
Multiple Sclerosis and Related Disorders 66 (2022) 104025

Available online 5 July 2022
2211-0348/© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Long-term safety of satralizumab in neuromyelitis optica spectrum disorder 
(NMOSD) from SAkuraSky and SAkuraStar 

Takashi Yamamura a,*, Brian Weinshenker b, Michael R. Yeaman c,d, Jerome De Seze e, 
Francesco Patti f, Patricia Lobo g, H.-Christian von Büdingen h, Xiujing Kou h, Kristina Weber h, 
Benjamin Greenberg i 

a National Institute of Neuroscience, National Center of Neurology and Psychiatry, 4 Chome-1-1 Ogawahigashicho, Kodaira, Tokyo 187-8551, Japan 
b Mayo Clinic, 200 1st St SW, Rochester, MN 55905, USA 
c Department of Medicine, David Geffen School of Medicine at UCLA, 10833 Le Conte Ave, Los Angeles, CA 90095, USA 
d Division of Molecular Medicine, Harbor-UCLA Medical Center, 1000 W Carson St, Torrance, CA 90509, USA 
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A B S T R A C T   

Background: This analysis evaluated long-term safety findings from the SAkuraSky and SAkuraStar studies with 
satralizumab in patients with neuromyelitis optica spectrum disorder (NMOSD). 
Methods: SAkuraSky (satralizumab in combination with baseline immunosuppressive therapy; IST) and SAkuraStar 
(satralizumab monotherapy) are international, multicenter, randomized, placebo-controlled, phase 3 studies 
consisting of a double-blind (DB) period followed by an open-label extension (OLE). The overall satralizumab 
treatment (OST) period safety population comprised patients receiving ≥1 dose of satralizumab in the DB and/or 
OLE periods (cut-off date: 22 February 2021). Safety was evaluated in the DB and OST periods. 
Results: In the SAkuraSky DB period, patients received satralizumab (n = 41) or placebo (n = 42) in addition to 
stable baseline IST; 75 patients were included in the OST population. In the SAkuraStar DB period, 63 patients 
received satralizumab monotherapy and 32 received placebo; 91 patients were included in the OST population. 
Median treatment exposure in the OST period was 4.4 years (range 0.1–7.0) in SAkuraSky and 4.0 years (range 
0.1–6.1) in SAkuraStar. Rates of adverse events (AEs per 100 patient-years) and serious AEs in the OST period 
were comparable with satralizumab and placebo in the DB periods of both studies. Similarly, overall rates of 
infections and serious infections were consistent between the OST and DB periods with satralizumab, with no 
increase in rates of infections or serious infections over time. In the OST periods, longer exposure to satralizumab 
was not associated with a higher risk of severe (grade ≥3) laboratory changes versus the DB periods. No deaths or 
anaphylactic reactions to treatment with satralizumab were reported during the OST periods of both studies. 
Conclusion: The safety profile of satralizumab as a monotherapy or in combination with IST was maintained in 
the OLE, and no new safety concerns versus the DB period were observed. 
Clinical trial registration: ClinicalTrials.gov identifiers: NCT02028884 (SAkuraSky) and NCT02073279 
(SAkuraStar).   

1. Introduction 

Neuromyelitis optica spectrum disorder (NMOSD) is a rare, often 
debilitating autoimmune disease of the central nervous system (Borisow 

et al., 2018; Oh and Levy, 2012; Papadopoulos et al., 2014), primarily 
characterized by inflammatory lesions in the optic nerves, spinal cord, 
brainstem, and cerebrum (Kessler et al., 2016; Oh and Levy, 2012; 
Papadopoulos et al., 2014; Wingerchuk et al., 2015). Most patients 
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experience relapses characterized by frequent attacks of variable 
severity (Kawachi and Lassmann, 2017; Wingerchuk et al., 2015; 
Wingerchuk et al., 2007). Incomplete recovery from relapse is common, 
leading to accrual of permanent, residual disability (Kessler et al., 2016; 
Oh and Levy, 2012). Disease management focuses on preventing re-
lapses and minimizing safety risks associated with long-term therapy 
(Kleiter and Gold, 2016; Kowarik et al., 2014; Papadopoulos et al., 
2014). 

Interleukin-6 (IL-6), a multifunctional cytokine, is thought to play a 
key role (Fujihara et al., 2020; Uzawa et al., 2010) in NMOSD patho-
physiology. IL-6 signaling stimulates B-cell differentiation into plasma-
blasts that produce pathogenic aquaporin-4 autoantibodies (AQP4-IgG) 
(Chihara et al., 2011; Fujihara et al., 2020; Lin et al., 2016) present in 
over two-thirds of patients with NMOSD (Lennon et al., 2004). IL-6 also 
promotes differentiation of naïve T cells into inflammatory T-helper-17 
cells (Agasing et al., 2020; Fujihara et al., 2020; Kimura and Kishimoto, 
2010; Lin et al., 2016). Furthermore, IL-6 increases blood–brain barrier 
permeability, facilitating AQP4-IgG and proinflammatory cell infiltra-
tion into the central nervous system (Fujihara et al., 2020; Takeshita 
et al., 2017). 

Until 2019, no treatments were approved for NMOSD (Selmaj and 
Selmaj, 2019), and off-label non-specific immunosuppressive therapies 
(ISTs) have historically been the mainstay of maintenance treatment 
(Brod, 2020; Held et al., 2021; Jarius et al., 2020). IST discontinuation in 
NMOSD can increase relapse risk (Kim et al., 2021), and therefore 
improving our understanding of treatment in patients receiving IST is 
crucial. Since then, three biologic treatments have been approved for 
patients with AQP4-IgG–seropositive NMOSD in various coun-
tries/regions: eculizumab, inebilizumab, and satralizumab (Cree et al., 
2019; Holmøy et al., 2021; Pittock et al., 2019; Yamamura et al., 2019). 

