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Abstract 
The objective was to evaluate time to reach an EDSS of 4, 6, and 7 in NMOSD and MOGAD patients included in the Argen-
tinean MS and NMOSD registry (RelevarEM, NCT 03,375,177).
Methods  NMOSD patients diagnosed according to 2015 criteria and with MOGAD were identified. Patients with at least 
3 years of follow-up and periodic clinical evaluations with EDSS outcomes were included. AQP4-antibody and MOG-
antibody status was recorded, and patients were stratified as seropositive and seronegative for AQP4-antibody. EDSS of 4, 
6, and 7 were defined as dependent variables. Log rank test was used to identify differences between groups.
Results  Registry data was provided for a total of 137 patients. Of these, seventy-five presented AQP4-ab-positive NMOSD, 
45 AQP4-ab-negative NMOSD, and 11 MOGAD. AQP4-ab status was determined by cell-based assay (CBA) in 72% of 
NMOSD patients. MOG-ab status was tested by CBA in all cases. Mean time to EDSS of 4 was 53.6 ± 24.5 vs. 63.1 ± 32.2 
vs. 44.7 ± 32 months in seropositive, seronegative NMOSD, and MOGAD, respectively (p = 0.76). Mean time to EDSS 
of 6 was 79.2 ± 44.3 vs. 75.7 ± 48.6 vs. 54.7 ± 50 months in seropositive, seronegative NMOSD, and MOGAD (p = 0.23), 
while mean time to EDSS of 7 was 86.8 ± 54 vs. 80.4 ± 51 vs. 58.5 ± 47 months in seropositive, seronegative NMOSD, and 
MOGAD (p = 0.39).
Conclusion  No differences were observed between NMOSD (seropositive and seronegative) and MOGAD in survival curves.
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Introduction

Neuromyelitis optica spectrum disorders (NMOSD) are rare 
but often devastating inflammatory diseases of the central 
nervous system (CNS) characterized by severe attacks of 
transverse myelitis (TM), optic neuritis (ON) and/or brain-
stem syndrome [1, 2]. Myelin oligodendrocyte glycopro-
tein antibody (MOG-ab)-associated disease (MOGAD) 
often present with similar NMOSD attacks at disease onset, 

particularly in adult patients [3]. Disease presentation fol-
lows a relapsing course in up to 90% of NMOSD patients 
and in up to 80% of adult MOGAD patients, while progres-
sive forms are uncommon in both conditions [1, 4, 5]. In 
NMOSD and MOGAD, disability typically accumulates 
with each clinical attack, resulting in long-term impair-
ment of motor and/or visual function, as well as affecting 
other organ systems [1]. Currently, MOGAD is considered 
a separate nosologic entity pathogenetically distinct from 
both aquaporin4-antibodies (AQP4-ab)-positive NMOSD 
and multiple sclerosis (MS) [6–8]. Short- and long-term 
prognosis in patients suffering NMOSD or MOGAD is still 
uncertain [1, 6–9].
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Recently, we presented the methodology behind Rel-
evarEM, the first nationwide MS registry in Argentina 
and Latin America (NCT03375177) [10, 11]. The regis-
try collects information about MS and NMOSD patients 
regarding sociodemographics, comorbidities, disability 
as measured by the Expanded Disability Status Scale 
(EDSS) score, relapse frequency, acute and long-term 
treatments, imaging (MRI) and cerebrospinal fluid (CSF) 
findings [10, 11].

The objective of this study was to evaluate time to EDSS 
scores of 4, 6, and 7 in NMOSD and MOGAD patients 
included in the Argentinean MS and NMOSD registry.

Methods

A retrospective study was conducted in a cohort of 
NMOSD and MOGAD patients followed in specialized 
MS/NMOSD centers from Argentina and enrolled in 
RelevarEM, a nationwide, longitudinal, observational, 
non-mandatory registry of MS and NMOSD patients 
(https://​www.​latam​base.​com.​ar/​login). Details related to 
RelevarEM procedures and methods have been previously 
published elsewhere [10, 11]. One of the goals of the 
registry is to create a network of neurologists involved in 
caring for MS/NMOSD patients in Argentina and to col-
lect standardized relevant information from them on: rou-
tine clinical practice (at baseline: disease onset, course, 

symptoms, recovery, serological test, and methodology 
used); patient demographics (at baseline: patient identi-
fication, center, informed consent, administrative infor-
mation); clinical findings (date, EDSS, bouts, paraclini-
cal tests at follow-up: MRI date, MRI new lesions, CSF 
findings); immunotherapy prescribed (treatment used for 
NMOSD/MOGAD and safety: adverse events); and out-
comes observed [10, 11]. To reduce risk of selection bias, 
neurologists participating in this registry were required 
to register all patients followed in their clinical practice.

