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Abstract
Objective The patterns of relapse and relapse-prevention strategies for anti-myelin oligodendrocyte glycoprotein antibody-
associated disease (MOGAD) are not completely investigated. We compared the patterns of relapse in later stages of MOGAD 
with those of anti-aquaporin-4 antibody (AQP4-Ab)-positive neuromyelitis optica spectrum disorder (NMOSD).
Methods In this observational, comparative cohort study, 66 patients with MOGAD and 90 with AQP4-Ab-positive NMOSD 
were enrolled. We compared the patterns of relapse and annualized relapse rates (ARRs) in the first 10 years from disease 
onset, stratified by relapse-prevention treatments.
Results Approximately 50% of the patients with MOGAD experienced relapses in the first 10 years. Among those not under-
going relapse-prevention treatments, ARRs in the first 5 years were slightly lower in MOGAD patients than in AQP4-Ab-
positive NMOSD patients (MOGAD vs. AQP4-Ab NMOSD: 0.19 vs. 0.30; p = 0.0753). After 5 years, the ARR decreased in 
MOGAD patients (MOGAD vs. AQP4-Ab NMOSD: 0.05 vs. 0.34; p = 0.0001), with a 72% reduction from the first 5 years 
(p = 0.0090). Eight (61.5%) of the 13 MOGAD patients with more than 10-year follow-up from disease onset showed relapse 
10 years after onset. Clustering in the timing and phenotype of attacks was observed in both disease patients. The effective-
ness of long-term low-dose oral PSL for relapse prevention in patients with MOGAD has not been determined.
Conclusions The relapse risk in patients with MOGAD is generally lower than that in patients with AQP4-Ab-positive 
NMOSD, especially 5 years after onset. Meanwhile, relapses later than 10 years from onset are not rare in both diseases.

Keywords Anti-myelin oligodendrocyte glycoprotein (MOG) antibody · MOG-antibody-associated disease (MOGAD) · 
Neuromyelitis optica spectrum disorder (NMOSD) · Relapse-free survival · Relapse prevention

Abbreviations
AQP4-Ab  Anti-aquaporin-4 antibody
ARR   Annualized relapse rate
HR  Hazard ratio

IVMP  High-dose intravenous methylprednisolone
MOGAD  Anti-myelin oligodendrocyte glycoprotein 

antibody-associated disease
MOG-Ab  Anti-myelin oligodendrocyte glycoprotein 

antibody
MS  Multiple sclerosis
NMOSD  Neuromyelitis optica spectrum disorder
ON  Optic neuritis

Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is a neu-
rological condition, different from multiple sclerosis (MS), 
characterized by recurrent clinical episodes of demyelinating 
lesions in the central nervous system (CNS). The prevalence 
of NMOSD is estimated to be 0.5–10 people per 100,000 in 
the general population and is reportedly high among Asians 
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than among Caucasians or African-Americans [1]. Typical 
clinical manifestations include optic neuritis (ON), trans-
verse acute myelitis, area postrema syndrome, and cerebral 
lesions [2–4]. Until now, two disease-specific antibodies 
have been identified in patients with CNS lesions: anti-aqua-
porin-4 antibody (AQP4-Ab) and anti-myelin oligodendro-
cyte glycoprotein antibody (MOG-Ab) [5, 6]. In recent years, 
a disease concept known as MOG-Ab-associated disease 
(MOGAD) has emerged [7, 8]. The possible differences of 
MOGAD from AQP4-Ab-positive NMOSD in terms of the 
pathological mechanisms, outcomes, and therapeutic strate-
gies have been gradually elucidated [9–11]. Emerging data 
have implied that these two diseases may be independent of 
each other, with different glial cell targets (oligodendrocytes 
for MOGAD and astrocytes for AQP4-Ab-positive NMOSD) 
and different rates of intrathecal synthesis of antibodies in 
the cerebrospinal fluid (CSF) [12, 13].

