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A B S T R A C T   

Background: During the last two decades, neuromyelitis optica spectrum disorder (NMOSD) has undergone 
important changes, with new diagnostic markers and criteria, better recognition of clinical phenotypes, better 
disease prognosis and new therapeutic approaches. Consequently, management of NMOSD patients in Latin 
American (LATAM) has become more complex and challenging in clinical practice. In making these consensus 
recommendations, the aim was to review how the disease should be managed and treated among LATAM pa-
tients, in order to improve long-term outcomes in these populations. 
Methods: A panel of LATAM neurologists who are experts in demyelinating diseases and dedicated to man-
agement and care of NMOSD patients gathered virtually during 2019 and 2020 to make consensus re-
commendations on management and treatment of NMOSD patients in LATAM. To achieve this consensus, the 
RAND/UCLA methodology for reaching formal consensus was used. 
Results: The recommendations focused on diagnosis and differential diagnoses, disease prognosis, tailored 
treatment, identification of suboptimal treatment response and special circumstances management. They were 
based on published evidence and expert opinions. 
Conclusions: The recommendations of these consensus guidelines seek to optimize management and specific 
treatment of NMOSD patients in LATAM   

1. Introduction 

During the last 25 years, neuromyelitis optica (NMO) spectrum 
disorder (NMOSD) has undergone important changes, with new diag-
nostic criteria, better recognition of clinical phenotypes, identification 
of anti-aquaporin-4 antibodies (AQP4-ab), better assay methods, and 
disease prognosis as well as new therapeutic approaches 

(Wingerchuk et al., 2015; Flanagan, 2019; Lana-Peixoto and 
Talim, 2019; Flanagan and Weinshenker, 2014; Weinshenker and 
Wingerchuk, 2017; Sato et al., 2014a, b; Lennon et al., 2005). However, 
there remain significant unmet needs with its management, in terms of 
disease diagnosis, wider symptom control and specific treatment 
(Wingerchuk et al., 2015; Flanagan, 2019; Lana-Peixoto and 
Talim, 2019; Flanagan and Weinshenker, 2014; Weinshenker and 
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Wingerchuk, 2017; Sato et al., 2014a, b; Lennon et al., 2005). 
Latin America (LATAM) is a large region of the American continent 

that extends from Mexico (32° North latitude) to the Argentinian and 
Chilean Patagonia in South America (56° South latitude), including the 
Caribbean Islands (Alvarenga et al., 2017). LATAM inhabitants are a 
heterogeneous, multiethnic group of individuals. They have diverse 
variants and genetic proportions among Mestizos, the most re-
presentative ethnic population, who themselves are the product of 
centuries of interracial mixing between Native Americans (or Amer-
indians), White Caucasian Europeans, and Black Africans 
(Alvarenga et al., 2017; Papais-Alvarenga et al., 2015). NMO pre-
valence in LATAM ranged from 0.37/100,000 (Volta Redonda city) to 
4.2/100,000 inhabitants (Caribbean Islands) and NMOSD 
(Alvarenga et al., 2017; Papais-Alvarenga et al., 2015; Hor et al., 2020), 
which is not a classic demyelinating disease (Kawachi and 
Lassmann, 2017), represented 11.8% of all inflammatory diseases of the 
central nervous system (CNS) in a large multicenter study from South 
America (Alvarenga et al., 2017; Papais-Alvarenga et al., 2015;  
Hor et al., 2020; Kawachi and Lassmann, 2017; Rivas-Alonso et al., 
2018; Rivera et al., 2008; Soto de Castillo et al., 2019). NMOSD has 
shown to be significantly different to MS as regards gender, ethnicity, 
morbidity and genetic susceptibility in this region (Kawachi and 
Lassmann, 2017; Rivas-Alonso et al., 2018; Rivera et al., 2008; Soto de 
Castillo et al., 2019). Unfortunately, there are no data on access and 
utilization of NMOSD care services in LATAM, unlike MS 
(Carnero Contentti et al., 2020). 

Consequently, management of NMOSD patients has become more 
complex and challenging in clinical practice. Local and regional factors 
need to be considered when recommending how the disease should be 
managed and treated. Costs involved in diagnosis acquisition, medica-
tions, and long-term care of the disease are challenging for a region 
where developing health systems are not designed or prepared to adopt 
adequate NMOSD care as part of their budgetary or societal responsi-
bilities. Therefore, in making these consensus recommendations, the 
aim was to review how NMOSD (particularly AQP4-ab positive pa-
tients) should be managed and treated in LATAM in order to improve 
long-term outcomes in these populations in clinical practice. 

