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Highlights   
• A case series of AQP-4-positive NMOSD after satralizumab 
treatment is described.
• Prednisolone tapering was started 8 weeks after starting 
satralizumab.
• Prednisolone was tapered by 1 mg/4 weeks.
• Patients with NMOSD can taper prednisolone to less than 3 mg/
day.
• We discuss the timing and speed of prednisolone tapering with 
satralizumab.
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Dear Editors,
Neuromyelitis optica spectrum disorder (NMOSD) is an 

inflammatory autoimmune disease of the central nervous sys-
tem in which the main characteristics are visual impairment 
due to optic neuritis and neurological symptoms due to trans-
verse myelitis. NMOSD may cause severe visual impairment 
that results in blindness and transverse spinal symptoms at a 
level that requires a wheelchair. As with early diagnosis and 
treatment in the acute stage, treatment interventions to prevent 
exacerbations in the chronic stage are important. Prednisolone 
monotherapy is reportedly effective for preventing relapses 
of NMOSD, but relapses are known to be common with 
prednisolone treatment ≤ 10 mg/day [1]. Hence, to prevent 
NMOSD relapse, long-term use of prednisolone at ≥ 10 mg/
day is considered necessary. With long-term use of such doses 
of prednisolone, however, adverse effects including diabetes, 
hyperlipidemia, susceptibility to infection, osteoporosis, men-
tal disorders, and central obesity become a problem.

Since 2019, the drugs eculizumab, satralizumab, inebi-
lizumab, and rituximab have been available in Japan to 

target molecules related to the pathology of NMOSD, after 
approval by the national health insurance system. Here we 
report three cases of anti-aquaporin-4 (AQP-4) antibody-
positive NMOSD in which steroids were successfully 
tapered after the introduction of satralizumab [2], an inter-
leukin-6 receptor inhibitor. Steroid tapering protocols have 
included a trial in which steroids were discontinued simul-
taneously with the start of satralizumab [3] and a report on 
tapering [4]. Currently, the method of steroid tapering and 
the speed of tapering after the introduction of satralizumab 
are decided on a case-by-case basis. We had three patients in 
whom prednisolone tapering after the start of satralizumab 
was conducted at a faster pace than previously reported. An 
effective prednisolone tapering method is discussed.

Cases

Patient 1 was a 40-year-old woman. In this woman, loss of 
muscle strength in bilateral limbs with left dominance and 
sensory disturbance occurred in 2018. In this case, a long, 
large lesion was seen from the medulla oblongata to C5 on 
magnetic resonance imaging (MRI) (Fig. 1A). At onset, 
anti-AQP-4 antibody titer (enzyme-linked immunosorbent 
assay; ELISA) was > 40.0 U/ml (normal range < 1.5), and 
cerebrospinal fluid showed positive results for an oligoclonal 
band. After three courses of steroid pulse therapy, predniso-
lone administration was started at 50 mg/day and tapered to 
10 mg/day within about 5 months. Together with improve-
ments in both limb muscle strength and sensory disturbance, 
this patient improved from requiring a wheelchair for mobil-
ity to being able to walk with a cane. However, symptoms 
did not change afterwards and no further improvements were 
observed. She experienced steroid side effects, so satrali-
zumab was introduced 22 months after initial onset. At the 
time of satralizumab introduction, anti-AQP-4 antibody titer 
(ELISA) was 5.5 U/ml. Eight weeks after the introduction 
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of satralizumab, the prednisolone dose was tapered from 
10 mg/day at a pace of 1 mg/week, and prednisolone was 
able to be tapered and discontinued over 40 weeks. At the 
time satralizumab was introduced, the patient was able to 
walk 100 m with a cane (Expanded Disability Status Scale 
[EDSS], 6.0; pyramidal FS 3, cerebellar FS 3.0, sensory 
4.0, bladder FS 3.0), and symptoms remained stable for 
more than 6 months. After the start of satralizumab, grad-
ual improvements were seen in leg spastic paralysis and the 
extent and severity of sensory abnormalities. In the end, 
the patient improved to being able to walk for 1 km with-
out a cane (EDSS 3.5; pyramidal FS 2.0, cerebellar FS 2.0, 
sensory 2.0, bladder FS 3.0). No relapse has been seen for 
more than 2 years since starting satralizumab (Fig. 1B, C). 
The most recent EDSS score, in December 2022, was 3.5 
(pyramidal FS 2.0, cerebellar FS 2.0, sensory 2.0, bladder 
FS 3.0), and anti-AQP-4 antibody titer (ELISA) was 5.7 U/
ml.

