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Abstract

Objective To evaluate the real-world effectiveness and safety of eculizumab in patients with AQP4-IgG—positive neuromy-
elitis optica spectrum disorder (NMOSD) and to identify predictors of disability outcomes.

Methods This multinational, retrospective cohort study analyzed data from 46 patients across 26 centers. The outcomes
included the annualized relapse rate (ARR), relapse-free status, change in expanded disability status scale (EDSS) scores, and
adverse events. To identify predictors of EDSS improvement or worsening, patients were stratified into subgroups (improved
vs. stable/worsened) at each follow-up time point and compared based on demographic, clinical, and radiological variables.
Results This retrospective cohort study included 46 patients with AQP4-IgG-positive NMOSD from 26 centers, followed
for a mean of 27.3 months. The mean ARR significantly decreased from 1.1 in the 2 years pre-treatment to 0.1 during eculi-
zumab therapy. The relapse-free rate increased from 6.5% pre-treatment to 80.4%. Mean EDSS scores improved from 4.2 at
baseline to 3.6 at 24 months. The presence of area postrema syndrome was associated with a favorable prognosis, while the
presence of spinal attacks was associated with a poor prognosis at 12 months. Adverse events occurred in 7 patients (18.9%),
leading to permanent discontinuation in only two.

Conclusion Eculizumab demonstrated robust real-world effectiveness in reducing relapse rates and stabilizing disability,
with an acceptable safety profile. Clinical outcomes may be influenced by attack phenotype, underscoring the importance
of early intervention.

Keywords Neuromyelitis optica spectrum disorder - Eculizumab - Real-world study

Introduction

Neuromyelitisoptica spectrum disorder (NMOSD) is a rare,
severe autoimmune disease primarily affecting the central
nervous system (CNS), predominantly characterized by
recurrent episodes of optic neuritis (ON) and longitudinally
extensive transverse myelitis (LETM) [1-3]. The majority
of patients are seropositive for aquaporin-4 immunoglobulin
G (AQP4-1gG), which plays a pathogenic role by inducing
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complement-mediated astrocyte injury. AQP4-IgG sero-
positivity serves as a diagnostic biomarker and therapeutic
target, distinguishing NMOSD from other demyelinating
diseases such as multiple sclerosis [4, 5]. In NMOSD, dis-
ability accumulation and progression are directly associated
with relapse-related events. Preventing relapses is critical in
NMOSD management, as each relapse can cause cumula-
tive neurological damage and significant impairment in the
patient’s quality of life [5-8].

Therapeutic options for AQP4-IgG-positive NMOSD
have expanded significantly over the past decade.

@ Springer
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Historically, immunosuppressive agents, such as azathio-
prine and mycophenolate mofetil, have been commonly used
to reduce relapse frequency. However, these treatments have
variable efficacy and are associated with significant side
effects. More recently, monoclonal antibodies such as ritux-
imab, eculizumab (ECU), satralizumab, and inebilizumab
have demonstrated superior efficacy in preventing relapses
for AQP4-IgG-positive NMOSD. Among these therapeu-
tics, ECU targets complement protein C5 and inhibits the
formation of the membrane attack complex, which plays a
pivotal role in astrocyte destruction initiated by AQP4-IgG
[5,7,9-12].

By disrupting this step of the complement cascade, ECU
effectively prevents relapses and associated disability. In
the PREVENT study, ECU has demonstrated a significant
reduction in relapse rates compared to the placebo, with a
favorable safety profile [8, 11, 12].

Despite promising results from clinical trials, real-world
evidence on the effectiveness and safety of ECU remains
limited, particularly in diverse clinical populations with
longer disease duration, comorbid conditions, or prior treat-
ment failures. Additionally, there is insufficient data on the
relationship between treatment duration and disability out-
comes in real-life settings.

This study aims to evaluate the real-world effectiveness,
safety, and predictors of clinical outcomes in individuals
with AQP4-IgG-positive NMOSD treated with ECU.

Methods
Study population

This retrospective, multicenter study was conducted across
26 centers in five countries: Turkey, Argentina, Colombia,
Montenegro, and Italy. The study population included 46
patients diagnosed with Aquaporin-4 antibody-positive
(AQP4-1gG +) neuromyelitis optica spectrum disorder
(NMOSD) who initiated ECU treatment between 2019
and 2025. Diagnosis was based on the 2015 International
Consensus Diagnostic Criteria for NMOSD, with AQP4-
IgG seropositivity confirmed exclusively using cell-based
assay techniques. Exclusion criteria included seronega-
tivity for AQP4-IgG or incomplete medical records. As
ECU was administered as part of routine clinical care,
no interventional procedures were applied specifically for
this study. ECU was initiated in patients exhibiting ongo-
ing disease activity despite adequate prior immunosup-
pressive therapy. Treatment-line classification followed
national health policies, typically classifying azathioprine
as first-line and rituximab as second-line therapy. Patients
initially received azathioprine at a dose of 150 mg/day for
at least 6 months. Those who experienced clinical relapses
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under azathioprine were escalated to rituximab-based ther-
apy, administered as 1000 mg every 6 months, either as
monotherapy or in combination with stable add-on treat-
ment, including azathioprine (100 mg/day) or low-dose
oral methylprednisolone (<16 mg/day). Consequently,
ECU was initiated in patients who continued to experi-
ence relapses despite at least one adequate course (mini-
mum 6 months) of rituximab-based therapy. In a subset of
patients who experienced relapses under rituximab mono-
therapy, treatment was switched to a combination of rituxi-
mab with azathioprine or low-dose methylprednisolone;
patients who continued to relapse under this regimen were
subsequently transitioned to ECU. ECU was administered
according to a standard protocol: 900 mg once weekly for
the first four doses, followed by 1200 mg every 2 weeks
starting from the 5 week. All patients underwent continu-
ous treatment accompanied by systematic monitoring of
clinical outcomes, including relapse frequency, expanded
disability status scale (EDSS) scores, and paraclinical
parameters such as MRI findings and routine laboratory
investigations. The study received approval from the Bursa
Uludag University Faculty of Medicine Ethics Committee
(2025/1-6).

