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Abstract

Introduction/Aims: Individuals with refractory generalized myasthenia gravis (gMG)
who have a history of rituximab use and experience persistent symptoms represent a
population with unmet treatment needs. The aim of this analysis was to evaluate the
efficacy and safety of eculizumab in patients with refractory anti-acetylcholine recep-
tor antibody-positive (AChR™) gMG previously treated with rituximab.

Methods: This post hoc subgroup analysis of the phase 3 REGAIN study
(NCT01997229) and its open-label extension (OLE; NCT02301624) compared base-
line characteristics, safety, and response to eculizumab in participants who had previ-
ously received rituximab with those who had not. Rituximab use was not permitted
within the 6 months before screening or during REGAIN/OLE.

Results: Of 125 REGAIN participants, 14 had received rituximab previously (7
received placebo and 7 received eculizumab). In the previous-rituximab group, 57%
had used at least four other immunosuppressants compared with 16% in the no-
previous-rituximab group. Myasthenia Gravis Activities of Daily Living total scores
from eculizumab baseline to week 130 of eculizumab treatment improved in both
the previous-rituximab and no-previous-rituximab groups (least-squares mean
—4.4, standard error of the mean [SEM] 1.0 [n = 9] and least-squares mean —4.6,
SEM 0.3 [n = 67], respectively; difference = 0.2, 95% confidence interval —1.88 to
2.22). In addition, in both groups, most patients who were treated with eculizumab
for 130 weeks achieved a Myasthenia Gravis Foundation of America post-

intervention status of minimal manifestations (66.7% and 65.0%, respectively). The
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Abbreviations: AChR, acetylcholine receptor; AChR™, anti-acetylcholine receptor antibody-positive; AE, adverse event; Cl, confidence interval; gMG, generalized myasthenia gravis; IST,
immunosuppressive therapy; IVIg, intravenous immunoglobulin; LS, least-squares; MG, myasthenia gravis; MG-ADL, Myasthenia Gravis Activities of Daily Living; MGC, Myasthenia Gravis
Composite; MGFA, Myasthenia Gravis Foundation of America; MG-QOL15, 15-item Myasthenia Gravis Quality of Life questionnaire; MM, minimal manifestations; MuSK™, muscle-specific

kinase antibody-positive; OLE, open-label extension; PLEX, plasma exchange; PY, patient-years; QMG, Quantitative Myasthenia Gravis; SAE, serious adverse event; SD, standard deviation; SEM,

standard error of the mean; URTI, upper respiratory tract infection.

Initial results of this analysis were presented at the Fifth Congress of the European Academy of Neurology, Oslo, Norway, June 2019, and Kongress der Deutschen Gesellschaft fiir Neurologie,

Stuttgart, Germany, September 2019.

TMembers of the REGAIN Study Group are listed as co-investigators in the Supplementary Material available online.
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established profile.

previously.

KEYWORDS

1 | INTRODUCTION

Most patients with generalized myasthenia gravis (gMG; 70%-93%)
have autoantibodies against acetylcholine receptors (AChRs) that
activate the complement cascade.’™® The 10% to 15% of patients
with gMG whose condition responds inadequately to immunosup-
pressive therapies (ISTs) are characterized as having refractory dis-
ease.””? Treatment options are limited for refractory anti-AChR
antibody-positive (AChR™) gMG, and the chimeric, anti-CD20 mono-
clonal antibody rituximab is frequently used off label.®*° Rituximab
targets the CD20 antigen expressed on the surface of pre-B and
mature B lymphocytes, which results in B-cell lysis.***? To date, no
phase 3, randomized, controlled trials have examined rituximab effi-
cacy in gMG.111322 Data from several small studies suggest that
rituximab may provide clinical benefit as a treatment for refractory,
muscle-specific kinase antibody-positive (MuSK™) gMG with a poor
response to initial IST.1*1¢1822 |n patients with AChR™ gMG, how-
ever, the evidence for rituximab efficacy is less robust, and suggests
a lower response rate and a smaller steroid-sparing effect than in
patients with MuSK* gMG.1%172123 Treatment guidelines recom-
mend rituximab as an option for treatment of patients with refrac-
tory AChR* gMG for whom other ISTs have an inadequate effect or
are not tolerated.’® Therefore, patients with a history of rituximab
use and persistent symptoms represent a population with unmet
treatment need.

