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Abstract
Background and Objectives
Disability trajectories in aquaporin-4 immunoglobulin G–seropositive neuromyelitis optica spectrum 
disorder (AQP4-IgG+ NMOSD) and myelin oligodendrocyte glycoprotein antibody–associated 
disease (MOGAD) are primarily driven by attack-related damage. Confirmed disability worsening 
(CDW) independent of attacks has been described but occurs infrequently in AQP4-IgG+ NMOSD 
and MOGAD. Confirmed disability improvement (CDI) has not been evaluated in large cohorts. 
We determined the frequency of CDI and CDW independent of attacks and identified clinical factors 
associated with these outcomes in AQP4-IgG+ NMOSD and MOGAD.

Methods
This retrospective, multicenter cohort study analyzed data from the German Neuromyelitis 
Optica Study Group (NEMOS) registry. Adult patients with AQP4-IgG+ NMOSD or 
MOGAD and longitudinal Expanded Disability Status Scale (EDSS) assessments were in-
cluded. EDSS episodes were defined as periods with ≥3 EDSS assessments without attacks, 
obtained ≥90 days after attack. CDW and CDI were defined as sustained EDSS increase or 
decrease (≥1.5 for baseline EDSS 0; ≥1.0 for EDSS 1.0–5.5; ≥0.5 for EDSS ≥6.0) confirmed 
after at least 6 months. The primary outcomes were annualized CDI and CDW rates. Risk 
factors were assessed using multivariable Anderson-Gill regression models.

Results
A total of 338 EDSS episodes of 307 patients (n: 202/105, median age at EDSS change: 56/ 
41 years, 88/49% female, both p < 0.001; AQP4-IgG+ NMOSD/MOGAD) were included. 
Adjusted annualized CDI and CDW rates did not differ between AQP4-IgG+ NMOSD (CDI: 
0.083, 95% CI 0.029–0.233; CDW: 0.025, 95% CI 0.007–0.092) and MOGAD (CDI: 0.057, 
95% CI 0.012–0.277; CDW: 0.036, 95% CI 0.002–0.513). In AQP4-IgG+ NMOSD, a lower 
number of prior attacks was associated with higher CDI rates (hazard ratio [HR] 0.89, 95% CI 
0.82–0.97). Younger age was associated with increased CDI rates in both AQP4-IgG+ 
NMOSD and MOGAD (HR 0.96, 95% CI 0.94–0.99, for both).

Discussion
CDI and CDW independent of attacks, although rare, occur in AQP4-IgG+ NMOSD and 
MOGAD. The association between fewer prior attacks and higher CDI rates in AQP4-IgG+ 
NMOSD underscores the importance of early attack prevention. Limitations include the ret-
rospective design, and the limited number of CDI and CDW events.
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Introduction
Aquaporin-4 immunoglobulin G-seropositive neuromyelitis 
optica spectrum disorder (AQP4-IgG+ NMOSD) and 
myelin-oligodendrocyte glycoprotein-associated disease 
(MOGAD) are rare but distinct immune-mediated disorders 
of the CNS characterized by attacks predominantly affecting 
the optic nerves and spinal cord. 1-5 Disability outcomes in 
AQP4-IgG+ NMOSD and MOGAD are highly variable, 
driven by the frequency, severity, and management of acute 
attacks, as well as the extent of recovery following each epi-
sode. 6,7 For individuals with AQP4-IgG+ NMOSD, the cu-
mulative effects of attacks often result in irreversible 
neurologic deficits, emphasizing the importance of early and 
effective intervention. 6,8,9 By contrast, a significant proportion 
of individuals with MOGAD may be attack-free for a long 
period of time and hence experience less severe long-term 
disability. 10

A progressive disease course in NMOSD has been considered 
to be rare. 11 However, subclinical retinal atrophy and pro-
longed neuroaxonal retinal damage could be shown for both 
AQP4-IgG+ NMOSD and MOGAD. 12,13 Recent studies have 
reported on confirmed disability worsening (CDW) and 
progression independent of relapse activity (PIRA), which 
occurred rarely in AQP4-IgG+ NMOSD and MOGAD, es-
pecially compared with multiple sclerosis (MS). 14-16 In ad-
dition to the concept of CDW/PIRA, confirmed disability 
improvement (CDI) has been identified as an outcome, es-
pecially in MS. 17,18

Using the Neuromyelitis Optica Study Group (NEMOS) 
registry, we evaluated changes in the Expanded Disability 
Status Scale (EDSS) and determined the rate of CDI and 
CDW independent of attacks in individuals with AQP4-IgG+ 
NMOSD and MOGAD. We hypothesized that (1) annualized 
rates of CDI and CDW independent of attacks differ between 
individuals with AQP4-IgG+ NMOSD and those with 
MOGAD and that (2) clinical and/or demographic variables 
are associated with the occurrence of CDI and CDW in-
dependent of attacks.

Methods
Study Population and Inclusion Criteria
This retrospective and observational study included patients 
with AQP4-IgG+ NMOSD as well as patients diagnosed with

MOGAD based on the published diagnostic criteria. 2,3,19 We 
screened EDSS scores of 646 patients. Only patients with 
AQP4-IgG+ NMOSD and MOGAD who had at least 3 
recorded EDSS scores between attacks (measured within at 
least 6 months) or after their last attack (≥90 days postattack) 
were included in the study.

Data Acquisition and Variables
EDSS scores and, if available, functional system scores (FSS) 
and ambulation index scores, as well as data on attacks (date 
and anatomic site) were reviewed from regular follow-up 
visits. Further demographic and disease-related data were 
extracted from the German Neuromyelitis Optica Study 
Group (NEMOS) registry.

Outcome Measures
The primary outcomes were the proportion of EDSS episodes 
with CDI or CDW independent of attacks and the annualized 
rates of CDI and CDW independent of attacks. We extracted 
EDSS scores from each patient that were recorded either 
between 2 clinical attacks or following the last attack 
(≥90 days postattack). All EDSS scores obtained between 2 
attacks or after the final attack were grouped into a single 
EDSS episode (Figure 1). EDSS episodes containing fewer 
than 3 EDSS scores were excluded from analysis. The first 
EDSS score within each episode was defined as the baseline 
EDSS score. CDI and CDW were defined according to pre-
viously published criteria: If the baseline EDSS score was 0, 
the cutoff for worsening (defined by a following EDSS score) 
was 1.5. If the baseline EDSS score was between 1.0 and 5.5, 
the cutoff for both improvement and worsening was 1.0. If the 
baseline EDSS score was 6.0 or higher, the cutoff (for im-
provement and worsening) was 0.5. Confirmation of im-
provement or worsening required an independent EDSS 
score determined at least 6 months after the initial EDSS 
change, which had to be equal to or exceed the first change in 
the respective direction. 14 The confirmation EDSS score was 
set as a new baseline EDSS score to allow for multiple EDSS 
episodes and for recurring events per patient. If an EDSS 
episode did not meet the criteria for either CDI or CDW, it 
was classified as without EDSS change. CDI and CDW pro-
portions were calculated as the number of patients (or EDSS 
episodes) that exhibited CDI or CDW divided by the total 
number of cases.