Satralizumab is a humanized monoclonal recycling antibody tar-
geting both membrane-bound and soluble IL-6 receptors (IL-6R) (Tra-
boulsee et al., 2020; Yamamura et al., 2019). Satralizumab inhibits 
inflammatory IL-6 signaling pathways (Traboulsee et al., 2020; Yama-
mura et al., 2019), and may intervene in AQP4-IgG production and 
T-cell activation (Chihara et al., 2011; Lin et al., 2016). In the SAkuraSky 
and SAkuraStar studies, satralizumab monotherapy or in combination 
with baseline IST significantly reduced relapse risk in patients with 
AQP4-IgG–seropositive NMOSD versus placebo. Satralizumab had a 
favorable safety profile in the double-blind periods of SAkuraSky and 
SAkuraStar (Traboulsee et al., 2020; Yamamura et al., 2019). Here, we 
report long-term satralizumab safety data from the SAkura studies, 
comparing outcomes from the overall satralizumab treatment (OST) 
periods with the double-blind periods. 

2. Methods 

2.1. Study design and participants 

SAkuraSky and SAkuraStar were phase 3, multicenter, randomized, 
double-blind, placebo-controlled trials of satralizumab in patients with 
NMOSD, with ongoing open-label extension (OLE) periods. Detailed 
methodologies have been previously published (Traboulsee et al., 2020; 
Yamamura et al., 2019). Briefly, SAkuraSky had an add-on design, with 
patients randomized 1:1 to receive satralizumab or placebo plus their 
baseline IST (Yamamura et al., 2019). SAkuraStar had a monotherapy 
design, with patients randomized 2:1 to receive satralizumab or placebo 
(Traboulsee et al., 2020). 

Participants who experienced a Clinical Endpoint Committee (CEC)- 
adjudicated protocol-defined relapse (PDR), or who reached the end of 
the double-blind period, could enter the ongoing OLE period of their 
respective study. In SAkuraSky, patients who experienced a relapse 
treated with rescue therapy could also enter the OLE (Yamamura et al., 
2019). The SAkuraSky double-blind period ended after the total number 
of PDRs reached 26 (clinical cut-off date of 6 June 2018) (Yamamura 
et al., 2019), while the SAkuraStar double-blind period ended after 1.5 

years (clinical cut-off date of 12 October 2018) (Traboulsee et al., 2020). 
Eligible patients were aged 12–74 years in SAkuraSky and 18–74 

years in SAkuraStar. Additional inclusion criteria included (Traboulsee 
et al., 2020; Yamamura et al., 2019) a diagnosis of AQP4-IgG–sero-
positive or AQP4-IgG–seronegative neuromyelitis optica per the 2006 
Wingerchuk criteria (Wingerchuk et al., 2006) or AQP4-IgG–sero-
positive NMOSD at screening with idiopathic single or recurrent events 
of longitudinally extensive myelitis or recurrent or simultaneous optic 
neuritis in both eyes (the term NMOSD is used throughout this study to 
refer to both groups in accordance with 2015 guidelines (Wingerchuk 
et al., 2015)); an Expanded Disability Status Scale score ≤6.5; and 
clinical evidence of ≥2 relapses 2 years before screening, with at least 1 
relapse occurring in the previous 12 months in SAkuraSky or 1 attack in 
the 12 months before screening in SAkuraStar. The proportion of 
AQP4-IgG–seronegative patients was limited to approximately 30% of 
adults in the studies to reflect the global population (Sepúlveda et al., 
2016; Wingerchuk et al., 2007). Key exclusion criteria are reported 
elsewhere (Traboulsee et al., 2020; Yamamura et al., 2019). 

2.2. Procedures 

Patients received subcutaneous satralizumab (120 mg) or placebo at 
weeks 0, 2, and 4, and every 4 weeks thereafter in the double-blind 
periods of both studies. During the SAkuraSky double-blind period, 
patients continued baseline treatment with a stable dose of azathioprine 
(maximum, 3 mg/kg/day), mycophenolate mofetil (maximum, 3000 
mg/day), or oral corticosteroids (maximum 15 mg/day; prednisolone 
equivalent) in addition to study drug; dose increases/changes were not 
permitted. Adolescents (aged 12–17 years) could receive oral cortico-
steroids in addition to either azathioprine or mycophenolate mofetil. 
During the OLE periods, all patients received satralizumab administered 
on the same dosing schedule as the double-blind period (including 
loading doses of satralizumab for patients who received placebo in the 
double-blind period). Patients in SAkuraSky could discontinue or 
change their baseline IST upon entry to the OLE; however, IST dosing 
increases were not permitted. No concomitant ISTs were permitted 
during the double-blind or OLE periods of SAkuraStar. 

Throughout both studies, patients could receive acute relapse rescue 
therapy (e.g., pulse intravenous corticosteroids, intravenous immuno-
globulin, and/or apheresis) and analgesics for pain management. 

Patients entering the OLE after a relapse could start satralizumab 
after ≥31 days from relapse onset, while those completing the double- 
blind period started satralizumab 4 weeks after the last dose. In both 
studies, patients experiencing a relapse during the OLE continued 
satralizumab per the investigator’s discretion. 

2.3. Outcomes 

The primary objective of this analysis was to evaluate the long-term 
safety of satralizumab during the OST period. The OST period safety 
population comprised patients receiving ≥1 dose of satralizumab in the 
double-blind and/or OLE periods up to the clinical cut-off date (22 
February 2021). Adverse events (AEs) were assessed by study in-
vestigators at each patient contact until withdrawal visit/last observa-
tion visit (12–48 weeks after the last treatment dose). 

