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Abstract

Background: In the phase Ill eculizumab for refractory generalized myasthenia gravis
REGAIN study [ClinicalTrials.gov identifier: NCT01997229] and its open-label extension

(OLE]) [ClinicalTrials.gov identifier: NCT02301624], patients with treatment-refractory
antiacetylcholine receptor antibody-positive generalized myasthenia gravis had clinically
meaningful improvements with eculizumab versus placebo. This subgroup analysis evaluated
data from patients with a recent history of chronic intravenous immunoglobulin (IVIg) use
before study entry.

Methods: The subgroup comprised patients who had received IVilg at least four times in 1year,
with at least one IVIg treatment cycle during the 6 months before the first REGAIN study dose.
Data from REGAIN and the OLE were analyzed. Response to eculizumab versus placebo was
assessed using four validated, disease-specific measures. Incidences of exacerbations and
safety endpoints were recorded.

Results: The subgroup had similar patient and disease characteristics as the overall REGAIN
population. Clinical assessments showed sustained eculizumab efficacy during REGAIN

and the OLE over 18 months. Patients receiving placebo in REGAIN experienced rapid
improvements in assessment scores when treated with eculizumab in the OLE. There was a
lower rate of disease exacerbations with eculizumab than with placebo during REGAIN, and
eculizumab was well tolerated.

Conclusion: Eculizumab treatment, compared with placebo, results in meaningful clinical
improvements and fewer disease exacerbations for patients who previously received chronic IVig.
Trial registration: REGAIN [ClinicalTrials.gov identifier: NCT01997229]; REGAIN open-label
extension [ClinicalTrials.gov identifier: NCT02301624].

Keywords: eculizumab, intravenous immunoglobulin, IVlg, myasthenia gravis, REGAIN

Received: 18 September 2019; revised manuscript accepted: 3 February 2020.

Introduction

Approximately 15% of patients with generalized
myasthenia gravis (gMG) do not respond to
standard immunosuppressive therapies (ISTs),
or require intravenous immunoglobulin (IVIg)
or plasma exchange (PLEX) to manage their
symptoms.!=3 For these patients with treatment-
refractory myasthenia gravis (MG), disease control

is impaired; a study in two US health-plan data-
bases reported 4-fold and 4.7-fold increases in
rates of MG exacerbations/crises, in refractory
versus nonrefractory cases, respectively.* A
UK study reported increased healthcare resource
use in refractory wversus nonrefractory MG.> It is
important, therefore, to consider therapeutic needs
in treatment-refractory MG.
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IVIg is a proven short-term therapy for MG exac-
erbations/crises, and is also considered as a main-
tenance therapy in treatment-refractory MG
inadequately controlled with standard IST.3 The
longevity of its effects is limited, however, and
there are some tolerability issues associated with
chronic IVIg therapy.®® A well-tolerated treat-
ment option with sustained effectiveness is there-
fore needed for these patients to minimize the risk
of MG exacerbations/crises.

Differences in treatment responsiveness in gMG
may reflect underlying biological differences in
disease pathogenesis.2 Among the multiple tar-
gets of IVIg in the immune regulatory network is
the complement system,’ which mediates neuro-
muscular junction damage in gMG. This suggests
that patients with gMG who require chronic IVIg
for symptom management may respond to thera-
pies that specifically inhibit the complement
cascade.

The 6-month, phase III, randomized, double-
blind, placebo-controlled eculizumab for refractory
generalized myasthenia gravis REGAIN study
[ClinicalTrials.gov identifier: NCT01997229]
evaluated the terminal complement inhibitor ecu-
lizumab in patients with antiacetylcholine recep-
tor antibody-positive (AChR+) gMG failing to
achieve symptom control despite recent treatment
with at least two ISTs, or one IST and chronic
IVIg or PLEX.8 REGAIN demonstrated improve-
ments in MG Activities of Daily Living (MG-ADL)
and Quantitative MG (QMG) scores from base-
line to week 26. MG exacerbation rates and res-
cue therapy use were lower with eculizumab than
with placebo, and eculizumab was well tolerated.
Patients completing REGAIN were eligible to
enter the open-label extension (OLE) study
[ClinicalTrials.gov identifier: NCT02301624],
which was completed in January 2019 (last patient,
last visit). Data from the OLE demonstrated long-
term safety and sustained efficacy of eculizumab.®
We report a subgroup analysis from REGAIN and
its OLE to evaluate the response to eculizumab
over a period of up to 18 months in patients receiv-
ing chronic IVIg before participating in REGAIN.

Methods

Patient consent and ethical approval
All patients provided written, informed consent
for participation in both trials. Independent

ethics committees or institutional review boards
provided written approval for the study protocol
and all study amendments (supplemental mate-
rial). The studies were performed in accordance
with the ethical standard laid down in the 1964
Declaration of Helsinki and are registered with
www.clinicaltrials.gov [ClinicalTrials.gov identi-
fiers: NCT01997229 and NCT02301624 for
REGAIN and the REGAIN OLE, respectively].