Complement inhibition is an alternative treatment strategy for
patients who do not respond or are intolerant to IST.2# Eculizumab
is a humanized monoclonal antibody that specifically inhibits cleav-
age of terminal complement protein C5.2° The 6-month, phase 3,
randomized, placebo-controlled REGAIN study and its open-label
extension (OLE) evaluated efficacy and safety of eculizumab in
refractory AChR™ gMG.2427 Although the primary endpoint in
REGAIN (change from baseline to week 26 in Myasthenia Gravis
Activities of Daily Living [MG-ADL] total score based on a worst-
rank analysis of covariance) was not met, eculizumab-treated par-
ticipants nonetheless showed rapid and sustained (through
130 weeks) improvements in MG-ADL score and key secondary
endpoints.?%27

Some patients in REGAIN had a history of treatment with
rituximab. We report a post hoc, exploratory subgroup analysis of
data from REGAIN and its OLE investigating the efficacy and
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eculizumab safety profile was similar between groups and consistent with its

Discussion: Eculizumab is an effective therapy for patients with refractory

AChR™ gMG, irrespective of whether they had received rituximab treatment

acetylcholine receptor, eculizumab, myasthenia gravis, refractory, rituximab

safety of eculizumab in patients treated previously with

rituximab.

2 | METHODS

2.1 | Study design and participants

REGAIN and the OLE study were approved by the relevant ethics
committee/institutional review board at each study site, and informed
consent was obtained from all participants. REGAIN (NCT01997229)
was a 6-month (26-week), phase 3, randomized, double-blind,
placebo-controlled study of eculizumab (Alexion Pharmaceuticals,
Boston, Massachusetts) in patients with refractory AChR* gMG. Par-
ticipants who completed REGAIN could enroll in the OLE study
(NCT02301624) within 2 weeks of REGAIN completion and receive
open-label eculizumab for a maximum of up to 4 years.

Patients were eligible to participate in REGAIN if they were at
least 18 years old, had confirmed gMG, and tested seropositive for
AChR autoantibodies. Full methodology and inclusion criteria have
been described previously.?” Patients were defined as having refrac-
tory disease if they had received at least two ISTs, or at least one
IST with intravenous immunoglobulin (IVIg) or plasma exchange
(PLEX) given at least four times per year, for 12 months without
symptom control.?” All REGAIN participants were required to
receive vaccination against Neisseria meningitidis, and were
revaccinated according to local guidelines.?” Patients who had used
rituximab more than 6 months before screening were eligible for
enrollment in REGAIN; patients who had used rituximab within the
6 months before screening were not eligible, and rituximab treat-
ment was not permitted during REGAIN or the OLE.

2.2 | Dosing

Eculizumab and placebo administration during REGAIN and its OLE
has been described previously.?¢"28 During REGAIN, participants were
randomized to receive eculizumab for 26 weeks at the maintenance
dose of 1200 mg every 2 weeks after a 4-week induction period
(900 mg on day 1 and at weeks 1, 2, and 3, and 1200 mg at week 4),

or were given placebo on the same schedule.?” During the OLE, all
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participants received open-label eculizumab 1200 mg every 2 weeks
(after a 4-week blinded induction period) for up to 4 years.?®

23 | Assessments

MG-ADL, Quantitative MG (QMG), MG Composite (MGC), and 15-
item MG Quality of Life questionnaire (MG-QOL15) total scores;
Myasthenia Gravis Foundation of America (MGFA) post-intervention
status; and achievement of “minimal symptom expression” (MG-ADL
total score of 0-1 [range, 0-24] or an MG-QOL15 total score of 0-3
[range, 0-60]) were assessed throughout REGAIN and the OLE, and at
the end-of-study visit in the OLE.2>"?? In addition, MG-related hospi-
talizations were evaluated as rates per 100 patient-years (PY) of
observation. Safety assessments included adverse events (AEs) and

serious AEs.

