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ABSTRACT
Objective: Neuromyelitis optica spectrum disorder (NMOSD) is a severe autoimmune condition of the central nervous system 
(CNS), often associated with aquaporin-4 antibodies (AQP4-IgG). Rituximab, a CD20+ B-cell depleting monoclonal antibody, is 
widely used as first-line therapy. However, a subset of patients exhibits treatment refractoriness. Our objective is to investigate 
factors associated with treatment refractoriness in AQP4-IgG-positive NMOSD patients treated with rituximab.
Methods: This retrospective cohort study included 54 AQP4-IgG-positive NMOSD patients treated with rituximab between 
2006 and 2023. Clinical, imaging, and genetic data were analyzed. Treatment failure was defined as at least one relapse occurring 
after 6 months of rituximab initiation. Statistical analyses included multivariate analyses of covariance (MANCOVA) and Cox 
regression to identify independent predictors of treatment failure.
Results: Among the 54 patients (82.5% female, median age 45 years, range: 34–54.5), 12 (22.2%) exhibited rituximab treatment 
failure. The presence of asymptomatic lesions during follow-up was significantly associated with treatment failure (p = 0.02) 
and emerged as an independent predictor in MANCOVA (Wilks' Lambda = 0.01, F = 20.5, η2 = 0.357, p < 0.001). These lesions 
also increased the risk of clinical relapses (HR = 25.9, 95% CI = 3.09–218, p < 0.01). Other variables, including age, sex, baseline 
EDSS, and persistent gadolinium enhancement, were not significantly associated with treatment failure. Genetic analysis of the 
FCGR3A-V158F polymorphism did not reveal a significant relationship with treatment outcomes.
Interpretation: Asymptomatic lesions during rituximab treatment are a strong predictor of therapeutic failure in AQP4-IgG-
positive NMOSD patients. Early identification of these lesions could guide clinicians in optimizing treatment strategies, includ-
ing transitioning to alternative therapies.

1   |   Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is a chronic 
autoimmune disease of the central nervous system (CNS), pri-
marily characterized by severe episodes of optic neuritis and 

transverse myelitis. These features often lead to significant vi-
sion loss and motor impairment [1–3]. A hallmark of NMOSD 
is the presence of antibodies against aquaporin-4 (AQP4), a 
water channel protein highly concentrated on astrocyte end-
feet within the CNS [4, 5]. These pathogenic AQP4-antibodies 
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(AQP4-IgG) are detected in a significant proportion of patients 
(AQP4-IgG-positive NMOSD); however, approximately 20%–
30% of individuals with NMOSD are seronegative for AQP4-IgG 
[6]. Up to 42% of these AQP4-IgG-negative NMOSD patients 
have IgG antibodies against myelin oligodendrocyte glycopro-
tein (MOG-IgG) [7, 8].

The binding of AQP4-IgG to astrocyte AQP4 channels triggers 
complement activation, followed by granulocyte, eosinophil, 
and lymphocyte infiltration. This cascade leads to astrocyte 
damage that results in oligodendrocyte injury, demyelination, 
and neuronal cell death [9].

Given the relapsing nature of NMOSD and the potential severe 
neurological sequelae associated with each relapse, chronic im-
munosuppressive therapy is essential to reduce the number of 
new episodes and prevent disease disability [10–12].

Rituximab, a CD20+ B-cell depleting monoclonal antibody, has 
gained substantial traction as a first-line treatment, due to its ac-
cessibility and demonstrated efficacy in diverse cohorts [13, 14]. 
Despite its widespread and overall efficacy, a subset of NMOSD 
patients does not respond optimally to rituximab. This feature 
highlights the need to identify predictors of therapeutic failure 
to minimize delays in initiating appropriate alternative treat-
ments, ensuring the best possible outcomes for these patients.

Recent international therapeutic recommendations have em-
phasized the need for individualized treatment strategies in 
NMOSD, incorporating disease severity, serostatus, and re-
gional access to therapies. These guidelines highlight rituximab 
as a first-line option in many settings, while also recognizing the 
growing availability of approved biologics, such as eculizumab, 
inebilizumab, and satralizumab, which target distinct immuno-
pathogenic mechanisms [15].

