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Abstract

Background: Costimulatory blockade of T lymphocytes with the CTLA4-Ig fusion protein abatacept
could be an effective treatment for the immune-mediated neuroinflammatory disease relapsing-remitting
multiple sclerosis (RRMS).

Objective: To evaluate efficacy and safety of abatacept in RRMS.

Methods: ACCLAIM (A Cooperative Clinical Study of Abatacept in Multiple Sclerosis) was a Phase 11,
randomized, double-blind, placebo-controlled, multi-center trial. In all, 65 of 123 planned participants
with RRMS were randomized to monthly intravenous infusions of abatacept or placebo for 24 weeks in
a 2:1 ratio, switched to the opposite treatment at 28 weeks, and received their final dose of study medica-
tion at 52 weeks. Enrollment was closed early due to slow accrual. The primary endpoint was the mean
number of new gadolinium-enhancing (Gd+) lesions obtained on magnetic resonance imaging (MRI)
scans performed every 4 weeks.

Results: No statistically significant differences were observed in mean number of new Gd+ MRI lesions
between the abatacept and placebo groups. No statistically significant differences were observed in other
MRI and clinical parameters of RRMS disease activity. Abatacept was well tolerated.

Conclusion: The ACCLAIM study did not demonstrate efficacy of abatacept in reducing the number of
new Gd+ MRI lesions, or clinical measures of disease activity in RRMS.
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Introduction

Relapsing-remitting multiple sclerosis (RRMS) is an
immune-mediated neuroinflammatory disease. New
therapies reduce the frequency of relapses in patients
with RRMS;!-3 however, efficacy is difficult to sus-
tain over time*® and side effects are common.
Abatacept (Orencia; Bristol-Myers Squibb Company,
New York, NY, USA) is a CTLA4-Ig fusion protein
that targets the adaptive arm of the immune system
by blocking the CD28-B7 costimulatory pathway,
which is central to activation of T lymphocytes.” 10
Abatacept is approved for treatment of rheumatoid
arthritis and juvenile idiopathic arthritis, has a

favorable safety profile,!’-13 and has been shown to
slow the decline of C-peptide in type 1 diabetes,
associated with a reduction in the CD4 central
memory T-cell subset.!#:15

Since T lymphocytes have been implicated in patho-
genesis of RRMS, treatment with abatacept has the
potential to reduce immune-mediated disease activity.
The scientific rationale for abatacept in RRMS is fur-
ther supported by the benefit of costimulatory block-
ade in murine models of experimental autoimmune
encephalomyelitis.!¢ Moreover, in an open label
Phase I trial in RRMS, CTLA4-Ig was well tolerated
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and reduced T-cell proliferation and y-interferon pro-
duction in vitro by peripheral blood mononuclear
cells in response to myelin peptide stimulation in
vitro.'” A Phase II trial of abatacept in RRMS
(NCT00035529) was terminated prematurely due to
safety events; however, the results of this trial were
inconclusive due to imbalance in disease activity
between treatment groups at baseline.!® Therefore, we
undertook a second Phase II trial, known as
ACCLAIM (A Cooperative Clinical Study of
Abatacept in Multiple Sclerosis), to further investi-
gate the clinical efficacy and tolerability of abatacept
therapy for RRMS.

Methods

Patients

Male and female participants aged 18—65years with
clinically definite multiple sclerosis (MS) according to
the McDonald criteria!®2 were eligible for enrollment
in the study. Participants met the following additional
eligibility criteria: (1) RRMS, (2) Kurtzke Expanded
Disability Status Scale (EDSS) scores between 0 and 5,
and (3) active disease defined as at least one docu-
mented clinical exacerbation or at least one gadolinium-
enhancing (Gd+) magnetic resonance imaging (MRI)
lesion within 1year prior to study entry. Participants
were excluded if they had a normal baseline MRI or a
diagnosis of primary or secondary progressive MS. In
all, 65 participants were enrolled between 2010 and
2013, with a range of 1-9 participants enrolled at each
site. Due to slow enrollment, the study was closed prior
to reaching the planned target of 123 participants.