Generally, irreversible neurological sequelae after attacks 
are more severe in patients with AQP4-Ab-positive NMOSD 
than in patients with MOGAD [14, 15], although a small 
fraction of patients with MOGAD may also suffer from 
severe neurological sequelae [16]. In contrast to the progres-
sion of neurological disability in MS, neurological disabil-
ity in AQP4-Ab-positive NMOSD and MOGAD is almost 
exclusively accrued to a sequel of attacks. Furthermore, a 
gradual and relapse-independent progression of disability is 
not typically observed in AQP4-Ab-positive NMOSD and 
MOGAD [17, 18]. Thus, prevention of relapse is essential 
in these diseases. Currently, the standard therapeutic strate-
gies in the acute phase of AQP4-Ab-positive NMOSD and 
MOGAD are the administration of high-dose intravenous 
methylprednisolone pulse (IVMP) therapy [18–20]. After 
the acute phase, an indefinite period of relapse prevention 
with immunomodulatory medications, such as azathioprine, 
rituximab, eculizumab, mycophenolate mofetil, or predniso-
lone (PSL), is recommended for AQP4-Ab-positive NMOSD 
[21–25]. Meanwhile, the optimal relapse-prevention strat-
egy in MOGAD has not been established yet. In this study, 
we compared the relapse pattern in MOGAD with that in 
AQP4-Ab-positive NMOSD and further evaluated a desir-
able relapse-prevention strategy for MOGAD.

Methods

Study design and participants

To evaluate the time-dependent relapse rates in MOGAD, 
we enrolled patients who had been tested for serum positiv-
ity for autoantibodies and treated at two university hospitals 
in Japan (Tohoku University and Tohoku Medical and Phar-
maceutical University) between 2005 and 2020. To com-
pare the time-dependency and level of relapse occurrence, 

AQP4-Ab-positive NMOSD patients, who were diagnosed 
and treated at these facilities, were also enrolled. Their 
medical records, clinical course data, relapse timings, labo-
ratory test data, and imaging test data were retrospectively 
reviewed in September 2021. The relapse patterns in these 
enrolled patients were then compared between the diseases, 
after being stratified according to the maintenance therapy 
for relapse prevention from disease onset. The occurrence 
of relapse was defined as the development of a new neuro-
logical symptom or the worsening of an old symptom that 
lasted at least 24 h and occurred more than 30 days after 
the previous attack [26], which could be explained based 
on the observation of a newly appeared magnetic resonance 
imaging lesion. Furthermore, the clustering of the timing 
and phenotype of attacks in AQP4-Ab-positive NMOSD has 
been reported earlier [27], which may significantly influ-
ence the relapse patterns in the disease. However, the pres-
ence of the clustering of attacks in MOGAD has not been 
determined yet. Thus, we also evaluated the clustering of the 
timing and phenotype of attacks in MOGAD.

Information about the positivity of disease-specific anti-
bodies (MOG-Ab/AQP4-Ab) in the serum and CSF, age at 
disease onset, age at antibody titration, sex, clinical phe-
notype of the onset episode (ON/acute myelitis), details of 
treatments for relapse prevention, and the timing of all the 
relapses by July 2021 were collected. MOG-Ab/AQP4-Ab 
positivity in the serum and CSF was confirmed using the 
microscopic live cell-based assay method [28, 29]. Human 
M23-AQP4 or human MOG expressing HEK293 cells were 
incubated with diluted serum samples of the patients. A sec-
ondary antibody specific for immunoglobulin G (IgG)-Fc 
fragment was used. Serum samples were screened at dilu-
tions of 1:16 for AQP4-Ab and 1:128 for MOG-Ab. CSF 
samples were screened without diluting the samples in either 
of the antibodies. The treated cells were then stained with 
an Alexa Fluor 488-conjugated anti-human IgG Fc fragment 
secondary antibody (Thermo Fisher Scientific, Waltham, 
MA, USA). The titrations were evaluated visually semi-
quantitatively using consecutive twofold end-point dilutions.