Statistical Analyses
Central tendencies and dispersion of continuous variables 
were expressed as median with interquartile range ([IQR],

Glossary
AAR = annualized attack rate; AQP4−IgG+NMOSD = aquaporin‐4 immunoglobulin G‐seropositive neuromyelitis optica 
spectrim disorder; CDI = confirmed disability improvement; CDW = confirmed disability worsening; EDSS = Expanded 
Disability Status Scale; FSS = functional system score; HR = hazard ratio; MOGAD = myelin-oligodendrocyte glycoprotein-
associated disease; MS = multiple sclerosis; NMOSD = neuromyelitis optica spectrum disorder; PIRA = progression 
independent of relapse activity.
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spanning from the 25th to the 75th percentile). Categorical 
variables were expressed as percentages. Differences be-
tween cohorts were tested using the Mann-Whitney U test 
for continuous variables and the χ 2 or Fisher exact test for 
categorical variables. Annualized CDI and CDW rates were 
estimated using a Poisson regression model adjusted for the 
time interval between the baseline EDSS score and the 
EDSS change. A second (adjusted) model was fitted to 
control for the number of EDSS scores within an EDSS 
episode, baseline EDSS score, and age at EDSS change or 
last EDSS score within an EDSS episode. To assess po-
tential bias through prolonged attack recovery, we esti-
mated annualized CDI and CDW rates based on EDSS 
scores that were recorded either between 2 clinical attacks 
or ≥180 days postattack (compared with ≥90 days post-
attack). Annualized attack rates (AARs) for the time be-
tween disease manifestation and EDSS change or last EDSS 
were calculated using negative binomial regression models, 
which were chosen to accommodate overdispersion in the 
number of attacks per patient. Person-time was included as 
an offset to yield rates per person-year. To assess factors 
associated with CDI and CDW and to account for differ-
ences in the time between the baseline EDSS score and 
CDI/CDW, we applied Andersen-Gill models, an exten-
sion of the Cox proportional hazards model that accom-
modates recurrent events. All models incorporated patient-
level clustering using the patient identification as a clus-
tering variable, ensuring valid inference in the presence of 
multiple events per individual. Nevertheless, residual 
intraindividual correlation cannot be fully excluded and 
may have resulted in some underestimation of variance, 
potentially affecting the precision of hazard ratio (HR) 
estimates. HRs, 95% CI, and p values (for H 0 : HR = 1) for 
covariates were estimated. The primary covariates were the 
number of prior attacks, sex, and age at the time of EDSS 
change or last EDSS within an EDSS episode. Furthermore, 
as both a higher number of measured EDSS scores and

a higher baseline EDSS score (which lowers the threshold 
for defining CDI or CDW) could theoretically increase the 
probability of detecting these outcomes, the model was 
adjusted for the number of EDSS assessments per episode 
and the baseline EDSS score. Separate models were con-
structed for CDI and CDW outcomes, as well as for 
patients with AQP4-IgG+ NMOSD and MOGAD. In 
models targeting CDI, only episodes with CDI or without 
EDSS change were included (and vice versa for CDW 
models). To assess the relationship between the number of 
EDSS scores within an EDSS episode and the time between 
the baseline EDSS score and the changed EDSS score that 
led to CDI/CDW, we calculated the Spearman rank cor-
relation coefficient ρ and corresponding p value (for H 0 : 
ρ = 0). We additionally calculated AAR for myelitis (AAR-
myelitis) and optic neuritis (AAR-optic neuritis) events 
(AAR for other phenotypes were not calculated because of 
the low number of events). For the calculation of the AAR, 
the interval between the first symptom and the EDSS 
change was used, and estimates were obtained using neg-
ative binomial regression models. To analyze FS and am-
bulation index score changes within EDSS episodes, we 
calculated the difference between the FS/ambulation index 
score at baseline and at CDI, CDW, or at the last available 
EDSS assessment in episodes without EDSS change. We 
determined the proportion of EDSS episodes showing FS/ 
ambulation index score improvement among CDI episodes 
and worsening among CDW episodes, and among those 
episodes without EDSS change. All analyses were per-
formed using a script written in Python and R.

Standard Protocol Approvals, Registrations, 
and Patient Consents
All participants were enrolled in the NEMOS registry and 
provided written informed consent for data collection and 
analysis. Ethical approval was granted by each local ethics 
committee.

Figure 1 Schematic Definition of an EDSS Episode With Confirmed Disability Improvement (CDI) and Worsening (CDW)

Each EDSS episode consisted of at least 3 EDSS scores. The 
index EDSS score (EDSS i ) was defined as an EDSS score at 
least 90 days postattack, followed by a second changed EDSS 
score (EDSS change ) ± 0.5 EDSS steps if EDSS i score was ≥6.0, ± 
1.0 EDSS steps if EDSS i score was 1.0–5.5, and +1.5 if EDSS i 
score was 0, and a subsequent confirmatory EDSS score 
(EDSS confirmation ) obtained at least 6 months after the EDS-
S change score. EDSS = Expanded Disability Status Scale.
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Data Availability
Deidentified data that support the findings of this study are 
available from the corresponding author upon reasonable 
request.

Results
Demography
A total of 307 patients from 24 centers met the inclusion criteria 
(AQP4-IgG+ NMOSD: n = 202, MOGAD: n = 105, Table 1). 
Across all patients, 338 EDSS episodes were recorded, with 229 
episodes in patients with AQP4-IgG+ NMOSD and 109 in 
patients with MOGAD. EDSS scores documented from 05/2000 
to 12/2023 were analyzed for this study. Of the 307 patients, 284 
contributed a single EDSS episode, while 23 (19 patients with 
AQP4-IgG+ NMOSD) contributed 2 or more episodes. The 
overall cohort was predominantly female (75%), with a signifi- 
cantly higher proportion in AQP4-IgG+ NMOSD (88%) than in 
MOGAD (49%). The median age at disease manifestation was 
slightly higher in patients with AQP4-IgG+ NMOSD than in 
patients with MOGAD. Similarly, the age at the time of EDSS 
change (in individuals with CDI/CDW episodes) or at the last 
EDSS assessment (in individuals without EDSS change) was 
significantly higher in AQP4-IgG+ NMOSD. The median first 
recorded EDSS score was higher in patients with AQP4-IgG+ 
NMOSD compared with patients with MOGAD.

