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Abstract
Background: The terminal complement C5 inhibitor eculizumab is approved in Japan for relapse
prevention in agquaporin-4 antibody-positive (AQP4+) neuromyelitis optica spectrum disorder
(NMOSD) and is undergoing mandatory post-marketing surveillance (PMS] of clinical use.
Objectives: The objective of the study is to assess the real-world, long-term safety and
effectiveness of eculizumab in Japanese patients with AQP4+ NMOSD.
Design: Regulatory-mandated PMS analysis implemented as an all-case surveillance of . e o,
all patients with AQP4+ NMOSD who have been treated with eculizumab in Japan since its Ichiro Nakashima
approval in November 2019. Dvision of Meurology.
Methods: This PMS interim analysis assessed the safety and effectiveness of eculizumab in Pharmaceutical University,
Japanese patients with AQP4+ NMOSD from November 2019 to April 2022. My

Results: Of 147 patients treated with eculizumab who consented to publication, 71 had at least  Mivagi 983-8512, Japan.

nakashimaf@tohoku-mpu.

one case report form collected and locked at the interim analysis data cut-off, constituting ac.jp

the safety analysis set; three patients from PREVENT (NCT01892345) were excluded from Jin Nakahara

the effectiveness analysis set. Twelve and 10 patients in the safety and effectiveness analysis Eiﬂaﬂt:?f;tsﬂfy';iﬁzlfgfy
sets discontinued, respectively. In the safety analysis set, 67/71 patients (94.4%) were female, ~ Medicine. Tokyo, Japan
mean illness duration was 6.8 [standard deviation (SD): 6.2] years, mean age at eculizumab Deriment of Netrology.
initiation was 50.7 (SD: 13.3) years, and mean eculizumab treatment duration was 44.6 (SD: g‘;‘::faf":gm:t'ﬁ‘;ay?

23.7) weeks. At diagnosis of NMOSD, 34/71 patients (47.9%) and 35/71 patients (49.3%) inthe  Japan
safety analysis set had symptoms of optic neuritis and transverse myelitis, respectively. In the  Yasuhiro Manabe

Department of Neurology,

safety analysis set, 19/71 patients (26.8%) reported adverse events, 10/71 (14.1%) reported National Hospital
adverse drug reactions (ADRs), and 7/71 (9.9%) reported serious ADRs; no meningococcal a;gdﬁ’c‘:laéf:tfrk"g;g:ma
infections were observed. In the effectiveness analysis set, 64/68 patients (94.1%) were Japan

female, mean disease duration was 6.9 (SD: 6.3) years, mean age at eculizumab initiation ﬁ::“;';'sg::w:fa

was 50.6 (SD: 13.2) years, and 27/68 (39.7%) were tested for C5 genetic polymorphism (all Alexion Pharma GK, Tokyo,
negative). In the 2 years before eculizumab, 51/68 patients (75.0%) experienced relapse. Japan

Relapse rate was 0.02/patient-year after eculizumab initiation versus 0.74/patient- Ié:f,::tleg::aorfaMumple
year in the 2 years before eculizumab. Overall, 37/68 patients (54.4%) were prescribed 2Corosts Therapeutics.
immunosuppressants in the 6 months before and 19/40 (47.5%) in the 6-12 months after University School of
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starting eculizumab treatment. The proportion of patients taking >10 mg/day of prednisolone .,
decreased from 45.6% at 24-20 weeks before to 23.1% and 0% at 48-52 and 100-104 weeks Multiple Sclerosis and

after eculizumab, respectively. ES;J{;”“éiﬂiEe?E‘%?HOKU

Conclusion: This article reports interim PMS data for Japanese patients and provides updated  Research institute for
Neuroscience, Koriyama,

real-world evidence for the safety of eculizumab and its effectiveness at preventing relapses Japan
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in patients with AQP4+ NMOSD. Safety and effectiveness results are consistent with those