Statistical analysis

Distributions of the quantitative data were described using 
median and interquartile range (that is, 25–75 percentiles). 
Categorical data were described using numbers and preva-
lence (%) for each disease group. Crude annualized relapse 
rates (ARRs) were calculated by dividing the total number 
of relapses (excluding the first attack) by the total number of 
person-years during the study period. Comparisons of ARRs 
between diseases or between time periods were performed to 
calculate the probability value using F-tables by assuming 
a Poisson process for the relapse [30]. For this, we assumed 
that the number of relapses in each group independently 
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followed the Poisson distribution. When comparing the ARR 
values between the two groups, the crude rate ratio was cal-
culated with its 95% confidence interval (CI). When the 
relapse process in the two diseases did not follow the Pois-
son process (for example, the relapse occurrence rate was 
not consistent during the follow-up period), further analyses, 
such as relapse-free survival analyses with Kaplan–Meier 
curve analysis and log-rank test, were performed to compare 
the time-dependent relapse between the two diseases [31]. 
The observations for survival were intended to be censored 
at the time patients commenced relapse prevention before 
a relapse, but no patient filled the requirements. The Cox 
proportional hazard regression model was applied to esti-
mate the hazard ratio (HR) by comparing the duration of 
relapse-free survival between the two disease groups. Sta-
tistical significance was set at p < 0.05. Statistical analyses 
were performed using R Statistical Software (version 4.0.5; 
R Foundation for Statistical Computing, Vienna, Austria).

Results

Demographic and clinical characteristics

A total of 66 consecutive patients with MOGAD (64 with 
serum MOG-Ab and two with CSF-restricted MOG-Ab) 
and 90 patients with serum AQP4-Ab-positive NMOSD 
were enrolled in this study. None of the patients had 

CSF-restricted AQP4-Ab. Details of the length of follow-
up periods for the patients are shown in Fig. 1. Of the 66 
patients with MOGAD, 62 were tested for serum and CSF 
MOG-Ab titers using samples acquired at the clinical onset, 
whereas the remaining four patients were tested using sam-
ples acquired at relapse. Furthermore, of the 90 patients 
with AQP4-Ab-positive NMOSD, 67 patients were tested 
for serum AQP4-Ab at onset, whereas the remaining 23 
patients were tested with samples acquired at relapse. To 
prevent relapse, 8 (12.1%) of the 66 patients with MOGAD 
were treated with long-term oral PSL using 5–20 mg daily 
dose (n = 6), disease-modifying drugs (DMD) (n = 1), or a 
combination of both (n = 1) at disease onset, whereas 44 
(48.9%) of the 90 patients with AQP4-Ab-positive NMOSD 
were treated with long-term oral PSL at the onset. In the 
remaining patients (58 with MOGAD and 46 with AQP4-
Ab) who were not treated with long-term relapse prevention 
at the onset of disease, five patients with MOGAD and all 46 
patients with AQP4-Ab-positive NMOSD were later treated 
with long-term oral PSL after the occurrence of relapse. 
The demographic and clinical features of the participants 
are summarized in the upper half of Table 1. The clinical 
severity, represented by the Expanded Disability Status 
Scale scores at the last follow-up, was significantly worse 
in AQP4-Ab-positive NMOSD patients than in MOGAD 
patients, regardless of relapse prevention. The ARR was 
also higher in AQP4-Ab-positive NMOSD patients than in 
MOGAD patients.

Fig. 1  Study design flowchart. Patients with MOGAD and AQP4-Ab-
positive NMOSD were enrolled in this study. Patients were divided 
into four groups based on the type of autoantibody and administra-
tion of long-term relapse prevention from onset. Relapse-free survival 
analyses were performed between the four groups for patients with 

different follow-up durations. AQP4-Ab anti-aquaporin-4 antibody, 
MOGAD anti-myelin oligodendrocyte glycoprotein antibody-associ-
ated disease, NMOSD neuromyelitis optica spectrum disorder, PSL 
prednisolone
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ARR during periods without relapse prevention

The time course of occurrence of relapse in the first 
10 years from onset is shown for the two diseases in the 
lower half of Table 1. During the period from onset without 
relapse prevention, the crude ARR was lower in MOGAD 
patients than in AQP4-Ab-positive NMOSD patients (0.11 
vs. 0.30, p < 0.0001). The ARRs in the first 2 years from 
onset were not different between the two disease patients 
(0.23 in MOGAD vs. 0.26 in AQP4-Ab-positive NMOSD; 
p = 0.7255), with a crude rate ratio of 0.88 (95% CI 
0.46–1.74). The ARRs in the first 5 years were only slightly 
lower in MOGAD patients than in AQP4-Ab-positive 
NMOSD patients (0.19 vs. 0.30, p = 0.0753), with a crude 
rate ratio of 0.64 (95% CI 0.38–1.05).