Confirmed Disability Improvement and 
Confirmed Disability Worsening Independent 
of Attacks in Patients With AQP4-IgG+ NMOSD 
and MOGAD
Overall, we observed CDI in 88/338 (26%) and CDW in 51/ 
338 (15%) EDSS episodes (from 307 patients, Table 1). The 
proportion of EDSS episodes with CDI did not differ between 
patients with AQP4-IgG+ NMOSD (55/202 patients, 27%; 
61/229 episodes, 27%) and MOGAD (26/105 patients, 25%; 
27/109 episodes, 25%). The proportion of episodes with 
CDW was slightly higher in patients with AQP4-IgG+ 
NMOSD (37/202 patients, 18%; 41/229 episodes, 18%) 
compared with patients with MOGAD (10/105 patients, 
10%; 10/109 episodes, 9%). Adjusted annualized CDI and 
CDW rates were comparable between patients with AQP4-
IgG+ NMOSD and MOGAD. Likewise, adjusted annualized 
CDI (AQP4-IgG+ NMOSD: 0.059, 95% CI 0.019–0.186; 
MOGAD: 0.047, 95% CI 0.008–0.268) and CDW rates 
(AQP4-IgG+ NMOSD: 0.030, 95% CI 0.008–0.104; 
MOGAD: 0.010, 95% CI 0.000–0.252) estimated using 
a longer postattack threshold (180 days) did not differ sig-
nificantly from those estimated using the shorter threshold 
(90 days). In patients with AQP4-IgG+ NMOSD and 
MOGAD, there were no differences in the proportion of fe-
male patients, age at disease manifestation, or age at EDSS 
change among those with CDI, CDW, or no EDSS change 
(Tables 2 and 3). Patients with AQP4-IgG+ NMOSD with 
CDI showed shorter intervals from disease manifestation to 
EDSS change compared with those with CDW or no EDSS

change. Similarly, patients with MOGAD with CDI had 
a shorter time to EDSS change than those without EDSS 
change. Among patients with AQP4-IgG+ NMOSD, the 
median EDSS episode length was shorter in those with CDI 
compared with those with CDW or no EDSS change. In 
contrast, no significant differences in EDSS episode length 
were observed among the 3 subgroups in MOGAD. In 
patients with AQP4-IgG+ NMOSD, EDSS episodes with 
CDI or CDW had a higher median number of recorded EDSS 
scores compared with episodes without EDSS change. In 
MOGAD, EDSS episodes with CDI had a higher median 
number of recorded EDSS scores compared with those 
without EDSS change. In patients with AQP4-IgG+ NMOSD 
and MOGAD, the median EDSS score difference (last minus 
first EDSS within an EDSS episode) was −1.0 in episodes with 
CDI and 1.0 in those with CDW. There were no significant 
differences in the AAR, AAR-myelitis, or AAR-optic neuritis 
across CDI, CDW, and no EDSS change groups in either 
AQP4-IgG+ NMOSD or MOGAD.

Changes in FSS and Ambulation Index Score in 
Patients With AQP4-IgG+ NMOSD and MOGAD
We assessed the proportion of EDSS episodes with FSS im-
provement or worsening within each EDSS outcome category 
(Table 4). In AQP4-IgG+ NMOSD, CDI episodes more 
frequently showed improvement in bowel and bladder 
function and ambulation index scores compared with epi-
sodes without EDSS change. Conversely, CDW episodes 
more often demonstrated worsening in pyramidal and visual 
function, as well as ambulation index scores relative to epi-
sodes without EDSS change. In MOGAD, CDI episodes 
were associated with more frequent visual function im-
provement compared with episodes without EDSS change, 
whereas CDW episodes showed a higher proportion of 
bowel and bladder worsening.

Clinical Variables Associated With CDI and CDW 
Independent of Attacks
A lower number of prior attacks was significantly associated 
with a higher CDI rate in AQP4-IgG+ NMOSD (Table 5). 
The time to CDI in 25% of EDSS episodes was approximately 
2.6-fold longer in the subgroup with more than 1 prior attack 
(2.85 years) compared with those with only 1 prior attack 
(1.09 years, p = 0.02, log-rank test, Figure 2). Younger age at 
EDSS change was associated with an increased CDI rate in 
both AQP4-IgG+ NMOSD and MOGAD. Notably, both 
a higher number of documented EDSS scores and a higher 
baseline EDSS score were associated with an increased CDI 
rate in individuals with AQP4-IgG+ NMOSD and MOGAD. 
However, the number of documented EDSS scores did not 
correlate with the time between the baseline EDSS score and 
the EDSS score change that led to CDI or CDW, respectively 
(AQP4-IgG+ NMOSD: ρ = 0.01, p = 0.89, n = 229; MOGAD: 
ρ = 0.18, p = 0.07, n = 109; Spearman correlation, H 0 : ρ = 0). 
A lower number of prior attacks was associated with a higher 
CDW rate in individuals with MOGAD, whereas no associ-
ation was found in individuals with AQP4-IgG+ NMOSD.
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Discussion
In this longitudinal, multicenter cohort study using the 
German NEMOS registry, we report for the first time on 
CDI in a large cohort of patients with AQP4-IgG+ NMOSD 
and MOGAD. We estimated the proportion of CDI and 
CDW in these cohorts and identified factors contributing to 
CDI and CDW.

Overall, 27% of all EDSS episodes showed CDI in AQP4-
IgG+ NMOSD and 25% in MOGAD. A lower number of 
attacks (in individuals with AQP4-IgG+ NMOSD) and 
a younger age (in individuals with AQP4-IgG+ NMOSD and 
those with MOGAD) were associated with a higher CDI rate.

In recent studies on CDI in MS it has been emphasized that 
CDI might be an interesting and complementary outcome 
measure for clinical studies. 17 CDI has not been reported so 
far in AQP4-IgG+ NMOSD and MOGAD, and the general 
concept of irreversible clinical deterioration after attacks, es-
pecially for AQP4-IgG+ NMOSD, should be scrutinized. 
Factors which may contribute to CDI include reversible 
damage after attacks, potential repair mechanisms, and re-
serve capacity within the CNS. We found that a lower number 
of preceding attacks was associated with CDI in individuals

with AQP4-IgG+ NMOSD. This reflects that each attack and 
lesion influences the extent of neuronal injury and thus 
determines clinical improvement and reduces the chance of 
recovery from subsequent attacks. In addition, prolonged 
effects of prompt and intensive attack treatments (e.g., high-
dose glucocorticoids with/without oral tapering or apheresis) 
and also intensive and ongoing physical therapy, as well as 
optimizing symptomatic therapy, may lead to CDI. 20-22 We 
also identified younger age being associated with CDI in 
AQP4-IgG+ NMOSD and MOGAD. In line with this, 
a previous NEMOS study (from the same underlying cohort, 
but including patients with NMOSD without AQP4-IgG) 
showed that patients with late-onset NMOSD (≥50 years) 
had a higher rate of incomplete attack recovery and a higher 
frequency of relapse-associated worsening compared with 
younger individuals, indicating a more pronounced irre-
versible deficit. In addition, this older patient group reached 
an EDSS score of 4 earlier. 23 Particularly in older patients, 
treatment de-escalation or even treatment interruption is 
more frequently discussed, potentially because of side effects 
such as infections and age-related changes of the immune 
system related to immunosenescence. These considerations 
should therefore be carefully weighed against the increased 
risk of poorer attack recovery and a reduced chance of dis-
ability improvement. 24