Data collection

Data were extracted from electronic medical records and
standardized case report forms completed by the treating
physicians. Collected variables included demographic char-
acteristics: age, sex, age at disease onset, disease duration,
and presence of comorbid autoimmune conditions. Family
history of NMOSD or other autoimmune disorders was also
recorded.

Treatment-related variables included prior and add-on
immunosuppressive agents (oral corticosteroids, azathio-
prine, rituximab, tocilizumab, others), number of ECU
infusions, duration of treatment (in months) were recorded.
Vaccination status for meningococcus and pneumococcus,
as well as the use of prophylactic antibiotics, were also
documented.

Clinical outcomes included relapse frequency before
and after ECU initiation, annualized relapse rate (ARR),
remission status, relapse frequency in the two years prior
to treatment, and clinical relapses during follow-up. EDSS
scores were collected at treatment initiation (baseline),
6 months, 12 months, 18 months, and 24 months after treat-
ment initiation. Radiological data included the presence of
T2-hyperintense lesions, LETM, short-segment transverse
myelitis, optic nerve involvement, area postrema syndrome,
and brainstem lesions. Information regarding infusion reac-
tions, adverse events, their severity (CTCAE grade), treat-
ment discontinuation, and mortality was also recorded.
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Statistical analysis

The normality of the data distribution was assessed using the
Shapiro—Wilk test. Descriptive statistics were presented as
mean + standard deviation or median (minimum-—maximum)
for continuous variables, and as frequency and percentage
for categorical variables. For comparisons between two
independent groups, the Mann—Whitney U test was used for
non-normally distributed data. Categorical variables were
analyzed using the Pearson Chi-square test, Fisher’s Exact
test, and the Fisher—Freeman—Halton test where appropri-
ate. In cases where statistical significance was detected, the
Bonferroni correction was applied for multiple comparisons.
A p-value of <0.05 was considered statistically significant.
All statistical analyses were conducted using IBM SPSS Sta-
tistics for Windows, Version 29.0.2.0 (IBM Corp., Armonk,
NY, USA).

Results
Descriptive characteristics of the study population

A total of 46 patients diagnosed with NMOSD were included
in the study and included patient data from 26 centers across
five countries (Turkey, Argentina, Colombia, Montenegro,
and Italy). The country breakdown of the study cohort is as
follows: 42 patients (91.3%) from Turkey, 2 patients (4.3%)
from Argentina, 1 patient (2.2%) from Colombia, 1 patient

During ECU treatment

One year before ECU administration

Two years before ECU administration 6.5%

(2.2%) from Montenegro, and 1 patient (2.2%) from Italy.
The majority were female (n=42, 91.3%). The mean age at
disease onset was 36.8 + 11.7 years, and the mean disease
duration was 9.4 +5.9 years. Autoimmune comorbidities
were present in 10 patients (21.7%).

Among the initial symptoms, optic neuritis was the most
frequently reported (82.6%), followed by transverse myelitis
(63%). Less common presentations included area postrema
syndrome (8.7%), brainstem syndrome (6.5%), tonic spasms
(4.3%), diencephalic syndrome, itching, and cerebral syn-
drome (each 2.2%).

The mean number of attacks before ECU initiation was
6.2 +3.7. The mean duration of prior immunosuppressive
therapy was 37 + 18 months. During the two years preced-
ing ECU treatment, patients experienced a mean of 2.4+ 1.6
attacks, and 1.4 +0.8 attacks during the final year before
ECU initiation. After 2 years of ECU therapy, the mean
relapse rate decreased to 0.3 +0.7. In our study cohort, the
remission rate was 6.5% in the 2 years before ECU, 8.7%
in the 1 year before treatment, and significantly increased
to 80.4% during ECU therapy (Fig. 1). The ARR was cal-
culated as 1.1 in the 2 years prior to treatment, 1.4 in the
last year before treatment, and decreased to 0.1 under ECU
therapy.