Next, to confirm the time-dependent ARR decrease in 
MOGAD patients, the ARRs in earlier and later disease 
stages during the periods without relapse prevention were 
compared for each disease. In AQP4-Ab-positive NMOSD 
patients, the ARR in 60–119 months did not differ from 

that in 0–59 months (0.34 vs. 0.30; p = 0.6745), with a rate 
ratio of 1.13 (95% CI 0.65–1.90). In contrast, the ARR in 
MOGAD patients significantly decreased in 60–119 months 
from that in 0–59 months (0.05 vs. 0.19, p = 0.0090), with a 
crude rate ratio of 0.28 (95% CI 0.06–0.74).

Relapse‑free survival for 10 years from onset

Kaplan–Meier curves for the relapse-free survival analysis 
of patients with MOGAD and AQP4-Ab-positive NMOSD, 
who were not treated for long-term relapse prevention, are 
shown in Fig. 2. The Kaplan–Meier curve for patients with 
AQP4-Ab-positive NMOSD, who were treated for long-term 
relapse prevention from the onset, is also shown. No curve 
was depicted for patients with MOGAD who were treated for 
long-term relapse prevention from the onset, as the sample 
size was small (less than ten patients). The relapse activ-
ity from onset was significantly higher in untreated AQP4-
Ab-positive NMOSD patients than in untreated MOGAD 
patients (p < 0.0001, log-rank test), with an estimated 

Table 1  Demographics and clinical features of the participants

Data regarding relapse occurrence in the groups without relapse-prevention treatment after onset are for the period free of any relapse treatments
AQP4-Ab anti-aquaporin-4 autoantibody, EDSS Expanded Disability Status Scale, IVMP intravenous methylprednisolone pulse therapy, 
MOGAD anti-myelin oligodendrocyte glycoprotein antibody-associated disease, NMOSD neuromyelitis optica spectrum disorder, PSL predniso-
lone
*Median and interquartile range (that is, 25–75 percentiles)
a Follow-up period without long-term oral PSL for relapse prevention

MOGAD AQP4-Ab NMOSD

With relapse preven-
tion from onset

No relapse prevention With relapse preven-
tion from onset

No relapse prevention

n 8 58 44 46
Male:female (n) 3:5 25:33 4:40 0:46
Onset age (years)* 40 (32–50) 34 (20–48) 51 (38–58) 38 (33–47)
Follow-up period (years)* 3.0 (2.5–4.0) 5.0 (3.0–10.0)a 10.0 (8.0–14.0) 4.0 (1.0–11.0)a

ON at onset (n [%]) 4/8 (50.0%) 37/58 (63.8%) 20/44 (45.5%) 19/46 (41.3%)
EDSS at the last follow-up* 0.0 (0.0–0.0) 0.0 (0.0–0.0) 4.0 (3.0–6.0) 5.0 (3.5–6.5)
Negative conversion of serum MOG-Ab 

within 24 months, n (%)
4/7 (57.1%) 5/11 (45.5%) – –

Acute myelitis at onset (n [%]) 4/8 (50.0%) 8/58 (13.8%) 24/44 (54.5%) 20/46 (43.5%)
IVMP therapy at onset (n [%]) 7/8 (87.5%) 43/58 (74.1%) 41/44 (93.2%) 20/46 (43.5%)
Annualized relapse rate 0.084 0.109 0.211 0.304
Number of patients having relapses in earlier disease stages, n (%)
 In first 2 years (months 0–23) 1/6 (16.7%) 13/46 (28.3%) 13/43 (30.2%) 27/45 (60.0%)
 In first 4 years (months 0–47) 2/3 (66.7%) 19/38 (50.0%) 18/40 (45.0%) 38/45 (84.4%)
 In first 5 years (months 0–59) 0/1 (0.0%) 17/30 (56.7%) 17/38 (44.7%) 17/22 (77.3%)
 In first 10 years (months 0–119) 0/0 7/13 (53.8%) 14/25 (56.0%) 12/16 (75.0%)