2.4 | Statistical analysis

For all participants randomized and treated in the REGAIN study, demo-
graphics and MG history at REGAIN baseline were summarized for
groups based on previous treatment with rituximab. Safety and efficacy
data were evaluated by group for all participants who received at least
one dose of eculizumab during either REGAIN or the OLE. Baseline and
safety data were summarized using descriptive statistics.

Changes in efficacy parameters were evaluated from eculizumab
baseline to week 130 of eculizumab treatment. Eculizumab baseline
was the last available assessment before the first eculizumab dose (ie,
the REGAIN baseline for participants randomized to the eculizumab
treatment arm in REGAIN and the OLE baseline for participants ran-
domized to the placebo treatment arm in REGAIN).

Restricted maximum-likelihood-based repeated-measures analy-
sis of change from baseline was used to quantify changes in MG-ADL,
QMG, MGC, and MG-QOL15 total scores and the data are presented
as least-squares (LS) means and 95% confidence intervals (Cls). The
repeated-measures models included terms for baseline value (at start
of eculizumab treatment) of the endpoint in question, rituximab his-
tory group, visit, and the rituximab history group-by-visit interaction.
All statistical analyses were performed using SAS version 9.4 (SAS
Institute, Cary, North Carolina). This study did not have a data moni-

toring committee.

3 | RESULTS

3.1 | Study population
Of the 125 participants treated in the REGAIN study, 14 had received
rituximab previously: 7 were treated with eculizumab and 7 were
given placebo. All but one of these patients (from the placebo group)
continued into the OLE. Patient disposition by rituximab history is
summarized in Figure 1.

At REGAIN baseline, participants in the previous-rituximab group
(n = 14) were, on average, younger at MG diagnosis, had a longer
mean disease duration from time of MG diagnosis, and were more
likely to have received IVIg or to have undergone a thymectomy com-
pared with participants in the no-previous-rituximab group (n = 111).
In addition, the majority of patients in the previous-rituximab group
had a history of using four or more ISTs, whereas the majority of
patients in the no-previous-rituximab group had a history of using
two ISTs (Table 1).

Participants in the previous-rituximab group had been treated
with a variety of rituximab regimens. Their median time between last

Received randomized treatment (eculizumab or placebo) in REGAIN (N = 125)

Had previously received rituximab

Eculizumab
(n=7)

Had not previously received rituximab

(n=111)

Placebo
(n =56)

Eculizumab
(n =55)

\

Continued into the OLE and received eculizumab (N = 117)

Had previously received rituximab
()]

Placebo/
eculizumab
((G))

Eculizumab/

eculizumab
(n=7)

FIGURE 1

Had not previously received rituximab

(n=104)
Eculizumab/ Placebo/
eculizumab eculizumab
(n = 49) (n=55)

Patient disposition in REGAIN and its OLE study. Abbreviation: OLE, open-label extension
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TABLE 1  Patient demographics and MG history at REGAIN baseline

Previous rituximab, n = 14 No previous rituximab, n = 111 P value
Female, n (%) 12 (85.7%) 70 (63.1%) 1357
Age (years) at MG diagnosis, mean (SD) 27.6 (14.8) 39.4 (18.7) .0244
Duration (years) of MG,® mean (SD) 13.9 (10.5) 9.0(7.8) .0350
Any previous hospitalizations for MG, n (%) 11 (78.6%) 84 (75.7%) 1.0000
Duration (days) of stay, mean (SD) 12.8 (5.1) 9.0(7.8) .2309
Treatment history, n (%)
21STs 1(7.1%) 57 (51.4%)
31ISTs 5(35.7%) 34 (30.6%)
24 ISTs 8(57.1%) 18 (16.2%)
.0010
IVIg 14 (100.0%) 85 (76.6%) .0406
PLEX 9 (64.3%) 51 (45.9%) 2592
History of thymectomy, n (%) 12 (85.7%) 56 (50.5%) .0201
Baseline disease activity scores, mean (SD)
MG-ADL 10.6 (3.48) 10.1 (2.76) .5891
QMG 16.9 (5.90) 17.1(5.27) .9152
MGC 21.4(7.43) 19.4 (5.87) .2450
MG-QOL15 31.9 (10.50) 32.2(12.78) .9478