from PREVENT.
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Introduction

Neuromyelitis optica spectrum disorder NMOSD)
is a disabling inflammatory disorder that predomi-
nantly affects the optic nerves and spinal cord.! It is
characterized by debilitating and unpredictable
relapses, and relapse-related tissue damage leads to
the accumulation of substantial, and mostly irre-
versible, disability.l> Evidence suggests that the
pathogenesis of NMOSD directly involves serum
antibodies (immunoglobulin G [IgG]) targeting
the water channel aquaporin-4 (AQP4), which is
expressed mainly in astrocyte foot processes in the
central nervous system.?> Preclinical data indicate
that anti-AQP4 IgG binding to the AQP4 water
channel triggers the complement cascade, ulti-
mately leading to uncontrolled terminal comple-
ment activation, inflammation, and membrane
attack complex formation. This results in comple-
ment-mediated astrocyte injury and destruction,
which promotes immune-mediated neuronal
demyelination.*

The prevalence of NMOSD in Japan is estimated
to be 3.42 per 100,000 people.” The prevalence
of NMOSD in East Asian populations appears to
be higher than in White populations.® More than
90% of patients with aquaporin-4 antibody-posi-
tive (AQP4+) NMOSD in Japan are treated
using oral prednisolone.® Immunosuppressive
therapies such as azathioprine and tacrolimus
may be used, often in combination with predniso-
lone. Conversely, the anti-CD20 monoclonal
antibody rituximab — which acts by depleting B
cells — is rarely used for the treatment of patients
with AQP4+ NMOSD in Japan.

The humanized monoclonal antibody eculizumab
(Soliris®; Alexion Pharma GK, Tokyo, Japan) acts
by inhibiting cleavage of the terminal complement
protein C5 into C5a, which is pro-inflammatory,
and C5b, which coordinates the formation of the
membrane attack complex.!? It is approved for the
treatment of NMOSD in 41 countries and was
approved in Japan in November 2019 for the

prevention of relapses in adults with AQP4+
NMOSD. The drug was also approved in 2019
for the treatment of adults with AQP4+ NMOSD
in the United States (June) and the European
Union (August). Approval was based on data
from a phase 3, randomized, double-blind, pla-
cebo-controlled, time-to-event trial (PREVENT;
NCTO01892345), in which eculizumab demon-
strated a significant effect on the time to first
adjudicated relapse compared with placebo (rela-
tive risk reduction: 94%; hazard ratio: 0.06;
p < 0.001).1L12 Results of the PREVENT open-
label extension (OLE; NCT02003144) revealed
persistently low adjudicated annualized relapse
rates for eculizumab versus the PREVENT pla-
cebo group [0.025 (95% confidence interval [CI]:
0.013-0.048) and 0.350 (95% CI: 0.199-0.616),
respectively] after a median follow-up of 133
weeks.!? With longer follow-up (192 weeks), 96%
of patients were found to be free from adjudicated
relapses, and more than 90% of patients receiving
eculizumab monotherapy did not experience any
worsening of disability.10

The entry and inclusion criteria for PREVENT
restricted the patient population by disease sever-
ity, prior treatment status, and ongoing immuno-
suppressive therapy use. This contrasts with
clinical practice, in which the patient population
is more diverse. Therefore, the efficacy and safety
of eculizumab in a broader group of patients have
not been fully established. The Japanese
Pharmaceuticals and Medical Devices Agency
(PMDA) requires the manufacturer to conduct
mandatory post-marketing surveillance (PMS) of
patients treated with any newly approved drug to
understand the characteristics of the patients
treated and to obtain additional safety and effec-
tiveness data in clinical practice. This article
reports the real-world safety and effectiveness
data from the latest interim analysis of the PMS,
for all patients in Japan diagnosed with AQP4+
NMOSD who were treated with eculizumab
between November 2019 and April 2022. It
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provides the first robust real-world evidence of
the safety and effectiveness of eculizumab in this
indication, which should help to inform the treat-
ment of patients with this rare disease in a clinical
practice setting.