Safety assessments consisted of monitoring and recording AEs, 
including AE severity and seriousness and laboratory parameters 
(including neutrophils, platelets, liver enzymes [alanine aminotrans-
ferase and aspartate aminotransferase] and total bilirubin, total 
cholesterol, triglycerides, fibrinogen, and complement [C3 and C4], 
etc.). Infection AEs (including serious and potential opportunistic 
infections) and injection-related reactions (IRRs) were specifically 
evaluated. Relapses were not categorized as AEs. AEs were coded using 
Medical Dictionary for Regulatory Activities (MedDRA) version 24.0 
and reported by Preferred Term (PT). 
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AEs were identified as infections when coded to the MedDRA system 
organ class Infections and Infestations. Infection AEs with similar 
medical concepts were grouped by MedDRA Preferred Term into bas-
kets. This approach enables a more comprehensive assessment of 
infections, without being restricted to fragmentation of AEs based on 
individual investigator-reported Preferred Terms. Baskets of Preferred 
Terms selected for safety analyses of infection events in both studies 
included upper respiratory tract infections, lower respiratory tract in-
fections, skin infections, urinary tract infections, gastrointestinal tract 
infections, and sepsis. Additionally, potential opportunistic infections 
selected using the standardized MedDRA query (SMQ narrow) ‘oppor-
tunistic infections’ were analyzed. 

Laboratory assessments were conducted at weeks 0, 2, and 4, and 
every 4 weeks thereafter during the double-blind periods, and followed 
a similar assessment schedule during the OLE periods. For all laboratory 
parameters reported except complement, patients with a post-baseline 
worsening in laboratory value grade severity compared to baseline 
were reported. Grade severity was determined using the National Cancer 
Institute Common Terminology Criteria for Adverse Events (NCI- 
CTCAE) version 4 (NIH, 2009). For complement, lowest complement 
level throughout the study was classified as mild to moderate (≥0.5 x the 
lower limit of normal [LLN]) or severe (<0.5 x LLN). For alanine 
aminotransferase (ALT)/aspartate aminotransferase (AST), the finding 
of elevated (>3 x the upper limit of normal [ULN]) ALT or AST in 
combination with either total bilirubin >2 x ULN or clinical jaundice 
was defined as an indicator of severe drug-induced liver injury. 

2.4. Statistical analysis 

The safety analysis population included all patients who received at 
least 1 dose of study treatment. AEs were evaluated descriptively as the 
proportion of patients who experienced 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) x 100. 95% confidence intervals (CIs) were calculated 
using the exact method based on the Poisson distribution. 

Safety was also assessed in patients who were AQP4-IgG–sero-
positive at screening, with AQP4-IgG serological status tested using the 
M23-based enzyme-linked immunosorbent assay (ELISA). Duration of 
exposure to study drug (years) varied by patient and was defined as: 
(number of days between the first treatment dose and last treatment 
dose) / 365.25. 

2.5. Standard protocol approvals, registrations, and patient consents 

Approval was obtained from the local ethics committee or institu-
tional review board at each trial center, and all patients provided written 
informed consent. The trials were conducted in accordance with the 
International Conference on Harmonisation guidelines for Good Clinical 
Practice and the principles of the Declaration of Helsinki. The trials are 
registered with ClinicalTrials.gov, NCT02028884 (SAkuraSky) and 
NCT02073279 (SAkuraStar). 

3. Results 

3.1. Cohort 

In the double-blind periods, 83 patients were randomly assigned to 
placebo (n = 42) or satralizumab (n = 41) plus baseline IST in 
SAkuraSky, and 95 patients were randomly assigned to placebo (n = 32) 
or satralizumab (n = 63) monotherapy in SAkuraStar. Two additional 
patients were enrolled into SAkuraSky; the first was enrolled on the 
clinical cut-off date (6 June 2018) to receive satralizumab, and the 

second was enrolled directly into the OLE. Both patients were included 
in analyses for the OST period, but not the double-blind period. 

In this analysis, 75 patients in SAkuraSky and 91 patients in 
SAkuraStar received at least 1 dose of satralizumab in the double-blind/ 
OLE periods and were included in the safety analysis population. 

Disease history and baseline characteristics were balanced overall for 
patients in the double-blind and OST periods of both studies, apart from 
a numerically higher proportion of women in the placebo group and a 
numerically higher proportion of African Americans in the satralizumab 
group, both in SAkuraStar (Table 1). 

In SAkuraSky, median satralizumab exposure was 2.1 years (range 
0.0–4.3; IQR 0.4–2.8) in the double-blind period and 4.4 years (range 
0.1–7.0; IQR 2.6–5.8) in the OST period; the median placebo exposure in 
the double-blind period was 0.6 years (range 0.0–3.5; IQR 0.2–2.2). In 
SAkuraStar, the median satralizumab exposure was 1.8 years (range 
0.0–3.9; IQR 0.8–2.3) in the double-blind period and 4.0 years (range 
0.1–6.1; IQR 2.3–5.0) in the OST period; median placebo exposure in the 
double-blind period was 1.1 years (range 0.0–4.1; IQR 0.3–1.8). 

3.2. Overall safety profile 

The rates of AEs and serious AEs were comparable between placebo 
and satralizumab in the double-blind periods of SAkuraSky and SAkur-
aStar (Tables 2 and 3). Similarly, in the OST periods, rates of AEs and 
serious AEs were consistent with the satralizumab group in the double- 
blind periods (Table 2 and 3). Most AEs with satralizumab were mild or 
moderate in severity, and no deaths or anaphylactic reactions related to 
study treatment were reported throughout either study. In both studies, 
the incidence of AEs leading to treatment discontinuation with satrali-
zumab was low (Tables 2 and 3). No pattern of AEs leading to satrali-
zumab discontinuation was observed. 