For the study, registry neurologists treating patients 
with phenotypes suggestive of NMOSD and MOGAD 
were invited to send information on any patient with con-
firmed NMOSD diagnosis according to 2015 NMOSD cri-
teria [1], or with MOGAD, with a diagnosis based on core 
clinical characteristics and presence of serum MOG-ab 
[6, 7]. Only patients with at least 3 years of follow-up and 
periodic clinical evaluations (at least two per year) with 
EDSS outcomes were included in the analysis. Attacks 
were assessed retrospectively. To ensure homogeneous 
data collection, we designed a specific web-based platform 
to investigate NMOSD and MOGAD attacks and EDSS.

To further classify patients, AQP4-ab and MOG-ab 
statuses were also recorded at any time over the disease 
course. AQP4-ab status was determined by cell-based assay 
2 (CBA) and tissue-based indirect immunofluorescence 
(Table 1) [12, 13]. MOG-ab levels were tested using CBA 
in all cases [13] (Table 1).

Table 1   Demographic and clinical features of NMOSD and MOG-AD

Seropositive NMOSD AQP4-ab-positive NMOSD, Seronegative NMOSD AQP4-ab-negative NMOSD, MOG-AD MOG-associated diseases, IIF 
indirect immunofluorescence, ELISA enzyme-linked immunosorbent assay; CBA cell-based assay
* All MOG-AD patients were tested for AQP4-ab by CBA and all were negatives. However, the number of seronegative patients tested for MOG-
ab in this sample is unknown
Values in bold reflect significant differences in the comparisons

Seropositive NMOSD 
N = 75

Seronegative NMOSD 
N = 45

MOG-AD N = 11 p-value

Females, n (%) 63 (84) 31 (69) 4 (36) 0.004
Mean age at disease onset, SD (years) 38 ± 5 41 ± 6.5 36 ± 8 0.22
Median EDSS at disease onset, SD 3 ± 2.2 3 ± 1.9 2 ± 1.8 0.16
Disease duration at last follow-up, SD, (years) 6.1 ± 3 6.0 ± 3.1 3.1 ± 2.1 0.001
Mean time elapsed between first relapse and first 

immunotherapy treatment for NMOSD/MOGAD, 
SD (months)*

56 ± 17 63.2 ± 10 19.2 ± 12  < 0.001

Mean time elapsed between first treated relapse 
(symptom/s onset) and start of relapse treatment, SD 
(days)

13 ± 6 18 ± 4 21 ± 10 0.09

Serology test*
IFI 21 (28) 11 (25) 0
ELISA 1 (1.3) 0 0
CBA 50 (66.6) 32 (70) 11

(10)
Not reported 5 (6.6) 2 (5) 0
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Statistical analysis

Quantitative patient variables were analyzed descrip-
tively. The Kruskal–Wallis test (non-parametric test) 
was used to estimate differences among the three groups. 
EDSS score of 4, 6, and 7 were defined as depend-
ent variables. Time to events were estimated using 
Kaplan–Meier survival analyses. Log rank test was used 
to identify differences between groups (NMOSD sero-
positive, seronegative, and MOGAD). Multivariable Cox 
regression models were created to assess the independ-
ent predictive value of demographic and clinical charac-
teristics to EDSS milestones. P < 0.05 was considered 
significant. We used STATA (Data Analysis and Statis-
tical Software; StataCorp, College Station, TX) for the 
analyses.

