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Abstract
Background and Objectives
Satralizumab (SAT), an interleukin-6 receptor inhibitor, reduced the risk of protocol-defined
relapse (PDR) vs placebo (PBO) with a favorable safety profile in patients with neuromyelitis
optica spectrum disorder (NMOSD) in 2 pivotal phase 3 trials, SAkuraSky and SAkuraStar. We
evaluated the long-term safety and efficacy of SAT in patients with NMOSD in the single-arm,
open-label, rollover study SAkuraMoon.

Methods
Patients who completed the double-blind periods (DBPs) and open-label extensions (OLEs) of
SAkuraSky and SAkuraStar were enrolled in SAkuraMoon, where they continued receiving
subcutaneous SAT 120 mg 4 times a week (Q4W) ± immunosuppressive therapy. Safety
analyses included all patients who received ≥1 dose of SAT in the overall SAT treatment (OST)
period. The rates of adverse events (AEs) and infections per 100 patient-years (PYs) in the
OST vs the DBPs were compared. Efficacy analyses were performed in the aquaporin-4
immunoglobulin-G–seropositive (AQP4-IgG+) population. Annualized investigator-assessed
PDR rate (i.e., annualized relapse rate, ARR), time to first investigator-reported PDR (iPDR),
severe iPDR (increase of ≥2 points in the Expanded Disability Status Scale [EDSS] score), and
sustained EDSS score worsening were reported. The data cutoff date of these analyses was May
28, 2024.

Results
Overall, 166 patients with NMOSD were included in the analysis. The median (range) SAT
exposure in the OST period was 6.9 years (0–10). Rates of AEs and serious AEs (95%CI) in the
OST period (AEs: 299.4 (288.8–310.2)/100 PYs; serious AEs: 8.1 (6.4–10.0)/100 PYs) were
lower compared with the DBP. Rates of infections (87.5 [81.9–93.5]/100 PYs) and serious
infections (2.4 [1.5–3.5]/100 PYs) in the OST period were comparable with those of the DBP
and did not increase over time. No fatalities occurred. In the AQP4-IgG+ population (n = 111),
the overall adjusted ARR (95% CI) was 0.07 (0.05–0.10). AtWeek 456 (8.8 years), 67% (56%–
76%), 89% (80%–94%), and 82% (72%–89%) of SAT-treated patients were free from iPDR,
severe iPDR, and sustained EDSS score worsening, respectively.
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Discussion
The safety and efficacy of SAT (±IST) is sustained with long-term treatment, supporting SAT as an effective maintenance
therapy option for patients with AQP4-IgG+ NMOSD.

Trial Registration Information
ClinicalTrials.gov registration numbers: NCT02028884 (SAkuraSky), NCT02073279 (SAkuraStar), and NCT04660539
(SAkuraMoon); EudraCT: 2020-003413-35 (SAkuraMoon).

Classification of Evidence
This study provides Class IV evidence that SAT is safe and effective in patients with NMOSD.

Introduction
Neuromyelitis optica spectrum disorder (NMOSD) is a rare,
chronic, autoimmune disease, characterized by demyelinating
lesions in the optic nerves, spinal cord, brainstem, and cere-
brum.1,2 The hallmark clinical manifestations of NMOSD are
optic neuritis, resulting in vision loss, and longitudinally ex-
tensive transverse myelitis resulting in weakness, sensory
impairment, and bladder and bowel dysfunction.1,3

Aquaporin-4 immunoglobulin-G–seropositive (AQP4-IgG+)
NMOSD generally follows a relapsing disease course, and
patients are at persistent risk of relapse regardless of disease
duration.1 Disability and health-related quality-of-life wors-
ening are driven by attacks/relapses, and chronic neurologic
disability develops incrementally after attacks.4

Therefore, NMOSDmanagement focuses on the treatment of
acute attacks and aims to prevent future relapses, meaning
that patients require lifelong preventative therapeutic options
that are both safe and effective.5,6 Since 2019, several mono-
clonal antibodies have been approved for patients with AQP4-
IgG+ NMOSD, namely eculizumab and ravulizumab (2
complement C5 inhibitors), inebilizumab (an anti-CD19
B cell–depleting antibody), and satralizumab (SAT) (an anti-
interleukin-6 [IL-6] receptor monoclonal antibody).7-9

IL-6, a pleiotropic cytokine implicated in the pathophysiology
of AQP4-IgG+ NMOSD, plays a role in the immunopatho-
genic mechanisms upstream of AQP4-IgG–related effects,
mediated through B cell–related and T cell–related path-
ways.10,11 IL-6 induces T-cell polarization toward an

inflammatory Th17 phenotype, inhibits T regulatory cell
development, promotes B-cell differentiation into plasma-
blasts, and contributes to impaired integrity of the blood-brain
barrier, thus enabling pathogenic antibodies and proin-
flammatory cells to enter the CNS.10,11

SAT is a subcutaneously administered, humanized IgG2
monoclonal antibody that inhibits the IL-6 signaling pathway
by targeting the membrane-bound and soluble forms of
the IL-6 receptor (IL-6R).12-16 SAT was designed using
pH-dependent recycling antibody technology to allow for
prolonged plasma half-life compared with conventional
monoclonal antibodies, maximum inhibition of IL-6 signaling,
and a 4-week dosing regimen.13-16

In the double-blind (DB) periods of the 2 pivotal phase 3
studies, treatment with SAT in combination with background
immunosuppressive therapy (IST) (SAkuraSky) or as
a monotherapy (SAkuraStar) significantly reduced relapse
risk in adult and adolescent patients with AQP4-IgG+
NMOSD vs placebo (PBO).13,14 At Week 192, 71% (95%
CI 55%–83%) of patients in SAkuraSky and 73% (95% CI
59%–83%) of patients in SAkuraStar remained free from
protocol-defined relapses.16 Overall, SAT treatment was well
tolerated in the DB periods of both SAkura studies and
showed a favorable safety profile.13-16