Regarding ECU treatment order, 1 patient (2.2%)
received it as first-line therapy, 10 (21.7%) as second-
line, 26 (56.5%) as third-line, and 9 (19.6%) as fourth-
line. The single case of first-line ECU use represents an
isolated, individualized therapeutic decision, likely based

80.4%

50% 75% 100%
Relapse-free rate (%)

Fig. 1 Percentage of relapse-free patients in the 2 years prior to eculizumab, 1 year prior, and during eculizumab treatment
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on a highly aggressive disease presentation that neces-
sitated immediate, high-efficacy complement inhibition.
Mean duration of ECU use was 27.2 +23.4 months, with
a mean total dose number of 50.2 +44.5. Concomitant use
of immunosuppressive agents (steroids or azathioprine)
was observed in 13 patients (28.2%).

MRI findings prior to ECU therapy revealed optic nerve
involvement in 50% of patients, area postrema involvement
in 13.0%, LETM in 71.7%, short segment lesions in 13.0%,
brainstem involvement in 2.2%, and cerebral involvement
in 32.6%.

In terms of preventive measures, 97.8% had received
meningococcal vaccination, and 76.1% had received pneu-
mococcal vaccination before initiating ECU. Antibiotic
prophylaxis was not administered. No infusion reactions
were reported, while adverse events related to ECU were
observed in seven patients (18.9%).

At the time of analysis, ECU treatment was ongoing in
40 patients (86.9%), while it had been discontinued in 6
patients (13.1%). New lesions on MRI during ECU treat-
ment were noted in two patients (4.4%) (Table 1).

Longitudinal EDSS score changes

As shown in Fig. 2, mean EDSS scores showed over-
all improvement after the initiation of ECU therapy. At
baseline, the mean EDSS was 4.2 + 1.7, decreasing to
3.7+ 1.8 at 6 months, 3.5+ 1.7 at 12 months, and 3.4+ 1.7
at 18 months. At the 24 month follow-up, a slight increase
was observed (3.6 + 1.8), although the value remained
below baseline. This pattern suggests early clinical
improvement for most patients, with a plateau or mild
attenuation in a subset by the second year (Fig. 2).

EDSS status categorization over time

Figure 3 illustrates the categorization of patients into three
groups based on EDSS change at follow-up: improved,
stable, and worsened. At 6 month follow-up, equal num-
bers of patients improved (n=23) and remained stable/
worsened (n=23). The number of patients with improved
EDSS remained unchanged at 12 months (n=23), while
the number with stable or worsened scores decreased to 14.
Similar patterns were observed at 18 months (improved:
n =20; stable/worsened: n=13) and at 24 months
(improved: n=13; stable/worsened: n=9) (Fig. 3). These
findings collectively indicate a beneficial effect of ECU
on disability outcomes, particularly during the first year
of treatment, with subsequent stabilization or sustained
response in most patients.

@ Springer

Comparison of clinical and radiological
characteristics between patients
with and without EDSS improvement at follow-up

To explore factors associated with EDSS improvement dur-
ing ECU therapy, patients were stratified into 2 subgroups
at each time point: those who demonstrated improvement
and those who remained stable or worsened. At the 6 month
follow-up, no significant differences were found in baseline
characteristics between the two groups. However, there was
a non-significant trend toward a higher frequency of multi-
ple symptoms at disease onset in the non-improved group
(p=0.07).

At the 12 month and 18 month follow-ups, the presence
of area postrema-type attacks prior to ECU treatment was
significantly associated with EDSS improvement (p =0.031
and p=0.0327, respectively). Conversely, a spinal-type
attack prior to treatment was significantly more common in
the non-improved group at 18 months (p=0.031), suggest-
ing a possible association with poorer treatment response.

No statistically significant differences were found in other
clinical features, including sex, age at onset, optic neuritis or
transverse myelitis at onset, or baseline MRI findings. Use of
add-on immunosuppressants (steroids or azathioprine) did
not show a significant impact on EDSS outcomes, although
a near-significant trend was observed for concomitant steroid
use after 24 months (p =0.05) (Table 2).

Discussion

In this multicenter study of seropositive NMOSD patients,
ECU was associated with sustained clinical stabilization
with low radiological activity during follow-up. The aver-
age EDSS scores remained stable or improved at 6, 12, 18,
and 24 months. An improvement in relapse metrics was also
observed compared with the pre-treatment period. Compara-
tive analyses revealed phenotype-related signals for EDSS
outcomes, with prior area postrema attacks associated with
improvement and spinal attacks linked to poorer outcomes
at specific time points.

Our study demonstrated significant improvements in
both remission rates and ARR under ECU. Before therapy,
the remission rate was below 10%, whereas during therapy,
it increased to over 80%. These findings are consistent with
the PREVENT trial, which reported that patients had an
approximately 94% lower adjudicated relapse risk and an
ARR of 0.02 with ECU, although no short-term effect on
disability progression was observed [11]. Long-term data
confirmed sustained efficacy over time [13]. Post-market-
ing surveillance in Japan similarly demonstrated minimal
relapse activity (0.02 per patient-year) with a favorable
safety profile [14]. In Europe, the real-world cohort from



Journal of Neurology (2026) 273:67

Page50f12 67

Table 1 Descriptive
characteristics of the study

population

Variable NMOSD n=46
Sex (female) 42 (91.3)
Age at disease onset (years) 36.8+11.7
Disease duration (years) 9.4+59
Autoimmune comorbidity present 10 (21.7)
Family history of NMO 1(2.17)
Initial symptoms of the disease