Abbreviations: IST, immunosuppressive therapy; IVIg, intravenous immunoglobulin; MG, myasthenia gravis; MG-ADL, Myasthenia Gravis Activities of Daily
Living; MG-QOL15, 15-item Myasthenia Gravis Quality of Life questionnaire; MGC, Myasthenia Gravis Composite; PLEX, plasma exchange; QMG,
Quantitative Myasthenia Gravis; SD, standard deviation.
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FIGURE 2 MG-ADL total score from eculizumab baseline in eculizumab-treated patients with and without previous rituximab treatment. Changes in
efficacy parameters were evaluated from eculizumab start at week O to week 130 of eculizumab treatment. Eculizumab baseline was the last available
assessment before the first eculizumab dose (ie, REGAIN baseline for participants randomized to eculizumab in REGAIN and OLE baseline for
participants who initiated eculizumab in the OLE). Changes from eculizumab baseline were measured using a repeated-measures model. 'n = 103 at
week 12. Abbreviations: Cl, confidence interval; LS, least-squares; MG-ADL, Myasthenia Gravis Activities of Daily Living; OLE, open-label extension

rituximab dose and first dose of study treatment (eculizumab or pla- (n = 7). Four participants (two in each treatment group) had received
cebo) in REGAIN was 18.6 (range, 7.4-34.9) months in the eculizumab rituximab in the year (between 6 and 12 months) before starting study
arm (n = 7) and 20.9 (range, 5.9-109.3) months in the placebo arm treatment in REGAIN.
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3.2 | Efficacy analyses

The LS mean (standard error of the mean [SEM]) change in MG-
ADL score from eculizumab baseline to week 130 was —4.4 (1.0) in
the previous-rituximab group and —4.6 (0.3) in the no-previous-
rituximab group (difference in LS means between groups, 0.2; 95%
Cl, —1.88 to 2.22; Figure 2). The differences in LS means between

groups for QMG, MGC, and MG-QOL15 total scores were 0.5
(95% CI, —2.42 to 3.37), 1.1 (95% Cl, —2.99 to 5.14), and 2.9
(95% CI, —9.81 to 4.00), respectively (Figure 3). The interaction
effect between the previous- and no-previous-rituximab groups,
assessed at each visit during eculizumab treatment, was not statis-
tically significant for any of the four efficacy endpoints, at every

timepoint (P values for the rituximab history group-by-visit

(A) 1A
£ o
Q

£ @
g5 11
08 i
2o 0
53 -3
S5 4
R £
8% 7
%g —6
o
%g -7
2% _g-
3
o -9+
_10 T T T T T T T T T 1

0 10 20 30 40 50 60 70 80 90

Previous rituximab Duration of eculizumab exposure (weeks)