Number of patients having relapses in later disease stages, n (%)
 In second 2 years (months 24–47) 2/3 (66.7%) 9/38 (23.7%) 14/40 (35.0%) 16/26 (61.5%)
 In second 4 years (months 48–95) 0/0 3/17 (17.6%) 12/35 (34.3%) 13/19 (68.4%)
 In second 5 years (months 60–119) 0/0 2/13 (15.4%) 7/25 (28.0%) 10/16 (62.5%)
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unadjusted HR of 0.35 (95% CI 0.21–0.57), obtained by 
applying the Cox proportional hazard regression model. 
Consequently, untreated patients with MOGAD had a 
higher chance of remaining relapse-free compared to those 
with AQP4-Ab-positive NMOSD. Furthermore, a signifi-
cant effect of relapse prevention with long-term oral PSL 
was observed in patients with AQP4-Ab-positive NMOSD 
(unadjusted HR, 0.30; 95% CI 0.18–0.52; p < 0.0001).

Relapse‑free survival in the earlier and later disease 
stages

To determine the presence of time-dependent changes in the 
relapse activity of the two diseases, relapse-free survival 
analyses were performed after dividing the follow-up period 
into early and later disease stages with different cut-off time 
points. Patients not undergoing long-term relapse-prevention 
treatments during the periods of interest were included in the 
analysis. The Kaplan–Meier curves for relapse-free survival 
in the first 2 years from onset and in the following 2 years 
are shown in Fig. 3a and b. It was observed that in both 
the diseases, the relapse activity did not differ between the 

earlier and later disease stages. The Kaplan–Meier curves for 
relapse-free survival in the first 4 years from onset and in the 
following 4 years are depicted in Fig. 3c and d. The relapse 
activity in later disease stages decreased in MOGAD patients 
but not in AQP4-Ab-positive NMOSD patients. By apply-
ing a Cox proportional hazard model, the HR for relapse 
occurrence after 4 years from onset in MOGAD patients, 
as compared to that in the first 4 years, was estimated to be 
0.21 (95% CI 0.06–0.77).

Relapses after 10 years from disease onset

Thirteen MOGAD patients not undergoing relapse-preven-
tion treatments were followed up for more than 10 years 
from the first neurological episode without any relapse-
prevention treatments, with a total of 141 years of follow-
up 10 years after the onset. Among them, eight patients 
(61.5%) had a total of nine relapses 10 years after the first 
neurological episode, with the time period of relapse ranging 
between 10 and 46 years from the onset. In AQP4-Ab-posi-
tive NMOSD, 12 patients not undergoing relapse-prevention 
treatments were followed up for more than 10 years from the 

Fig. 2  Relapse-free survival analysis by disease groups. Kaplan–
Meier curves for the relapse-free survival period and the results of 
the log-rank test in patients with MOGAD and AQP4-Ab-positive 
NMOSD are shown. In patients who did not receive relapse-preven-
tion treatments, the relapse activity was higher in AQP4-Ab-positive 

NMOSD than in MOGAD, and patients with MOGAD had a higher 
chance of remaining relapse-free. The numbers in the table below the 
Kaplan–Meier curves represent the numbers of patients who were fol-
lowed up and the numbers censored at each time point in each of the 
disease groups
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first episode without any relapse-prevention treatments, with 
a total of 77.3 follow-up years. Among them, eight patients 
(66.7%) had a total of 15 relapses 10 years after the first 
neurological episode, with the time period of relapse rang-
ing from 10 to 17 years from onset. The calculated crude 
rate ratio after 10 years between MOGAD and AQP4-Ab-
positive NMOSD patients was 0.33 (95% CI 0.13–0.73), 
which was significantly different between the two diseases 
(p = 0.0069). These results suggest that in both MOGAD 

and AQP4-Ab-positive NMOSD patients not undergoing 
relapse-prevention treatments, relapses are not rare 10 years 
after disease onset, although relapse activity was observed 
to be lower in MOGAD.