In patients with AQP4-IgG–seropositive NMOSD, the safety profile of 
satralizumab was consistent with the overall SAkuraSky and SAkuraStar 
safety analysis populations, which enrolled both AQP4-IgG–seropositive 
and AQP4-IgG–seronegative patients (Appendix Tables A1 and A2). 

Rates of IRRs in the double-blind period were higher with satrali-
zumab versus placebo in SAkuraSky and were comparable between 
satralizumab and placebo in SAkuraStar (Tables 2 and 3). In the 
SAkuraSky OST period, the rate of IRRs was lower than with satralizu-
mab during the double-blind period (Table 2). In the SAkuraStar OST 
period, the rate of IRRs was consistent with satralizumab during the 
double-blind period (Table 3). Additionally, no IRRs with satralizumab 
were serious and none led to treatment discontinuation/interruption. 

During the double-blind period of both studies, infection and serious 
infection rates with satralizumab were comparable or not higher than 
with placebo (Tables 2 and 3). Infection and serious infection rates in the 
OST periods were consistent with the satralizumab group in the double- 
blind periods (Tables 2 and 3). 

The most common AEs in the OST period of SAkuraSky were 
nasopharyngitis (27.2 events/100 PYs [95% CI, 21.7–33.5]) and upper 
respiratory tract infection (22.4 events/100 PYs [95% CI, 17.5–28.3]), 
reported in 35% (n = 26) and 25% of patients (n = 19), respectively. In 
the placebo group during the double-blind period, rates of nasophar-
yngitis and upper respiratory tract infection were 21.9 events/100 PYs 
(95% CI, 11.6–37.4) and 18.5 events/100 PYs (95% CI, 9.2–33.1), 
reported in 17% (n = 7) and 14% of patients (n = 6), respectively. 

The most common AEs in the SAkuraStar OST period were upper 
respiratory tract infection (20.9 events/100 PYs [95% CI, 16.3–26.3]) 
and urinary tract infection (19.1 events/100 PYs [95% CI, 14.7–24.3]), 
reported in 26% (n = 24) and 22% of patients (n = 20), respectively. 
Upper respiratory tract infection and urinary tract infection were re-
ported in 19% (n = 6; 37.0 events/100 PYs [95% CI, 20.7–61.0]) and 
25% of patients (n = 8; 59.1 events/100 PYs [95% CI, 37.9–88.0]), 
respectively, in the placebo group during the double-blind period. 
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Table 1 
Demographics and baseline characteristics of the safety analysis population in the double-blind and OST periods of SAkuraSky and SAkuraStar.   

SAkuraSky SAkuraStar  

DB period OST period DB period OST period  

Placebo  
(n ¼ 42) 

Satralizumab  
(n ¼ 41) 

Satralizumab  
(n ¼ 75) 

Placebo  
(n ¼ 32) 

Satralizumab  
(n ¼ 63) 

Satralizumab  
(n ¼ 91) 

Age, years 
Mean (SD) 43.4 (12.0) 40.8 (16.1) 41.1 (14.9) 40.5 (10.5) 45.3 (12.0) 43.9 (11.7) 
Range 14–65 13–73 13–73 20–56 21–70 21–70 
Female sex, n (%) 40 (95) 37 (90) 69 (92) 31 (97) 46 (73) 73 (80) 
Race or ethnicity, n (%) 
American Indian/Alaska Native 0 0 0 0 2 (3) 2 (2) 
Asian 18 (43) 17 (41) 33 (44) 6 (19) 8 (13) 14 (15) 
Black/African American 2 (5) 0 2 (3) 3 (9) 13 (21) 15 (16) 
White 21 (50) 24 (59) 39 (52) 22 (69) 37 (59) 56 (62) 
Other 1 (2) 0 1 (1) 1 (3) 3 (5) 4 (4) 
Treatment at baseline, n (%) 
Oral corticosteroids 20 (48) 17 (41) 35 (47) – – – 
Azathioprine 13 (31) 16 (39) 24 (32) – – – 
MMF 8 (19) 4 (10) 11 (15) – – – 
Azathioprine plus corticosteroidsa 0 3 (7) 3 (4) – – – 
MMF plus oral corticosteroidsa 1 (2) 1 (2) 2 (3) – – – 
Previous treatment, n (%)b 

B-cell-depleting therapy – – – 4 (13) 8 (13) 11 (12) 
ISTs or other – – – 28 (88) 55 (87) 80 (88) 

Abbreviations: DB, double-blind; IST, immunosuppressive therapy; MMF, mycophenolate mofetil; NMOSD, neuromyelitis optica spectrum disorder; OST, overall 
satralizumab treatment; SD, standard deviation. 

a Adolescent patients (aged 12–17 years) only. 
b Patients in SAkuraStar were not permitted to continue baseline immunosuppressants but were stratified by previous therapy for the prevention of an NMOSD attack 

(B-cell-depleting therapy vs. immunosuppressants or other). 

Table 3 
Adverse events in the safety analysis population during the DB and OST periods of SAkuraStar.   