Results

Registry data was provided on a total of 137 patients of 
which 131 had data about AQP4-ab or MOG-ab status 
(Table 1). Of these, seventy-five presented positivity for 
AQP4-ab; forty-five were seronegative; and 11 MOGAD. 
AQP4-ab status was determined by CBA in 72% of NMOSD 
patients, followed by IIF in 27%. Median age at disease onset 
was 38 ± 5, 41 ± 6.5 and 36 ± 8 years for each of the three 
groups, and disease duration was 6.1 (± 3), 6.0 (± 3.1) and 
3.1 (± 2.1) years for seropositive, seronegative NMOSD, and 
MOGAD, respectively (Table 1).

The most frequent first treatment used to control the dis-
ease was azathioprine in NMOSD (seropositive and nega-
tive) as well as in MOGAD at disease onset, while rituxi-
mab was the most currently used treatment (Table 2). Only 
1 (1.3%) patient in seropositive NMOSD and 2 (4.4%) in 
seronegative NMOSD never received treatment to control 
the disease.

Survival curves

Mean time to EDSS of 4 was 53.6 ± 24.5 vs. 63.1 ± 32.2 vs. 
44.7 ± 32 months in seropositive, seronegative NMOSD, and 
MOGAD, respectively (p = 0.76). Mean time to EDSS of 6 
was 79.2 ± 44.3 vs. 75.7 ± 48.6 vs. 54.7 ± 50 months in sero-
positive, seronegative NMOSD, and MOGAD (p = 0.23), 
while mean time to EDSS of 7 was 86.8 ± 54 vs. 80.4 ± 51 
vs. 58.5 ± 47 months in seropositive, seronegative NMOSD, 
and MOGAD (p = 0.39) (Fig. 1).

Cox regression analysis showed that the most rele-
vant clinical factor associated with higher risk of EDSS 
was the presence of relapses during follow-up (HR 4.8 
95% CI 2.2–7.9, p < 0.001), followed by age at disease 
onset (HR 2.15, 95% CI 1.22–2.88, p = 0.002) and higher 
EDSS after the first relapse (HR 1.41, 95% CI 1.17–2.15, 
p = 0.004). No association was observed with gender and 
diagnosis, and a trend in the reduction of the risk was 
observed with less time from disease onset to treatment 
initiation (Table 3). Due to the retrospective and explora-
tory nature of the study, no adjustment for multiple com-
parisons was performed.

Table 2   Long-term treatment of the studied cohort

MMF mycophenolate mofetil, SE side effect

NMOSD (–) (N = 45) NMOSD ( +) (N = 75) MOG-AD (N = 11)
N (%) N (%) N (%)

First treatment MMF
Rituximab
Azathioprine
Other
Untreated

1 (2.2)
7 (15.6)
27 (60)
3 (6.6)
7 (15.6)

3 (4)
17 (22.7)
46 (61.3)
1 (1.3)
6 (8)

1 (9)
2 (18.2)
3 (27.3)
1 (9)
4 (36.3)

Switched first treatment 17 (44.7) 28 (40.6) 2
Reason for interrupting first 

treatment
New relapse
SE
Other

8 (47)
1 (5.9)
8 (47)

14 (50)
4 (14.3)
10 (35.7)

1 (50)
-
1 (50)

Current treatment MMF
Rituximab
Azathioprine
Other
Untreated

4 (8.9)
13 (28.9)
23 (51.1)
1(2.2)
4 (8.9)

4 (5.3)
38 (50.6)
29 (38.7)
2 (2.7)
2 (2.7)

1 (9)
6 (54.5)
3 (27.3)
-
1 (9)
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Discussion

This is the first study performed in Latin America to evaluate 
disability outcomes in NMOSD and MOGAD. Mean time 
to EDSS of 6 was 76 months in NMOSD and 54 months 
in MOGAD. MOGAD patients accumulated the disability 
mostly in the first year of follow-up. Relapses were the most 
relevant factor related with higher risk of disability outcomes, 
and no differences were observed between NMOSD (sero-
positive and seronegative) and MOGAD in survival curves.