Clustering in the timing of attacks and phenotypes

To visually evaluate the existence of clustering of the timing 
of attacks and phenotypes, the clinical course of 33 MOGAD 

Fig. 3  Relapse-free survival analysis based on the time from onset. 
Kaplan–Meier curves for relapse-free survival in the first 2 years and 
in the following 2 years are depicted for MOGAD (a) and AQP4-Ab-
positive NMOSD patients (b). Relapse-free survival time did not dif-
fer between the first 2  years and the next 2 years for both diseases. 
Next, Kaplan–Meier curves for the first 4  years and the following 
4 years are depicted for MOGAD (c) and AQP4-Ab-positive NMOSD 

patients (d). Relapse activity decreased in the later stages after 
4 years from disease onset in MOGAD patients, whereas such time-
dependent decrease in relapse activity was not observed in AQP4-
Ab-positive NMOSD patients. AQP4-Ab anti-aquaporin-4 antibody, 
NMOSD neuromyelitis optica spectrum disorder, MOGAD anti-mye-
lin oligodendrocyte glycoprotein antibody-associated disease
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patients with a follow-up of 5 or more years is depicted in 
Fig. 4a. In some patients, clustering of the timing of the 
attacks was apparent, especially in the first 2–3 years from 
disease onset. Such clustering of attacks in MOGAD could 
have resulted in the aforementioned difference in relapse 
frequency in the earlier and later stages of the disease. To 
compare clustering of attacks between the two diseases, the 
clinical course of the 35 patients with AQP4-Ab NMOSD 
with a follow-up of 5 or more years is depicted in Fig. 4b, 
along with detailed information about the attack. Clustering 
of attacks was also apparent in AQP4-Ab NMOSD patients, 
which was more pronounced than that in MOGAD patients.

Furthermore, the phenotypic clustering of attacks in 
MOGAD was evaluated. Based on the findings in Fig. 4a, 
tandem attacks were likely to exhibit the same attack 
phenotypes. To statistically evaluate the impact of attack 
intervals on phenotypic clustering, the patterns of similar-
ity in tandem attack phenotypes were evaluated according 
to the attack intervals. Of the 66 patients with MOGAD, 
there were 54 tandem attacks in 29 patients. Among the 54 
tandem attacks, 39 patients (72.2%, 95% CI 59.1–82.4%) 
had the same attack phenotypes. Among 48 tandem attacks 
with intervals of < 5 years, 36 patients (75.0%, 95% CI 
61.2–85.1%) had the same attack phenotypes. Furthermore, 
among 33 tandem attacks with an interval of < 2 years, 26 
patients (78.8%, 95% CI 62.3–89.3%) had the same attack 
phenotypes.

Long‑term low‑dose oral PSL for suppressing 
relapses in MOGAD

Finally, the effectiveness of long-term low-dose oral PSL 
maintenance therapy with ≥ 5 mg daily dose to suppress 
the occurrence of relapse in MOGAD patients was evalu-
ated. The Kaplan–Meier curves for relapse-free survival 
after the first relapse in MOGAD patients with at least one 
relapse, divided by the relapse-prevention treatments admin-
istered after the first relapse (nine with long-term PSL, two 
with interferon-β, and 14 with no relapse prevention), are 
depicted in Fig. 5. The results failed to confirm the effective-
ness of long-term low-dose oral PSL in suppressing relapse 
in MOGAD patients.

To further investigate the impact of long-term relapse 
prevention with low-dose (that is, 5–10 mg/day) oral PSL 
or DMDs on relapse activity in MOGAD patients, the ARR 
data after the first relapse (that is, second clinical episode) 
were aggregated and compared between the periods with 
relapse prevention and periods without relapse prevention. 
The ARR during the periods with relapse prevention after 
the first relapse was 0.131 (10 relapses in 76.1 follow-up 
years from 19 patients) and the ARR during the periods 
with no relapse prevention was 0.127 (15 relapses in 118.4 
follow-up years from 16 patients). The calculated crude rate 

ratio between the periods with relapse prevention and peri-
ods without relapse prevention was 1.03 (95% CI 0.44–2.26), 
which was not significant.