Methods

Study design

This regulatory-mandated PMS is being imple-
mented as an all-case surveillance, based on the
conditions of approval by Japanese regulatory
authorities. As such, it includes all patients with
AQP4+ NMOSD treated with eculizumab in
Japan since its approval in November 2019.
Patients are being enrolled over a planned 5-year
period, from November 2019 to November 2024,
and surveillance will continue for up to 7 years,
from November 2019 to November 2026. In
cases of treatment discontinuation before
November 2026, surveillance will continue for 8
weeks after the last treatment dose. The results
reported here are for the period from the date of
eculizumab approval (November 2019) through
the interim analysis data cut-off on 1 April 2022.
The protocol for the PMS analysis was confirmed
by the PMDA and the study is being conducted
in accordance with Good Post-Marketing Study
Practice ordinance.!*

Treatment

Patients received the approved dose and schedule
of eculizumab (intravenous infusion), 900 mg
once weekly for 4 weeks, followed by 1200 mg 1
week later, and 1200 mg every 2 weeks thereafter
(fixed dose irrespective of body weight).1> Patients
who were receiving eculizumab during the OLE of
the PREVENT study were switched to treatment
with commercially available eculizumab as soon as
possible following approval. Meningococcal vac-
cination is required =2 weeks before the first dose
of eculizumab.

Data collection

Data are extracted from the medical chart of each
patient and documented in a case report form
(CRF), collected at 26 weeks and 1 year, then
yearly thereafter. Following CRF collection,
CREFs are locked using the following process: col-
lected CRFs are checked for any pharmacovigi-
lance events; any pharmacovigilance events are

re-examined (attending physician provides addi-
tional details); CRFs are re-collected with detailed
information about any pharmacovigilance events;
CRFs are re-checked; and CRFs are locked.
Patients who received eculizumab as an investiga-
tional product before enrollment had relevant
data collected retrospectively from the time of
first administration.

Outcomes

The following data are being collected: patient
demographics and disease characteristics at entry
into the PMS, results of testing for the terminal
complement protein C5 ¢.2654G>A polymor-
phism (which prevents C5 binding and inhibition
by eculizumab and is associated with poor treat-
ment response), duration of eculizumab therapy,
number of doses received, reasons for eculizumab
discontinuation (if applicable), and number and
type of other NMOSD therapies [including oral
steroids, immunosuppressive therapies, intrave-
nous immunoglobulin (IVIg), plasma exchange,
and biologics] received during the 6 months
before, up to 6 months after, and at 6-12, 12-18,
and 18-24 months after eculizumab initiation.

Adverse events and adverse drug reactions
(ADRs) were classified according to the Japanese
version of the Medical Dictionary for Regulatory
Activities.!® ADRs were defined as those adverse
events for which a relationship to eculizumab
treatment was not excluded in the opinion of the
patient’s physician and was confirmed by the
sponsor based on information provided by
the physician. Serious ADRs were defined as
ADRs that result in death, life-threatening
events, hospitalization or prolonged hospitaliza-
tion for treatment, persistent or significant disa-
bility or dysfunction, congenital anomalies, or
any other important medical events. Diagnosis of
relapse was at the attending physician’s discre-
tion and physician-reported relapses were not
subject to adjudication by an independent com-
mittee, as with PREVENT. Therefore, the way
relapses were reported in this study reflected
real-world clinical practice.

Data/analysis sets

All analyses were descriptive. Continuous varia-
bles are summarized descriptively using means,
standard deviations (SDs), 95% ClIs, medians,
and ranges. Missing data were not imputed.
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Enrolled patients (n = 147)

Patients with at least one CRF
collected (n = 92)

Patients included in the safety
analysis set (n=71)

Patients included in the
effectiveness analysis set (n = 68)

Figure 1. Patient disposition.
CRF, case report form.

Categorical variables are based on observed data
and are presented as counts and percentages.

Results

Demographics and disease characteristics

In total, 147 patients were enrolled in this PMS
study (Figure 1). All patients provided consent for
publication. At the 1 April 2022 interim analysis
data cut-off, CRFs had been collected and locked
for 71 patients, all of whom were included in the
safety analysis set; three patients were excluded
from the effectiveness analysis set (n = 68) owing to
prior participation in the phase 3 PREVENT study.