Table 1 Demographic and Clinical Characteristics and Confirmed Disability Improvement and Worsening in Patients 
With AQP4-IgG+ NMOSD and MOGAD

All AQP4-IgG+ NMOSD MOGAD p Value

Number of patients 307 202 105 —

Number of female patients, (%) 229 (75) 178 (88) 51 (49) <0.001 ‡

Median (IQR) age at manifestation, y 41 (30 to 52) 43 (32 to 55) 35 (26 to 45) <0.001 #

Median (IQR) first EDSS score 3.0 (1.5 to 4.0) 3.5 (2.0 to 5.0) 2.0 (1.0 to 3.0) <0.001 #

Median (IQR) age at EDSS change/last EDSS, y 53 (39 to 62) 56 (45 to 64) 41 (35 to 55) <0.001 #

Number of patients with CDI, (%) 81 (26) 55 (27) 26 (25) 0.89 ‡

Number of patients with CDW, (%) 47 (15) 37 (18) 10 (10) 0.09 ‡

Number of patients with CDW and CDI, (%) 11 (4) 10 (5) 1 (1) —

Number of EDSS episodes 338 229 109 —

Median (IQR) EDSS episode length, y 3.2 (2.0 to 4.7) 3.3 (2.0 to 5.0) 3.0 (2.0 to 4.3) 0.06 #

Number of episodes with CDI, (%) 88 (26) 61 (27) 27 (25) 0.82 ‡

Number of episodes with CDW, (%) 51 (15) 41 (18) 10 (9) 0.05 ‡

Annualized CDI rate (95% CI) 0.084 (0.068 to 0.103) 0.083 (0.065 to 0.107) 0.086 (0.059 to 0.125) —

Adjusted annualized CDI rate (95% CI) 0.100 (0.047 to 0.213) 0.083 (0.029 to 0.233) 0.057 (0.012 to 0.277) —

Annualized CDW rate (95% CI) 0.049 (0.037 to 0.064) 0.056 (0.041 to 0.076) 0.032 (0.017 to 0.059) —

Adjusted annualized CDW rate (95% CI) 0.019 (0.007 to 0.054) 0.025 (0.007 to 0.092) 0.036 (0.002 to 0.513) —

Abbreviations: AQP4-IgG+ NMOSD = aquaporin-4 immunoglobulin G–seropositive neuromyelitis optica spectrum disorder; CDI = confirmed disability im-
provement; CDW = confirmed disability worsening; EDSS = Expanded Disability Status Scale; IQR = interquartile range; MOGAD = myelin oligodendrocyte 
glycoprotein antibody–associated disease.
p values result from χ 2 (‡) or Mann-Whitney U test (#, AQP4-IgG+ NMOSD vs MOGAD). Annualized rates were adjusted for the number of EDSS scores obtained 
during an EDSS episode, baseline EDSS score, and age at EDSS change or last EDSS score.
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The proportion of EDSS episodes with CDW was 18% in 
AQP4-IgG+ NMOSD, which was approximately twice as high 
as the 9% observed in MOGAD.

In recent years, the concept of PIRA has emerged and was 
initially described in MS. 25-28 Usually, patients with AQP4-
IgG+ NMOSD acquire disability through incomplete re-
covery from attacks rather than PIRA. 29 However, in
2 placebo-controlled phase III studies, 1 evaluating rav-
ulizumab and the other inebilizumab for AQP4-IgG+ 
NMOSD, a small fraction of patients (up to 10%) experi-
enced EDSS worsening without an associated attack. 30,31 

Further studies on CDW could confirm that a small fraction of 
patients with NMOSD and also—to a minor 
proportion—with MOGAD experience PIRA, but detailed 
analysis of associated risk factors were not performed. 14-16 

Our study confirmed the occurrence of CDW independent of 
attacks in patients with AQP4-IgG+ NMOSD and MOGAD. 
The proportion of EDSS episodes with CDW in patients with 
AQP4-IgG+ NMOSD in our study was lower (18%) than that 
reported in a previous study (24.5%, 12 out of 49 patients). 14 

However, the annualized PIRA rate (0.08, 95% CI 0.05–0.14) 
was comparable with the (unadjusted) annualized CDW rate 
in our study (0.056, 95% CI 0.041–0.076). Two other mul-
ticentric studies reported a lower PIRA prevalence in AQP4-
IgG+ NMOSD of around 2.5%, 15,16 similar to those (around

3.0%) of a smaller cohort study with 33 individuals from 
Japan. 32 In the Korean study, the authors excluded 9 PIRA 
events because of confounding factors such as comorbidities, 
which were not captured in our cohort. 16

In MOGAD, a previous study identified no PIRA based on
3 visits/EDSS assessments with a median period of 16 months 
between the baseline EDSS assessment and follow-up and 
a median period of 11 months between follow-up and con-
firmation. 33 In our study, the median duration of EDSS epi-
sodes (from baseline to the confirmatory EDSS score) 
associated with CDW was 2.1, with a median of 4 EDSS 
assessments. The slightly higher number of EDSS assess-
ments in our study may partly explain (the higher likelihood 
of detecting) CDW in individuals with MOGAD. In a pre-
vious study the proportion of CDW in MOGAD was reported 
at 11.1%, with an annualized PIRA rate of 0.04 (95% CI 
0.01–0.11), closely aligning with our findings: a proportion of 
EDSS episodes with CDW of 9% and an (unadjusted) an-
nualized rate of 0.032 (95% CI 0.017–0.059). 14

The differences in the proportion of EDSS episodes with CDW 
may be due to methodologic aspects: For example, the above 
mentioned previous study used a 3- to 6-month confirmation 
period for EDSS progression, whereas our analysis applied a 6-
month confirmation period. 14 In addition, their study followed

Table 2 Clinical Characteristics of EDSS Episodes With Confirmed Disability Improvement, Confirmed Disability 
Worsening, and No EDSS Change Independent of Attacks in Patients With AQP4-IgG+ NMOSD

CDI CDW
No EDSS 
change

p Value

CDI vs 
CDW

CDI vs no EDSS 
change

CDW vs no EDSS 
change

Number of EDSS episodes 61 41 127 — — —

Number of patients 55 37 123 — — —

Number of female patients (%) 47 (85) 33 (89) 110 (89) 0.94 ‡ 0.51 ‡ 0.95 ‡

Median (IQR) age at manifestation, y 45 (37 to 56) 43 (36 to 55) 43 (30 to 54) 0.56 # 0.18 # 0.59 #

Median (IQR) age at EDSS change, y 55 (48 to 61) 59 (46 to 66) 55 (43 to 64) 0.22 # 0.94 # 0.28 #

Median (IQR) time from manifestation to 
EDSS change, y

6.1 (2.9 to 12.5) 12.2 (6.4 to 17.1) 9.3 (5.6 to 14.8) <0.01 # <0.01 # 0.31 #

Median (IQR) EDSS episode length, y 2.6 (1.6 to 3.8) 3.5 (2.0 to 5.6) 4.0 (2.2 to 5.2) 0.04 # <0.001 # 0.56 #