This study aims to analyze a cohort of AQP4-IgG-positive 
NMOSD patients to identify clinical, radiological, and genetic 
factors associated with rituximab treatment failure. Notably, 
this represents the first investigation in Latin America to as-
sess the presence of FCGR3A polymorphisms previously impli-
cated in suboptimal rituximab response in Asian populations, 
which can contribute to developing effective therapies earlier 
in NMOSD patients. Identifying such predictors may facilitate 
earlier recognition of treatment refractoriness, thereby enabling 
timely therapeutic adjustments and ultimately contributing to 
the development of more effective, personalized treatment strat-
egies to optimize clinical outcomes in NMOSD.

2   |   Methods

2.1   |   Patient Selection and Study Design

This retrospective, longitudinal, observational study was con-
ducted on NMOSD patients treated with Rituximab at Fleni, a 
referral neurological center in Buenos Aires, Argentina, from 
2006 to 2023. The neuroimmunology and demyelinating dis-
eases unit at Fleni currently follows 120 NMOSD patients, diag-
nosed according to the criteria established by Wingerchuk et al. 
[16] Among these patients, 70 have received rituximab treatment 

at some point, constituting the study cohort. Only patients with 
AQP4-IgG-positive antibodies were included. AQP4-IgG was 
determined using a fixed commercial CBA assay (Euroimmun, 
Germany), with reported higher specificity and sensitivity than 
ELISA and IFI [17]. MOG-IgG was also assessed using a live 
cell-based assay at a reference laboratory (Mayo Clinic, USA), 
and all included patients were MOG-IgG-negative [18].

Patients with NMOSD who had not received Rituximab during 
their disease, those who were seronegative for AQP4 antibodies, 
patients with positive MOG-IgG antibodies, or those with other 
demyelinating diseases (e.g., seronegative recurrent myelitis or 
chronic recurrent inflammatory optic neuritis), regardless of 
Rituximab treatment, were excluded from the study. Patients 
with AQP4-IgG-positive NMOSD who had incomplete follow-up 
or insufficient information in their clinical records were ex-
cluded, as well (n = 16).

Data were collected through a comprehensive review of clinical 
records and structured interviews conducted by trained neurol-
ogists in the field. The following variables were analyzed: de-
mographic data including date of birth, date of diagnosis, and 
sex, as well as clinical factors such as cardiovascular risk factors, 
disease presentation, and relapse history.

Magnetic resonance imaging (MRI) was performed annu-
ally for each patient, focusing on the presence of brain, optic 
nerve, and spinal cord lesions, and contrast enhancement. All 
patients underwent comprehensive MRI using a specific proto-
col designed for multiple sclerosis and demyelinating diseases 
(3T Discovery MR750; GE Healthcare, Milwaukee, Wisconsin) 
using a 32-channel head coil array, including the follow-
ing: 3D T2-weighted FLAIR: FOV = 26 × 26 cm; number of 
slices = 146; voxel resolution = 0.47 × 0.47 × 1.2 mm; TE = 116 ms; 
TR = 6200 ms; TI = 1710 ms; echo-train length = 220; acquisi-
tion time = 4.18 min; and optimized 3D SWAN-venule (supply-
ing magnitude and phase) [19]: FOV = 22 × 16 cm; number of 
slices = 126; voxel resolution = 0.4 × 0.4 × 0.8 mm, with the pos-
sibility to reformat to 0.4 × 0.4 × 0.4 mm; TR = 47 ms; TE = 28 ms; 
flip angle = 8°; echo-train length = 9; acquisition time = 7.38 min. 
Both FLAIR and SWAN-venule sequences were acquired im-
mediately after the intravenous administration of 0.1 mmol/
kg of gadolinium-based contrast agent (gadoterate meglumine, 
Dotarem; Guerbet, Aulnay-sous-Bois, France). Optic nerve im-
aging protocols included STIR, T2-weighted, and T1-weighted 
sequences, while spinal cord imaging comprised T2-weighted, 
STIR, and T1-weighted sequences. Additionally, postcontrast 3D 
T1-weighted sequences were obtained in all cases.

