ICOS-positive Tth
(ICOS* Tfh) (adjusted mean difference [95% CI] —14.4 [-19.3 to
-9.5]) cells vs placebo (figure 3A-E). After switch to abatacept
at day 169, mean changes from baseline in Treg, Tth and ICOS™*
Tth cellular subsets were similar for abatacept and placebo treat-
ment groups (figure 3C-E); for CD4+TEMand Th1, mean
differences seen at day 169 were less pronounced by day 365
(figure 3A,B).

Safety

A summary of AEs in the double-blind and open-label treatment
periods is shown in table 3. In the double-blind period, serious
AEs (SAEs) were reported in 12 patients. Among patients treated
with abatacept, 20 had SAEs: 9 in the double-blind period and
11 in the open-label period with follow-up to 56 days after the
last treatment. Reported SAEs included two deaths (one placebo-
treated patient [septic shock] and one abatacept-treated patient
[cardiac event; patient had a history of pulmonary embolism])
and one neoplasm (plasma cell myeloma) in one abatacept-treated
patient. SAEs related to study drug occurred during the double-
blind treatment period in 3% (pneumonia bacterial, anaphy-
lactoid reaction and drug hypersensitivity) of abatacept-treated
and 1% (septic shock) of placebo-treated patients. Related AEs
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Figure 2 Adjusted mean change from baseline over time for
selected biomarkers to day 365: (A) IgG, (B) 1gA, (C) IgM-RF, (D)

kappa light chain, (E) C4 complement and (F) CXCL13. P values were
nominal. Adjusted mean differences at day 365 are versus the placebo
arm switched to abatacept (rather than vs placebo). Biomarker
assessments up to 56 days post-dose are included. Estimates of
adjusted mean change are from a repeated measure mixed model that
includes baseline biomarker result, treatment group, randomisation
stratification factors (baseline oral corticosteroid use [yes/no], baseline
hydroxychloroquine use [yes/no]), time, time-by-treatment group
interaction and time-by-baseline biomarker result interaction. Baseline
values were based on those patients included at day 29 (day 85 for
CXCL13). *Units are calibrated against standard curves derived from

a WHO international reference. CXCL13, chemokine ligand 13; RF,
rheumatoid factor.

occurred during the double-blind treatment period in 46% and
25% of abatacept-treated and placebo-treated patients, respec-
tively, but this difference was not driven by any specific AE. No
new safety signals were identified compared with the known
abatacept safety profile.
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Figure 3  Adjusted mean change over time from baseline to day

365 in circulating T-cell subtypes: (A) CD4 TEM, (B) Th1, (C) Treg, (D)

Tfh and (E) ICOS™* Tth cells. Adjusted mean differences at day 365 are
versus the placebo arm switched to abatacept (rather than vs placebo).
(A) CD4+TEM expressed as a percentage of CD4+ cells. Markers

for CD4 TEM cells=CD3+CD4+CD45RA-CCR7-. (B) Markers for Th1
cells=CD3+CD4+CXCR3+CCR6-. (C) Treg expressed as a percentage
of CD4T cells. Markers for Treg cells=CD3+CD4+CD25+CD127-/LO.
(D) Tfh is expressed as a percentage of CD4 +T cells (CXCR5+PD1+).
Markers for Tth cells=CD3+CD4+CD185+CD279+. (E) ICOS*

Tfh expressed as a percentage of Tth cells. Markers for ICOS™ Tth
cells=CD3+CD4+CD185+CD279+CD278+. ICOS* Tfh, ICOS-positive Tth
costimulator; TEM, effector memory T cells; Tfh, T follicular helper cells;
Th1, T helper type 1 cells; Treg, regulatory T cells.

DISCUSSION

This large, randomised, double-blind study evaluated efficacy
and safety of treatment with abatacept versus placebo in patients
with active, moderate-to-severe pSS. The treatment effect did
not reach statistical significance for the primary or two key
secondary endpoints, and showed no clinical benefit of abata-
cept over placebo in other clinical efficacy and patient-reported

outcome endpoints at the end of the double-blind period at day
169, or at the end of the open-label extended follow-up period
at day 365. The safety profile of abatacept in patients with pSS
was similar to that in other diseases treated with abatacept.*
Notably, abatacept therapy did have a clear impact on selected
disease-relevant markers of biological activity likely related to
central mechanisms of pSS pathogenesis.

In a recent randomised, placebo-controlled, investigator-
initiated, single-centre study of SC abatacept in patients with
early active pSS in the Netherlands (ASAP III NCT02067910;
n=80), results for the primary endpoint (ESSDAI at 24 weeks)
were similar to the present study.*! In contrast to the current
study, the secondary ESSPRI endpoint (ESSPRI responders at
weeks 12 and 24) was significantly different, in favour of abata-
cept versus placebo. Differences in results between ASAP III and
the current study may be due to variations between study popu-
lations and designs, including the single-centre versus multiple-
centre nature of the two studies. For instance, in ASAP III the
use of hydroxychloroquine was not allowed and corticosteroids
were used by fewer patients than in the current study. Addition-
ally, at study entry all patients in ASAP IIT had positive biopsies,
a <7year disease duration and higher baseline activity (mean
ESSDAI baseline score 13.5) than the current study.