DB period OST period  

Placebo  
(n = 32; PYs = 40.6) 

Satralizumab monotherapy  
(n = 63; PYs = 115.2) 

Satralizumab monotherapy  
(n = 91; PYs = 340.4)  

Patients, n (%) AEs per 100 PYs 
(95% CI) 

Patients, n (%) AEs per 100 PYs 
(95% CI) 

Patients, n (%) AEs per 100 PYs 
(95% CI) 

All AEs 24 (75.0) 495.2 (429.1–568.6) 58 (92.1) 473.9 (435.0–515.4) 90 (98.9) 351.7 (332.0–372.2) 
Serious AEs 5 (15.6) 14.8 (5.4–32.2) 12 (19.0) 17.4 (10.6–26.8) 20 (22.0) 10.9 (7.7–15.0) 
Severe AEs 2 (6.2) 9.9 (2.7–25.2) 17 (27.0) 32.1 (22.6–44.3) 24 (26.4) 16.5 (12.4–21.4) 
AEs leading to treatment discontinuation 1 (3.1) 2.5 (0.1–13.7) 1 (1.6) 0.9 (0.0–4.8) 2 (2.2) 0.6 (0.1–2.1) 
Infectionsa 14 (43.8) 162.6 (125.8–206.9) 34 (54.0) 99.8 (82.4–119.8) 60 (65.9) 82.3 (72.9–92.5) 
Serious infectionsa 3 (9.4) 9.9 (2.7–25.2) 6 (9.5) 5.2 (1.9–11.3) 8 (8.8) 3.2 (1.6–5.8) 
Injection-related reactions 5 (15.6) 17.3 (6.9–35.5) 9 (14.3) 13.9 (7.9–22.6) 12 (13.2) 7.9 (5.2–11.5) 
Fatal AEs 0 0 (NE–9.1) 0 0 (NE–3.2) 0 0 (NE–1.1) 

Abbreviations: AE, adverse event; CI, confidence interval; DB, double-blind; NE, not evaluable; OST, overall satralizumab treatment; PYs, patient-years. 
a MedDRA system organ class ‘infections and infestations.’ 

Table 2 
Adverse events in the safety analysis population during the DB and OST periods of SAkuraSky.   

DB period OST period  

Placebo (n = 42; PYs = 59.5) Satralizumab + IST (n = 41; PYs = 78.5) Satralizumab ± IST (n = 75; PYs = 316.7)  

Patients, n (%) AEs per 100 PYs 
(95% CI) 

Patients, n (%) AEs per 100 PYs 
(95% CI) 

Patients, n (%) AEs per 100 PYs 
(95% CI) 

All AEs 40 (95.2) 514.3 (458.2–575.2) 37 (90.2) 485.2 (437.7–536.5) 71 (94.7) 365.6 (344.9–387.3) 
Serious AEs 9 (21.4) 20.2 (10.4–35.2) 7 (17.1) 11.5 (5.2–21.8) 21 (28.0) 10.4 (7.2–14.6) 
Severe AEs 5 (11.9) 11.8 (4.7–24.2) 5 (12.2) 6.4 (2.1–14.9) 15 (20.0) 7.3 (4.6–10.9) 
AEs leading to treatment discontinuation 4 (9.5) 6.72 (1.8–17.2) 3 (7.3) 5.1 (1.4–13.0) 7 (9.3) 2.5 (1.1–5.0) 
Infectionsa 26 (61.9) 149.6 (120.1–184.1) 28 (68.3) 132.5 (108.2–160.5) 60 (80.0) 125.0 (113.0–138.0) 
Serious infectionsa 3 (7.1) 5.0 (1.0–14.7) 2 (4.9) 2.6 (0.3–9.2) 8 (10.7) 2.8 (1.3–5.4) 
Injection-related reactions 2 (4.8) 3.4 (0.4–12.1) 5 (12.2) 21.7 (12.6–34.7) 10 (13.3) 8.5 (5.6–12.4) 
Fatal AEs 0 0 (NE–6.2) 0 0 (NE–4.7) 0 0 (NE–1.2) 

Abbreviations: AE, adverse event; CI, confidence interval; DB, double-blind; IST, immunosuppressive therapy; NE, not evaluable; OST, overall satralizumab treatment; 
PYs, patient-years. 

a MedDRA system organ class ‘infections and infestations.’ 
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3.3. Infections 

When comparing infections by basket, the most common infections 
during the double-blind and OST periods of both studies were under the 
upper respiratory tract infection and urinary tract infection baskets with 
satralizumab and placebo, with comparable rates observed between the 
satralizumab and placebo groups (Tables 4 and 5). 

Infection and serious infection rates by basket with satralizumab in 
the OST period were consistent with those observed with satralizumab 
and placebo during the double-blind period (Tables 4 and 5; Appendix 
Tables A3 and A4). 

Overall, infection and serious infection rates did not increase over 
time in either study (Fig. 1). However, data beyond year 4 should be 
interpreted with caution due to the limited number of PYs of exposure. 
Most infections reported during years 5–7 of the studies were non- 
serious (96%), of mild or moderate severity (98%), and the rates of 
serious infections in these years were consistent with those reported 
during years 1–4. 

Throughout both studies, there were no cases of progressive multi-
focal leukoencephalopathy. No cases of opportunistic infections (iden-
tified by the MedDRA SMQ [narrow] ‘opportunistic infections’) were 

identified in patients treated with satralizumab throughout both studies. 
Five cases of COVID-19 infection were reported during the OST pe-

riods of SAkuraSky (n = 3) and SAkuraStar (n = 2). All COVID-19 
infections were non-serious, mild to moderate in severity, and were 
resolved with/without treatment. No patients who reported COVID-19 
infections received the SARS-CoV-2 vaccine, since these cases 
occurred before widespread vaccination rollout. 