2. Methods 

A panel of LATAM experts in neurology who are dedicated to di-
agnosis and care of NMOSD patients gathered virtually during 2019 and 
2020 to make consensus recommendations about management and 
treatment of NMOSD in LATAM. To achieve consensus, the RAND/ 
UCLA methodology for reaching formal consensus was used 
(Alvarenga et al., 2017; Papais-Alvarenga et al., 2015; Hor et al., 2020). 
The method for developing practice guidelines through formal con-
sensus is both a consensus method and a guideline method (Bell et al., 
2014; Santori et al., 2008; Rand Corporation 2001). As a consensus 
method, the purpose is to formalize the degree of agreement among 
experts by identifying and selecting, through iterative ratings with 
feedback, the proposals on which experts agree and those points on 
which they disagree or are undecided. The guideline methods are 
subsequently based on agreement proposals. As a practice guideline 
method, the purpose is to draft several recommendations that address 
questions of interest in clinical practice (Hor et al., 2020). This is a 
rigorous and explicit method based on involvement of user re-
presentatives and professionals in the field to which the guidelines re-
late, and on use of an external peer review phase, transparency, in-
dependence of development and management of conflicts of interest. 

The first step in the process consisted of inclusion of working group 
experts. Experts were selected based on their experience in managing 
patients with NMOSD in different regions of LATAM. The working 
group was then divided into: a) a steering group, constituted by three 
professionals, including two chairpersons of the steering group (E.C.C 
and J.C) and a project manager; and b) a rating group of eight 

professionals who, in their daily practice, are directly involved in pa-
tient care. After the working group had been formed, the procedure 
consisted of the following phases:  

1. Systematic review and synthesis of the literature: A systematic 
search of the literature, without language restrictions, was carried 
out on MEDLINE and EMBASE for the period 1990-2019. The search 
terms were “NMOSD”, together with the modifiers “treatment”, 
“diagnosis”, “personalized”, “care”, “pharmacovigilance”, “re-
sponse”, “suboptimal”, “biomarkers”, “aquaporin-4 antibodies”, 
“magnetic resonance imaging (MRI)“, “precision”, “response”, “di-
agnosis”, “centers” and “guidelines”. Relevant clinical papers were 
distributed to the working group for review and summarization so 
that they could respond to the proposals and recommendations for 
discussion.  

2. Development of proposal list: A list of proposals developed by the 
steering group was submitted to the rating group in the form of a 
questionnaire. At this stage, the proposals complemented or con-
tradicted each other insofar as they considered all opinions ex-
pressed by the group members during the work sessions.  

3. Rating: Initially, the statements on which the members of the rating 
group agreed were identified. For statements in which there was no 
agreement, two more rounds of votes were conducted, with interim 
feedback sessions based on the published evidence (see supple-
mentary data 1). This phase concluded with selection of the pro-
posals on which there was a consensus within the rating group. 
Existence of a consensus was defined as a situation in which 70% of 
the respondents agreed, and lack of consensus, in which ≥ 30% 
disagreed. The rules for rating and analysis of the scores were de-
fined at the outset and were communicated to the rating group, 
prior to the first round. At every stage of the rating phase, members 
of the rating group were able to comment about their response to 
each statement. All the comments made were also analyzed in a 
qualitative manner to include comments in the next rating phase.  

4. Drafting the initial version of the guideline: The steering group 
and the project manager drafted the first version of the consensus 
that was to be submitted to the peer review group based on the 
consensus proposals.  

5. Peer review: An analytical report was drafted, drawing together all 
scores and comments from the peer review group members and, 
where applicable, from the participants in the public consultation. 

6. Finalization: The final version of the evidence reports, the con-
sensus recommendations and a summary of the guideline were 
drawn up. The validated versions of these documents were dis-
seminated. 

2.1. Recommendations regarding disease diagnosis and immunological tests 

-To achieve a confident diagnosis of NMOSD, there must be clin-
ical involvement in at least one of the six CNS regions: optic nerve, 
spinal cord, area postrema of the dorsal medulla, brainstem, dience-
phalon or cerebrum. 