Median (IQR) number of EDSS scores 6 (5 to 11) 8 (5 to 12) 4 (3 to 5) 0.38 # <0.001 # <0.001 #

Median (IQR) EDSS score difference −1.0 (−1.5 to 
−1.0)

1.0 (1.0 to 2.0) 0.0 (0.0 to 0.5) <0.001 # <0.001 # <0.001 #

AAR (95% CI) 0.490 (0.363 to 
0.662)

0.390 (0.276 to 
0.553)

0.417 (0.342 to 
0.508)

— — —

AAR-myelitis (95% CI) 0.308 (0.223 to 
0.424)

0.250 (0.173 to 
0.361)

0.244 (0.198 to 
0.302)

— — —

AAR-optic neuritis (95% CI) 0.099 (0.066 to 
0.149)

0.077 (0.048 to 
0.121)

0.108 (0.085 to 
0.139)

— — —

Abbreviations: AAR = annualized attack rate; AQP4-IgG+ NMOSD = aquaporin-4 immunoglobulin G–seropositive neuromyelitis optica spectrum disorder; CDI
= confirmed disability improvement; CDW = confirmed disability worsening; EDSS = Expanded Disability Status Scale; IQR = interquartile range.
p values result from χ 2 (‡) or Mann-Whitney U test (#). AAR was calculated from disease manifestation to EDSS change/last EDSS score.
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a monocentric design, in contrast to the multicentric approach 
in our work. Such discrepancies may also arise from differences 
in registry structures and, potentially, from variations in the 
average frequency of visits and EDSS assessment intervals. 
Furthermore, national differences in access to high-efficacy 
immunotherapies could influence long-term outcomes and 
should be addressed in future studies. 34 In AQP4-IgG+ 
NMOSD, EDSS episodes associated with CDI were signifi- 
cantly shorter in duration, and episodes associated with CDI or 
CDW included significantly more EDSS assessments com-
pared with episodes without EDSS change. Based on these 
findings and given the fact that previous studies with shorter 
observation time revealed a lower proportion of EDSS episodes 
with CDW, reporting only proportions—especially when 
comparing subgroups or disease entities—without accounting 
for these confounders should be approached with caution. We 
therefore suggest focusing on (annualized) rates instead. These 
can—as demonstrated in this study—be adjusted for covariates 
such as the number of EDSS assessments, the time from 
baseline EDSS to the EDSS change leading to CDI or CDW, 
and age, thereby correcting for intrinsically varying observation 
times.

We found that a lower number of attacks was associated with 
a higher CDW rate in patients with MOGAD, which appears 
contradictory. However, the overall number of patients and

EDSS episodes with CDW was low. Consequently, the cor-
responding confidence intervals were relatively wide in some 
MOGAD CDW models, indicating limited precision of the 
estimates. These findings should therefore be interpreted with 
caution. It is possible that individuals with MOGAD with 
lower disease activity (i.e., fewer relapses over time) are as-
sociated with more severe attacks (e.g., with longitudinally 
extensive transverse myelitis). This interpretation is sup-
ported by an increase in the AAR of optic neuritis in EDSS 
episodes with CDI and a slightly elevated AAR of myelitis in 
EDSS episodes with CDW among individuals with MOGAD. 
These observations may suggest that CDI and CDW are 
driven by distinct clinical phenotypes as also reflected by FSS 
(see below). Only recent studies demonstrated better out-
comes after early plasma exchange for acute MOGAD attacks, 
but apheresis therapy is used as first-line treatment in a mi-
nority of patients. 7,35 Whether prompt and rigorous attack 
treatment has an influence on CDI and CDW needs to be 
determined.

The presence of both CDI and CDW within the same cohort 
indicates that disability trajectories in AQP4-IgG+ NMOSD 
and MOGAD are heterogeneous and dynamic. At the cohort 
level, opposing directions of change may balance each other, 
resulting in an overall stable distribution of disability despite 
substantial individual-level improvement or worsening. Thus,

Table 3 Clinical Characteristics of EDSS Episodes With Confirmed Disability Improvement, Confirmed Disability 
Worsening, and No EDSS Change Independent of Attacks in Patients With MOGAD

CDI CDW
No EDSS 
change

p Value

CDI vs 
CDW

CDI vs no EDSS 
change

CDW vs no EDSS 
change

Number of EDSS episodes 27 10 72 — — —

Number of patients 26 10 70 — — —

Number of female patients (%) 12 (46) 2 (20) 38 (54) 0.24 ‡ 0.76 ‡ 0.09 ‡

Median (IQR) age at manifestation, y 37 (28 to 44) 35 (23 to 44) 34 (22 to 46) 0.66 # 0.52 # 0.84 #

Median (IQR) age at EDSS change, y 40 (32 to 52) 43 (37 to 52) 42 (36 to 58) 0.57 # 0.19 # 0.80 #

Median (IQR) time from manifestation to 
EDSS change, y

3.6 (2.2 to 6.3) 4.0 (2.9 to 15.2) 6.3 (3.9 to 15.0) 0.31 # <0.01 # 0.39 #

Median (IQR) EDSS episode length, y 2.5 (1.8 to 3.8) 2.1 (1.6 to 3.3) 3.2 (2.0 to 4.5) 0.67 # 0.23 # 0.31 #

Median (IQR) number of EDSS scores 5 (4 to 8) 4 (3 to 6) 4 (3 to 5) 0.06 # <0.001 # 0.37 #

Median (IQR) EDSS score difference −1.0 (−1.0 to 
−1.0)

1.0 (1.0 to 1.5) 0.0 (0.0 to 0.0) <0.001 # <0.001 # <0.001 #

AAR (95% CI) 0.636 (0.402 to 
1.007)

0.306 (0.138 to 
0.676)

0.422 (0.322 to 
0.554)

— — —

AAR-myelitis (95% CI) 0.077 (0.036 to 
0.163)

0.099 (0.037 to 
0.268)

0.116 (0.083 to 
0.163)

— — —

AAR-optic neuritis (95% CI) 0.377 (0.229 to 
0.621)

0.134 (0.053 to 
0.339)

0.174 (0.128 to 
0.238)

— — —

Abbreviations: AAR = annualized attack rate; CDI = confirmed disability improvement; CDW = confirmed disability worsening; EDSS = Expanded Disability 
Status Scale; IQR = interquartile range; MOGAD = myelin oligodendrocyte glycoprotein antibody–associated disease.
p values result from Mann-Whitney U (#), χ 2 test (‡). AAR was calculated from disease manifestation to EDSS change/last EDSS score.
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Table 4 Proportion of EDSS Episodes With Functional System and Ambulation Index Score Improvement or Worsening 
According to EDSS Outcome Category

Number of episodes with FS score improvement/total 
number of CDI episodes (number of patients)

Number of episodes with FS score worsening/total 
number of CDW episodes (number of patients)