T T T
100 110 120 130

—O— Yes,n= 13 12 1 1 1 10 8
No, n = 103* 101 99 90 85 72 64
(B) 2
< 0 T
Q
=
E3 24
S
€5
S3
=~c -6 -
O'g
X £
53 7
= 8 _104 FIGURE 3 Disease score changes
Q . . . .
g g from eculizumab baseline in eculizumab-
AR treated patients with and without
3~ previous rituximab treatment. Changes
-16 : : : : : : : : : : : : . in efficacy parameters, (A) QMG,
0 10 20 30 40 50 60 70 80 90 100 110 120 130 (B) MGC, and (C) MG-QOL15 total
Previous rituximab Duration of eculizumab exposure (weeks) scores, were evaluated from eculizumab
o -
ves:n R " " 10 8 start at week O to week 130 of
No, n= 104+ 100 102 101 100 92 86 74 67 . .
on ! eculizumab treatment. Eculizumab
(C) o 0 baseline was the last available
8 assessment before the first eculizumab
€T . dose (ie, REGAIN baseline for
£ g =5 participants randomized to eculizumab in
O i .
23 REGAIN and OLE baseline for
© .. . e . .
59 _10 participants who initiated eculizumab in
=0 .
= the OLE). Changes from baseline were
s a% T~ measured using a repeated-measures
[2) —15 *
2L -1 model. 'n = 102 at week 3, n = 100 at
o N
°E> 8 - week 8; Th = 12 at week 1; ¥n = 103 at
a é —-20 L weeks 2 and 4. Abbreviations: Cl,
H confidence interval; LS, least-squares;
§ 25 MG-QOL15, 15-item Myasthenia Gravis
— T T T T T T T T T T T T 1 . . . .
0 10 20 30 40 50 60 70 8 90 100 110 120 130  Quality of Life questionnaire; MGC,
Previous rituximab Duration of eculizumab exposure (weeks) Myasthenia Gravis Composite; OLE,
—O—  Yes,n= 1312 13 12 12 11 1" 1" 10 9 0pen-|abe| eXtenSiOn; QMG’
No,n= 101100102 101100 101 90 87 73 68 Quantitative Myasthenia Gravis

85U8017 SUOWILLOD 3A1T1D) 3|qeo! [dde au Ag peuieno a8 Ss(oile YO ‘8SN JO S8|nu o} Akeiq18uljuQ 8|1 UO (SUOIPUO-PUB-SWLBH W00 A8 1M ARe.ql U JUO//:SdnL) SUORIPUOD pue swe 1 8y} 88S *[£202/20/20] U0 Afeiqiauljuo A8|1M ‘3 8ydeloljqig 0ued eileD 1A BISIBAIUN AQ ZZi/Z'SNU/Z00T 0T/I0pwW0d" A8 |im' Afeid1jpuluo//Sdny wouy papeojumod ‘9 ‘TZ0Z ‘8651260T



SIDDIQI ET AL.

TABLE 2  Eculizumab safety profile during REGAIN and the OLE

Previous rituximab, n = 13

Patients with AEs, n (%) 12 (92.3%)
Most common AEs,? n (%) (>15% of all patients)
Headache 2 (15.4%)
Nasopharyngitis 4 (30.8%)
Diarrhea 5 (38.5%)
MG® 3(23.1%)
URTI 4 (30.8%)
Nausea 5(38.5%)
Arthralgia 4 (30.8%)
Influenza 2 (15.4%)
Cough 1(7.7%)
uTI 3(23.1%)
Pain in extremity 2 (15.4%)
Patients with SAEs, n (%) 6 (46.2%)
Most common SAEs,? n (%) (>15% of all patients)
MG® 1(7.7%)

&NERVE R8s AR

No previous rituximab, n = 110 All patients, N = 123

109 (99.1%) 121 (98.4%)
51 (46.4%) 53 (43.1%)
41 (37.3%) 45 (36.6%)
28 (25.5%) 33 (26.8%)
29 (26.4%) 32 (26.0%)
28 (25.5%) 32 (26.0%)
23 (20.9%) 28 (22.8%)
20 (18.2%) 24 (19.5%)
21 (19.1%) 23 (18.7%)
21 (19.1%) 22 (17.9%)
18 (16.4%) 21 (17.1%)
18 (16.4%) 20 (16.3%)
60 (54.5%) 66 (53.7%)
19 (17.3%) 20 (16.3%)

Note: Data expressed as number (%) and exclude 2 patients who did not receive treatment with eculizumab.
Abbreviations: AE, adverse event; MG, myasthenia gravis; OLE, open-label extension; SAE, serious adverse event; URTI, upper respiratory tract infection;

UTI, urinary tract infection.
“Medical Dictionary for Regulatory Activities preferred terms.