An asymptomatic lesion was defined as the appearance of a 
cerebral or spinal cord white matter lesion with characteris-
tics suggestive of demyelination or autoimmune origin, in the 
absence of clinical signs attributable to specific topography 
[20–22]. These lesions were identified during scheduled annual 
MRIs and were prospectively coded during follow-up and con-
firmed by two independent neurologists.

Data on the occurrence of relapses, treatment details, and 
Expanded Disability Status Scale (EDSS) [23] scores before 
and after treatment were recorded. Relapses were defined as 
new CNS symptoms and signs lasting longer than 24 h, with 
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or without an associated new lesion on gadolinium-enhancing 
MRI, occurring more than 30 days after the initiation of 
Rituximab treatment [24]. The severity of relapses was assessed 
clinically and documented in medical records. However, due to 
the retrospective design of the study and heterogeneity in the 
severity scoring systems employed across different time points 
standardized, quantitative severity measures were not uni-
formly available. Notwithstanding, all relapses required ther-
apeutic interventions, either intravenous methylprednisolone 
(1 g/day for 3–5 days) or plasmapheresis and/or hospitalization, 
thereby indicating that these episodes were at least of moderate 
clinical severity. Given the lack of consensus on the definition 
of therapeutic failure in NMOSD, a pragmatic criterion was 
applied: therapeutic failure was defined as at least one clinical 
relapse after more than 6 months of Rituximab treatment. This 
approach aligns with clinical practice, where treatment is typi-
cally altered when patients experience relapses.

Comprehensive data on rituximab administration, including 
initiation date, dosing regimen, mean infusion interval, treat-
ment duration, and occurrence of infections, were collected. All 
patients received an induction protocol consisting of two doses 
of intravenous infusions of 1 g rituximab administered 2 weeks 
apart. Maintenance therapy followed one of two protocols: ei-
ther 375 mg/m2 or 1 g every 6 months during the first 2 years. 
After this period, dosing adjustments were made at the discre-
tion of the treating physician with most patients continuing on 
375 mg/m2 (N = 52, out of 54). B cell depletion was monitored 
using peripheral CD20+ lymphocyte counts; however, due to the 
retrospective nature of the study and inconsistent monitoring 
practices, confirmation of complete B-cell depletion could not 
be ascertained in all cases. Differences in dosing regimens were 
analyzed between patients with and without failure, but no sta-
tistically significant patterns emerged.

2.2   |   Genetic Studies

Previous studies in Asian populations have shown that ritux-
imab treatment failure is associated with polymorphisms in 
the FCGR3A gene [25]. To investigate whether the same asso-
ciation was present in our cohort, the rs396991 G/T polymor-
phism in the FCGR3A gene (NM_000569.8) was genotyped 
blindly. Genetic material was available from nine patients who 
failed rituximab treatment and 11 randomly selected patients 
who responded to the treatment (control group). The analysis 
followed the protocol described by Kim et  al. [25] Briefly, ge-
nomic DNA was extracted from peripheral blood samples using 
the Wizard Genomic DNA Purification Kit (Promega). PCR am-
plification was carried out using the following primers: forward 
5′-CTGTGTCTTTCAGGCTGGC-3′ and reverse 5′-AAATGACC
AGAATAGTTTAATCTCGT-3′, followed by Sanger sequencing.

2.3   |   Statistical Analysis

Descriptive statistics were first conducted to assess the distribu-
tion of demographic, clinical, and radiological variables. Means, 
medians, and standard deviations were calculated for continu-
ous variables, while frequencies and percentages were used for 
categorical variables. Group comparisons were performed using 

t-tests or Mann–Whitney U tests for continuous variables, and 
chi-square or Fisher's exact tests for categorical variables. A 
radar chart (FMSB R library) was used to illustrate these com-
parisons. Multivariate analysis of covariance (MANCOVA) was 
employed, to identify independent predictors of poor treatment 
response, adjusting for potential confounders. A multivariate 
Cox's regression analysis was also performed to assess the risk 
of developing relapses under Rituximab treatment. Statistical 
analyses were conducted using SPSS 21 (SPSS Inc., Chicago, IL, 
USA). Given the retrospective and hypothesis-generating nature 
of the study, all statistical analyses were considered exploratory. 
Consequently, no correction for multiple comparisons was per-
formed, and the results should be interpreted with appropriate 
caution.