In this article, we present data from the SAkuraMoon study
(NCT04660539), a single-arm, open-label, rollover study
including participants who completed the DB and open-label
extension (OLE) periods of the SAkuraSky and SAkuraStar
trials. Considering the chronic nature of NMOSD and the

Glossary
ADA = anti-drug antibody; AE = adverse event; ALT = alanine transaminase; ARR = assessed PDR rate; AST = aspartate
transaminase; CCOD = clinical cutoff date; DBP = double-blind period; EDSS = Expanded Disability Status Scale; FSS =
Functional Systems Score; iPDR = investigator-reported PDR; IRR = injection-related reaction; IST = immunosuppressive
therapy; MedDRA = Medical Dictionary for Regulatory Activities; NCI-CTCAE = National Cancer Institute Common
Terminology Criteria for Adverse Events; NMOSD = neuromyelitis optica spectrum disorder; OLE = open-label extension;
OST = overall SAT treatment; PBO = placebo; PDR = protocol-defined relapse; PK = pharmacokinetic; PY = patient-year;
SAT = satralizumab; ULN = upper limit of normal.
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need for life-long maintenance therapy, the main research
question addressed by this study was the long-term safety and
efficacy of SAT in patients with NMOSD.

Methods
Study Design and Participants
SAkuraMoon was a multicenter, single-arm, open-label, roll-
over phase 3b study of SAT ± IST for patients with NMOSD
who had completed the DB andOLE periods of the SAkuraSky
(NCT02028884) or SAkuraStar (NCT02073279) trials
(eFigure 1). Detailed methodology for the SAkuraSky and
SAkuraStar studies has been published previously.13-16

Patients with AQP4-IgG+ NMOSD who participated in
SAkuraSky or SAkuraStar were eligible to enroll in SAkur-
aMoon. Patients with NMOSD who were AQP4-IgG− at
screening in SAkuraSky and SAkuraStar could enroll in
SAkuraMoon if the investigator considered continued treat-
ment with SAT to be beneficial for the patient. Full inclusion/
exclusion criteria have been included in the supplement
(eAppendix 1).

The treatment period in SAkuraMoon was up to 3 years from
the date of first patient enrollment. If patients experienced
a relapse during the study, they underwent Expanded Dis-
ability Status Scale (EDSS) assessment and were treated with
acute relapse/rescue therapy at the investigator’s discretion.
After the last SAT dose, a 12-week safety follow-up was
conducted for all patients who received at least 1 dose of SAT,
except for patients who continued with SAT treatment out-
side this study.

Procedures
Patients were transitioned from their ongoing OLE of
SAkuraSky or SAkuraStar at a planned dosing visit to allow for
continuous dosing with subcutaneous SAT at a dose of
120 mg every 4 weeks. Patients received SAT as monotherapy
or in combination with one of the following background
immunosuppressive treatments: azathioprine (AZA; maxi-
mum 3 mg/kg/d), mycophenolate mofetil (MMF; maximum
3,000mg/d), or oral corticosteroids (OCS; maximum 15mg/
d; prednisolone equivalent). Patients aged younger than
18 years at the time of informed consent for SAkuraSky could
continue treatment with a combination of OCS and either
AZA or MMF. Background treatment could be modified at
the investigator’s discretion.

In accordance with local regulations, administration of SAT
using prefilled syringes outside the study site (e.g., self-
administration or administration by a caregiver after com-
pleting training) was permitted on scheduled dosing days that
did not require additional assessments.

Pain medication and acute relapse/rescue therapy (pulse IV
or OCS, IV immunoglobulin, and/or apheresis, including

plasma exchange or plasmapheresis) were permitted during
the study. SAT treatment continued as scheduled, concur-
rently with acute relapse therapy at the discretion of the in-
vestigator. Patients who terminated the study early were
required to complete an end-of-treatment visit and a safety
follow-up visit 12 weeks after administration of the final dose
of the study drug.

Outcomes
The primary objective was to investigate the long-term safety
of SAT in patients with NMOSD. Safety outcomes included
the incidence and severity of adverse events (AEs), serious
AEs, infections (including serious and opportunistic infec-
tions [eAppendix 2 provides a glossary of SAT-specific po-
tential opportunistic infections]), hepatotoxicity, and
injection-related reactions (IRRs). A severe AE was defined
as an AE that is incapacitating, resulting in the inability to
work or to perform normal daily activity. In addition, the
changes from baseline in targeted vital signs, targeted clinical
laboratory tests, ECG results, and suicidality were monitored.
AEs of special interest for this study were as follows: (1) cases
of potential drug-induced liver injury that included elevated
alanine transaminase (ALT) or aspartate transaminase (AST)
in combination with either an elevated bilirubin or clinical
jaundice and (2) suspected transmission of an infectious agent
related to the study drug. AEs of special interest were required
to be reported by the investigator immediately. Relapses were
not categorized as AEs. AEs were coded using Medical Dic-
tionary for Regulatory Activities (MedDRA) version 27.0 and
reported by Preferred Term. AEs were identified as infections
when coded to the MedDRA system organ class “Infections
and Infestations.”