Optic neuritis 38 (82.6)

Transverse myelitis 29 (63.0)

Itching 1(2.2)

Diencephalic syndrome 1(2.2)

Area postrema syndrome 4(8.7)

Tonic spasm 2(4.3)

Brainstem syndrome 3(6.5)

Cerebral syndrome 1(2.2)

All attacks before the ECU 6.2+3.7
Attacks during the past 2 years before ECU 24+1.6
Attacks during 1 year before the ECU 1.4+0.8
Attacks after 2 years of ECU treatment 0.3+0.7
ECU usage order

1 st line therapy 1(2.2)

2nd line therapy (Prior drugs are RTX, or RTX + add-on therapy) 10 (21.7)

3rd line therapy (prior drugs are first Azathioprine, second RTX, or RTX-add-on) 26 (56.5)

4th line therapy (prior drugs are first Azathioprine, second RTX, or RTX-add-on, third 9 (19.6)

Tocilizumab)

The mean duration of prior immunosuppressive therapy (months) 37+18
Duration of ECU use/month 2724234
Number of ECU doses 50.2+44.5
Add-on therapy (steroid, azathioprine) 13 (28.2)
MRI findings before ECU

Optic nerve involvement 23 (50)

Area postrema involvement 6(13.0)

LETM 33 (71.7)

Short segment involvement 6(13.0)

Brainstem involvement 12.2)

Cerebral involvement 15 (32.6)
Vaccination status before ECU treatment

Meningococcal vaccine 45 (97.8)

Pneumococcal vaccine 35 (76.1)
Antibiotic use before ECU treatment 00
Infusion reaction associated with ECU treatment 00
ECU-related adverse event 7 (18.9)
ECU status: ongoing/discontinued 40/6 (86.9)
New lesion on MRI during ECU treatment 24.4)

Descriptive statistics were given as mean + standard deviation, frequency, and percentage

the neuromyelitis optica study group found that 88% of
patients were attack-free with stable EDSS scores. How-
ever, older, more disabled patients had a greater frequency
of serious infections and death [15]. Our younger cohort,
with lower baseline disability, is consistent with the

efficacy signal while providing complementary insights
into safety.

We further examined phenotype-specific correlates of
disability change within our cohort. Most significantly, our
findings provide exploratory phenotype — specific signals

@ Springer
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Fig.2 Mean EDSS scores over time (baseline, 6 months, 1 year, 1.5 years, 2 years) are shown with standard deviation bars
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Fig.3 EDSS status change (improved, stable, worsened) over time (6 months, 1 year, 1.5 years, 2 years) with median edss scores shown as a line

graph

regarding disability outcomes, a finding not previously
addressed by the PREVENT study. The presence of area
postrema—type attacks before ECU treatment was associ-
ated with a favorable prognosis and was significantly more
frequent among patients who showed EDSS improvement at
12 and 18 months. Specifically, the number of patients with

@ Springer

an AP-type attack who showed EDSS improvement was 7
at both 12 months (p=0.031) and 18 months (p =0.027),
demonstrating a statistically significant association. In con-
trast, a history of spinal attacks was significantly associated
with non-improvement at 18 months (p=0.031). This con-
trasting phenotype signal suggests a differential tissue repair
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capacity influenced by complement inhibition, a novel and
biologically plausible finding in a real-world setting, likely
related to the reduced plasticity of long spinal cord tracts
compared to brainstem nuclei [16, 17]. Axonal regeneration
in the spinal cord is constrained by strong myelin-associ-
ated inhibitory signals [16] and limited intrinsic regenera-
tive capacity [17], whereas brainstem structures may have
greater potential for compensation through synaptic reor-
ganization [18]. These mechanisms may underlie the adverse
prognostic impact of spinal attacks in NMOSD [19].

Adverse events occurred in seven patients during ECU
treatment. Reported events were: one anterior-thigh abscess,
1 soft-tissue tumor on the back, 2 cases of severe pneumo-
nia, 1 acute kidney injury, 1 otitis, and 1 recurrent infection
(pneumonia, upper respiratory tract infection, and pyelo-
nephritis). In 5 of these patients, therapy was paused for
approximately 1 month and then successfully reintroduced
without further complications; in 2 patients, ECU was per-
manently discontinued due to adverse events. Overall, four
patients discontinued therapy: 2 for adverse events, 1 for
persistent relapses despite treatment, and 1 due to reimburse-
ment issues.

This safety profile in routine practice aligns with find-
ings from both controlled and observational studies. In the
PREVENT trial, most adverse events were non-serious
(e.g., respiratory infections, headache), although one death
occurred from empyema [11]. In Japanese post-marketing
surveillance, 26.8% of patients reported adverse events [14],
and a European cohort identified a signal for serious infec-
tions, including meningococcal sepsis, with approximately
19% treatment discontinuation, mainly among older and
more disabled patients [15]. Our experience with tempo-
rary interruption and subsequent successful re-challenge in
5 patients suggests that this may be a viable management
strategy after adverse event resolution, provided that vacci-
nation, prophylaxis, and infection surveillance are rigorously
maintained. The absence of meningococcal infections in our
cohort further supports the effectiveness of high vaccination
coverage, consistent with Japanese real-world data [14]. It
should be noted, however, that attributing causality is chal-
lenging in real-world settings, as add-on immunosuppres-
sion, comorbidities, and baseline disability likely contribute
to infection risk.