The study adheres to ethical standards for clinical research, en-
suring patient confidentiality and welfare, following STROBE 
guidelines. Informed consent was obtained from all participants, 
who were provided with detailed information about the study's 
objectives, procedures, and potential risks. Patients who under-
went genetic testing signed an additional informed consent.

3   |   Results

The study analyzed a cohort of 54 AQP4-IgG-positive NMOSD 
patients, predominantly female (82.5%, n = 47), with a median 
age at rituximab initiation of 45 years (range 34–54.5) and a 
median EDSS score of 2 (range 1–3) at the start of treatment 
(Table  1). A CONSORT diagram illustrating patients selec-
tion is shown in Figure  1. As expected, the most common 
initial clinical presentations were longitudinally extensive 
transverse myelitis (48.1%, n = 26) and optic neuritis (46.3%, 
n = 25). A smaller proportion of patients presented with brain-
stem involvement and/or area postrema syndrome (5.5%, 
n = 3). During the follow-up period, with a median duration 
of 52 months (range: 18–92.5), 24.6% (n = 14) of patients de-
veloped asymptomatic lesions (Table  S1), and 21.1% (n = 12) 
exhibited persistent gadolinium enhancement on MRI while 
receiving rituximab treatment. Asymptomatic lesions were 
primarily located in the spinal cord and/or in the periventric-
ular or subcortical white matter and exhibited radiological 
features typical of NMOSD. Lesions in vascular territories or 
with small vessel disease, or attributable to comorbidities such 

FIGURE 1    |    CONSORT diagram illustrating the patient selection 
process.
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as hypertension, were excluded. Two neuroimaging experts 
excluded lesions suggestive of small vessel disease or other 
unrelated aetiologies by consensus. All asymptomatic lesions 
were confirmed on follow-up MRI performed as part of rou-
tine clinical care and were anatomically discordant with the 
clinical status at the time of imaging. A detailed description of 
the topographies is provided in Table S1 and representative ex-
amples of asymptomatic lesions are shown in Figure 2. Twelve 
patients out of 54 (22.2%) failed rituximab treatment. When 
comparing patients who responded to treatment with those 
who failed, some differences emerged (Table 2). Among the 12 
patients who failed treatment, a significantly higher percent-
age (57.1%, n = 8) developed asymptomatic lesions during treat-
ment compared to those who responded (14%, n = 6; p = 0.02) 
(Table 2). This difference suggests that the presence of asymp-
tomatic lesions may be a significant factor associated with rit-
uximab treatment failure in AQP4-IgG-positive NMOSD.

Conversely, other variables such as gender, smoking status, 
relapses in the 2 years prior to rituximab initiation, age at 
treatment start, baseline EDSS, prior treatment history, and per-
sistent gadolinium enhancement during treatment did not show 
statistically significant differences between the two groups 
(p > 0.05 for all comparisons) (Table  2). These differences and 
similarities are illustrated in Figure 3.

The MANCOVA adjusted for disease duration further empha-
sized the role of asymptomatic lesions as an independent predic-
tor of inadequate treatment response to rituximab. This analysis 
revealed that the presence of asymptomatic lesions was strongly 
associated with treatment failure (Wilks' Lambda = 0.01, 
F = 20.5, η2 = 0.357, p < 0.001), suggesting that patients with 
these lesions are significantly more likely to fail rituximab treat-
ment. As expected, other variables such as smoking status, age at 
rituximab initiation, baseline EDSS, previous treatment history, 
and persistent gadolinium enhancement did not independently 
predict treatment failure (p > 0.05 for all) (Table 3).