Study design

The methodology for REGAIN and the OLE has
been published.®° Briefly, eligible patients were
randomized (1:1) to eculizumab (induction dos-
ing 900mg on day 1 and weeks 1, 2 and 3;
1200mg at week 4; then maintenance dosing
1200mg every second week) or placebo on the
same schedule.® Participants from both groups
completing REGAIN could enter the OLE, dur-
ing which all patients received 1200mg open-
label eculizumab every 2weeks after a 4-week
blinded induction protocol.® The final OLE data-
base was locked on 8 March 2019.

Study population

Data were evaluated from patients receiving IVIg
before REGAIN at least four times in 1year, with
at least one IVIg treatment administered within
6 months before the first dose of REGAIN study
drug. Patients were excluded from REGAIN if
they had received IVIg in the 4 weeks before ran-
domization, and concomitant IVIg use was only
permitted during REGAIN/OLE as rescue
therapy.8°

Assessments

Response was assessed using four validated,
disease-specific measures [MG-ADL, QMG, MG
Composite scale (MGC) and the 15-item MG
Quality of Life Questionnaire (MG-QOL15)]. A
clinical response was defined as at least a 3-point
improvement in MG-ADL total score or at least
a 5-point improvement in QMG total score at
the evaluation time point compared with
REGAIN baseline. The incidence of exacerba-
tions (defined as an MQ@ crisis, significant symp-
tomatic worsening or requirement for rescue
therapy) was evaluated throughout REGAIN/
OLE, and during the year before REGAIN
enrollment. Safety endpoints were assessed
throughout REGAIN/OLE.
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Statistical analysis

Changes from REGAIN baseline in MG-ADL,
QMG, MGC and MG-QOL15 mean total scores
were based on r tests. Data are presented as the
mean change from REGAIN baseline; mean dif-
ferences between treatment groups are presented
as 95% confidence intervals (CIs). Subgroup
analyses were not powered to detect significant
differences owing to the small sample size; hence,
p values are not presented. The responder analy-
ses measured the proportion of patients with clin-
ically meaningful improvements from REGAIN
baseline. Exact (Clopper—Pearson) 95% ClIs for
the responder proportions are presented. For
exacerbations, model-based event rates per 100
patient-years were calculated following previously
published methodology.® All statistical analyses
were performed using SAS version 9.4 (SAS
Instittute, Cary, NC, USA).

Results

Patients

In total, 18 patients were included (eculizumab,
n=9; placebo, #=9). One eculizumab-treated
patient withdrew from REGAIN (to receive IVIg
after experiencing MG clinical deterioration); 17
patients continued into the OLE (eculizumab/
eculizumab, n=8; placebo/eculizumab, n=9).

Baseline demographics and characteristics, includ-
ing mean baseline scores for MG-ADL, QMG,
MGC and MG-QOL.15, were generally similar for
both subgroup treatment arms and the overall
REGAIN population.® The duration between last
recorded IVIg dose end date and first REGAIN
study dose was 4—16weeks (z=17; 1 patient missing
accurate end-date data). In the year before entering
REGAIN, 9/18 patients experienced at least one
exacerbation (eculizumab: 6 events in 4 patients;
placebo: 19 events in 5 patients); there was also 1
patient with MG crisis in the eculizumab group.
Compared with the overall REGAIN population,®
this subgroup experienced a higher rate of exacerba-
tions in the year before REGAIN start (150.0 versus
102.4 exacerbations/100 patient-years).

Clinical response

At REGAIN week 26, eculizumab-treated
patients had numerically larger improvements
from baseline in MG-ADL and QMG mean total
scores than placebo-treated patients (Table 1).

Improvements from baseline in MG-ADL, QMG,
MGC and MG-QOL15 mean total scores with
eculizumab during REGAIN were sustained in
the eculizumab/eculizumab group during the
OLE. Patients receiving open-label eculizumab
after placebo during REGAIN experienced rapid
improvements in assessment scores.

A clinical response (MG-ADL or QMG) was
achieved by most subgroup patients receiving
eculizumab during REGAIN and the OLE
(Figure 1). In contrast, only a third or fewer sub-
group patients achieved a clinical response while
receiving placebo in REGAIN (Figure 1). Most
of these patients subsequently achieved a clinical
response (MG-ADL or QMG) after receiving
eculizumab during the OLE.

Exacerbations

During REGAIN, 4/18 patients experienced exac-
erbations; 1 eculizumab-treated patient and 3 pla-
cebo-treated patients experienced 7 and 12
exacerbations, respectively. During the OLE, 6/17
patients experienced exacerbations; all 6 were in
the eculizumab/eculizumab group. Most exacerba-
tions occurring in eculizumab-treated patients dur-
ing REGAIN (7/7 exacerbations) and the OLE
(9/15 exacerbations) were experienced by 1 patient.
The exacerbation rate was reduced by 68.6% from
150.0 exacerbations/100 patient-years in the year
before REGAIN (7=18) to 47.0 exacerbations/100
patient-years during eculizumab treatment in
REGAIN and the OLE (n=17; p=0.1531). This
exacerbation rate in the OLE population (n=17)
also compared favorably with that in the REGAIN
placebo group (n=9; 240.9 exacerbations/100
patient-years; 80.4% reduction, p=0.059).