In the safety analysis set, 67/71 patients (94.4%)
were female, and the mean duration of illness was
6.8 (SD: 6.2; range: 0.1-25.0) years (Table 1).
The mean age at eculizumab initiation was 50.7
(SD: 13.3; range: 19-84) years. At diagnosis of
NMOSD, half of patients in the safety analysis set
had symptoms of optic neuritis (34/71; 47.9%)
and half had symptoms of transverse muyelitis
(35/71; 49.3%).

In the effectiveness analysis set, 64/68 patients
(94.1%) were female, the mean disease duration
was 6.9 (SD: 6.3; range: 0.1-25.0) years, the mean
age at eculizumab initiation was 50.6 (SD: 13.2;
range: 19-84) years, and 27/68 (39.7%) were
tested for C5 genetic polymorphism (all negative;
C5 genetic polymorphism testing was at the discre-
tion of the attending physician) (Table 1).

Patients excluded from the interim

analysis (n = 55)
CRF not collected (n = 55)

Patients excluded from the safety
analysis set (n = 21)
CRF not locked (n = 21)

Patients excluded from the effectiveness
analysis set (n = 3)
Participants in the PREVENT trial (n = 3)

Treatment with eculizumab

At the interim cut-off date, the mean duration of
eculizumab treatment was 44.6 (SD: 23.7) weeks,
up to a maximum of 104 weeks in the safety anal-
ysis set (Table 2). At the interim cut-off date,
59/71 patients (83.1%) were receiving eculi-

zumab treatment, with 12 discontinuations.
Reasons given for discontinuation were adverse
events (n = 3; two pyrexia and one pulmonary
hypertension), physician decision (z = 6), patient
decision (n = 5), and other (n = 1).

Safety

Overall, the safety results among these Japanese
patients (Table 3) were consistent with those from
PREVENT and its OLE.!L13 In this PMS study,
31.69 adverse events per 100 patient-years (PY)
were reported, compared with 183.50 adverse
events per 100 PY in PREVENT and its OLE
combined for eculizumab-treated patients.!3
Overall, 19/71 patients (26.8%) experienced an
adverse event. Of the 29 different adverse or serious
adverse events reported, no single event was
reported in more than 5% of patients in the safety
analysis population.

Ten patients reported ADRs. These ADRs were
five infections (cellulitis, bacterial meningitis, her-
pes meningitis, pneumonia, and a streptococcal
catheter-related infection), two skin and subcu-
taneous tissue disorders (alopecia and ery-
thema), two musculoskeletal and connective
tissues disorders [myalgia and systemic lupus

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

| Nakashima, J Nakahara et al.

Table 1. Baseline demographics and disease characteristics (data for the safety analysis set, n = 71 and for
the effectiveness analysis set, n = 68).

Safety analysis  Effectiveness

set(n = 71) analysis set (n = 68)
Age, years, mean (SD) 50.7 (13.3) 50.6 (13.2)
Female, n (%) 67 (94.4) b4 (94.1)
Disease duration, years, mean (SD) 6.81(6.2) 6.9(6.3)
<2 years, n (%) 20 (28.2) 20 (29.4)
=2 years, n (%) 51(71.8) 48 (70.6)
Symptoms at NMOSD diagnosis, n (%)
Optic neuritis 34 (47.9) 32 (47.1)
Transverse myelitis 35 (49.3) 34 (50.0)
Brain stem symptoms 15 (21.1) 14 (20.6)
Cerebral symptoms 5(7.0) 5(7.4)
Other 2 (2.8) 2(2.9)
Any relapse in the 2 years before eculizumab administration, 51(71.8) 51 (75.0)

n [%]

Relapse count in the 2 years before eculizumab administration, n (%)

1 22 (43.1) 22 (43.1)
2 14.(27.5) 14(27.5)
3 9(17.6) 9 (17.6)
=4 6(11.8) 6(11.8)

Terminal complement protein C5 genetic polymorphism, n (%]

Positive 0(0.0) 0(0.0)
Negative 27 (38.0) 27 (39.7)
Not measured 42 (59.2) 39 (57.4)
Blank 0(0.0) 0(0.0)
Meningococcal vaccination received, n (%) 70 (98.6) 67 (98.5)