Once differences in the cohort were established, the risk of 
treatment failure was assessed using a multivariate Cox regres-
sion analysis. Asymptomatic lesions significantly increased the 
risk of clinical relapses (HR = 25.9, 95% CI = 3.09–218, p < 0.01) 
compared to persistent gadolinium enhancement (HR = 1.1, 
95% CI = 0.2–6.1, p = 0.8) and being naïve to rituximab treat-
ment (HR = 0.5, 95% CI = 0.1–2.4, p = 0.4). Importantly, asymp-
tomatic lesions were identified prior to the onset of clinical 
relapses in all cases. The median time interval between le-
sion detection and subsequent relapse was 6 months (range: 
3–11 months), suggesting a temporal and potentially patho-
physiological association between subclinical disease and 
overt clinical exacerbation.

Further, we explore the influence of the FCGR3A-V158F gene 
polymorphisms on rituximab efficacy in our cohort [25]. The 
demographic and disease characteristics did not differ across 
genotypes. Among the 20 samples analyzed, the distribution 
of FCGR3A genotypes was as follows: seven homozygous for G 
(VV), four heterozygous (VF), and nine homozygous for T (FF), 
corresponding to 35%, 20%, and 45% of the tested patients, re-
spectively. Of the nine patients who failed Rituximab treatment, 
only three (33%) were homozygous for the V158F polymorphism, 
and two (22%) were heterozygous. In contrast, among 11 patients 
who responded to treatment, six (55%) were homozygous for 
the V158F polymorphism, while two (18%) were heterozygous 
(Table 4).

Moreover, we analyzed the allele frequency based on an 
exome database from our population, corresponding to 34%. 
Interestingly, this percentage increased to 55% in our cohort of 
20 patients, with a frequency of 44% among Rituximab nonre-
sponders compared to 64% among responders.

4   |   Discussion

Relapse prevention is the primary goal of NMOSD treatment. 
According to large case series, more than 40% of patients may be-
come legally blind, and up to 23% may require gait assistance (e.g., 
cane, wheelchair) within 5 years of diagnosis [2, 26]. Additionally, 
NMOSD is associated with increased mortality risks, including 
those related to immunosuppression and infections [27].

Real-world experience with off-label therapies like Azathioprine, 
Mycophenolate Mofetil, Tocilizumab, and Rituximab has been 
extensively documented. These reports reflect diverse ap-
proaches in clinical practice, influenced by drug availability, 
patient-specific factors, and local guidelines [28–32]. Economic 

TABLE 1    |    Demographic, clinical, and para-clinical characteristics 
of the complete cohort.

Women, n (%) 47 (82.5)

Smokersa, n (%) 13 (22.8)

Relapses in the 2 years prior 
to rituximab start, median 
(IQR 1-3)

1 (1–2)

First clinical symptom, n (%) Myelitis 26 (48.1), 
Optic neuritis 25 (46.3) 

Brainstem or area postrema 
syndrome 3 (5.5)

Age at rituximab initiation, 
median (IQR 1–3)

45 (34–54.5)

EDSS at rituximab start, 
median (IQR 1-3)

2 (1–3)

Previously naïve patientsb, 
n (%)

24 (42.1)

Asymptomatic lesions during 
rituximab treatmentc, n (%)

14 (24.6)

Persistent gadolinium-
enhancement during 
rituximab treatment, n (%)

12 (21.1)

Follow up in months, median 
(IQR 1-3)

52 (18–92.5)

Abbreviation: EDSS, expanded disability status scale.
aActive smokers and/or ever smokers.
bRefers to patients who had not received prior maintenance immunosuppressive 
therapy before initiating Rituximab. Remaining patients had been previously 
treated with agents such as azathioprine or mycophenolate mofetil.
cThe values indicate the number and proportion of patients who developed one 
or more new asymptomatic lesions during treatment.
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and regional disparities significantly impact treatment choices 
and accessibility. In many low- and middle-income countries, 
the high cost and limited availability of these therapies pose 
considerable challenges, with rituximab often being the most 

accessible first-line treatment globally. This highlights the im-
portance of considering local healthcare infrastructure and 
economic constraints when developing treatment protocols and 
guidelines for NMOSD management [33].

FIGURE 2    |    Illustrative examples of asymptomatic lesions observed in patients with AQP4-positive neuromyelitis optica spectrum disorders. 
Volumetric FLAIR. (A) Tumefactive periventricular lesion. (B) Periventricular hyperintensity, also referred to as the “pencil sign.” (C) Subcortical 
demyelinating lesions (yellow arrows). (D) Periventricular and subcortical white matter lesions. (E) Corpus callosum lesions and linear hyperinten-
sity adjacent to the third and fourth ventricles. (F) Periaqueductal hyperintensity. Sagittal STIR. (G) Monosegmental spinal cord lesion.