Standard protocol approvals, registrations, and
patient consents

The study, registered as NCT01116427, was con-
ducted by the Immune Tolerance Network at 19 clini-
cal sites in the United States and Canada. The study
received institutional review or ethics board approval
at each site, and was conducted in accordance with
the International Conference on Harmonization
Guidelines for Good Clinical Practice and the
Declaration of Helsinki. Participants signed informed
consent and were not compensated except for travel
expense reimbursement.

Study design and procedures

ACCLAIM was a Phase II, double-blind, placebo-
controlled study of abatacept in RRMS (Figure 1).
Enrolled participants were randomly assigned to
either intravenous abatacept or placebo treatment in a

2:1 ratio favoring abatacept. Randomization was
stratified according to presence or absence of subclin-
ical activity defined as a Gd+ lesion on at least one
MRI in the year prior to screening. Concomitant ther-
apy with other MS disease-modifying agents was pro-
hibited. The abatacept dose was adjusted for weight
according to approved dosing for adult rheumatoid
arthritis (<60 kg, 500 mg; 60-100kg, 750 mg; >100kg,
1 g). Study medication was administered at weeks 0,
2, and 4, and then every 4 weeks through week 24,
designated the Core Phase.

During the Extension Phase (weeks 28-52), partici-
pants in the Core Phase placebo group received treat-
ment with abatacept at weeks 28, 30, and 32, and then
every 4 weeks through week 52 (P—A). Participants
in the Core Phase abatacept group received treatment
with placebo according to the same treatment sched-
ule (A—>P).

Study evaluations

Gd-enhanced and unenhanced MRI scans were
obtained at 5 weeks and at 1 week prior to initiation of
study treatment. Then, MRI scans were obtained
every 4weeks from weeks 4 to 24. Following the
treatment switch at week 28, MRIs were obtained at
weeks 36, 52, and 64. EDSS scores and Multiple
Sclerosis Functional Composite (MSFC) scores were
assessed 5Sweeks and 1week prior to initiation of
study treatment, and at weeks 8, 16, 24, 30, 36, 44, 52,
and 64. Subjects were assessed for clinical exacerba-
tions and adverse events at each study visit and at
unscheduled visits when indicated.

Primary endpoint and secondary endpoints

The primary endpoint was the mean number of new
Gd+ MRI lesions obtained on scans performed every
4weeks, averaged over the interval from weeks 8 to
24. Gd+ MRI lesions were included in the count of
new lesions only if they did not appear as Gd+ lesions
on the immediate prior MRI. MRI methodology is
available in the online supplementary material.

Secondary MRI endpoints included the total number
of new Gd+ MRI lesions over 4-week scans, the
change in lesion volume on T2-weighted MRI scans,
and the percent change in brain parenchymal fraction.
Clinical endpoints included progression on the EDSS
scale, annualized relapse rate, and change from base-
line in the MSFC score.?! Adverse events were also
assessed as a secondary endpoint. Analysis of no evi-
dence of disease activity (NEDA) during the Core
Phase was undertaken post hoc. Subjects achieved
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Screened: 94

Withdrew consent: 8

Other:1

Failed to meetinclusion/exclusion criteria: 20

Randomized: 65

Abatacept: 43

Placebo: 22

Randomized to placebo butgiven abatacept: +1
Missing required MRIs:-2

Protocol-specified analysis population: 42

Randomized to placebo but given abatacept:-1
Missing required MRIs:-1

Protocol-specified analysis population: 20

Lost to follow-up: 1
Withdrew consent: 2
Investigator withdrawal due to worsening MS: 1

Completed week 24: 38

Completed week 24: 20

Placebo

Extension phase: Switch to
other treatment

Abatacept

Ineligible for extension: 1
Missing required MRIs: 3

Protocol-specified analysis population: 34

Withdrawn due to non-compliance: 1
Lost to follow-up: 1
Withdrew consent: 3

Completed week 52: 29

Missing required MRIs: 1

Protocol-specified analysis population: 19

AE -- Disease progression: 1

Completed week 52: 18

Figure 1. Flow diagram and disposition of the treatment groups.