PWorsening (increased frequency and/or intensity) of a pre-existing condition, including myasthenia gravis, is considered to be an AE.

interaction were P = .2484 for MG-ADL, P = .4331 for QMG, P =
.2041 for MGC, and P = .2875 for MG-QOL15).

The proportion of participants achieving an MGFA post-
intervention status of “improved” at week 130 of eculizumab treat-
ment was 75.0% in the previous-rituximab group and 89.6% in the
no-previous-rituximab group (Table S1). The proportions of partici-
pants achieving MM status at week 130 were 66.7% and 65.0%,
respectively. The proportions of participants achieving “minimal
symptom expression” at week 130 were 22.2% and 31.3%, respec-
tively (based on MG-ADL score) and 22.2% and 22.1%, respectively
(based on MG-QOL15 score). Corresponding data over a range of
timepoints are summarized in Table S1.

In the previous-rituximab group, the exacerbation rate in the pre-
study year was 42.86/100 PY (6 events in 5 patients during 14.0 PY)
and this was reduced by 80.0% to 8.57/100 PY (3 events in 2 patients
during 35.0 PY) during treatment with eculizumab. In participants
without previous rituximab treatment, the pre-study exacerbation rate
was 117.33/100 PY (130 events in 56 patients during 110.8 PY) and
this was reduced by 77.1% to 26.89/100 PY (73 events in 34 patients
during 271.5 PY) during treatment with eculizumab. The relative risk
of exacerbation was lower in the previous-rituximab group than in the
no-previous-rituximab group before the study (0.37; 95% Cl, 0.16 to
0.83; P = .0159) but not during eculizumab treatment (0.32; 95% Cl,
0.10 to 1.01; P = .0522).

Among participants who had received rituximab previously, the
MG-related hospitalization event rate was 8.57/100 PY (3 events in 2
patients during 35.0 PY) during REGAIN and the OLE, compared with

7.14/100 PY (1 event in 1 patient during 14.0 PY) before the study.
Hospitalization rates during REGAIN and the pre-study year were also
examined for the no-previous-rituximab group; however, the number
of patients and PY in the previous-rituximab group were too small to
draw comparisons between the two groups.

3.3 | Safety

The safety profile of eculizumab was similar in the previous-rituximab
and no-previous-rituximab groups (Table 2). In participants who
received rituximab during the year before starting REGAIN (2 placebo
and 2 eculizumab), three AEs of infection (two incidences of upper
respiratory tract infection and one of oral herpes) were reported in
the eculizumab arm within the first year of treatment; no AEs of infec-
tion were reported in the placebo arm and no serious infections were

reported in either treatment arm.

4 | DISCUSSION

This post hoc analysis has shown that outcomes improved during
eculizumab treatment in both the previous-rituximab and the no-pre-
vious-rituximab groups across all assessment measures. These data
suggest that response to eculizumab is not less favorable in patients
with refractory gMG who have previously used and then discontinued

rituximab than in patients with no history of rituximab use.
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The long-term safety profile of eculizumab was generally similar
in patients who had used rituximab previously, in those who had not
used rituximab previously, and in the overall study population, and
was consistent with the known safety profile from over 10 years of
clinical use of eculizumab in other indications.2¢-28:30-35

The primary limitation of this analysis is the small number of
patients in the previous-rituximab group. REGAIN was not powered
for subgroup analyses; however, the consistency of the findings with
the overall REGAIN population are encouraging and serve as a basis
for more extensive study.

The rapid and sustained response to eculizumab observed in
REGAIN and its OLE were notable given that the study population
had treatment-refractory AChR" gMG and a long disease duration.
This analysis has shown that patients who were treated with
rituximab previously, and who may therefore represent a patient
group with an unmet treatment need, also experienced rapid and
long-term clinical improvements with eculizumab, similar to those
seen in the general study population. These data provide evidence
that eculizumab can be an effective treatment for patients with
AChR" gMG, irrespective of their disease features and treatment his-
tory, including patients with refractory disease who have received

rituximab treatment previously.
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