3.4. Laboratory value changes 

Overall, longer exposure to satralizumab in the OST periods of both 
studies was not associated with a higher risk of severe (grade ≥3) lab-
oratory changes compared with satralizumab treatment in the double- 
blind period (Table 6). Most decreases in neutrophil count were grade 
1 or 2 throughout the studies and were transient/intermittent. Grade 3 
or 4 decreases in neutrophil counts with satralizumab were not associ-
ated with severe or serious infections. No neutrophil count decreases 
necessitated the use of colony-stimulating factor treatment. No de-
creases in platelet counts (all grade 1 or 2) with satralizumab were 
associated with bleeding events, and most platelet decreases were 
transient/intermittent. Similarly, most elevations in liver enzymes (ALT 

Table 4 
Rate of infections by basket in the safety analysis population during the DB and OST periods of SAkuraSky.   

DB period OST period  

Placebo 
(n = 42; PYs = 59.5) 

Satralizumab + IST 
(n = 41; PYs = 78.5) 

Satralizumab ± IST 
(n = 75; PYs = 316.7)  

Patients, n (%) AEs per 100 PYs 
(95% CI) 

Patients, n (%) AEs per 100 PYs 
(95% CI) 

Patients, n (%) AEs per 100 PYs 
(95% CI) 

Upper respiratory tract infections 16 (38.1) 72.3 (52.3–97.3) 20 (48.8) 84.1 (65.0–106.9) 45 (60.0) 64.1 (55.6–73.5) 
Urinary tract infections 10 (23.8) 23.5 (12.9–39.5) 10 (24.4) 16.6 (8.8–28.3) 24 (32.0) 18.3 (13.9–23.7) 
Skin infections 6 (14.3) 11.8 (4.7–24.2) 3 (7.3) 3.8 (0.8–11.2) 13 (17.3) 6.0 (3.6–9.4) 
Lower respiratory tract infections 2 (4.8) 3.4 (0.4–12.1) 3 (7.3) 7.6 (2.8–16.6) 8 (10.7) 4.1 (2.2–7.0) 
Gastrointestinal infections 2 (4.8) 3.4 (0.4–12.1) 2 (4.9) 3.8 (0.8–11.2) 7 (9.3) 4.4 (2.4–7.4) 
Sepsisa 1 (2.4) 1.7 (0–9.4) 0 0 (0–4.7) 1 (1.3) 0.6 (0.1–2.3) 

Abbreviations: AE, adverse event; CI, confidence interval; DB, double-blind; IST, immunosuppressive therapy; OST, overall satralizumab treatment; PYs, patient-years. 
Infection events by Preferred Term may be classified under more than one basket. Baskets for safety analyses of infection events included upper respiratory tract infections, 
lower respiratory tract infections, skin infections, urinary tract infections, gastrointestinal tract infections, sepsis, and an opportunistic infection screening basket. 

a One patient experienced a severe, serious sepsis event with placebo due to Escherichia coli infection during the double-blind period. One patient experienced two 
sepsis events during the OST period: one non-serious sepsis event of mild severity and one serious urosepsis event of moderate severity, both due to Escherichia coli 
infection. Both events were resolved with treatment, and no dose change in satralizumab was required. Both patients were receiving concomitant immunosuppressive 
treatment with azathioprine. 

Table 5 
Rate of infections by basket in the safety analysis population during the DB and OST periods of SAkuraStar.   

DB period OST period  

Placebo 
(n = 32; PYs = 40.6) 

Satralizumab monotherapy 
(n = 63; PYs = 115.2) 

Satralizumab monotherapy 
(n = 91; PYs = 340.4)  

Patients, n (%) AEs per 100 PYs 
(95% CI) 

Patients, n (%) AEs per 100 PYs 
(95% CI) 

Patients, n (%) AEs per 100 PYs 
(95% CI) 

Upper respiratory tract infections 9 (28.1) 49.3 (30.1–76.1) 22 (34.9) 35.6 (25.5–48.3) 46 (50.5) 37.9 (31.6–45.0) 
Urinary tract infections 8 (25.0) 61.6 (39.9–90.9) 12 (19.0) 33.9 (24.1–46.3) 24 (26.4) 21.7 (17.1–27.3) 
Skin infections 2 (6.3) 4.9 (0.6–17.8) 6 (9.5) 6.9 (3.0–13.7) 8 (8.8) 5.6 (3.4–8.7) 
Gastrointestinal infections 2 (6.3) 7.4 (1.5–21.6) 5 (7.9) 4.3 (1.4–10.1) 7 (7.7) 2.6 (1.2–5.0) 
Lower respiratory tract infections 2 (6.3) 4.9 (0.6–17.8) 5 (7.9) 4.3 (1.4–10.1) 9 (9.9) 3.2 (1.6–5.8) 
Sepsisa 0 0 (0–9.1) 2 (3.2) 1.7 (0.2–6.3) 2 (2.2) 0.6 (0.1–2.1) 

Abbreviations: AE, adverse event; CI, confidence interval; DB, double-blind; OST, overall satralizumab treatment; PYs, patient-years. 
Infection events by Preferred Term may be classified under more than one basket. Baskets for safety analyses of infection events included upper respiratory tract 
infections, lower respiratory tract infections, skin infections, urinary tract infections, gastrointestinal tract infections, sepsis, and an opportunistic infection screening 
basket. 