CDI No EDSS change p Value CDW No EDSS change p Value

AQP4-IgG+ NMOSD

Pyramidal function 17/45 (39) 20/84 (84) 0.11 15/28 (26) 18/84 (84) <0.01

Cerebellar function 10/44 (39) 17/82 (82) 0.82 4/27 (25) 18/82 (82) 0.58

Brainstem function 5/44 (38) 13/84 (84) 0.60 8/28 (26) 17/84 (84) 0.43

Sensory function 18/45 (39) 24/85 (85) 0.24 10/28 (26) 16/85 (85) 0.08

Bowel and bladder function 16/45 (39) 9/85 (85) <0.001 8/28 (26) 24/85 (85) 1.00

Visual function 11/43 (38) 20/84 (84) 0.83 11/28 (26) 16/84 (84) 0.04

Mental function 4/44 (39) 11/81 (81) 0.57 8/28 (26) 24/81 (81) 1.00

Ambulation index 15/38 (33) 9/68 (67) <0.01 10/20 (20) 9/68 (67) <0.01

MOGAD

Pyramidal function 8/23 (22) 10/62 (60) 0.08 0/7 (7) 9/62 (60) 0.58

Cerebellar function 5/23 (22) 7/61 (59) 0.30 2/8 (8) 12/61 (59) 0.66

Brainstem function 2/23 (22) 4/62 (60) 0.66 2/8 (8) 10/62 (60) 0.62

Sensory function 8/23 (22) 12/63 (61) 0.15 2/8 (8) 9/63 (61) 0.60

Bowel and bladder function 2/23 (22) 6/62 (60) 1.00 5/8 (8) 5/62 (60) <0.001

Visual function 12/23 (22) 8/62 (60) <0.001 2/7 (7) 9/62 (60) 0.31

Mental function 3/23 (22) 3/62 (60) 0.34 2/7 (7) 11/62 (60) 0.61

Ambulation index 3/20 (19) 5/55 (53) 0.43 1/3 (3) 4/55 (53) 0.24

Abbreviations: AQP4-IgG+ NMOSD = aquaporin-4 immunoglobulin G–seropositive neuromyelitis optica spectrum disorder; CDI = confirmed disability im-
provement; CDW = confirmed disability worsening; EDSS = Expanded Disability Status Scale; MOGAD = myelin oligodendrocyte glycoprotein anti-
body–associated disease.
Values represent the number of EDSS episodes with functional system (FS) score improvement (for CDI comparisons, numerator) or worsening (for CDW 
comparisons, numerator) and the total number of EDSS episodes within the respective EDSS outcome group (CDI, CDW, or no EDSS change) for which the 
corresponding FS scores were available (denominator). The number of patients included in this analysis based on available data is shown in parentheses. 
Overall numbers of EDSS episodes were n = 229 for AQP4-IgG+ NMOSD (CDI: n = 61, CDW: n = 41, no EDSS change: n = 127) and n = 109 for MOGAD (CDI: n = 27, 
CDW: n = 10, no EDSS change: n = 72). Denominators vary across functional systems because of missing scores. p values result from Fisher exact test.

Table 5 Andersen-Gill Cox Proportional Hazards Model With Robust Standard Errors Clustered by Patient to Account for 
Recurring Events

AQP4-IgG+ NMOSD MOGAD

CDI CDW CDI CDW

HR (95% CI), n p Value HR (95% CI), n p Value HR (95% CI), n p Value HR (95% CI), n p Value

Number of prior attacks 0.89 (0.82–0.97), 188 <0.01 1.00 (0.94–1.07), 168 0.92 0.91 (0.79–1.05), 99 0.19 0.73 (0.55–0.97), 82 0.03

Age 0.96 (0.94–0.99), 188 <0.01 1.00 (0.98–1.03), 168 0.85 0.96 (0.94–0.99), 99 <0.01 0.98 (0.93–1.03), 82 0.37

Sex (male) 1.32 (0.64–2.70), 188 0.45 0.53 (0.18–1.56), 168 0.25 1.43 (0.62–3.26), 99 0.40 5.29 (0.75–37.54), 82 0.10

Number of EDSS scores 1.15 (1.09–1.22), 188 <0.001 1.23 (1.13–1.34), 168 <0.001 1.25 (1.08–1.44), 99 <0.01 1.03 (0.71–1.51), 82 0.87

Baseline EDSS score 1.29 (1.13–1.48), 188 <0.001 0.91 (0.76–1.08), 168 0.26 1.43 (1.21–1.69), 99 <0.001 1.73 (0.97–3.11), 82 0.07

Abbreviations: AQP4-IgG+ NMOSD = aquaporin-4 immunoglobulin G–seropositive neuromyelitis optica spectrum disorder; CDI = confirmed disability im-
provement; CDW = confirmed disability worsening; EDSS = Expanded Disability Status Scale; HR = hazard ratio; MOGAD = myelin oligodendrocyte glyco-
protein antibody–associated disease.
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group-level stability should not be interpreted as the absence 
of clinically meaningful disability change. It must be ac-
knowledged that small EDSS changes at the individual level 
may indeed indicate true disability improvement or worsen-
ing; however, it may also reflect biologic fluctuation, mea-
surement variability, or interrater differences rather than true 
structural disease modification. Thus, in a cohort with overall 
stable disability distribution, opposing random variations may 
mimic dynamic individual trajectories without indicating 
genuine progression or recovery. Our findings argue against 
a uniformly progressive disease model and support the use of 
analytic approaches that capture both improvement and 
worsening to more accurately characterize disease evolution 
and treatment effects.

Clinical assessment of disease-related disability in NMOSD, 
MOGAD, and MS is typically performed using the EDSS. So 
far, a detailed analysis of FS and ambulation index scores in 
the context of CDI and CDW have not been reported. We 
demonstrated that certain subscales (pyramidal, visual, bowel 
and bladder, ambulation index) contribute more strongly to 
CDI or CDW, in line with typical disease manifestations in 
NMOSD and MOGAD. In AQP4-IgG+ NMOSD and 
MOGAD, adult disease phenotypes are largely confined to

optic neuritis and myelitis. Myelitis-related disability is pri-
marily reflected in pyramidal, sensory, and, specifically for 
MOGAD, in sphincter FS scores. However, sphincter func-
tion is captured by relatively coarse EDSS categories and may 
be influenced by subjective reporting, nonstandardized or 
missing diagnostic examinations (e.g., for neurogenic bladder 
dysfunction). Overall, interrater variability or transient factors 
such as infections or medication effects may affect the de-
tection of CDI or CDW events. Thus, although multidi-
mensional, EDSS scores may not fully capture disability 
dynamics in these conditions. Subtle numerical changes in FS 
scores may nevertheless reflect clinically meaningful 
improvements or deteriorations that are insufficiently reflec-
ted in the total EDSS score. Consequently, the proportion of 
EDSS episodes with CDI or CDW may be underestimated 
when relying solely on EDSS.