NEDA if they had absence of the following from
week 8 and before week 28: (1) EDSS progression,
(2) clinical exacerbations, and (3) new Gd+ lesions on
MRIs performed every 4 weeks.

Progression on the EDSS scale was defined as an
increase of at least 1.0 point compared to baseline if

baseline was greater than 1.0, or 1.5 points if base-
line was less than or equal to 1.0, that persisted for a
minimum of 12 weeks. A relapse was defined as the
occurrence of new, worsening, or recurring symp-
toms of neurologic dysfunction lasting more than
24 hours and associated with an increase of at least
1.0 point on EDSS compared to the last scheduled
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EDSS assessment, following a period of symptomatic
stability of at least 29 days in the absence of a febrile
illness or steroid withdrawal. If the last scheduled
EDSS was less than or equal to 1.0, then an exacerba-
tion or relapse required an increase of at least 1.5
points.

Adverse events related to MS disease included proto-
col-defined clinical relapses and also RRMS disease
signs and symptoms not meeting the protocol defini-
tion of relapse. Attribution of disease signs and symp-
toms not meeting the definition of relapse was made
by an independent safety event review committee of
three blinded MS experts who were not otherwise
involved in the ACCLAIM study.

Statistical analysis

The protocol-specified analysis population comprised
participants who had MRIs at both 5 weeks and 1 week
prior to study treatment, underwent random assign-
ment, and had at least three of the MRIs from weeks 8
to 24. The protocol specified a rank-based analysis
based on change scores. For each participant, the
number of new Gd+ MRI lesions was averaged over
4-week intervals from weeks 8 to 24, the number of
new lesions from weeks —5 to —1 prior to initiation of
study treatment was subtracted, and the change was
converted to a rank. Analysis of covariance
(ANCOVA) was applied with terms for treatment and
the presence or absence of subclinical disease activity
prior to screening. Sensitivity analyses included rank
ANCOVA with average of new lesions as the depend-
ent variable and number of new lesions from weeks 5
to 1 prior to treatment as a covariate, both converted
to ranks.2?2 Additionally, the number of new lesions
averaged over 8-week intervals from weeks 8 to 24,
and the number of new lesions summed over 4-week
intervals from weeks 4 to 24 were compared using a
Wilcoxon test without covariate adjustment. For the
Core Phase, a post hoc sensitivity analysis was con-
ducted in which outlier participants with the highest
number of Gd+ MRI lesions at baseline were excluded
from the analysis.

The Wilcoxon test was also applied to the change in
T2 lesion volume and percent change in brain volume
from week —1 to week 24. A Z-score was derived for
each of the MSFC component scores by subtracting
its overall mean and dividing by its overall standard
deviation at week —1. The combined score was taken
as the average of the three component Z-scores, and
each change from baseline was analyzed using a
Wilcoxon test. Fisher’s exact test was applied for
analyses of EDSS progression, relapses, and NEDA.

The annualized relapse rate in each treatment group
was derived as the total number of relapses divided by
the total number of days during which participants in
that group were under observation, multiplied by
365.25. A between-group comparison was performed
using a Poisson regression model? with a term for
treatment; the natural logarithm of the observation
time contributed by any participant was included as
an offset.