Based on the outcomes of the DB periods in the SAkuraSky
and SAkuraStar studies, SAT was approved for the treatment
of patients with AQP4-IgG+ NMOSD. As such, this study
exclusively analyzed efficacy outcomes in this patient pop-
ulation. Efficacy assessments included the time to first PDR as
assessed by the investigator (iPDR) that occurred during the
parent studies or this study, the proportion of relapse-free
patients, and the annualized iPDR rate (ARR). iPDRs were
defined as new or worsening objective neurologic symptoms
attributable to NMOSD and persisting for >24 hours, with at
least one of the following: increase of at least 1.0 point in the
EDSS score or increase of ≥2.0 EDSS points from a baseline
EDSS score of 0 in the parent study; an increase of at least 2.0
points in one of the appropriate Functional Systems Scores
(FSSs) affecting either pyramidal, cerebellar, brainstem, sen-
sory, bowel, or bladder function, or a single eye function;
increase of at least 1.0 point in 2 or more of the appropriate
FSS if the score at baseline in the parent study was 1.0 or
more; increase of at least 1.0 point in single eye FSSs when the
score at baseline in the parent study in that eye was 1.0 or
more. The time to severe iPDR (increase of ≥2 points in the
EDSS score regardless of the baseline EDSS score in the
parent study) was also evaluated. The base of comparison for
the increase was the score at the most recent scheduled
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EDSS/FSS assessment visit before the relapse. EDSS and FSS
scores were assessed within 7 days of a patient reporting their
symptoms to the clinical trial coordinating center. Additional
predefined secondary efficacy outcomes were the change in
EDSS score, time to EDSS score worsening, proportion of
patients without EDSS score worsening, proportion of
patients who received rescue therapy, and change in visual
acuity.

In SAkuraMoon, laboratory assessments were conducted ev-
ery 12 weeks, and a postbaseline worsening in laboratory
value grade severity compared with baseline was reported.
Baseline values were the patient’s last observation on or be-
fore receiving the first SAT dose. Grade severity was de-
termined using the National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI-CTCAE)
version 4 (NIH, 2009). For ALT/AST, the finding of elevated
(>3 × the upper limit of normal [ULN]) ALT or AST in
combination with either total bilirubin >2 × ULN or clinical
jaundice was defined as an indicator of severe drug-induced
liver injury. Finally, the pharmacokinetic (PK) end point was
the serum concentration of SAT to characterize the PK profile
of SAT further.

Statistical Analysis
Patients who were enrolled in the parent studies (SAkuraSky
and SAkuraStar) were included in the statistical analyses even
if they were not enrolled in SAkuraMoon. The reported
analyses are based on data from the overall SAT treatment
(OST) period, defined from the patient’s first dose in the DB
or OLE period to the clinical cutoff date (CCOD) of May
28, 2024.

The safety analysis population included all randomized or
enrolled patients who received at least 1 dose of SAT during
either the parent SAkura studies or SAkuraMoon. AEs were
evaluated descriptively as the proportion of patients who ex-
perienced the AE and as rates (number of events per
100 patient-years [PYs] of safety observation) to adjust for
treatment exposure differences. The rate of AEs per 100 PYs
was calculated as (total number of AEs/total number of PYs of
safety observation) × 100, with 95% CIs calculated using the
exact method based on the Poisson distribution.

Efficacy analyses included all AQP4-IgG+ patients who re-
ceived at least 1 dose of SAT at any time during either the
parent studies or this study. The Kaplan-Meier method was
used to estimate the distribution of time to first iPDR, time to
first severe iPDR, time to EDSS score worsening (relapse-free
proportions), and 95% CIs. The ARR was calculated as the
total number of iPDRs divided by the total number of PYs of
the whole study period starting from the first dose of SAT.
The adjusted ARR over time was calculated using estimates
from analyses based on a generalized estimating equation
Poisson regression model with repeated measurements using
an unstructured covariance matrix, adjusted by study identi-
fier of the parent study and exposure year; log-transformed

PYs were included as an offset variable. The adjusted overall
ARR for the whole period was estimated using a Poisson re-
gression model. SAS version 9.4 was used to perform the
statistical analyses.

Standard Protocol Approvals, Registrations,
and Patient Consents
Approval was obtained from the local ethics committee or in-
stitutional review board at each participating trial center
(eTable 1), and all patients provided written informed consent.
SAkuraMoon (NCT04660539) and the parent SAkura studies
(SAkuraSky: NCT02028884; SAkuraStar: NCT02073279)
were conducted in accordance with the International Confer-
ence on Harmonization Guidelines for Good Clinical Practice
and the principles of the Declaration of Helsinki. The study
protocol and statistical analysis plan are available in eSAP 1 and
eSAP 2, respectively.

Data Availability
Qualified researchers may request access to individual patient-
level clinical data through a data request platform. At the time
of writing this, the request platform is Vivli (vivli.org/our-
member/roche/). Up-to-date details on Roche’s Global Pol-
icy on the Sharing of Clinical Information and how to request
access to related clinical study documents are available at go.
roche.com/data_sharing. Anonymized records for individual
patients across more than 1 data source external to Roche
cannot, and should not, be linked because of a potential in-
crease in the risk of patient reidentification.

Results
Patient Population
SAkuraSky and SAkuraStar enrolled a total of 180 patients,
with 74 randomly assigned to PBO and 106 randomly
assigned to SAT (Figure 1). Of these, 60 patients receiving
PBO and 96 patients receiving SAT entered the OLE period
of their respective study. Of the 180 patients enrolled in the
parent studies, 119 patients were subsequently enrolled in
SAkuraMoon. Seven patients discontinued participation in
SAkuraMoon because of the following reasons: pregnancy
(n = 2), loss to follow-up (n = 1), patient withdrawal (n = 2),
and switch to commercial SAT (n = 2). The SAkuraMoon
study took place across 53 study centers in 17 participating
countries worldwide.