A limitation of this study is the temporally non-standardized 
assessment of EDSS scores in this real-world setting. The 
frequency of EDSS evaluations may have varied between 
patients, potentially reflecting individualized disease-
monitoring practices influenced by differences in disease ac-
tivity. To at least partially address this limitation computa-
tionally, we adjusted for observation time in our statistical 
models, as this variable was also associated with the number of 
recorded EDSS scores. Nevertheless, it remains possible that 
stable disease courses are underrepresented in this study be-
cause of less frequent visits. Furthermore, sociodemographic 
factors such as limited access to specialized care bias the visit 
frequency and comorbidities are important confounders. 
Notably, owing to the retrospective design of our study, fac-
tors associated with CDI should be interpreted as hypothesis-
generating rather than predictive and should be verified in 
future prospective studies. Although this study included 338 
EDSS assessments from 307 patients, the low incidence of 
CDW and CDI warrants caution, as it increases the risk of 
type II errors when comparing the rates and incidences of 
CDW and CDI between AQP4-IgG+ NMOSD and 
MOGAD. Regarding further variables associated with CDW 
and CDI, we could not account for effects such as physical 
therapy and socioeconomic factors which could significantly 
contribute to alterations in body functions, reflected by EDSS 
changes. Moreover, it remains unclear how the type and du-
ration of long-term immunotherapy and concomitant steroid 
therapy influence the risk of CDI or CDW. This aspect may 
also be a reason why, especially when considering differences 
in approval status and feasibility of immunotherapies, the 
results reported here may not be fully generalizable to pop-
ulations with different healthcare systems, genetic back-
grounds, or disease phenotypes. Information on treatment of 
acute attacks was not available and could therefore not be 
controlled for. The comparable adjusted annualized CDI and 
CDW rates observed when applying different postattack 
thresholds (including 180 days) argue against a major in-
fluence of prolonged treatment-related effects on the results. 
However, the number of events was limited, reducing statis-
tical power and a modest prolonged treatment-related effect

Figure 2 Cumulative Proportion of EDSS Episodes With 
Confirmed Disability Improvement (CDI) in Indi-
viduals With AQP4-IgG+ NMOSD, Stratified by the 
Number of (Prior) Attacks

Analyses allowed for recurrent CDI events within individuals. AQP4-IgG+ 
NMOSD = aquaporin-4 immunoglobulin G–seropositive neuromyelitis 
optica spectrum disorder; EDSS = Expanded Disability Status Scale.
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cannot be entirely excluded. Another limitation is the potential 
interrater variability across and within the participating centers, 
although EDSS assessments are performed by experienced raters 
at regular visits in NEMOS centers. Although this reflects real-
world clinical practice, it could have affected measurement re-
liability. Even in clinically stable disease, EDSS scores may vary 
because of day-to-day functional fluctuations, rater-dependent 
differences, or subtle changes in functional system scoring, which 
may lead to apparent CDI or CDW events independent of true 
biologic change. Taken together, these potential sources of bias 
in EDSS acquisition highlight that, even in routine clinical 
practice, optimal disease monitoring would benefit from stan-
dardized EDSS assessments and additional patient-reported 
outcome measures with a clear protocol specifying when EDSS 
scores should be obtained (in remission-, attack-, and attack-
remission–related). Moreover, we were not able to evaluate 
the association of MRI parameters (e.g., lesion size and 
distribution and number of lesions) and paraclinical disease 
activity (new silent lesions) with CDW and CDI. Never-
theless, the occurrence of silent lesions outside of attacks in 
NMOSD and MOGAD seems to be rare. 36 Moreover, it 
would be of interest to longitudinally investigate biomarkers 
such as neurofilament light chains and glial fibrillary acidic 
protein in context with CDW and CDI, which we were not 
able to include in this study. 37-39 Recent studies have identified 
cardiovascular comorbidities and risk factors as being poten-
tially associated with worse disability outcomes, as measured 
by static EDSS scores or recovery from attacks. 40,41 How-
ever, the extent to which these factors—along with other 
comorbidities and infections—contribute to CDI or CDW 
remains unclear.

Measuring EDSS changes and detecting CDI and CDW are 
key aspects of disease monitoring of patients with NMOSD 
and MOGAD. Our data suggest that effective attack pre-
vention can not only reduce the risk of attack-related disability 
accumulation in AQP4-IgG+ NMOSD but may also facilitate 
conditions under which functional improvement (CDI) is 
more likely to occur. The lower CDI rate in older individuals 
with AQP4-IgG+ NMOSD and MOGAD underscores the 
importance of stringent disease control in the elderly to 
prevent further disability accumulation. As the number of 
EDSS assessments per episode influenced the probability of 
detecting CDI and CDW, these variables should be carefully 
considered when interpreting EDSS dynamics, both in 
clinical practice and future studies. Besides the role of 
immunotherapies, further aspects such as comorbidities as 
well as biomarkers should be addressed in future studies 
to enable a multimodal monitoring of disease progression or 
improvement.
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Affiliation
1 Institute of Clinical Neuroimmunology, LMU University Hospital, LMU Munich, Ger-
many; 2 Department of Neurology and Experimental Neurology, Char-
it ́ e–Universit ̈ atsmedizin Berlin, Corporate Member of Freie Universit ̈ at Berlin and 
Humboldt-Universit ̈ at zu Berlin, Germany; 3 Department of Neurology, Medical Faculty 
and University Hospital, Heinrich Heine University D¨ usseldorf, Germany; 4 Department 
of Neurology, Centre for Neurology and Neuropsychiatry, LVR-Klinikum, Heinrich-Heine-
University D¨ usseldorf, Germany; 5 Department of Neurology, Hannover Medical School, 
Germany; 6 Department of Neurology, Klinikum Agnes Karll Laatzen/Klinikum Region 
Hannover, Germany; 7 Department of Neurology and Institute of Neuroimmunology and 
MS (INIMS), University Medical Center Hamburg-Eppendorf, Germany; 8 Experimental
and Clinical Research Center, a Cooperation Between the Max Delbr¨ uck Center for
Molecular Medicine in the Helmholtz Association and Charit ́ e Universit ̈ atsmedizin Ber-
lin, Germany; 9 Charit ́ e–Universit ̈ atsmedizin Berlin, Corporate Member of Freie Uni-
versit ̈ at Berlin and Humboldt-Universit ̈ at zu Berlin, Germany; 10 Max Delbr¨ uck Center for 
Molecular Medicine in the Helmholtz Association (MDC), Berlin, Germany; 11 Department 
of Neurology, School of Medicine and Health, Technical University Munich, TUM Klini-
kum, Germany; 12 NMR Research Unit, Queen Square MS Centre, Department of Neu-
roinflammation, UCL Queen Square Institute of Neurology, Faculty of Brain Sciences, 
University College London, United Kingdom; 13 Division of Neuroimmunology, De-
partment of Neurology, University of Heidelberg, Germany; 14 Department of Neurology, 
University of M¨ unster, Germany; 15 Department of Neurology, St. Josef Hospital, Ruhr 
University Bochum, Germany; 16 Department of Neurology, University of Ulm, Germany; 
17 Department of Neurology, University of Leipzig, Germany; 18 Department of Neurol-
ogy, University Hospital, Goethe-University, Frankfurt, Germany; 19 Department of 
Neurology, Herford Hospital, Germany; 20 Department of Neurology, University Medical 
Center Göttingen, Germany; 21 Fraunhofer Institute for Translational Medicine and 
Pharmacology ITMP, Translational Neuroinflammation and Automated Microscopy 
TNM, Göttingen, Germany; 22 Department of Neurology and Stroke and Hertie-Institute
for Clinical Brain Research, Eberhard-Karls University of T¨ ubingen, Germany; 23 De-
partment of Neurology, University Medicine Greifswald, Germany; 24 Department of 
Neurology, Medical Faculty, University of Augsburg, Germany; 25 Department of Neu-
rology, University of Regensburg, Germany; 26 Department of Neurology, Justus Liebig 
University of Giessen, Germany; 27 Department of Neurology, Neuroimmunology, Uni-
versity of Rostock, Germany; 28 Marianne-Strauß-Klinik, Berg, Germany; 29 Department of 
Neurology, University Hospital Marburg, Germany; 30 Department of Neurology, RWTH 
University Hospital, Aachen, Germany; 31 Section Translational Neuroimmunology, De-
partment of Neurology, Jena University Hospital, Germany; and 32 Neuroscience Clinical 
Research Center and Experimental and Clinical Research Center, Berlin, Germany.