The same methods were applied to the Extension
Phase data. The week 24 evaluation was taken as the
baseline for the change in T2 lesion volume, the per-
cent change in brain volume, the MSFC component
and overall scores, and EDSS progression, while the
number of new lesions from weeks 20 to 24 was used
as the baseline for the number of new Gd+ lesions.
Separate analyses were performed within each treat-
ment sequence to assess the effect of changing treat-
ments on the MRI results. The average number of new
lesions over weeks 36 and 52 was compared to that
from weeks 8 to 24 using a Wilcoxon signed-rank test.

Datasets for the analyses are available through
TrialShare, a public website managed by the Immune
Tolerance Network (www.itntrialshare.org).

Results

In all, 43 and 22 participants were randomized to the
abatacept and placebo groups, respectively. The
CONSORT (Figure 1) shows the enrollment, treat-
ment allocation, analysis groups, and number of par-
ticipants who completed each phase of the study. Two
abatacept and one placebo participants did not receive
the required number of MRIs to be eligible for the
primary analysis. One participant was inadvertently
started on the wrong treatment. This participant con-
tinued in the study and was included in the analysis
according to his or her actual treatment. The Core
Phase analysis population therefore consisted of 42
and 20 participants in the abatacept and placebo
groups, respectively. There was little attrition during
the Core Phase, with 38/42 abatacept group partici-
pants and 20/20 placebo group participants complet-
ing the Core Phase. Totally, 98% of planned infusions
of study medication were administered in the Core
Phase.

Baseline participant demographics and clinical
characteristics

Table 1 shows the baseline characteristics of the par-
ticipants. Age, gender, race, and time from RRMS
diagnosis were similar between the two groups, which
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Table 1. Baseline demographics and clinical
characteristics.

were also similar in proportion with clinical exacerba-
tions in the prior year and in baseline EDSS scores.
The majority of participants in both groups lacked
Gd+ MRI lesions at baseline. Although participants
were stratified for the presence or absence of MRI
lesions in the year prior to baseline, a greater number
of Gd+ MRI lesion counts was noted in the placebo

group at baseline (range: 0-48), compared to the
abatacept group (range: 0—7). Most of the difference
in baseline Gd+ MRI lesions between the two groups
was accounted for by two outlier participants in the
placebo group who had 14 and 48 Gd+ MRI lesions at
baseline.

MRI and clinical outcomes during the Core Phase
There was no significant difference between the
abatacept and placebo groups in the mean number of
new Gd+ lesions, which was the primary endpoint of
the study (Table 2). The number of new Gd+ lesions
averaged over 4-week intervals was greater in the pla-
cebo group (range: 0—-16) compared to the abatacept
group (range: 0-5), but this difference did not reach
statistical significance (p=0.87). The median values
were similarly low in both groups, with a median of
0.2 new inflammatory lesions in the placebo group
and 0.3 new inflammatory lesions in the abatacept
group. None of the primary endpoint sensitivity anal-
yses resulted in significant between-group differences
(described in section “Methods,” data not shown),
including a post hoc analysis in which outlier partici-
pants with the highest number of Gd+ MRI lesions at
baseline were excluded. Significant differences were
not observed in any of the secondary MRI and clinical
endpoints at 24 weeks (Table 2). In the Core Phase
NEDA analysis, no significant difference in any of the
NEDA components or in the overall NEDA was
observed between groups (Table 2). Although few
participants had a documented MS relapse or EDSS
progression during the Core Phase, NEDA analysis
showed that over half of the participants had at least
one new Gd+ lesion on MRIs performed every
4weeks, a higher MRI frequency than usual for
NEDA analysis.

MRI and clinical outcomes during the Extension
Phase

In the Extension Phase following the treatment
switch, the A— P group had a greater number of new
Gd+ MRI lesions (range: 0—14) compared to the
P— A group (range: 0-3), but this difference did not
reach statistical significance (Table 3). The median
number of new Gd+ lesions in the Extension Phase
was 0 in both groups, indicating continuing low num-
ber of new Gd+ lesions overall. During the Extension
Phase, the placebo participant with the highest num-
ber of new Gd+ lesions during the Core Phase with-
drew from the study prior to undergoing an MRI in
the Extension Phase, and could not be included in the
Extension Phase efficacy analysis. Other radio-
graphic and clinical endpoints were not significantly
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Table 2. MRI and clinical endpoints: Core Phase.

different between the two groups in the Extension
Phase (Table 3). Within the A— P treatment group,
no significant difference was observed between the
Core and Extension Phases in number of new Gd+
MRI lesions (p=0.09, data not shown). A similar
result was observed in the P— A group (p=0.11, data
not shown).