Overall, 166 patients who received at least 1 dose of SAT
during either the parent SAkura studies or SAkuraMoon were
included in the safety analysis population. Most patients were
women (n = 142, 86%) (Table 1). The mean (SD) age when
patients received their first dose of SAT was 42.7 (13.3) years.
In total, 81 patients (49%) received previous treatments for
relapse prevention, primarily with systemic corticosteroids
(prednisolone, methylprednisolone; n = 41, 24%) and
immunosuppressants (azathioprine [n = 24, 15%], myco-
phenolate mofetil [n = 9, 5%]). The efficacy analyses included
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111 of the 121 AQP4-IgG+ patients (92%) enrolled in the
parent studies, with a mean (SD) baseline ARR and EDSS
score of 1.14 (0.53) and 3.96 (1.62), respectively.

A total of 59 AQP4-IgG− patients were randomly assigned to
study treatment in the parent studies and received at least 1
dose of the study drug. Of these, 41 patients (70%) entered
the rollover study, SAkuraMoon, and were included in all
safety analyses.

The median duration of SAT exposure in the OST period was
6.9 years (range: 0–10), with 80 patients (48%) receiving SAT

for at least 7 years and 16 patients (10%) reaching up to
10 years of SAT treatment. The total SAT exposure was
1,014 PYs.

Safety Analyses

Overall Safety Profile
The safety profile of SAT in the SAkura studies has been
published previously; overall, a higher rate of AEs was
reported in the PBO group compared with the SAT group
during the DB periods.13-15 Most patients (98%) reported
at least 1 AE during the OST period; most were mild or

Figure 1 Patient Disposition From the Parent Studies of SAkuraSky and SAkuraStar to the Rollover Study, SAkuraMoon

aOne patient was randomly assigned on the day of
the CCOD of SAkuraSky, and 1 patient was en-
rolled directly into the OLE period of SAkuraSky
and is included in the satralizumab treatment arm
of the intent-to-treat population. bTwo patients
were reported as discontinued from the parent
study OLE on the day they enrolled to SAkur-
aMoon. cOf the 119 patients who entered the
rollover study, SAkuraMoon, 78 were AQP4-IgG+
and 41 were AQP4-IgG−. dAnalyses in SAkur-
aMoon were based on data from the OST period,
represented as the shaded gray area, and defined
from the patients’ first dose of satralizumab in the
DB or OLE periods of the parent studies (SAkura-
Sky or SAkuraStar) to the clinical cutoff date ofMay
28, 2024. Efficacy analyses included all AQP4-IgG+
patients (n = 111) who received at least 1 dose
of satralizumab at any time during either the
parent studies or SAkuraMoon. The safety analy-
sis population included all randomized or
enrolled patients (n = 166) who received at least 1
dose of satralizumab during either the parent
studies or SAkuraMoon, including patients
not participating in SAkuraMoon. AQP4-IgG+
= aquaporin-4 immunoglobulin G–seropositive;
AQP4-IgG− = aquaporin-4 immunoglobulin
G–seronegative; CCOD = clinical cutoff date; DB =
double-blind; OLE = open-label extension; OST =
overall satralizumab treatment.

Table 1 Demographics and Baseline Characteristics of Patients in the SAkuraMoon Study

AQP4-IgG+ patients (n = 111) All patients (n = 166)

Age, y

Mean (SD; min–max) 43.2 (13.5; 13–73) 42.7 (13.3; 13–73)

Female sex, n (%) 100 (90) 142 (86)

Geographic region, n (%)

Asia 36 (32) 42 (25)

Europe/other 35 (32) 67 (40)

North America 40 (36) 57 (34)

Baseline ARR, mean (SD) 1.14 (0.53) 1.18 (0.55)

Baseline EDSS score, mean (SD) 3.96 (1.62) 3.80 (1.57)

Abbreviations: AQP4-IgG+ = aquaporin-4 immunoglobulin G–seropositive; ARR = annualized relapse rate; EDSS = Expanded Disability Status Scale.
Data are mean (SD; min–max) or n (%).
Efficacy analyses included all patients with AQP4-IgG+ (n = 111) who received at least 1 dose of satralizumab at any time during either the parent studies
(SAkuraSky or SAkuraStar) or SAkuraMoon. The safety analysis population included all randomized or enrolled patients (n = 166) who received at least 1 dose
of satralizumab during either the parent studies or SAkuraMoon, including patients not participating in SAkuraMoon.
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moderate in severity. Overall, 82 serious AEs were reported
among 44 patients (27%). In the OST period, the rates of AEs
and serious AEs (95% CI) were 299.4 (288.8–310.2)/100
PYs and 8.1 (6.4–10.0)/100 PYs, respectively, and were lower
compared with the DB periods of the parent studies
(Table 2). Most severe AEswere resolved by study completion.
Most AEs were reported in the “Infections and Infestations”
system organ class (80% of patients reported at least 1 AE) and
were mainly events of upper respiratory tract infection, urinary
tract infection, and nasopharyngitis. Regarding individual AEs,
the most frequently reported AEs were nasopharyngitis (29%),
upper respiratory tract infection (28%), headache (27%), uri-
nary tract infection (25%), arthralgia (21%), COVID-19
(19%), and pain in extremity (16%). One patient (1%) expe-
rienced an anaphylactic reaction in SAkuraMoon unrelated to
SAT treatment. There were no reports of serious hypersensi-
tivity reactions related to SAT. Overall, 10 AEs leading to
treatment discontinuation were reported in 9 patients (5%):
ALT increase (resolved), AST increase (resolved), neutrophil

count decrease (resolved), large intestine infection (resolved),
pneumonia (resolved), metastatic colon cancer (unknown
outcome), septic endocarditis (resolved with sequelae), spinal
compression fracture (resolved), urticaria (resolved), and vas-
culitis (resolved). A total of 57 IRRs were reported in 24
patients (15%) during the OST period; the rate of reported
IRRs was lower than with SAT during the DB periods of
SAkuraSky and SAkuraStar (Table 2). All IRRs were non-
serious, most were mild or moderate in severity, and none led
to treatment discontinuation or interruption. No deaths or AEs
of special interest occurred during the study.