TABLE 2    |    Comparative analysis of rituximab responders and nonresponders in patients with AQP4-IgG-positive NMOSD.

Failures No failures p

Women, n (%) 13 (92.9) 34 (79.1) 0.2

Smokersa, n (%) 3 (21.4) 10 (23.3) 0.8

Relapses in the 2 years prior to rituximab start, median (IQR 1–3) 1 (1–1) 1 (1–2) 0.09

Age at rituximab initiation, median (IQR 1–3) 44 (35.25–58.25) 47 (34–54) 0.8

EDSS at rituximab start, median (IQR 1–3) 2 (2–3) 2 (0–3.5) 0.45

Previously naïve patientsb, n (%) 4 (28.6) 20 (46.5) 0.2

Asymptomatic lesions during rituximab treatmentc, n (%) 8 (57.1) 6 (14) 0.02

Persistent gadolinium-enhancement during rituximab treatment, n (%) 2 (14.3) 10 (23.3) 0.7

Follow up in months, median (IQR 1–3) 55.5 (15.25–100.25) 52 (20–92) 0.8

Abbreviation: EDSS, expanded disability status scale.
aActive smokers and/or ever smokers.
bRefers to patients who had not received prior maintenance immunosuppressive therapy before initiating Rituximab. Remaining patients had been previously treated 
with agents such as azathioprine or mycophenolate mofetil.
cThe values indicate the number and proportion of patients who developed one or more new asymptomatic lesions during treatment.
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Rituximab is primarily effective through antibody-dependent 
cellular cytotoxicity mediated by natural killer (NK) cells via in-
teractions between its Fc fragment and the Fc gamma receptor 
(FCGR) on NK cells [34]. Its safety and efficacy in preventing 
relapses have been extensively documented in different case se-
ries worldwide and in a clinical trial conducted in Japan [13]. 
Rituximab has been shown to prevent relapses in more than 
60% and up to 88% of cases, even in the long term [24, 35–37]. 
However, to the best of our knowledge, this study is the first to 
specifically analyze relapse risk factors in AQP4-IgG-positive 
NMOSD patients treated with rituximab.

Our findings indicate that the presence of asymptomatic lesions 
during follow-up is a primary predictor of subsequent relapses, 
likely reflecting suboptimal efficacy of rituximab in these 
cases  [38, 39]. Importantly, all asymptomatic lesions observed 
in our cohort displayed imaging characteristics consistent with 
NMOSD, such as longitudinally extensive spinal cord lesions 
and pencil-thin periventricular hyperintensities [20–22]. In con-
trast to previously reported findings, where only 3.4% of clini-
cally stable AQP4-IgG-positive NMOSD patients developed new, 
nonspecific, small (< 6 mm), deep white matter lesions during 
long-term follow-up, our patients showed radiological findings 
more typical of NMOSD pathology [22]. These findings suggest 
that asymptomatic lesions in our study likely reflect subclini-
cal disease activity rather than incidental findings unrelated 
to NMOSD.

Previous studies have shown that female sex, younger age, Afro-
American ethnicity, and coexisting autoimmune disorders are 
associated with an increased relapse rate. However, these find-
ings were not reflected in our cohort, which was demograph-
ically homogeneous with respect to age, race, and ethnicity 
compared to others [2, 10, 40]. Additionally, persistent gadolin-
ium enhancement, previously identified as a relapse predictor 
[41], was not associated with increased relapse rates in our study.

In prior studies of Asian patients, a polymorphic variant in 
the FCGR3A gene (rs396991 G/T), resulting in a valine-to-
phenylalanine substitution at codon 158 (V158F), was associated 
with rituximab treatment failure [25]. However, in our cohort, 
we could not confirm this association, possibly due to the small 
sample size or due to differences in genetic background.

The presence of asymptomatic lesions during follow-up was 
the main finding associated with Rituximab treatment failure. 