Prior NMOSD treatment, n (%)

Steroids 69 (97.2) 66(97.1)
Immunosuppressive therapy 40 (56.3) 40 (58.8)
Plasma exchange 28 (39.4) 27 (39.7)
Intravenous immunoglobulin 5(7.0) 5 (7.4)
Biologics 3(4.2) 3 (4.4)
Other 17 (23.9) 16 (23.5)

NMOSD, neuromyelitis optica spectrum disorder; SD, standard deviation.
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Table 2. Duration of eculizumab treatment and eculizumab treatment
status (data for the safety analysis set, n = 71).

Patients who received
eculizumab, n (%) (Safety
analysis set,n = 71)

Overall eculizumab treatment duration, weeks

Mean (SD)

Median (range)

44.6 (23.7)
52.1(0.1-104.4)

Total eculizumab cumulative dose, mg

Mean (SD)

Median (range)

26,126 (13,393)
31,114 (900-63,086)

Eculizumab treatment status, ongoing/discontinued, n (%)

At week 26
At year 1

At year 2

At interim analysis data cut-off

(1 April 2022)

62 (87.3)/9 (12.7)
40(56.3)/1 (1.4)
4(5.6)/2(2.8)

59 (83.1)/12 (16.9)

Reason for discontinuation

Adverse event
Death

Lost to follow-up

Physician decision

Patient decision

Relapse

Symptomatic improvement

Other
Blank

3(4.2)
0 (0.0)
0 (0.0)
6 (8.5)
5 (7.0)
0 (0.0)
0 (0.0)

101.4)
0 (0.0)

SD, standard deviation.

erythematosus (SLE)], two pyrexia cases, and a
single case each of eyelid edema, pulmonary
hypertension, diarrhea, renal impairment, and
increased C-reactive protein.

There were 10 serious ADRs, experienced by
seven patients: two cases of pyrexia and one case
each of cellulitis, bacterial meningitis (blood

culture: negative), herpes meningitis, pneumonia,
a streptococcal catheter-related infection, pulmo-
nary hypertension, SLE, and renal impairment.
No meningococcal infections were reported dur-
ing this PMS analysis up to the interim cut-off
date. These results are consistent with those
observed in PREVENT and its OLE.!3

No patients discontinued eculizumab treatment
owing to death. However, one patient who dis-
continued owing to an adverse event (pulmonary
hypertension) subsequently died. This death was
recorded as the outcome of SLE and thrombotic
microangiopathy. The SLE was recorded as
occurring on the same day as the pulmonary
hypertension and was also judged to be related to
eculizumab use. The death occurred more than 7
months after the date of the final eculizumab
dose.

Effectiveness: NMOSD relapses

In the effectiveness analysis set, 51/68 patients
(75.0%) experienced at least one relapse in the 2
years before the start of eculizumab treatment.
Of these, 29 experienced at least two relapses
(Table 1). Among patients receiving eculizumab
up to the interim cut-off date, one relapse was
reported in the effectiveness analysis set, with a
relapse rate of 0.02/PY (one relapse in 57.0 PY of
treatment; Figure 2). This compared favorably
with a relapse rate of 0.74/PY in the 2 years
before treatment (101 relapses in 136.0 PY of
treatment). The single relapse experienced dur-
ing eculizumab treatment was transverse myeli-
tis. The physician judged it to be nonserious, but
the final classification of the relapse was serious.
The patient who experienced the relapse contin-
ued eculizumab treatment. This patient had
experienced one previous relapse in the 2 years
before eculizumab treatment and had tested neg-
ative for the terminal complement protein C5
genetic polymorphism.

Concomitant use of NMOSD medication

Changes in treatment with the oral steroid pred-
nisolone and any concomitant immunosuppres-
sive therapies were at the treating physician’s
discretion. The mean daily dose of prednisolone
decreased after the initiation of eculizumab, from
16.0 mg/day (SD: 11.1 mg/day) at 24—20 weeks
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Table 3. Summary of adverse events for all patients (data for the safety analysis set, n = 71).