a Two patients experienced sepsis events during the OST period. The first patient experienced a urosepsis event (serious and moderate severity) due to an Escherichia 
coli infection. The second patient experienced a pulmonary sepsis event (serious and severe severity), which the investigator deemed may have been community 
acquired. Both events were resolved with treatment, and necessitated interruption to satralizumab treatment. The first patient had the following concomitant dis-
orders: elevated blood pressure, asthma, dyslipidemia, depression, neurogenic bladder, type 2 diabetes, constipation, muscle spasms, and gastroesophageal reflux 
disease. The second patient had the following concomitant disorders: type 1 diabetes, depression, deep vein thrombosis, osteopenia, hypothyroid, hyperlipidemia, and 
elevated leukocyte levels. 
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or AST) with satralizumab throughout the studies were grade 1, tran-
sient/intermittent, and resolved without treatment disruption. No pa-
tients had liver function tests indicative of drug-induced liver injury or 
met the criteria for Hy’s law. Most elevations in triglyceride and 
cholesterol levels with satralizumab were also grade 1 or grade 2, and 
none of these elevations necessitated dose interruptions. Decreases in 
fibrinogen levels (mainly grade 1 or 2) with satralizumab were not 
associated with bleeding events. Three patients in SAkuraStar experi-
enced a grade ≥3 decrease in fibrinogen levels at a single time point 
during the OST period; none of these patients experienced a bleeding 
event. Most decreases in complement levels with satralizumab in both 
studies were mild to moderate in severity. 

4. Discussion 

SAkuraSky and SAkuraStar enrolled patients with both AQP4- 
IgG–seropositive and AQP4-IgG–seronegative NMOSD, consistent with 
real-world clinical practice (Hamid et al., 2017; Traboulsee et al., 2020; 
Yamamura et al., 2019). This long-term safety analysis of satralizumab, 
with a median of 4 years of treatment exposure in the SAkuraSky and 
SAkuraStar OST periods, demonstrates that satralizumab treatment is 
well tolerated in patients with NMOSD, with no new or unexpected 
safety findings over time. The safety profile of satralizumab previously 
reported in the double-blind periods of SAkuraSky and SAkuraStar was 
maintained with up to 7 years follow-up. Similarly, evidence from recent 
prospective and retrospective studies supports the long-term safety of 
tocilizumab, another IL-6R antagonist, in patients with NMOSD and 

Fig. 1. Rates of (a) infections and (b) serious infections in 
patients receiving satralizumab by year during the OST periods in 
SAkuraSky and SAkuraStar (safety analysis population). 
Abbreviations: CI, confidence interval; OST, overall satralizumab 
treatment; PY, patient-years. 
*Upper CI limits for rates of infection and serious infection in 
SAkuraStar at year 7. †Upper CI limit for rate of serious infection 
in SAkuraSky at year 7.   
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myelin oligodendrocyte glycoprotein antibody-associated disease 
(MOGAD) (Ringelstein et al., 2022; Zhang et al., 2020). 

Patients in SAkuraSky could receive satralizumab as an add-on 
therapy to their baseline IST, whereas patients in SAkuraStar received 
satralizumab monotherapy. The rates of AEs and serious AEs with 
satralizumab treatment in the double-blind and OST periods were 
similar between the two studies and were comparable with placebo 
during the double-blind periods, suggesting that satralizumab is well 
tolerated as an add-on or as monotherapy. Consistent with these find-
ings, a separate analysis of 16 patients who tapered their oral cortico-
steroid dose during the OLE period of SAkuraSky showed that the 
satralizumab safety profile in steroid-tapered patients was comparable 
with the overall study population during the double-blind period 
(Yamamura, 2022). 

Satralizumab may be subcutaneously self-administered by patients 
following guidance and assessment for suitability by a healthcare pro-
fessional (FDA, 2020). Therefore, IRRs with satralizumab are of interest, 
particularly as home administration is an increasingly important 
consideration (e.g., during the ongoing COVID-19 pandemic, to reduce 
the need to travel to clinical settings). In this analysis, IRRs with 

satralizumab were generally mild to moderate and none led to treatment 
discontinuation/interruption. 

Rates of serious infections during the OST periods were comparable 
with those observed in patients receiving either satralizumab or placebo 
during the double-blind study periods. The most common AEs were 
nasopharyngitis and upper respiratory tract infection during the OST 
period of SAkuraSky, and upper respiratory tract infection and urinary 
tract infection during the OST period of SAkuraStar. Similarly, when 
rates of infection and serious infection by basket were analyzed, the 
most common infections during the double-blind and OST periods of 
both studies were under the upper respiratory tract infection and urinary 
tract infection baskets in patients receiving satralizumab and placebo, 
with comparable rates observed between the satralizumab and placebo 
groups. No opportunistic infections were reported in SAkuraSky or 
SAkuraStar. Overall, rates of infections and serious infections did not 
increase over time in either study. However, given the mechanism of 
action of IL-6R inhibition, vigilance for timely detection of infection is 
recommended for patients receiving satralizumab, and satralizumab 
administration should be delayed in patients with an active infection 
until the infection is controlled. 

Table 6 
Laboratory events (worsened from baseline) in patients receiving satralizumab by highest NCI-CTCAE grade post-baseline in the DB and OST periods of SAkuraSky and 
SAkuraStar (safety analysis population).   

SAkuraSky SAkuraStar  

DB period (n = 41) OST period (n = 75) DB period (n = 63) OST period (n = 91) 