Acknowledgment
The authors thank all patients for participating in the study 
and all contributors of the Neuromyelitis Optica Study Group 
(NEMOS) for their support.

Author Contributions
D. Engels: drafting/revision of the manuscript for content, 
including medical writing for content; major role in the ac-
quisition of data; study concept or design; analysis and in-
terpretation of data. P. Schindler: major role in the acquisition 
of data. J. Havla: major role in the acquisition of data. K. 
Fischer: major role in the acquisition of data. M. Ringelstein: 
major role in the acquisition of data. M.W. Hümmert: major 
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Hümmert received institutional research support from Mye-
litis e.V., the German Federal Joint Committee/Innovation 
Fund, and NEMOS e.V., received speaker honoraria from 
selpers og, AMGEN/Horizon, and Alexion, received travel 
grants from Alexion, received compensation for serving on an 
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7. Schwake C, Ladopoulos T, Häußler V, et al. Apheresis therapies in MOGAD: a ret-
rospective study of 117 therapeutic interventions in 571 attacks. J Neurol Neurosurg 
Psychiatry. 2025;96(7):639-646. doi:10.1136/JNNP-2024-334863

8. Berthele A, Levy M, Wingerchuk DM, et al. A single relapse induces worsening 
of disability and health-related quality of life in patients with neuromyelitis 
optica spectrum disorder. Front Neurol. 2023;14:1099376. doi:10.3389/ 
FNEUR.2023.1099376

9. Duchow A, Bellmann-Strobl J, Friede T, et al. Time to disability milestones and 
annualized relapse rates in NMOSD and MOGAD. Ann Neurol. 2024;95(4):720-732. 
doi:10.1002/ANA.26858

10. Jurynczyk M, Messina S, Woodhall MR, et al. Clinical presentation and prognosis in 
MOG-Antibody disease: a UK study. Brain a J Neurol. 2017;140(12):3128-3138. doi: 
10.1093/BRAIN/AWX276

11. Wingerchuk DM, Pittock SJ, Lucchinetti CF, Lennon VA, Weinshenker BG. A sec-
ondary progressive clinical course is uncommon in neuromyelitis optica. Neurology. 
2007;68(8):603-605. doi:10.1212/01.WNL.0000254502.87233.9A

12. Oertel FC, Sotirchos ES, Zimmermann HG, et al. Longitudinal retinal changes in 
MOGAD. Ann Neurol. 2022;92(3):476-485. doi:10.1002/ANA.26440

13. Oertel FC, Havla J, Roca-Fernández A, et al. Retinal ganglion cell loss in neuromyelitis 
optica: a longitudinal study. J Neurol Neurosurg Psychiatry. 2018;89(12):1259-1265. 
doi:10.1136/JNNP-2018-318382

14. Molazadeh N, Akaishi T, Bose G, Nishiyama S, Chitnis T, Levy M. Progression 
independent of relapses in aquaporin4-IgG-seropositive neuromyelitis optica spec-
trum disorder, myelin oligodendrocyte glycoprotein antibody-associated disease, 
and multiple sclerosis. Mult Scler Relat Disord. 2023;80:105093. doi:10.1016/ 
J.MSARD.2023.105093

15. Siriratnam P, Huda S, Van Der Walt A, et al. Prevalence of progression in-
dependent of relapse activity and relapse-associated worsening in patients with 
AQP4-IgG-Positive NMOSD. Neurology. 2024;103(12):e209940. doi:10.1212/ 
WNL.0000000000209940

16. Kang YR, Kim KH, Hyun JW, Kim SH, Kim HJ. Progression independent of relapse 
activity in Aquaporin-4-IgG–Positive NMOSD. Neurol Neuroimmunol Neuroinflamm. 
2026;13(2):e200533. doi:10.1212/NXI.0000000000200533

17. Cree BAC, Cohen JA, Reder AT, et al. Disability improvement as a clinically relevant 
outcome in clinical trials of relapsing forms of multiple sclerosis. Mult Scler. 2021; 
27(14):2219-2231. doi:10.1177/13524585211000280

18. Coles AJ, Cohen JA, Fox EJ, et al. Alemtuzumab CARE-MS II 5-year follow-up: 
efficacy and safety findings. Neurology. 2017;89(11):1117-1126. doi:10.1212/ 
WNL.0000000000004354

19. Jarius S, Paul F, Aktas O, et al. MOG encephalomyelitis: international recom-
mendations on diagnosis and antibody testing. J Neuroinflammation. 2018;15(1):134. 
doi:10.1186/S12974-018-1144-2

20. Trewin BP, Brilot F, Reddel SW, Dale RC, Ramanathan S. MOGAD: a comprehensive 
review of clinicoradiological features, therapy and outcomes in 4699 patients globally. 
Autoimmun Rev. 2025;24(1):103693. doi:10.1016/J.AUTREV.2024.103693

21. Stiebel-Kalish H, Hellmann MA, Mimouni M, et al. Does time equal vision in the 
acute treatment of a cohort of AQP4 and MOG optic neuritis?. Neurol Neuroimmunol 
Neuroinflamm. 2019;6(4):e572. doi:10.1212/NXI.0000000000000572

22. Kleiter I, Gahlen A, Borisow N, et al. Apheresis therapies for NMOSD attacks: 
a retrospective study of 207 therapeutic interventions. Neurol Neuroimmunol Neuro-
inflamm. 2018;5(6):e504. doi:10.1212/NXI.0000000000000504
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