Patients who received eculizumab (safety
analysis set, n = 71)

n (%) n per 100 patient-years
Any adverse event 19 (26.8) 31.69
Any ADR 10 (14.1) 16.68
Any serious adverse event 11 (15.5) 18.35
Any serious ADR 7(9.9) 11.68
Relapse 1(1.4) 1.67
Relapse (ADR) 0(0.0) 0.00
Meningococcal infection 0(0.0) 0.00
Meningococcal infection (ADR) 0(0.0) 0.00
Nonmeningococcal infection 8(11.3) 13.34
Cellulitis 1(1.4) 1.67
Meningitis bacterial 1(1.4) 1.67
Meningitis herpes 101.4) 1.67
Pneumonia 10(1.4) 1.67
Pneumonia pneumococcal 1(1.4) 1.67
Pyelonephritis 1(1.4) 1.67
Urinary tract infection 1(1.4) 1.67
Viral infection 10(1.4) 1.67
Escherichia pyelonephritis 1(1.4) 1.67
Pyrexia 2(2.8) 3.34
Nonmeningococcal infection (ADR) 4 (5.6) 6.67
Noninfection adverse event 12 (16.9) 20.02
Citrobacter infection 1(1.4) 1.67
Device-related infection 1(1.4) 1.67
Abnormal sensation in eye 1(1.4) 1.67
Eyelid edema 1(1.4) 1.67
Hypertension 1(1.4) 1.67
Pulmonary hypertension 1(1.4) 1.67
Constipation 1(1.4) 1.67
Diarrhea 1(1.4) 1.67
Hepatic function abnormal 1(1.4) 1.67
Alopecia 10(1.4) 1.67

(Continued)
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Table 3. (Continued)

Patients who received eculizumab (safety
analysis set,n = 71)

n (%) n per 100 patient-years
Erythema 1(1.4) 1.67
Myalgia 1(1.4) 1.67
Systemic lupus erythematosus 1(1.4) 1.67
Nephrolithiasis 1(1.4) 1.67
Renal impairment 1(1.4) 1.67
Condition aggravated 1(1.4) 1.67
Malaise 1(1.4) 1.67
Pyrexia 1(1.4) 1.67
C-reactive protein increased 1(1.4) 1.67
Noninfection adverse event (ADR) 71(9.9) 11.68
Infusion site reaction 1(1.4) 1.67
Death 0(0.0) 0.00
ADR, adverse drug reaction.
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Figure 2. (a) Number of relapses and (b) relapse rates per patient-year before and after eculizumab (data for

the effectiveness analysis set, n = 68).
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Figure 3. Use of the oral steroid prednisolone before and after initiation of eculizumab (data for the
effectiveness analysis set, n = 68). (a) Average daily dose of prednisolone in 4-week ranges, in which crosses
represent means, horizontal lines represent medians, colored boxes represent first and third quartiles,
whiskers represent minimum and maximum values, and circles represent outliers (defined as a value that is
larger than 1.5 times the first to third quartile range). (b) Percentage of patients treated with prednisolone by

average daily dose in 4-week ranges.

before eculizumab to 8.6 mg/day (SD: 4.8 mg/
day) at 48-52 weeks after eculizumab and 5.3
mg/day (SD: 1.0 mg/day) at 100-104 weeks
after eculizumab (Figure 3(a)). This corresponds
to a 67.1% decrease in the mean daily dose of
prednisolone treatments over the study period.
The proportion of patients taking a prednisolone
dose >10 mg/day decreased from 45.6% at 24—
20 weeks before eculizumab treatment to 23.1%

at 48-52 weeks after initiation of eculizumab
(Figure 3(b)). The overall proportion of patients
prescribed concomitant prednisolone in the
effectiveness analysis set was reduced from 67/68
(98.5%) within the 6 months before eculizumab
treatment to 37/40 (92.5%) within the 6-12
months after eculizumab initiation. The patient
who experienced relapse during eculizumab
treatment received a decrease in concomitant
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prednisolone dose after eculizumab initiation,
followed by an increase. The dose increase took
place following the relapse.