FIGURE 3    |    Radar chart comparing clinical and imaging character-
istics between patients with and without Rituximab treatment failure. 
The analysis revealed no statistically significant differences between the 
two groups in the proportion of smokers, the number of relapses 2 years 
before rituximab initiation, age at treatment onset, or baseline EDSS. A 
smaller proportion of treatment-naïve patients was observed in the fail-
ure group (28.6%) compared to the no-failure group (46.5%), though this 
difference did not reach statistical significance (p > 0.05). Asymptomatic 
lesions during Rituximab treatment were significantly more frequent 
in the failure group (57.1%) compared to the no-failure group (14%) 
(p = 0.02). In contrast, persistent gadolinium enhancement was slightly 
more common in the no-failure group (23.3%) than in the failure group 
(14.3%), but this difference was not statistically significant (p > 0.05).

TABLE 3    |    Multivariate analysis of covariance (MANCOVA) to 
identify independent predictors of inadequate treatment response to 
rituximab.

Variable F η2 p

Smokersa 0.35 0.01 0.55

Age at rituximab initiation 1.31 0.03 0.56

EDSS at rituximab start 0.37 0.001 0.84

Previously naïveb 0.33 0.009 0.56

Asymptomatic lesions 20 0.35 < 0.001

Persistent 
gadolinium-enhancement

0.001 < 0.001 0.98

Note: Adjusted by disease duration. Wilks' Lambda = 0.01.
Abbreviation: EDSS, expanded disability status scale.
aActive smokers and/or ever smokers.
bRefers to patients who had not received prior maintenance immunosuppressive 
therapy before initiating Rituximab. Remaining patients had been previously 
treated with agents such as azathioprine or mycophenolate mofetil.

TABLE 4    |    FCGR3A-V158F polymorphism genotyping and core clinical characteristics.

Failures (n = 12) No failures (n = 42) p

FCGR3A-V158F polymorphismsa

n = 20
Codon sequence (Coding Aminoacid)

AAC (Val), n (%) 4 (44.4) 3 (27.2) 0.3

AAA (Phe), n (%) 3 (33.3) 6 (54.5)

AAC/AAA (Val/Phe), n (%) 2 (22.2) 2 (18.1)

Clinical characteristics at onset of 
treatment
n = 54

Optic Neuritis, n (%) 5 (41.6) 21 (50) 0.7

Myelitis, n (%) 6 (50) 19 (45.2)

Brainstem or area postrema 
syndrome, n (%)

1 (8.3) 2 (4.6)

aThe values represent the number of patients expressing a particular polymorphism.
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These findings underscore the importance of monitoring as-
ymptomatic lesions in patients undergoing rituximab therapy for 
AQP4-IgG-positive NMOSD. The presence of such lesions could 
serve as an early marker of suboptimal response to rituximab, 
prompting clinicians to consider alternative therapeutic strate-
gies earlier in the treatment course. This feature is particularly 
relevant given the recent approval of novel therapeutic agents 
targeting distinct immune pathways, such as Eculizumab, 
Ravulizumab, Inebilizumab, and Satralizumab [42–45].

Despite the strengths of this deeply phenotyped, genetically tested 
cohort of AQP4-IgG-positive NMOSD patients with extended fol-
low-up, the study has some limitations. First, as a single-center 
study, it lacks the epidemiologic and demographic variability 
seen in larger, multicentre cohorts. Second, its retrospective de-
sign precluded the routine genetic testing of the entire cohort and 
the evaluation of serum or cerebrospinal fluid biomarkers, such 
as CD19-CD20, neurofilaments, and specific chemokines, which 
could provide valuable insights into the treatment response 
[46–48]. Finally, as this study was retrospective, Rituximab dos-
ing and administration schedules varied; however, all strategies 
employed were previously reported as effective.

Further investigations in larger and prospective cohorts are 
warranted to validate these observations and refine predictive 
models for treatment outcomes in AQP4-IgG-positive NMOSD. 
Given the limited sample size, our findings should be interpreted 
with caution. This study should be considered exploratory and 
hypothesis generating, serving as a foundation for future pro-
spective validations in larger, multicenter cohorts.
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