Discussion

In this study, the time-dependent relapse occurrence was 
evaluated and compared between patients with MOGAD 
and AQP4-Ab-positive NMOSD. Based on the results of 
the relapse-free survival analyses, the two diseases showed 
different patterns in the accumulated rates of relapse occur-
rence in a time-dependent manner, irrespective of the clini-
cal phenotype of the onset episode. Relapse occurrence 
risk was lower in MOGAD patients than in AQP4-Ab-
positive NMOSD patients, especially in the later disease 
stages, 5 years after the first clinical episode. The decrease 
in relapse activity 5 years after onset was not confirmed in 
AQP4-Ab-positive NMOSD patients who were not given 
long-term relapse-prevention treatment. Our finding sug-
gests that different approaches are applicable for long-term 
relapse prevention in MOGAD and AQP4-Ab-positive 
NMOSD patients. As suggested by previous studies [32–34], 
it is acceptable to indefinitely continue relapse-prevention 
treatment in all patients with AQP4-Ab-positive NMOSD 
from the disease onset. In MOGAD, the initiation of long-
term relapse prevention after the first clinical episode may 
be spared unless the irreversible neurological sequelae after 
the first attack were severe, as the expected relapse activity 
and the levels of irreversible clinical sequelae in MOGAD 
patients are generally lower than those in AQP4-Ab-positive 
NMOSD patients. Currently, there is no evidence whether 
a short-term (that is, 6–12 months) post-pulse oral corti-
costeroids in all MOGAD patients are needed. Judged from 
the generally good response of MOGAD patients to IVMP 
therapy as acute treatment, it can be estimated that steroids 
would efficiently influence the process of the development 
of CNS lesions in MOGAD. Thus, a short-term post-pulse 
oral corticosteroid therapy as current practice seems to be 
potentially beneficial and should be or may be considered 
after the first episode. In any cases, long-term relapse pre-
vention should be considered after the first relapse (i.e., the 
second clinical episode). The long-term relapse-prevention 
strategy (e.g., oral PSL daily dose, duration of treatment, and 
combination therapy with other steroid-sparing agents or 
DMDs) in MOGAD patients should be carefully judged on 
a patient-by-patient basis, based on the achievement status of 
MOG-Ab negative seroconversion, the preceding relapse fre-
quency, and the level of neurological sequelae in the course 
of the disease of the patient.

This study demonstrated that relapse activity may 
decrease in MOGAD patients after 5 years from the onset. 
Considering this point, a relapse-free period of 5 years 
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without relapse prevention might be a conceivable time 
point to temporarily cease the regular follow-up. Meanwhile, 
this study also showed that more than half of the patients 
who were not administered relapse-prevention treatment 

eventually experienced relapses 10 years from the onset. 
Thus, even after the aforementioned desirable follow-up 
period, the patients with MOGAD should be informed by 
physicians about their expected subsequent clinical course 
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with possible relapses long after the last attack, and should 
be advised to consult physicians immediately when they 
notice emerging neurological symptoms suggestive of 
relapses.

Although the relapse activity and neurological seque-
lae in MOGAD patients are generally better than those in 
AQP4-Ab-positive NMOSD patients, some patients with 
MOGAD may experience severe irreversible neurological 
sequelae (for example, visual loss after ON or paraparesis 
after myelitis) after clinical attacks, regardless of appropri-
ate administration of the acute treatment. Future research is 
needed to determine whether these rare cases of MOGAD 
with frequent relapses and irreversible severe neurological 
sequelae, as compared to MOGAD cases with mild manifes-
tations, should be aggressively treated by longer and more 
effective relapse-prevention treatments.