Adverse events

Abatacept was well tolerated by participants in this
study. A summary of adverse events is shown in
Table 4. The proportion of participants with adverse
events, serious adverse events, infections, and adverse
events related to MS disease activity did not signifi-
cantly differ between the two groups in either phase

of the study. A significantly higher rate of adverse
events related to study medication was reported in
the abatacept group during the Core Phase, but this
difference was largely due to events attributed as
possibly related to study medication in two partici-
pants at a single site. A significantly higher rate of
Grade 3 adverse events was observed in the
Extension Phase in the A— P group, but there was
no significant difference in the proportion of partici-
pants with Grade 3 adverse events. In all, 7 of the 10
events occurred in two participants, and there was no
specific pattern observed among the 10 events,
which included MS relapse, pain in extremity, visual
impairment, fatigue, abdominal tenderness, contu-
sion, flu, and decreased neutrophil count. No safety
concerns were observed at the week 64 time point
(data not shown).
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Table 3. MRI and clinical endpoints: Extension Phase.

Discussion

In this Phase II study comparing the efficacy and
safety of abatacept versus placebo in RRMS, abata-
cept did not significantly reduce new Gd+ MRI
lesions either in the Core Phase or in the Extension
Phase of the study. There were no significant differ-
ences in any of the other MRI or clinical endpoints.
The primary outcome was the number of new Gd+
lesions, and the protocol specified a rank-based
analysis, ensuring that the outliers did not skew the
analysis. Although we considered applying statistical
methods based on Poisson or negative binomial dis-
tributions® and zero-inflated alternatives,?* a fully
parametric approach was difficult to justify due to
low numbers of new Gd+ lesions in the majority of
participants.

MRI outliers and infrequent relapses are problematic
issues for clinical trials in RRMS, and alternative end-
points such as NEDA are potentially more sensitive
and clinically relevant outcome measures.®2> An anal-
ysis of NEDA during the Core Phase was undertaken

according to a highly sensitive definition based on
EDSS progression, clinical exacerbations, and new
Gd+ lesions on MRIs performed every 4 weeks. The
majority of participants in the study had disease activ-
ity according to this NEDA definition; however, no
difference was observed in any of the NEDA compo-
nents between the abatacept group and the placebo

group.

The ACCLAIM study had some limitations. The origi-
nal study design specified 123 participants, a sample
size chosen to demonstrate a treatment effect of 50%
reduction of new Gd+ MRI lesions. Due to slow
enrollment related to the placebo control, the investi-
gators decided to close the study earlier than planned
at an enrollment of 65, a sample size which was too
small to demonstrate efficacy at the 50% level. A treat-
ment effect greater than 50% is a realistic goal in
RRMS clinical trials,!3 but was not achieved in this
study. Overall, low numbers of new Gd+ MRI lesions
in the study population reduced the chances of demon-
strating a treatment effect for abatacept. In the setting
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Table 4. Adverse events.

of several available Food and Drug Administration
(FDA)-approved disease-modifying medications for
RRMS in the United States and Canada, patients with
highly active RRMS might be less likely to be enrolled
in placebo-controlled trials, including those conducted
according to strict ethical guidelines such as
ACCLAIM.2¢ Although this study does not support
efficacy of abatacept for RRMS, it does not exclude
the possibility that an abatacept treatment effect might
be observed in a larger study of subjects with higher
disease activity.
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