The proportion of patients who were prescribed
concomitant immunosuppressive therapies decre-
ased slightly from 37/68 (54.4%) to 19/40 (47.5%)
over the same period. Concomitant immunosup-
pressants included azathioprine, cyclosporine,
cyclophosphamide, fingolimod, mycophenolate
mofetil, and tacrolimus. At eculizumab initiation,
16 patients were taking azathioprine, three were
taking cyclosporine, one was taking mycopheno-
late mofetil, 13 were taking tacrolimus, and no
patients were taking cyclophosphamide or fingoli-
mod. No patients were taking multiple immuno-
suppressants at eculizumab initiation. Doses of
concomitant immunosuppressive therapies were
not increased in any patients.

Intravenous methylprednisolone (IVMP) treat-
ment was required in 38/68 patients (55.9%) in
the 6 months before eculizumab; 17 of these
patients required IVMP therapy once, while 21
required it twice or more. Conversely, IVMP
treatment was required in only 2/68 patients
(2.9%) in the 6 months after eculizumab initia-
tion. The patient who experienced relapse during
eculizumab treatment did not receive IVMP
treatment. The mean dose of IVMP was 985 mg/
day in the 6 months before eculizumab initiation
and 1000 mg/day in the 6 months after. In the 6
months before eculizumab initiation, most
patients received 1000 mg/day; one patient
received 1000 mg/day and 500 mg/day alternately
for each cycle. The standard dose of IVMP is
1000 mg/day.

IVIg treatment was required in 5/68 patients
(7.4%) and plasma exchange was required in
15/68 patients (22.1%) in the 6 months before
eculizumab administration. In the 6 months after
eculizumab initiation, no usage of IVIg treatment
was reported and only one of the 68 patients
(1.5%) required plasma exchange. No usage of
either treatment was reported 6 months or later
after eculizumab initiation. The patient who expe-
rienced relapse during eculizumab treatment did
not receive plasma exchange.

Discussion
The results of this interim PMS analysis of
Japanese patients provide an update to the

current real-world evidence for the long-term safety
and effectiveness of eculizumab as a treatment for
patients with AQP4+ NMOSD. In these patients,
eculizumab was well tolerated and no cases of
meningococcal infections were reported among the
treated cohort by the interim analysis data cut-off
on 1 April 2022. Menactra® (Sanofi Pasteur Inc.,
Swiftwater, PA, 18370, USA) was used as the
meningococcal vaccine for most patients; this vac-
cine is covered by medical insurance in Japan and is
effective against meningococcal serotypes A, C, Y,
and W-135. No vaccine against meningococcal
serotype B is approved for use in Japan.

By the interim data cut-off, one relapse (transverse
myelitis) had been reported. The relapse rate was
0.02 relapses/PY, compared with a rate of 0.74
relapses/PY in the 2 years before initiating eculi-
zumab. No formal definition of relapse was used,
unlike in PREVENT, in which relapses were adju-
dicated by an independent committee. These find-
ings are consistent with the safety and efficacy
results of eculizumab in PREVENT and its OLE,
including the evidence for eculizumab as mono-
therapy.10:11:13 However, it should be noted that
the number of Japanese patients who received ecu-
lizumab in previous eculizumab clinical studies
was limited. Among patients receiving eculizumab
in PREVENT, nine patients were Japanese, 36.5%
(n = 35/96) identified as being from the Asia-
Pacific region (Australia, Hong Kong, Japan,
South Korea, Malaysia, Taiwan, and Thailand),
and 38.5% (n = 37/96) identified as being of
Asian race.!1-17 Pharmacokinetic and pharmacody-
namic studies involving patients from PREVENT
showed no differences between Japanese and non-
Japanese patients.!8 Adverse events were lower in
this PMS analysis than in PREVENT and its OLE,
possibly due to under-reporting in the PMS com-
pared with the clinical trial.