In the OST period, the incidence rate of neoplasms (95% CI)
was 2.3 (1.4–3.4)/100 PYs, which was comparable with the
rates observed during the DB periods of the primary studies
(Table 2). In total, 26 AEs of fractures occurred in 18 patients
(11%); rib and spinal compression (both n = 3, 2%) fractures
were the most common. Two patients with AEs of fractures
were receiving chronic OCS.

Table 2 Adverse Events in the Safety Analysis Population During the DB Periods of SAkuraSky and SAkuraStar, Until the
End of the OST Period in SAkuraMoon

SAkuraSky and SAkuraStar DB periods
SAkuraMoon OST
period

SAkuraStar:
Placebo
(n = 32; PY = 40.6)

SAkuraSky:
Placebo + IST
(n = 42; PY = 59.5)

SAkuraStar:
Satralizumab
(n = 63; PY = 115.2)

SAkuraSky:
Satralizumab + IST
(n = 41; PY = 78.5)

Satralizumab ± IST
(n = 166; PY = 1014.4)

Patients,
n (%)

AEs/100 PYs
(95% CI)

Patients,
n (%)

AEs/100 PYs
(95% CI)

Patients,
n (%)

AEs/100 PYs
(95% CI)

Patients,
n (%)

AEs/100 PYs
(95% CI)

Patients,
n (%)

AEs/100 PYs
(95% CI)

All AEs 24 (75.0) 495.2
(429.1–568.6)

40 (95.2) 514.3
(458.2–575.2)

58 (92.1) 473.9
(435.0–515.4)

37 (90.2) 485.2
(437.7–536.5)

162 (97.6) 299.4
(288.8–310.2)

Serious AEsa 5 (15.6) 14.8
(5.4–32.2)

9 (21.4) 20.2
(10.4–35.2)

12 (19.0) 17.4
(10.6–26.8)

7 (17.1) 11.5
(5.2–21.8)

44 (26.5) 8.1 (6.4–10.0)

Severe AEsa 2 (6.2) 9.9 (2.7–25.2) 5 (11.9) 11.8
(4.7–24.2)

17 (27.0) 32.1
(22.6–44.3)

5 (12.2) 6.4 (2.1–14.9) 46 (27.7) 9.6 (7.8–11.7)

Fatal AEs 0 0 (NE–9.1) 0 0 (NE–6.2) 0 0 (NE–3.2) 0 0 (NE–4.7) 0 0 (NE–0.4)

AEs leading to
treatment
discontinuation

1 (3.1) 2.5 (0.1–13.7) 4 (9.5) 6.7 (1.8–17.2) 1 (1.6) 0.9 (0.0–4.8) 3 (7.3) 5.1 (1.4–13.0) 9 (5.4) 1.0 (0.5–1.8)

Infectionsb 14 (43.8) 162.6
(125.8–206.9)

26 (61.9) 149.6
(120.1–184.1)

34 (54.0) 99.8
(82.4–119.8)

28 (68.3) 132.5
(108.2–160.5)

132 (79.5) 87.5
(81.9–93.5)

Serious
infectionsb

3 (9.4) 9.9 (2.7–25.2) 3 (7.1) 5.0 (1.0–14.7) 6 (9.5) 5.2 (1.9–11.3) 2 (4.9) 2.6 (0.3–9.2) 19 (11.4) 2.4 (1.5–3.5)

Injection-related
reactions

5 (15.6) 17.3
(6.9–35.5)

2 (4.8) 3.4 (0.4–12.1) 9 (14.3) 13.9
(7.9–22.6)

5 (12.2) 21.7
(12.6–34.7)

24 (14.5) 5.6 (4.3–7.3)

Anaphylactic
reactions

0 0 (NE–9.1) 0 0 0 0 (NE–3.2) 0 0 1 (0.6) 0.1 (0–0.6)

Neoplasms 1 (3.1) 2.5 (0.1–13.7) 3 (7) 5.0 (1.0–14.7) 2 (3.2) 1.7 (0.2–6.3) 3 (7) 3.8 (0.8–11.2) 21 (12.7) 2.3c (1.4–3.4)