Pregnancy outcomes under complement inhibition have
emerged as an area of clinical concern. In our cohort, one
patient became pregnant while receiving ECU therapy for
AQP4-IgG-positive NMOSD. With informed consent and
multidisciplinary monitoring, ECU treatment was continued.
However, the pregnancy ended in spontaneous miscarriage
at the 7th gestational week. To our knowledge, pregnancy
outcomes under ECU in NMOSD are rarely reported. The
pivotal PREVENT trial excluded pregnant individuals [11],
and available real-world evidence is limited [20, 21]. Our

case, therefore, adds to the scarce literature and highlights
unresolved questions regarding the safety of complement
inhibition during early gestation in this patient population.
Evidence from other ECU-treated diseases provides com-
plementary insights. In myasthenia gravis, case reports and
small series have described favorable maternal and neonatal
outcomes when ECU was continued during pregnancy, espe-
cially in refractory or life-threatening cases [22, 23]. In atyp-
ical hemolytic uremic syndrome, where the largest body of
pregnancy data exists, studies have reported both successful
pregnancies and miscarriages under ECU therapy, indicating
that while the drug may often be used safely, individualized
risk—benefit assessment remains essential [24—-26]. Collec-
tively, these data underscore the need for NMOSD-specific
pregnancy registries and prospective studies to better guide
clinical decision-making.

Aligned with these efficacy—safety considerations, thera-
peutic positioning should be framed within an individualized
decision-making paradigm. Our data support effectiveness
and a manageable safety profile in routine practice. Except
for one patient, all individuals in our cohort had received at
least one prior immunosuppressive therapy, and the majority
were treated with ECU as monotherapy. Therefore, treatment
selection should remain personalized, taking into account
prior treatment history, relapse burden, comorbidities, and
infection risk, in line with real-world evidence and ongoing
prospective registry efforts such as ECUP4 in France [27].

From a methodological perspective, it is important to
interpret these findings in the context of both strengths
and limitations. The strengths include a multinational,
practice-based sample and detailed EDSS and phenotype
subgrouping. First, a limitation of the study is the lack of
detailed calculations of annual relapse rates under each
specific prior immunosuppressive treatment. While we
report the mean duration and relapse numbers prior to
ECU, the retrospective nature limited our ability to granu-
larly analyze prior treatment efficacy per agent. Second,
the study lacked a concurrently matched control group
receiving standard immunosuppressive therapy. Instead,
we relied on intra-patient comparisons of pre-treatment
vs. on-treatment outcomes. While this supports effec-
tiveness, the use of pre—post comparisons of annualized
relapse rates may introduce bias, including regression to
the mean, particularly given the fluctuating disease activity
characteristic of NMOSD. Although ECU initiation was
largely restricted to patients with documented treatment
failure under maintenance therapies, residual confound-
ing cannot be fully excluded. Third, despite a high inci-
dence of optic neuritis as an initial symptom, standard-
ized visual acuity outcome measures were not available for
comprehensive retrospective assessment across all centers.
While our findings support the effectiveness of ECU in
a treatment-refractory real-world population and results
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regarding area postrema phenotypes and disability out-
comes remain exploratory, larger prospective controlled
studies with standardized outcome assessments are needed
to robustly evaluate ECU’s efficacy relative to standard-
of-care therapies.

In conclusion, our findings strengthen the evidence for
complement inhibition as an effective treatment option while
highlighting key clinical considerations for patient selection
and monitoring. In this cohort, ECU was linked to strong
relapse prevention and stabilization of EDSS, with only 7
patients experiencing adverse events and a total of four dis-
continuations. These results support ECU as a valuable ther-
apy for AQP4-IgG—positive NMOSD, while stressing the
need for careful safety monitoring and personalized treat-
ment decisions. Special attention should be given to spinal-
attack history as a potential negative predictor at 12 months
and area postrema involvement as a possible positive predic-
tor of EDSS improvement under ECU. Although our study
emphasizes clinical outcomes, the significant relapse pre-
vention and EDSS stabilization suggest that the long-term
benefits of ECU in preventing irreversible disability and
reducing the need for costly acute relapse treatments (hos-
pitalizations, plasma exchange) could make it cost-effective.
Formal pharmacoeconomic studies are needed to confirm
this in various healthcare systems.

Funding Open access funding provided by the Scientific and Techno-
logical Research Council of Tiirkiye (TUBITAK).

Declarations

Conflicts of interest The authors have no competing interests to de-
clare that are relevant to the content of this article.

Ethical approval This study was conducted in accordance with the
principles outlined in the Declaration of Helsinki. Approval was
granted by the Ethics Committee of Bursa Uludag University (Approval
2025/1-6).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Wingerchuk DM, Banwell B, Bennett JL et al (2015) International
consensus diagnostic criteria for neuromyelitis optica spectrum

@ Springer

10.

11.

12.

14.

15.

16.