Patient 2 was a 63-year-old woman. Initial onset in this 
woman took the form of nausea and vomiting in 2017, and a 
relapse with decreased right visual acuity in 2020. Onset of 
NMOSD occurred with a long, large spinal lesion from C1 
to Th1. Anti-AQP-4 antibody titer (ELISA) was 9.3 U/ml, 
and cerebrospinal fluid showed a positive result for an oligo-
clonal band. Two courses of steroid pulse therapy had little 
effect, and plasma exchange (total 4 times) was conducted. 
Loss of muscle strength from transverse spinal symptoms, 
sensory disturbance, and spastic paralysis were alleviated, 
and gait disorder improved from requiring a wheelchair for 
mobility to walking with a cane. She was transferred to a 
rehabilitation hospital, and ultimately daily living activities 
without a cane were again possible and she was able to return 
to work. She experienced a relapse with right optic neuritis 
2 years after initial onset. At the time of relapse, anti-AQP-4 
antibody titer (ELISA) was 3.5 U/ml. One course of steroid 
pulse therapy had little effect, and plasma exchange (total 

2 times) was performed. With treatment, vision improved 
from being able to see hand motions to a corrected vision of 
0.8 with mild central scotoma remaining. Daily predniso-
lone administration at 30 mg was subsequently continued for 
about 8 months. Steroid side effects were seen, so the deci-
sion was made to administer satralizumab about 9 months 
after the relapse of optic neuritis. Eight weeks after starting 
satralizumab, prednisolone was tapered at a pace of 1 mg/
week, and prednisolone was discontinued after 100 weeks. 
Three months after the discontinuation of steroids, anti-
AQP-antibody titer (ELISA) rose to 12.4 U/ml. This result 
was a shock to the patient, and prednisolone was restarted at 
1 mg/day on her insistence, but was ultimately discontinued. 
No relapse of NMOSD has been seen in this patient for more 
than 2 years since starting satralizumab. The most recent 
EDSS score, in December 2022, was 2.5 (pyramidal FS 2.0, 
sensory 2.0, visual FS 1.0), and anti-AQP-4 antibody titer 
(ELISA) was 5.4 U/ml.

Patient 3 was a 65-year-old woman with left optic neuritis. 
Initial onset in this patient involved a decrease in left visual 
acuity in 2021. At the time of onset, anti-AQP-4 antibody 
titer (ELISA) was > 40.0 U/ml. Cerebrospinal fluid was oli-
goclonal band-negative. Two courses of steroid pulse therapy 
had little effect, and plasma exchange (total 3 times) was 
performed. With treatment, vision improved from being able 
to see hand motions to a corrected vision of 0.8 with mild 
central scotoma remaining. Satralizumab was introduced 
9 months after initial symptom onset. Prednisolone was 
tapered from 10 mg/day at a pace of 1 mg/week, to 3 mg/day 
over 28 weeks. In this patient as well, no relapse was seen for 
7 months after starting satralizumab. The most recent EDSS 
score, in December 2022, was 1.0 (visual FS 1.0), and anti-
AQP-4 antibody titer (ELISA) was > 40.0 U/ml.

All three patients were anti-AQP-4 antibody-positive on 
ELISA. Patient 1 also showed positive results with a cell-
based assay (CBA). All three patients were diagnosed with 

Fig. 1   Results from MRI. A 
MRI at onset. A long, large 
lesion from the medulla 
oblongata to C5 and swelling 
of the spinal cord are seen. 
TR = 3449 ms; TE = 100 ms. 
B MRI just before starting 
satralizumab. Shrinkage of the 
lesion from the time of onset 
is evident. TR = 3729 ms; 
TE = 120 ms. C MRI 2 years 
after starting satralizumab. The 
lesion has shrunk from before 
the start of satralizumab, and 
the lesion is difficult to identify. 
TR = 3729 ms; TE = 120 ms
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anti-AQP-4 antibody-positive NMOSD based on interna-
tional diagnostic criteria [5]. In terms of steroid pulse ther-
apy, one course was taken to be methylprednisolone at 1 g/
day for 3 consecutive days. Blood purification therapy was 
simple plasma exchange. Satralizumab was introduced at a 
dose of 120 mg/day, administered by intravenous injection 
the first time, after 2 weeks, after 4 weeks, after 8 weeks, 
and at 4-week intervals thereafter. In all three patients, 
prednisolone was tapered at a pace of 1 mg/4 weeks from 
8 weeks after starting satralizumab. In patients 1 and 2, 
steroid side effects including central obesity, hyperlipi-
demia, and diabetes were seen. In all three patients, assess-
ment of relapse after the start of satralizumab has been 
conducted based on clinical symptoms and MRI until now. 
None of the three patients have experienced serious side 
effects, such as infection, while they were using satrali-
zumab, and no problems with COVID-19 vaccination were 
seen after starting satralizumab.