Abbreviations: AE = adverse event; DB = double-blind; IST = immunosuppressive therapy; NCI-CTCAE = National Cancer Institute Common Terminology
Criteria for Adverse Events; NE = not evaluable; OST = overall satralizumab treatment; PYs = patient-years.
NCI-CTCAE (v4·0) was used for assessing AE severity.
a A serious AEwas defined as any AE that is life-threatening or fatal, requires or prolongs inpatient hospitalization, results in persistent or significant disability,
results in a congenital anomaly in a neonate born to a mother exposed to the study drug, or is a significant medical event in the investigator’s judgment. A
severe AE was defined as an AE that is incapacitating, resulting in the inability to work or to perform normal daily activity.
b MedDRA system organ class “Infections and Infestations.”
c Overall, 23 AEs of neoplasms were observed in 21 patients, including uterine leiomyoma (n = 6, 4%), colorectal adenoma (n = 2, 1%), colon cancer, ovarian
adenoma, and benign ovarian germ cell teratoma (all n = 1, 0.6% each).
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Infections
The rates of infections (87.5 [81.9–93.5]/100 PYs) and se-
rious infections (2.4 [1.5–3.5]/100 PYs) in the OST period
were comparable with those of the DB periods and decreased
over time (Figure 2). Most infections were nonserious and of
mild or moderate severity. The most common infections were
respiratory tract infections (n = 85, 51%) and urinary tract
infections (n = 52, 31%) (eTable 2). A total of 24 patients
experienced potential opportunistic infections (8.6 [95% CI
6.9–10.6]/100 PYs), the most common being oral herpes in 9
patients (5%) (6.9 [95% CI 5.4–8.7]/100 PYs) and herpes
zoster in 7 patients (4%) (0.7 [95% CI 0.3–1.4]/100 PYs).
The cases of herpes zoster were mild (5/7) or moderate (2/7)
in severity; 4 of 7 patients were using concomitant ISTs, and 3
of 7 patients were older than 50 years. The rate of herpes

zoster did not increase with time. Other potential opportu-
nistic infections included herpes virus infection (not other-
wise specified) in 1 patient, genital herpes simplex in 1 patient,
oral candidiasis in 3 patients, atypical mycobacterial infection
in 1 patient, and fungal sinusitis in 1 patient. No cases of
meningococcal infection or encephalitis were reported during
the OST period. The most common serious infections were
urinary tract infections (n = 7, 4%) and sepsis (n = 4, 2%)
(eTable 3). Of the 166 patients evaluated, events of serious
infections were recorded in 19 patients (2.4 [95% CI
1.5–3.5]/100 PYs), all of whom received SAT.

Laboratory Values
In the OST period, longer exposure to SAT was not associ-
ated with a higher risk of severe (grade ≥3) laboratory changes

Figure 2 Rates of (A) Infections and (B) Serious Infections in Patients Receiving Satralizumab by Year During the OST Period
(Safety Analysis Population)

Dashed lines indicate reference rates from the DB periods of SAkuraSky (placebo+IST, orange line) and SAkuraStar (placebo monotherapy, gray line). OST =
overall satralizumab treatment; PYs = patient-years.
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compared with the DB periods of SAkuraSky and SAkuraStar
(eTable 4). Most decreases in neutrophil counts were grade 2
and transient/intermittent in nature, with 26 events of neu-
tropenia recorded at an incidence rate of 2.6 (95% CI
1.7–3.8)/100 PYs. SAT treatment was interrupted in 7
patients because of 8 events of neutropenia, and 1 patient
discontinued treatment. No neutrophil count decreases ne-
cessitated the use of granulocyte colony-stimulating factor
treatment. Platelet count decreases were mainly grade 1 and
transient/intermittent, with no bleeding events. Six patients
experienced thrombocytopenia, and the overall incidence rate
was 0.6 (95% CI 0.2–1.3)/100 PYs. One case of thrombo-
cytopenia resulted in dose interruption. Most cases of hepatic
enzyme elevations (ALT or AST) were also grade 1, and no
patients had liver function tests indicative of drug-induced
liver injury. Two patients had grade 3 ALT increase, and 1
patient had grade 3 AST increase; both cases occurred during
the parent study SAkuraStar. One patient met the protocol-
defined criteria for dose discontinuation for liver abnormali-
ties defined as isolated AST and/or ALT >5 × ULN. The
second patient had already discontinued study treatment (due
to lack of efficacy) before the liver enzyme elevations. Most
increases in triglyceride and cholesterol levels were grade 1 or
grade 2 (eTable 4). Decreases in fibrinogen levels were mainly
grade 1 or 2, and there were no associations with bleeding
events.

Vital Signs
There was an increase in postbaseline values of vital signs
when compared with baseline values; however, most of these
changes were not considered clinically significant. Changes in
vital signs that were considered clinically significant were
reported as AEs; none resulted in changes in study treatment.
Changes in body weight (increase and/or decrease) were
common in the OST period: overall, 133 patients had an
increase or decrease in body weight of ≥7%, and 49 patients
had an increase or decrease in body weight of ≥15%
(eTable 5).

PKs and Immunogenicity
ThePKprofile of SATduring theOSTperiodwas consistent with
the PK profile observed during the DB periods of SAkuraSky and
SAkuraStar. At baseline, 3 of 164 evaluable patients (2%) had
a positive result for anti-drug antibodies (ADAs). At the time of
CCOD, 99 of 166 evaluable patients (60%) tested positive for
treatment-emergent ADAs, of whom 16 had transient ADAs and
76 had persistent ADAs. There was no temporal relationship
between the presence of ADAs and the occurrence of AEs.

Efficacy Analyses

Effect on Relapse Risk and theAnnualized Relapse Rate
Efficacy results in the AQP4-IgG+ population from the DB
and OLE periods of the SAkura studies have been published
previously.13,14,16 In the OST period, 32 patients (29%) ex-
perienced 48 iPDRs (Table 3). The estimated proportion of
iPDR-free patients at Week 456 was 67% (95% CI 56%–76%)

(Figure 3A). Owing to low patient exposure beyond Week
456 (year 9), results beyond this point should be interpreted
with caution. The median time to first iPDRwas not evaluable
in this analysis. Relapse events in AQP4-IgG+ patients during
their participation in the SAkura studies and during the 2 years
before enrollment are illustrated in Figure 4. A greater num-
ber of patients randomly assigned to SAT in the primary
studies were relapse-free and were less likely to experience
multiple relapses compared with patients who were originally
randomly assigned to PBO; the protective effect of SAT was
sustained with long-term treatment.