17.

disorders. Neurology 85:177-189. https://doi.org/10.1212/WNL.
0000000000001729

Bruscolini A, Sacchetti M, La Cava M et al (2018) Diagnosis
and management of neuromyelitis optica spectrum disorders—an
update. Autoimmun Rev 17:195-200. https://doi.org/10.1016/j.
autrev.2018.01.001

Jarius S, Paul F, Weinshenker BG et al (2020) Neuromyelitis
optica. Springer, US

Lennon VA, Wingerchuk DM, Kryzer TJ et al (2004) A serum
autoantibody marker of neuromyelitis optica: distinction from
multiple sclerosis. Lancet 364:2106-2112. https://doi.org/10.
1016/S0140-6736(04)17551-X

Carnero Contentti E, Correale J (2021) Neuromyelitis optica
spectrum disorders: from pathophysiology to therapeutic strat-
egies. J Neuroinflammation 18:208. https://doi.org/10.1186/
$12974-021-02249-1

Fujihara K (2019) Neuromyelitis optica spectrum disorders: still
evolving and broadening. Curr Opin Neurol 32:385-394. https://
doi.org/10.1097/WC0.0000000000000694

Cacciaguerra L, Flanagan EP (2024) Updates in NMOSD and
MOGAD diagnosis and treatment: a tale of two central nerv-
ous system autoimmune inflammatory disorders. Neurol Clin
42:77-114. https://doi.org/10.1016/j.nc1.2023.06.009

Wu Y, Zhong L, Geng J (2019) Neuromyelitis optica spectrum
disorder: pathogenesis, treatment, and experimental models.
Mult Scler Relat Disord 27:412—418. https://doi.org/10.1016/j.
msard.2018.12.002

Anderson M, Levy M (2024) Advances in the long-term treat-
ment of neuromyelitis optica spectrum disorder. J] Cent Nerv
Syst Dis 16:11795735241231094. https://doi.org/10.1177/
11795735241231094

Kiimpfel T, Giglhuber K, Aktas O et al (2024) Update on the
diagnosis and treatment of neuromyelitis optica spectrum disor-
ders (NMOSD)—revised recommendations of the neuromyelitis
optica study group (NEMOS). Part II: attack therapy and long-
term management. J Neurol 271:141-176. https://doi.org/10.
1007/s00415-023-11910-z

Pittock SJ, Berthele A, Fujihara K et al (2019) Eculizumab in
Aquaporin-4—positive neuromyelitis optica spectrum disorder.
N Engl J Med 381:614-625. https://doi.org/10.1056/nejmo
al900866

Brod SA (2020) Review of approved NMO therapies based on
mechanism of action, efficacy and long-term effects. Mult Scler
Relat Disord 46:102538. https://doi.org/10.1016/j.msard.2020.
102538

. Pittock SJ, Fujihara K, Palace J et al (2022) Eculizumab mono-

therapy for NMOSD: data from PREVENT and its open-label
extension. Mult Scler 28:480-486. https://doi.org/10.1177/13524
585211038291

Nakashima I, Nakahara J, Yokote H et al (2023) Long-term safety
and effectiveness of eculizumab in patients with aquaporin-4 anti-
body-positive neuromyelitis optica spectrum disorder: a 2 year
interim analysis of post-marketing surveillance in Japan. Ther Adv
Neurol Disord 16:17562864231181176. https://doi.org/10.1177/
17562864231181177

Ringelstein M, Asseyer S, Lindenblatt G et al (2024) Eculizumab
use in neuromyelitis optica spectrum disorders: routine clini-
cal care data from a European cohort. Neurology 103:¢209888.
https://doi.org/10.1212/WNL.0000000000209888

Filbin MT (2003) Myelin-associated inhibitors of axonal regenera-
tion in the adult mammalian CNS. Nat Rev Neurosci 4:703-713.
https://doi.org/10.1038/nrn1195

Ahuja CS, Nori S, Tetreault L et al (2017) Traumatic spinal cord
injury—repair and regeneration. Neurosurgery 80:S9-S22. https://
doi.org/10.1093/neuros/nyw080


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1212/WNL.0000000000001729
https://doi.org/10.1212/WNL.0000000000001729
https://doi.org/10.1016/j.autrev.2018.01.001
https://doi.org/10.1016/j.autrev.2018.01.001
https://doi.org/10.1016/S0140-6736(04)17551-X
https://doi.org/10.1016/S0140-6736(04)17551-X
https://doi.org/10.1186/s12974-021-02249-1
https://doi.org/10.1186/s12974-021-02249-1
https://doi.org/10.1097/WCO.0000000000000694
https://doi.org/10.1097/WCO.0000000000000694
https://doi.org/10.1016/j.ncl.2023.06.009
https://doi.org/10.1016/j.msard.2018.12.002
https://doi.org/10.1016/j.msard.2018.12.002
https://doi.org/10.1177/11795735241231094
https://doi.org/10.1177/11795735241231094
https://doi.org/10.1007/s00415-023-11910-z
https://doi.org/10.1007/s00415-023-11910-z
https://doi.org/10.1056/nejmoa1900866
https://doi.org/10.1056/nejmoa1900866
https://doi.org/10.1016/j.msard.2020.102538
https://doi.org/10.1016/j.msard.2020.102538
https://doi.org/10.1177/13524585211038291
https://doi.org/10.1177/13524585211038291
https://doi.org/10.1177/17562864231181177
https://doi.org/10.1177/17562864231181177
https://doi.org/10.1212/WNL.0000000000209888
https://doi.org/10.1038/nrn1195
https://doi.org/10.1093/neuros/nyw080
https://doi.org/10.1093/neuros/nyw080