Unlike MS, neurologic disability is typically relapse-
dependent and accumulates with each clinical attack [1]. 
Thus, 50% of NMOSD patients will require the use of a 
wheelchair or become functionally blind within 5 years 
of the first attack [14]. Additionally, attacks in NMOSD 
patients also reduce life expectancy [15] when primary 
attacks involve the brainstem or when cervical lesions 
extend to the medulla; therefore, NMOSD attacks require 
prompt evaluation and timely treatment to restore func-
tion and mitigate disability [1, 9]. On the other hand, 60% 
of adult MOGAD patients will develop permanent neuro-
logical disability, including motor and visual deficits [16]. 
Recently, we evaluated 262 attacks and 270 therapeutic 
interventions in 131 NMOSD and MOGAD patients fol-
lowed and treated in Argentina [17]. Regarding relapses 
and disability accumulation, in this cohort, we observed 
that complete remission of relapses were higher after the 
first attack when compared to overall attacks (lower com-
plete remission rates in subsequent attacks). In addition, we 
also observed that age at disease onset was an independent 
predictor of NMOSD sequelae (seropositive and seronega-
tive, as well as in MOGAD) [17].

Another factor in the present study related to higher 
risk of disability was the older age at disease onset. As 
previously demonstrated, late onset-NMOSD patients 

Fig. 1   Survival curves to EDSS milestones in patients included

Table 3   Cox regression analysis assessing risk factors of EDSS 6

Variable HR 95% 
confidence 
interval

p-value

Age at disease onset 2.15 1.22–2.88 0.002
Male gender 1.61 0.35–5.34 0.53
EDSS at disease onset 1.41 1.17–2.15 0.004
Time since disease onset to first treat-

ment
0.87 0.56–1.03 0.07

Relapses during follow up 4.8 2.2–7.9  < 0.001
Diganosis (NMOSD seropositive, negative, and 

MOGAD)
1.58 0.63–3.95 0.65
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experienced significantly worsened disability over a 
short time [18–21]. This worsened prognosis among 
these patients is not exclusively associated with positiv-
ity for AQP4-ab, which is consistent with other reports 
from Europe and Asia [18–22]. A multicenter Korean 
study reported that AQP4-ab-positive late onset-NMOSD 
patients experienced a lower rate of relapse, subsequent 
risk of myelitis attacks, and a trend towards higher risk of 
severe disability (EDSS 6.0) [23]. In this LATAM cohort, 
late onset-AQP4-ab-positive NMOSD patients had 
higher EDSS scores than early onset NMOSD patients 
[5.1 (± 2.1) vs. 2.1 (± 1.3)], and age at onset was sig-
nificantly correlated with worse disability, as measured 
through the EDSS score [18]. A possible explanation for 
the worse prognosis among late onset NMOSD patients 
may be that most of the increased frequency of myelitis 
in this subgroup (LETM on spinal cord MRI) at pres-
entation [18–22]. This is likely to be related to the low 
rate of improvement over time or even to the possibility 
of death that increased the risk to reach disability mile-
stones sooner [18–22].

Finally, another factor related to an increased risk of 
disability in our study was the presence of higher EDSS 
since the first relapses.

In our study, no differences in survival curves were 
observed between seropositive and negative NMOSD patients.

All these aforementioned factors should be taken into 
consideration at disease onset in NMOSD and MOGAD 
patients to individualize treatment and medical care with 
the aim of avoiding disease activity and the increased risk 
of disability during follow-up.

Our study has several limitations, including the ret-
rospective design, the absence of an external evaluation 
to confirm a relapse and the low number of included 
patients in the MOGAD arm. It is also important to men-
tion that patients were followed for a few years and a 
difference at last follow-up time was observed between 
NMOSD and MOGAD that could bias results. Nonethe-
less, the standardized collection of the data, the special-
ists involved in data collection, and the power of the 
study in terms of the number of included subjects in the 
NMOSD arm strengthen the observation. Another limita-
tion is the EDSS scale used to measure disability. EDSS, 
which was originally developed for use in MS, is heavily 
focused on ambulation disturbances and does not suffi-
ciently reflect visual deficits (e.g., NMOSD patients with 
isolated ON cannot achieve an EDSS score higher than 
4, even if complete bilateral visual loss is present) [24].

In conclusion, in this cohort, the mean time to reach an 
EDSS of 4, 6, and 7 was 50, 70, and 80 months, respectively. 
No differences were observed between NMOSD (seroposi-
tive and seronegative) and MOGAD in survival curves. To 
the best of our knowledge, this is the first large cohort study 

from a Latin American region. Therefore, our study provides 
relevant data for clinical practice.
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