The overall adjusted ARR (95% CI) was 0.12 (0.08–0.18) in
SAkuraSky and 0.08 (0.05–0.13) in SAkuraStar.13,14 In this
study, in the OST period, the adjusted ARR (95% CI) was
0.07 (0.05–0.10). When observed longitudinally, the adjusted
ARR remained consistently at or below 0.20 for the duration
of the OST period. After the third year of treatment, the yearly
ARR was consistently below 0.10 (Table 3).

Effect on Relapse Severity and Use of Rescue Therapy
In SAkuraMoon, 10 patients experienced severe iPDRs during the
OST period. The estimated proportion of severe iPDR-free
patients at Week 456 was 89% (95% CI 80%–94%) (Table 2,
Figure 3B). In total, 71 AQP4-IgG+ patients (64%) did not re-
ceive rescue therapy for an acute relapse during the OST period.

Effect on Sustained Disability Accrual
In the OST period, 16 patients (15%) experienced EDSS
score worsening lasting ≥24 weeks (Table 3). By week 456, an
estimated 82% (95% CI 72%–89%) of SAT-treated patients
did not experience sustained worsening of EDSS score
(Figure 3C).

Discussion
These results from the rollover SAkuraMoon study demon-
strate that the safety and efficacy profile of SAT treatment
(±IST) observed during the pivotal SAkuraSky and SAkur-
aStar studies was sustained with long-term treatment, over
a median treatment exposure of 6.9 years. Overall, SAT was
well tolerated, as an add-on to background ISTs or as mon-
otherapy, in patients with NMOSD, with no new or un-
expected safety findings and no fatalities recorded during the
study. Most AEs in the OST period were mild or moderate in
severity, and rates were lower than in the DB periods of the
primary studies.13-15 Furthermore, most severe AEs were re-
solved by study completion.

One of the main clinical considerations when inhibiting the IL-6
signaling pathway, particularly in combination with other ISTs, is
the occurrence and severity of infections.17,18 Infections were the
most commonAEs observed in this study, especially infections of
the upper respiratory tract and the urinary tract, with the latter
being a common complication of bladder dysfunction in the
context of NMOSD.19,20 Despite the high number of patients
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Table 3 Summary of Efficacy Analyses in AQP4-IgG+ Patients During the OST Period

SAkuraSky OST SAkuraStar OST SAkuraMoon OST

Satralizumab + IST (n = 49) Satralizumab (n = 62) Satralizumab ± IST (n = 111)

iPDR

Number of events 24 19 48

Patients with ≥1 event 12 17 32

Relapse free at Week 96, % (95% CI) 85 (71–92) 77 (64–86) 80 (72–87)

Relapse free at Week 192, % (95% CI) 71 (55–83%) 73 (59–83) 73 (63–81)

Relapse free at Week 456, % (95% CI) - - 67 (56–76)

Severe iPDR

Number of events 8 6 20

Patients with ≥1 event 3 6 10

Severe relapse free at Week 96, % (95% CI) 100 (100–100) 92 (81–96) 95 (89–98)

Severe relapse free at Week 192, % (95% CI) 91 (75–97) 90 (78–95) 91 (83–95)

Severe relapse free at Week 456 %, (95% CI) - - 89 (80–94)

Sustained EDSS score worsening, (%)

Event free at Week 96 (95% CI) 93 (80–98) 95 (85–98) 94 (87–97)

Event free at Week 192 (95% CI) 90 (75–96) 86 (73–93) 86 (77–92)

Event free at Week 456 (95% CI) - - 82 (72–89)

Adjusted ARR (95% CI)

Overall ARR 0.12 (0.08–0.18) 0.08 (0.05–0.13) 0.07 (0.05–0.10)

Y 1 0.20 (0.09–0.44) (n = 49) 0.15 (0.08–0.27) (n = 62) 0.17 (0.10–0.28) (n = 111)

Y 2 0.05 (0.01–0.19) (n = 43) 0.13 (0.06–0.28) (n = 59) 0.10 (0.05–0.19) (n = 102)

Y 3 0.08 (0.02–0.34) (n = 41) 0.02 (0.00–0.15) (n = 54) 0.04 (0.01–0.14) (n = 95)

Y 4 0.19a (n = 32) 0.02 (0.00–0.18) (n = 42) 0.08 (0.02–0.26) (n = 89)

Y 5 0.08a (n = 32) 0.05a (n = 33) 0.05 (0.01–0.15) (n = 88)

Y 6 0.11a (n = 23) 0.00a (n = 16) 0.04a (n = 80)

Y 7 - - 0.03a (n = 66)

Y 8 - - 0.02a (n = 56)

Y 9 - - 0.04a (n = 33)

Y 10 - - 0.0a (n = 13)

Y 11 - - 0.0a (n = 1)

Rescue therapy use, n (%)

Patients receiving rescue therapy 20 (41) 19 (31) 40 (36)

Abbreviations: AQP4-IgG+ = aquaporin-4 immunoglobulin G–seropositive; ARR = annualized relapse rate; DB = double-blind; EDSS = Expanded Disability
Status Scale; iPDR = investigator-reported protocol-defined relapse; IST = immunosuppressive therapy; OLE = open-label extension; OST = overall satrali-
zumab treatment.
Data reported are for AQP4-IgG+ patients who received at least 1 dose of satralizumab at any time either during the overall satralizumab treatment (OST)
periods of the parent studies (SAkuraSky and SAkuraStar) or during theOST period of SAkuraMoon. TheOST period of SAkuraSky and SAkuraStarwas defined
from the patient’s first dose of satralizumab in the DB or OLE period to the clinical cutoff date of Febuary 22, 2021.16 The OST period of SAkuraMoon was
defined from the patient’s first dose of satralizumab in the DB or OLE period to the clinical cutoff date of May 28, 2024. Patients who were enrolled in the
parent studies were included in the statistical analyses even if they were not enrolled in SAkuraMoon.
a Unadjusted value.
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experiencing infections, the number of cases of serious or op-
portunistic infections was low, and no cases of viral or bacterial
meningitis/encephalitis or serious herpes virus–associated

infections were reported. In addition, the rates of infections and
serious infections in theOST periodwere often lower than in the
PBO and PBO + IST arms from the DB periods and did not