Journal of Neurology (2026) 273:67

Page110f12 67

18. Zorner B, Schwab ME (2010) Anti-Nogo on the go: from animal
models to a clinical trial. Ann N 'Y Acad Sci 1198(1):E22-34.
https://doi.org/10.1111/j.1749-6632.2010.05566.x

19. Kim S-M, Go M]J, Sung J-J et al (2012) Painful tonic spasm in
neuromyelitis optica: incidence, diagnostic utility, and clinical
characteristics. Arch Neurol 69:1026-1031. https://doi.org/10.
1001/archneurol.2012.112

20. Fujimoto T, Maeda Y (2024) Eculizumab use throughout preg-
nancy in two patients with aquaporin-4-positive neuromyelitis
optica spectrum disorder. Clin Exp Neuroimmunol 15:126-129.
https://doi.org/10.1111/cen3.12784

21. Tommaso G, Damiano P, Pietro I (2025) Eculizumab treatment
during pregnancy in a patient with AQP4-IgG-seropositive
NMOSD: a case report. Mult Scler 31:615-617. https://doi.org/
10.1177/13524585241283648

22. VuT, Harvey B, Suresh N et al (2021) Eculizumab during preg-
nancy in a patient with treatment-refractory myasthenia gravis: a
case report. Case Rep Neurol 13:65-72. https://doi.org/10.1159/
000511957

23. Khalil N, Guerra Hernandez C, Farias J et al (2025) Safety and
effectiveness of eculizumab throughout three pregnancies in

Authors and Affiliations

Emine Rabia Koc'® - Mehmet Fatih Yetkin?
Murat Terzi*® - Sedat Sen*® - Melih Tutuncu®
Nermin Tepe’ ® . Sibel Canbaz-Kabay®
ipek Gungor-Dogan'®® . Serkan Demir'°
Ozden Kamisli'*® . Caner Fevzi Demir'*
Yesim Beckmann'®® . Vedat Cilingir'’
Sanja Gluscevic?' @ - Edgar Carnero-Contentti??
Massimiliano Calabrese?*® . Guven Ozkaya?’
Aksel Siva®

>< Emine Rabia Koc
erabiakoc @uludag.edu.tr

Faculty of Medicine, Department of Neurology, Bursa
Uludag University, Bursa, Turkey

Department of Neurology, Erciyes University, Kayseri,
Turkey

Department of Neurology, Mersin University, Mersin, Turkey

Department of Neurology, Ondokuz Mayis University,
Samsun, Turkey

Department of Neurology, Istanbul University-Cerrahpasa,
Istanbul, Turkey

Department of Neurology, Istanbul University, Istanbul,
Turkey

Department of Neurology, Balikesir University, Balikesir,
Turkey

Department of Neurology, Dokuz Eyliil University, Izmir,
Turkey

Department of Neurology, Kocaeli University, Kocaeli,
Turkey

Department of Neurology, Sancaktepe Sehit Prof. Dr. {lhan
Varank TRH, Istanbul, Turkey

- Husnu Efend;i®

- Burcu Altunrende’’
- Basak Karakurum-Yuksel'®
- Kadriye Agan'®

24.

25.

26.

217.

- Furkan Saridas’
- Ugur Uygunoglu®
- Sena Destan Bunul®

- Haluk Gumus'®
- Adriana Casallas-Vanegas?
- Gulsen Akman-Demir?®

20

21

22

a patient with refractory generalized myasthenia gravis: a case
report. Case Rep Neurol 17:25-30. https://doi.org/10.1159/00054
3216

Rondeau E, Ardissino G, Caby-Tosi M-P et al (2022) Pregnancy
in women with atypical hemolytic uremic syndrome. Nephron
146:1-10. https://doi.org/10.1159/000518171

Servais A, Devillard N, Frémeaux-Bacchi V et al (2016) Atypi-
cal haemolytic uraemic syndrome and pregnancy: outcome with
ongoing eculizumab. Nephrol Dial Transplant 31:2122-2130.
https://doi.org/10.1093/ndt/gfw314

Ardissino G, Wally Ossola M, Maria Baffero G et al (2013) Ecu-
lizumab for atypical hemolytic uremic syndrome in pregnancy.
Obstet Gynecol 122:487-489. https://doi.org/10.1097/A0G.
0b013e31828e2612

Marignier R, Laplaud D, Zéphir H et al (2023) Real-life study
to assess effectiveness and safety of eculizumab in patients with
neuromyelitis optica spectrum disorders in France: protocol for
ECUP4, an observational study. Front Neurol 14:1303874. https://
doi.org/10.3389/fneur.2023.1303874

- Omer Faruk Turan'® . Serhan Sevim?