Despite no detectable clinical effect in the current study, favour-
able improvements were observed in disease-relevant laboratory
parameters and biomarkers. Some of these findings suggested
an effect of therapy on T-cell-induced, B-cell hyperactivity. For
example, CXCL13, the serum levels of which were significantly
reduced by abatacept treatment,”' is a chemokine secreted by
Tth cells, which play a pivotal role in the migration and activa-
tion of B cells in salivary gland ectopic lymphoid structures** *;
in pSS, its serum levels correlate with disease activity and histo-
morphological parameters.”! *** In previous open-label pilot
studies,”® * 24 week intravenous abatacept treatment reduced
glandular inflammation, induced cellular changes (lymphocytic
foci and B and T cell subtypes) and increased salivary production
in 11 patients with pSS.”’ Additionally, a study of 15 patients
with early pSS found that 24-week intravenous abatacept treat-
ment significantly reduced ESSDAIL, ESSPRI, RF and IgG at 24
weeks.” More recently, it has been reported that 24-week intra-
venous abatacept treatment decreased the number of germinal
centres in parotid glands of patients with pSS.*® While abatacept
has been proven effective for treatment of RA, polyarticular juve-
nile idiopathic arthritis and psoriatic arthritis, it has not shown
significant therapeutic efficacy in systemic lupus erythematosus
and multiple sclerosis.*” ** The mechanistic underpinnings across
the autoimmune spectrum are complex and incompletely under-
stood. A partial overlap in the clinical and serological features of
different autoimmune diseases does not necessarily extrapolate
to mutually shared treatment efficacy. Further explanation for
why a detectable clinical effect was not observed with abatacept
in this study, despite evidence of biological activity, may be due
to limitations in the design of pSS studies. The variable character-
istics and heterogeneity seen within the pSS patient population
raise major challenges for study design.* In addition, some pS$
outcome measures can be subjective or difficult to standardise
(eg, salivary flow has high intervariability and intravariability).
Furthermore, there is a need for the development of composite
study endpoints with improved cut-off and assessment time
points. For example, although ESSDAI score reflects all domains
of disease activity, its value in detecting small changes has been
debated; as a result, there is a minimum ESSDAI score threshold
required for trial entry, effectively excluding a large proportion
of patients.'?*°
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Table 3 Summary of patients with adverse events* reported in the double-blind period and in the cumulative abatacept-treated population

Double-blind treatment period

Cumulative abatacept-treated

Abatacept Placebo populationt

(n=92) (n=95) (n=178)
Deaths 0 (0) 1(1.1) 1(0.6)

Serious adverse events 9(9.8) 3(3.2) 20(11.2)
Cardiac disorders 1(1.1) 1(1.1) 2(1.1)
Gastrointestinal disorders 1(1.1) 1(1.1) 1(0.6)
Immune system disorders 2(2.2) 0 2(1.1)
Infections and infestations 1(1.1) 1(1.1) 3(1.7)
Musculoskeletal and connective tissue disorders 2(2.2) 0 4(2.2)
Hepatobiliary disorders 1(1.1) 0 2(1.1)
Neoplasms 1(1.1) 0 3(1.7)
General disorders 0 0 2(1.1)
Blood and lymphatic system disorders 0 0 1(0.6)
Product issues 0 0 1(0.6)
Respiratory, thoracic and mediastinal disorders 0 0 1(0.6)
Study drug-related serious adverse events 3(3.3) 1(1.1) 6(3.4)
Discontinuations due to serious adverse events 2(2.2) 1(1.1) 4(2.2)

Adverse events 79 (85.9) 68 (71.6) 127 (71.3)

Study drug-related adverse eventst 42 (45.7) 24 (25.3) 67 (37.6)
Discontinuations due to adverse events 3(3.3) 2(2.1) 5(2.8)

Data are n, %.

*Adverse events reported up to 56 days post-last abatacept dose. Serious adverse events include hospitalisations for elective surgical procedures. Study drug-related adverse
event or serious adverse event is defined as an adverse event or serious adverse event with a related or missing relationship to study medication.
tThe cumulative abatacept-treated population were followed from the first day of abatacept treatment in the study up to 56 days after the last abatacept treatment in the study.

tAdverse events related to abatacept were not driven by any specific system organ class.

The current trial did not confirm the promising early results
from open-label studies of abatacept in pSS; this disparity has
also been seen in the development of other biologics for treat-
ment of pSS.'2 13 In the TEARS™ and TRACTISS' randomised
controlled trials, rituximab demonstrated no significant improve-
ment in ESSDAI score,'* !* despite promising early results from a
previous smaller study.'* Potential explanations for the disparate
findings in these rituximab trials include lack of patient stratifi-
cation, insufficient tissue depletion of B cells, and the choice and
timing of primary outcome evaluation.’® A study of leniolisib (a
P13K3& inhibitor), which had outcome measures and a patient
population similar to the current study, showed no significant
improvement in clinical outcome measures despite a significant
decrease in CXCL13 serum levels, similar to our study.’! Other
randomised controlled trials in pSS, like the current study, show
evidence of a strong placebo effect.!* ¥ Considering the large
placebo effect seen in this study, a reduction of at least 6.7 in
ESSDAI score (placebo effect +=3) from a baseline value of 8.7
would have been required to demonstrate therapeutic benefit
over placebo.

CONCLUSION

No significant clinical effect was seen with abatacept versus
placebo in this randomised controlled trial in patients with
active, moderate-to-severe pSS. However, abatacept therapy
had a positive effect on disease-relevant biomarkers, providing
evidence of biological activity. No new safety signals were iden-
tified for abatacept.
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