Figure 3 Kaplan-Meier Analysis of (A) Time to First iPDR, (B) Time to First Severe iPDR, and (C) Time to First Sustained EDSS
Score Worsening, in the Overall Satralizumab Treatment Period for the AQP4-IgG–Positive Cohort

AQP4-IgG+ = aquaporin-4 immunoglobulin G–seropositive; EDSS = Expanded Disability Status Scale; iPDR = investigator-reported protocol-defined relapse;
PBO = placebo; SAT = satralizumab.
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increase over time, suggesting that there is no aggravating effect
of long-term treatment with SAT.13-15

Additional clinical considerations of IL-6R inhibition include
changes in laboratory values, including the neutrophil counts,
the level of hepatic enzymes, and lipids.17,18 In our study, most
laboratory changes were mild or moderate in severity
throughout the OST period and did not lead to treatment
interruption. It should be noted that there are currently no

reliable neutralizing anti-SAT antibody assays available. Al-
though a high rate of ADAs were observed in this study, no
safety signals were observed in this and the parent studies that
may suggest an association with SAT over the long-term
follow-up.21 Furthermore, data from the parent studies
showed no clear impact of ADAs on the efficacy of SAT.21

Relapses are a primary driver of neurologic and physical dis-
ability accumulation in patients with NMOSD, and EDSS

Figure 4 Swim Plot of iPDR Events in All Patients Who Received Satralizumab in (A) SAkuraSky and (B) SAkuraStar, Pooled
With Patients Who Were Rolled Over in SAkuraMoon

Swim plots were generated for all randomized patients in the DB period of the parent SAkura studies, including patients not participating in SAkuraMoon.
DB = double-blind; iPDR = investigator-reported protocol-defined relapse.
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score worsening has been shown to be associated with a de-
crease in patients’ quality of life.4,22 In AQP4-IgG+ NMOSD,
patients on ISTs still have a 54% chance of relapse in 2 years.23

In this study, approximately 7 of 10 patients remained iPDR
free at Week 456 (8.8 years). Relapses that only occurred in
29% of patients were relatively mild and associated with good
recovery, thus highlighting the clinical benefit of SAT for most
patients during the OST period. In comparison with the mean
(SD) ARR of 1.14 (0.53) at baseline, long-term treatment
with SAT resulted in a consistently low ARR (≤0.2) over
a period of 9 years.

Furthermore, 9 of 10 patients (89%) with AQP4-IgG+
NMOSD did not experience any severe iPDRs, defined as
an increase of ≥2 points in the EDSS score, and 82% of
patients did not experience sustained worsening of EDSS
score by Week 456. Moreover, there was a relatively low
proportion of patients requiring rescue therapy during the
OST period, demonstrating the efficacy of SAT in relapse
prevention.

SAkuraMoon enrolled a population with active NMOSD
that was largely representative of usual clinical practice and is
encountered in real-world studies.24-26 A further strength of
this study is the large proportion of patients who chose to
continue with SAT treatment from the original studies,
reaching a maximum of 11 years of follow-up for 1 patient.
The low dropout rate supports the integrity of the con-
clusions regarding the safety and efficacy of SAT treatment.
Patients with NMOSD who were AQP4-IgG–negative at
screening in SAkuraSky and SAkuraStar could enroll in
SAkuraMoon, if the investigator considered continued
treatment with SAT to be beneficial for the patient. Con-
sidering the lower proportion of patients with AQP4-IgG−
NMOSD in our cohort and the inherent heterogeneity of
this population, reporting the efficacy of SAT in the AQP4-
IgG−NMOSD was beyond the scope of this study, but these
patients were included in all safety analyses. As un-
derstanding of seronegative NMOSD advances, future
studies should evaluate the safety and efficacy of currently
available treatments in this patient group.

A limitation of this analysis was the potential bias associ-
ated with the open-label design of the study. To mitigate
this bias, prespecified and objective criteria were used to
define and assess iPDRs. Of 180 patients randomly
assigned to the parent studies, 119 patients (66%) rolled
over to SAkuraMoon. With up to one-third of patients
withdrawing, there may be a selection bias toward a more
SAT-responsive sample.15,16 The absence of an external
control may also be considered a limitation of this analysis.
However, this is minimized when considering the signifi-
cant effect in relapse prevention observed when comparing
the SAT and PBO groups during the DB periods of the
original studies and the consistently low ARR during the
OST period.13-16

Evaluating the long-term safety and efficacy of an approved
therapy is important to help clinicians make informed deci-
sions on the most appropriate treatment for their patients
with NMOSD, a chronic disease requiring long-term main-
tenance relapse prevention therapy. To the authors’ knowl-
edge, SAkuraMoon provides the longest follow-up of a phase
3 cohort investigating the therapeutic value of disease-
modifying therapy for patients with AQP4-IgG+ NMOSD.
Overall, this study provides reliable, consistent, long-term
data highlighting the favorable safety and efficacy profile of
SAT treatment, as monotherapy or in combination with ISTs,
for patients with AQP4-IgG+ NMOSD.
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