Safety

The safety profile of eculizumab in the chronic
IVIg subgroup was consistent with that in all eculi-
zumab-treated patients in REGAIN.8° The most
common adverse events with eculizumab in this
subgroup were headache (REGAIN, 22.2%; OLE,
52.9%; wersus REGAIN placebo, 11.1%) and
upper respiratory tract infection (33.3%, 47.1%
and 33.3%, respectively). One patient in this sub-
group analysis died during the OLE. This death
was attributed to end-stage liver disease (consid-
ered by the investigator unlikely to be related to the
use of eculizumab); the patient had cryptogenic
liver cirrhosis and a history of fatty liver.
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Figure 1. Clinical response in REGAIN and the open-label extension study, versus REGAIN baseline.

aA clinical response was defined as at least a 3-point improvement in MG-ADL total score or at least a 5-point improvement
in QMG total score at the evaluation time point compared with REGAIN baseline.

ECU, eculizumab; MG-ADL, Myasthenia Gravis Activities of Daily Living; PLC, placebo; QMG, Quantitative Myasthenia Gravis
test; REGAIN, eculizumab for refractory generalized myasthenia gravis study.

Discussion

Patients with treatment-refractory gMG may be
treated with chronic IVIg or PLEX.3 Among the
overall REGAIN population, 18 patients received
chronic IVIg in the 6 months before study entry.
This subanalysis assessed the patients in REGAIN
with a recent history of chronic IVIg treatment.

Although baseline patient characteristics were
similar to those in the REGAIN population, this
subgroup had previously demonstrated poorly
controlled disease by virtue of the need for
chronic IVIg and the high exacerbation rate in
the year before the start of the study.® The ben-
efits and tolerability of eculizumab demonstrated
in REGAIN supported its approval in Europe
and Japan for adults with treatment-refractory
AChR+ gMG, and in the USA for adults with
AChR+ gMG.

During the 26-week REGAIN study and the
OLE, eculizumab was associated with sustained
improvements from baseline in all assessment
scores in the chronic IVIg subgroup. As in the
overall OLE population,® subgroup patients who
received placebo in REGAIN experienced a rapid
and sustained clinical response with eculizumab.
During REGAIN, MG exacerbations were more
frequent in subgroup patients receiving placebo
versus eculizumab, consistent with active disease
in this cohort. The response to the terminal

complement inhibitor eculizumab in patients who
were refractory to other ISTs and who had previ-
ously required chronic IVIg therapy, which acts at
least in part by diminishing complement activity,’
strengthens the evidence for the role of comple-
ment inhibition in the effective treatment of
gMG. With its favorable safety profile in previous
chronic IVIg users, which was similar to that in
the overall study population, and its sustained
effects in these patients, eculizumab may consti-
tute a valuable treatment option for patients who
require chronic IVIg for symptom management.

There were 15 exacerbations in the eculizumab/
eculizumab group during the OLE, but none in
patients receiving placebo in REGAIN and then
eculizumab (placebo/eculizumab). This discrep-
ancy is largely attributable to one patient, who
was the only eculizumab-treated patient in the
subgroup to experience any exacerbations during
REGAIN and who contributed over half of all
exacerbations reported in the OLE. The impact
of a single patient’s data on overall study findings
highlights the limitation of the small sample size.
The exacerbation rate during eculizumab treat-
ment in REGAIN and the OLE was reduced con-
siderably from that in the year before REGAIN
start and from that in the REGAIN placebo
group, yet these differences did not reach statisti-
cal significance, probably owing to inadequate
power with the small sample size.
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Selection bias in the OLE population is unlikely
because over 90% of both REGAIN participants
(117/125) and chronic IVIg subgroup members
(17/18) enrolled in the OLE. It is possible, how-
ever, that some selection bias may have been
introduced in the REGAIN population as a
result of the requirement to have an IVIg wash-
out period of 4weeks before randomization.
Interestingly, in a recent case series, 13 patients
with refractory gMG receiving maintenance IVIg
therapy transitioned to eculizumab after a
shorter IVIg washout period of 10-14 days with-
out significant safety concerns and with clini-
cally meaningful improvements in outcomes.!?

Conclusion

For patients who had previously received chronic
IVIg, eculizumab resulted in rapid improvements
in MG signs and symptoms across four validated
measures of disease severity, which were main-
tained over 18months. There were also fewer
MG exacerbations with eculizumab compared
with placebo during REGAIN. Eculizumab may
therefore provide long-term benefits for patients
with AChR+ gMG who would otherwise require
chronic IVIg treatment.
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