Neutrophil decrease, n (%) 
Any 12/41 (29.3) 31/75 (41.3) 21/63 (33.3) 36/91 (39.6) 
Grade 1 2/41 (4.9) 3/75 (4.0) 3/61 (4.9) 6/88 (6.8) 
Grade 2 5/41 (12.2) 18/75 (24.0) 13/61 (21.3) 20/88 (22.7) 
Grade 3 5/41 (12.2) 9/75 (12.0) 3/63 (4.8) 8/91 (8.8) 
Grade 4 – 1/75 (1.3) 2/63 (3.2) 2/91 (2.2) 
Alanine aminotransferase increase, n (%) 
Any 6/41 (14.6) 26/75 (34.7) 23/63 (36.5) 35/91 (38.5) 
Grade 1 5/38 (13.2) 24/72 (33.3) 21/62 (33.9) 32/90 (35.6) 
Grade 2 – – 2/63 (3.2) 3/91 (3.3) 
Grade 3 1/41 (2.4) 2/75 (2.7) – – 
Aspartate aminotransferase increase, n (%) 
Any 6/41 (14.6) 18/75 (24.0) 13/63 (20.6) 27/91 (29.7) 
Grade 1 5/40 (12.5) 16/74 (21.6) 12/62 (19.4) 25/90 (27.8) 
Grade 2 1/41 (2.4) 1/75 (1.3) 1/63 (1.6) 2/91 (2.2) 
Grade 3 – 1/75 (1.3) – – 
Cholesterol increase, n (%) 
Any 15/41 (36.6) 31/75 (41.3) 29/63 (46.0) 50/91 (54.9) 
Grade 1 9/21 (42.9) 20/34 (58.8) 24/37 (64.9) 41/52 (78.8) 
Grade 2 6/39 (15.4) 10/73 (13.7) 5/63 (7.9) 9/90 (10.0) 
Grade 3 – 1/75 (1.3) – – 
Triglyceride increase, n (%) 
Any 24/41 (58.5) 46/75 (61.3) 42/63 (66.7) 62/91 (68.1) 
Grade 1 19/38 (50.0) 33/66 (50.0) 26/43 (60.5) 39/62 (62.9) 
Grade 2 5/41 (12.2) 12/75 (16.0) 14/60 (23.3) 18/88 (20.5) 
Grade 3 – 1/75 (1.3) 2/63 (3.2) 5/91 (5.5) 
Platelet decrease, n (%) 
Any 11/41 (26.8) 25/75 (33.3) 14/63 (22.2) 26/91 (28.6) 
Grade 1 11/40 (27.5) 24/72 (33.3) 12/60 (20.0) 24/85 (28.2) 
Grade 2 – 1/75 (1.3) 2/63 (3.2) 2/91 (2.2) 
Fibrinogen decrease, n (%) 
Any 27/41 (65.9) 58/75 (77.3) 48/63 (76.1) 76/91 (83.5) 
Grade 1 11/41 (26.8) 23/75 (30.7) 15/63 (23.8) 24/90 (26.7) 
Grade 2 16/41 (39.0) 35/75 (46.7) 32/63 (50.8) 49/90 (54.4) 
Grade 4 – – 1/63 (1.6)a 3/91 (3.3) 

Abbreviations: DB, double-blind; NCI-CTCAE, National Cancer Institute Common Terminology Criteria for Adverse Events; OST, overall satralizumab treatment. 
a This grade 4 fibrinogen decrease is believed to be a data error; this error has been corrected retrospectively, and the fibrinogen levels in this patient were within the 

normal range during the double-blind period of SAkuraStar. 
Table entries show the number of patients with the grade as their highest post-baseline NCI-CTCAE grade for the test. Baseline is the patient’s last observation on or 

before first study drug administration. For the ‘any’ grade row, denominators include patients with either a baseline value or at least one post-baseline value for the 
laboratory test, as well as a baseline NCI grade <4 or missing. For a specific NCI grade row (e.g., grade 2) the denominator includes patients who have a baseline grade 
lower than the post-baseline grade being tabulated (i.e., lower than grade 2) or a missing baseline grade. ‘Any’ equals the number of patients with any increase in grade 
for the specified laboratory test. Grading is based on numeric ranges within NCI-CTCAE v4, except for fibrinogen, which excludes the percentage change criteria from 
grading. 
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In this analysis, laboratory changes were reported in some patients 
receiving satralizumab, including decreases in neutrophil and platelet 
counts, elevations in liver enzymes and lipids, and decreases in fibrin-
ogen and complement. The mechanisms behind these laboratory 
changes may be due to the mechanism of action of satralizumab, the 
expected pharmacodynamic effects of IL-6R inhibition, and the direct 
changes to levels of inflammation-mediating acute phase proteins 
(Romano et al., 2018; Smolen and Aletaha, 2011). In all cases, labora-
tory changes reported with satralizumab treatment were in line with 
those observed with other IL-6R antagonists, and most laboratory 
changes were mild or moderate in severity throughout the OST periods 
of both studies. 

Limitations of this analysis include potential bias associated with the 
OLE periods. Furthermore, these analyses combine data from the 
double-blind and OLE periods, which have inherent differences in study 
design. Since more than 90% of patients from the double-blind periods 
of both studies were enrolled in the OST period, selection bias based on 
inclusion in the OLE period is unlikely; however, the open-label study 
design may have yielded unconscious bias in AE reporting. 

5. Conclusion 

In conclusion, this analysis of safety data from the SAkura studies 
provides evidence that the favorable safety profile and tolerability of 
satralizumab are sustained with long-term treatment both as mono-
therapy and in combination with baseline IST in patients with AQP4- 
IgG–seropositive and AQP4-IgG–seronegative NMOSD. These results are 
promising, given the need for minimizing safety risks associated with 
long-term therapy use in patients with NMOSD. This study adds to the 
current experience of IL-6R inhibition in patients with NMOSD and other 
inflammatory diseases; knowledge obtained from this analysis will aid in 
optimizing the clinical benefit for patients. The long-term safety and 
efficacy of satralizumab continues to be monitored in the ongoing OLE 
study, SAkuraMoon (NCT04660539), which will evaluate patients with 
NMOSD who have completed the SAkuraSky and SAkuraStar OLE 
periods. 
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Sepúlveda, M., Armangué, T., Sola-Valls, N., Arrambide, G., Meca-Lallana, J.E., Oreja- 
Guevara, C., Mendibe, M., Alvarez de Arcaya, A., Aladro, Y., Casanova, B., 
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