- Murat Kurtuncu®® . Tuncay Gunduz®
- Damla Cetinkaya-Tezer'®
- Nilufer Kale-Icen'2® . Sami Omerhoca'?
- Cihat Uzunkopru®

- Merve Ercan?*® . Belgin Kocer?®
-Valentina Camera*

- Cavit Boz?’® . Ayse Altintas®®

Department of Neurology, Health Sciences University
Taksim Training and Research Hospital, Istanbul, Turkey

Department of Neurology, Istanbul Bagcilar TRH, Istanbul,
Turkey

Bursa Medical School, Department of Neurology, University
of Health Sciences, Bursa, Turkey

Department of Neurology, Firat University, Elazig, Turkey

Department of Neurology, Baskent University, Adana,
Turkey

Department of Neurology, {zmir Katip Celebi University,
Iznir, Turkey

Department of Neurology, Van Yiiziincii Y1l University, Van,
Turkey

Department of Neurology, Marmara University, Istanbul,
Turkey

Department of Neurology, Selguk University, Konya, Turkey
Department of Neurology, Gazi University, Ankara, Turkey

Department of Neurology, Clinical Centre of Montenegro,
Podgorica, Montenegro

Hospital AlemanCENRos, INECO Neurociencias Orofio,
Rosario, Argentina

@ Springer


https://doi.org/10.1111/j.1749-6632.2010.05566.x
https://doi.org/10.1001/archneurol.2012.112
https://doi.org/10.1001/archneurol.2012.112
https://doi.org/10.1111/cen3.12784
https://doi.org/10.1177/13524585241283648
https://doi.org/10.1177/13524585241283648
https://doi.org/10.1159/000511957
https://doi.org/10.1159/000511957
https://doi.org/10.1159/000543216
https://doi.org/10.1159/000543216
https://doi.org/10.1159/000518171
https://doi.org/10.1093/ndt/gfw314
https://doi.org/10.1097/AOG.0b013e31828e2612
https://doi.org/10.1097/AOG.0b013e31828e2612
https://doi.org/10.3389/fneur.2023.1303874
https://doi.org/10.3389/fneur.2023.1303874
http://orcid.org/0000-0002-0264-7284
http://orcid.org/0000-0002-2541-7107
http://orcid.org/0000-0001-5945-2317
http://orcid.org/0000-0002-6752-1519
http://orcid.org/0000-0002-0518-3374
http://orcid.org/0000-0002-3586-9115
http://orcid.org/0000-0001-8048-6845
http://orcid.org/0000-0002-9851-7002
http://orcid.org/0000-0003-2866-4004
http://orcid.org/0000-0003-3286-2652
http://orcid.org/0000-0003-4241-0908
http://orcid.org/0000-0003-4148-2539
http://orcid.org/0000-0003-4808-2191
http://orcid.org/0000-0002-9143-3893
http://orcid.org/0000-0003-4999-2787
http://orcid.org/0000-0001-8511-2260
http://orcid.org/0000-0002-8667-9119
http://orcid.org/0000-0003-4395-5141
http://orcid.org/0000-0003-1383-3557
http://orcid.org/0000-0002-7994-6223
http://orcid.org/0000-0002-5899-1180
http://orcid.org/0000-0003-1114-7860
http://orcid.org/0000-0002-6164-1229
http://orcid.org/0000-0003-2766-2277
http://orcid.org/0000-0002-9035-8537
http://orcid.org/0000-0001-5158-8834
http://orcid.org/0000-0003-4635-2880
http://orcid.org/0000-0001-5696-6435
http://orcid.org/0009-0009-3656-1217
http://orcid.org/0000-0003-4893-7807
http://orcid.org/0000-0002-2575-3055
http://orcid.org/0000-0002-9230-9093
http://orcid.org/0000-0001-7435-5726
http://orcid.org/0000-0003-4711-8148
http://orcid.org/0000-0002-4925-9000
http://orcid.org/0000-0002-3362-7403
http://orcid.org/0000-0003-0297-846X
http://orcid.org/0000-0001-5750-1242
http://orcid.org/0000-0003-0956-3304
http://orcid.org/0000-0002-8524-5087
http://orcid.org/0000-0002-8340-6641

67 Page120f12

Journal of Neurology (2026) 273:67

2 Neuroimmunology Department. Cayre MS Centre, Facultad

de Medicina, Universidad de La Sabana, Bogota, Colombia

24 Department of Neurology, University of Verona, Verona,

Italy

%5 Department of Biostatistics, Faculty of Medicine, Uludag

University, Bursa, Turkey

@ Springer

26

27

28

Department of Neurology, Istanbul Bezmialem University,
Istanbul, Turkey

Department of Neurology, Karadeniz Technical University,
Trabzon, Turkey

Department of Neurology, Koc University, Istanbul, Turkey



	Real-world effectiveness and safety of eculizumab in AQP4-IgG-positive neuromyelitis optica spectrum disorder
	Abstract
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study population
	Data collection
	Statistical analysis

	Results
	Descriptive characteristics of the study population
	Longitudinal EDSS score changes
	EDSS status categorization over time
	Comparison of clinical and radiological characteristics between patients with and without EDSS improvement at follow-up

	Discussion
	References