There were patients with MOGAD who had their clini-
cal onset in childhood and had relapses more than 30 years 
after the last attack, when the serum MOG-Ab positivity 
was confirmed. In these patients, a problem remains about 
whether their first clinical episode in childhood was really 
associated with MOGAD, as the serum MOG-Ab was not 
checked upon the first episode. However, judged from their 
onset ages in childhood (which are not so popular in MS or 
AQP4-Ab-positive NMOSD), good recovery in neurological 
disturbances after the first attack, types of the first clinical 
episode, and distributions of the CNS lesions of the first 
attack, it can be inferred that their first clinical episodes in 
their childhood could be related to the presence of MOG-
Ab, and might be able to be included in the series of attacks 
related to MOGAD.

Finally, this study failed to statistically determine the 
effectiveness of long-term oral PSL maintenance therapy 
with or without DMDs for relapse prevention in the total 

cohort of the MOGAD patients. However, it should be 
emphasized that this does not mean that oral PSL and 
other steroid-sparing agents are ineffective for suppressing 
relapses in MOGAD [35]. This study enrolled relatively 
small numbers of MOGAD patients, and the cohort size 
could be insufficient to statistically determine the effec-
tiveness of the treatment. Also, by evaluating the clinical 
course in each patient, there were not a few patients with 
MOGAD for whom the oral PSL maintenance therapy 
with ≥ 5 mg daily dose seemed to have effectively pre-
vented relapses. As mentioned above, oral PSL and other 
steroid-sparing agents would be potentially beneficial 
for suppressing disease activity and relapses in MOGAD 
patients, and may be actively considered as relapse preven-
tion, especially for those with relapses or severe irrevers-
ible neurological sequelae.

This study has several limitations. First, the evaluated 
cohort was exclusively comprised of patients of Asian 
ethnicity. Thus, the generalizability of the results to other 
patient cohorts with different ethnicities is uncertain. Sec-
ond, the number of patients with MOGAD who were con-
tinuously treated with long-term PSL for relapse prevention 
from onset (n = 8) or the number of patients with MOGAD 
followed up for more than 10 years (n = 13) was relatively 
small for determining the relapse activity in the later disease 
stages of MOGAD. Third, this study used anti-human IgG 
Fc-segment secondary antibodies, not anti-human IgG1-
specific secondary antibodies. This might have resulted in a 
lower specificity for the detection of MOG-Ab [36]. Finally, 
this study had some methodological weaknesses, such as its 
retrospective nature, various and variable types of the used 
relapse-prevention treatments, and the non-standardized 
follow-up periods. To draw firm conclusions with high evi-
dence levels, a prospective randomized comparative study 
may be needed in the future.

In conclusion, relapse activity in patients with MOGAD is 
generally lower than that in patients with AQP4-Ab-positive 
NMOSD. The relapse activity in MOGAD further decreased 
5 years after the first clinical episode, even without relapse 
prevention. However, for both the diseases, more than half of 
the patients without relapse prevention experienced relapses 
10 years after onset. A relapse-prevention strategy for each 
patient with MOGAD should be considered on a patient-by-
patient basis, based on achievement of MOG-Ab negative 
seroconversion, relapse activity, or clinical severity. How-
ever, long-term follow-up with careful perseverance to coun-
ter possible relapses may be needed in all patients.

Fig. 4  Patterns of attack occurrence and phenotypes. The time course 
of attack occurrence and clinical phenotypes of the 33 patients with 
MOGAD (a) and 35 patients with AQP4-Ab-positive NMOSD (b), 
who were followed up for ≥ 5 years and with complete detailed attack 
information are shown. Clustering of attacks within 2–3  years after 
the first clinical episode was observed in some of the patients with 
MOGAD, which could have partially contributed to the observed 
difference in relapse frequency between the earlier and later disease 
stages of MOGAD. In addition to the timing of attack occurrence, 
phenotypic clustering was also observed in both diseases, especially 
in tandem attacks with intervals of < 2  years. AQP4-Ab anti-aqua-
porin-4 antibody, DMDs disease-modifying drugs, MOGAD anti-
myelin oligodendrocyte glycoprotein antibody-associated disease, 
NMOSD neuromyelitis optica spectrum disorder, ON optic neuritis, 
PSL prednisolone
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