A heterozygous variation in the terminal comple-
ment protein C5 (¢c.2654G>A) prevents C5 bind-
ing and inhibition by eculizumab and is associated
with a poor treatment response. This C5 variant
was first identified in Japanese patients with parox-
ysmal nocturnal hemoglobinuria. The overall
prevalence of this C5 variant in patients with
NMOSD is unknown, but low rates of occurrence
have been reported in healthy Japanese (3.5%) and
Chinese (0.8%) populations.!® In the present
study, none of the 27 patients who were tested for
the C5 genetic polymorphism harbored the
genetic variation.
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The reduction in the use of prescribed concomi-
tant NMOSD treatments observed in this PMS
study suggests that patients with NMOSD at risk
of adverse events or intolerant to immunosup-
pressive therapies may benefit from a reduction in
dose of concomitant oral steroids and may experi-
ence a decrease in treatment burden. A recent
subanalysis of PREVENT and its OLE revealed
that 96% of patients receiving eculizumab mono-
therapy were free from adjudicated relapses after
approximately 4 years, with no worsening of dis-
ability during PREVENT.19 Given the high clini-
cal and quality of life burden of NMOSD, this
requires further exploration.

Steroids are frequently used to help manage
NMOSD, particularly in Japan, where oral
prednisolone is the most commonly used drug
to treat NMOSD (use in 92.6% of cases, com-
pared with 15.8% in Germany).° Their contin-
ued use is despite limited clinical trial evidence
and relatively poor rates of relapse prevention.2°
As shown in this PMS study, treatment with
eculizumab can reduce or abolish the need for
steroid use in a number of patients. This is in
line with data from the PREVENT OLE, in
which over a third of eculizumab-treated
patients (44/119; 37.0%) were able to stop or
decrease the use of background immunosup-
pressive therapy.!? IVMP treatment and plasma
exchange, both of which are used to manage
acute-phase NMOSD,?1-23 could be avoided by
most patients in this PMS study.

In Japan, eculizumab is currently indicated for
the prevention of relapses in NMOSD in adult
patients with AQP4+ NMOSD.!5 In a retrospec-
tive cohort study, patients with NMOSD who
had a relapse incurred more outpatient hospital
encounters, longer lengths of stay, and greater
mean annualized costs compared with patients
who did not relapse.?* Therefore, the use of ecu-
lizumab within this indication offers both health
and economic benefits owing to its favorable ben-
efit-risk profile, its potential to improve out-
comes, and its potential to lower healthcare
resource use by reducing the rate of relapses. In
addition, in the present study, concomitant
immunosuppresive therapy and high-dose corti-
costeroid use decreased following eculizumab
treatment. In a post hoc analysis of PREVENT
and its OLE, eculizumab monotherapy (with no
concomitant immunosuppressive therapy) was

associated with a lower rate of serious infections
than placebo.l® Therefore, eculizumab use may
further decrease healthcare resource utilization by
reducing the rate of potential adverse events asso-
ciated with immunosuppressive therapy use.

Study limitations

This regulatory-mandated all-case surveillance
PMS study is an observational study and is
therefore subject to certain limitations inherent
to any observational study, such as potential
reporting bias, lack of a control group (only
patients with AQP4+ NMOSD who were
treated with eculizumab were assessed), data
originating from daily medical practice (data
were extracted from patient medical charts and
relapses and adverse events were defined by the
attending physician), and some missing data
(missing data were not imputed). Given that
this was an interim analysis of PMS data, the
duration of observation was relatively short,
but this will increase as the PMS data collec-
tion continues.

Conclusion

This interim analysis of a PMS study in Japan
offers the first demonstration in a real-world
setting that eculizumab is effective in prevent-
ing relapses in patients with AQP4+ NMOSD.
Treatment with eculizumab was also associ-
ated with a reduction in the concomitant use
of immunosuppressive therapies. These find-
ings in Japanese patients are consistent with
the efficacy and safety results from the global
phase 3 PREVENT study of eculizumab ver-
sus placebo in AQP4+ NMOSD and its OLE,
in which Japanese participants were low in
number.!%!1 Further data will become availa-
ble over the course of the 7-year surveillance
period to help understand the long-term
impact of eculizumab in Japanese patients
with AQP4+ NMOSD. In the meantime,
these interim results provide important real-
world evidence about the safety and effective-
ness of eculizumab.
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