In these cases, we were able to taper prednisolone after 
the start of satralizumab, an interleukin-6 receptor inhibi-
tor, adopting an effective schedule for starting and tapering 
steroid dose. The level of soluble interleukin-6 receptors in 
serum is an important indicator of the effective expression 
of satralizumab on the immune system, but is known to 
plateau at around 8 weeks after starting satralizumab [2]. 
Therefore, the effect of satralizumab on NMOSD pathol-
ogy may be expected to become constant from 8 weeks 
after the start of satralizumab. Based on this, we set the 
timing for the start of prednisolone tapering as 8 weeks 
after starting satralizumab.

Considering the patient burden in coming to the 
hospital, satralizumab tapering was conducted during 
outpatient visits for subcutaneous injection of satrali-
zumab at 4-week intervals. The pace of prednisolone 
tapering was thus 1 mg/4 weeks. In a past article, the 
reduction rate for prednisolone tapering was reported as 
0.24 mg/30 days, or 0.008 mg/day [4]. For the patients 
in this study, the speed of tapering was about 4.5 times 
faster, at 1 mg/4 weeks or 0.036 mg/day. We should note 
here that no exacerbation of NMOSD was seen even with 
this rapid pace of tapering.

With NMOSD, relapse within 1 year of initial onset 
or relapse is termed “clustered attacks”, and relapses 
are common. Patients 1 and 2 received satralizumab in 
this cluster period. Neither of these patients experienced 
relapses, so administration of satralizumab is thought 
to have contributed to the prevention of relapse. When 
tapering prednisolone, a fast pace may present a risk of 
relapse, but the present results indicate that the timing for 
the start of tapering may be more important than the pace. 
In a multicenter, double-blinded trial of satralizumab 
among NMOSD patients, a significant effect in prevent-
ing relapse was seen with the introduction of satralizumab 

alone [3]. Prednisolone had been decreased and discon-
tinued in patients prior to this trial, and in an anti-AQP-4 
antibody-positive group, relapse rates of 17% after 1 year 
and 23% after 2 years were seen. While tapering pred-
nisolone before starting satralizumab reduced the risk 
of relapse compared with placebo, but further decreases 
might have been achievable using our tapering protocol. 
Although an effect in preventing NMOSD relapse was 
shown during this satralizumab cluster period, more cases 
need to be studied in the future.

Due to problems associated with treatment under 
the healthcare insurance system, treating NMOSD 
with disease-modifying drugs such as Imuran or other 
immunosuppressants and satralizumab was initially 
difficult. Evidence for the use of prednisolone was 
obtained from reports that found an inhibition in recur-
rence with long-term use. With regard to the amount 
of prednisolone used for one year from initial onset or 
relapse, recurrence was seen to be inhibited with doses 
of 10–15 mg/day or more, whereas relapse was common 
with doses ≤ 10 mg/day [1]. Based on this, long-term 
steroid therapy was conducted in our patients with the 
purpose of inhibiting recurrence.

Treatment with satralizumab later became possible in 
our hospital with approval for the use of this drug under 
health insurance. As a result, satralizumab was introduced 
in three cases. Treatment with eculizumab also became 
possible, but the schedule requiring outpatient infusion 
once every two weeks was difficult for all three patients, 
and this agent was therefore not used. The advantages of 
satralizumab from the perspective of the patient are that the 
drug is administered by subcutaneous injection once every 
4 weeks, self-injection is possible, and administration is 
relatively easy to start on an outpatient basis rather than as 
an inpatient. In all three of these cases, satralizumab was 
started after being authorized for insurance coverage and 
approved for use in our hospital. Fortunately, no relapses 
were encountered during the use of prednisolone in any of 
our three patients, and oral steroids themselves were effec-
tive in preventing relapses.

In our 3 patients, prednisolone was ultimately reduced 
to ≤ 3 mg/day after starting administration of satralizumab, 
and continued with no relapses of NMOSD. A large-scale 
study examined the effects of satralizumab monotherapy 
without steroid administration on the prevention of NMOSD 
relapse [3]. In that report, satralizumab monotherapy was 
shown to be effective. On that basis, we attempted a rapid 
tapering of prednisolone in the present patients, and all 
three have continued without relapse. These results are also 
thought to support the effectiveness of satralizumab mono-
therapy. This rapid decrease to a dose with few steroid side 
effects or other effects suggests that the tapering method 
described here is effective.
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