Previously, involvement of both the optic nerve and spinal cord was 
mandatory in order to make the diagnosis of NMO in accordance with 
the 2006 NMO diagnostic criteria, in the absence of brain symptoms 
(Wingerchuk et al., 2007, 2006). The 2015 International Panel for 
NMOSD diagnostic criteria (IPND) (Wingerchuk et al., 2015) added 
area postrema (APS), brainstem (BSS), acute diencephalic syndrome 
(ADS) and symptomatic cerebral syndrome (SCS), to optic neuritis (ON) 
and acute transverse myelitis (ATM). This established the spectrum and 
validity of the clinical syndromes that are reported in clinically diag-
nosed NMO, thereby defining new core clinical criteria 
(Wingerchuk et al., 2015). More precise definition of the clinical pre-
sentations of NMOSD allow it to be diagnosed in the presence of at least 
one of the six core clinical characteristics, along with detection of 
AQP4-ab and ruling out alternative diagnoses (Wingerchuk et al., 

E. Carnero Contentti, et al.   Multiple Sclerosis and Related Disorders 45 (2020) 102428

2



2015). In patients who are negative for AQP4-ab or whose status is 
unknown, the IPND criteria are more stringent and MRI criteria must 
also be fulfilled. 

-The 2015 International Panel for NMOSD diagnostic criteria 
should be applied to LATAM patients who are suspected of having 
NMOSD, in order to make diagnosis 

In the 2015 IPND criteria (Wingerchuk et al., 2015), revisions of the 
previous 2006 criteria were recommended (Wingerchuk et al., 2006) 
(Figure 1). These new criteria defined a uniform concept combining 
NMO and NMOSD, and consequently the term NMO was retained by 
using NMOSD (Wingerchuk et al., 2015). The panel emphasized the 
serological status (including negative and unknown status), the clinical 
implications of AQP4-ab and presence of highly suggestive MRI lesions. 
These factors reflect wider NMOSD phenotypes, thus facilitating earlier 
and more accurate NMOSD diagnosis (Wingerchuk et al., 2015). 

Although the 2015 IPND criteria have not been validated in LATAM, 
it was demonstrated that they increase the rate and speed of NMSOD 

diagnosis in comparison with the 2006 NMO criteria, in two LATAM 
cohorts (Carnero Contentti et al., 2018; Fragoso et al., 2019). This result 
is in line with other reports worldwide (Hamid et al., 2017; Hyun et al., 
2016). 

-In the LATAM population, in addition to multiple sclerosis (MS), 
ruling out other regional diseases (local infections and nutritional 
diseases) that could mimic NMOSD is recommended. 

To rule out other regional diseases that mimic NMOSD, careful and 
detailed medical and epidemiological history-taking and physical ex-
amination are crucial (Thompson et al., 2018; Kim et al., 2017;  
Fragoso et al., 2017; Zatjirua et al., 2011; Delgado-García et al., 2019;  
Gray et al., 2011; Li et al., 2017; Lana-Peixoto et al., 2018;  
von Glehn et al., 2012; Cristiano et al., 2020). As shown in Table 1, in 
LATAM populations, certain infectious and nutritional diseases have 
higher prevalence, thus mimicking NMOSD, both clinically and on MRI 
(Thompson et al., 2018; Kim et al., 2017; Fragoso et al., 2017;  
Zatjirua et al., 2011; Delgado-García et al., 2019; Gray et al., 2011;  

Fig. 1. This schematic diagram illus-
trates different NMOSD phenotypes 
according to the 2015 diag-
nostic criteria for NMOSD and the 
2018 MOG international experts con-
sensus recommendations. 
Abbreviations: AQP4-ab: anti-aqua-
porin-4 antibodies, TM: transverse 
myelitis, ON: optic neuritis, APS: area 
postrema syndrome, BSS: brainstem 
syndrome, ADS: acute diencephalic 
syndrome, SCS: symptomatic cerebral 
syndrome, MOG-ab: anti-myelin oligo-
dendrocyte glycoprotein antibodies, 
LETM: longuitudinally extensive trans-
verse myelitis, ADEM: Acute dis-
seminated encephalomyelitis, NMOSD: 
neuromyelitis optica spectrum dis-
orders.  * Given that positivity for both 

AQP4-ab and MOG-ab is extremely rare using recommended assays, if core clinical characteristics or ADEM-like and/or cortical signs are observed both antibodies should 
ideally be tested (if available). 

Fig. 2. Characteristic brain and spinal 
cord abnormalities in AQP4-ab-positive 
NMOSD patients. 
A) Coronal fluid-attenuated inversion 
recovery (FLAIR) MRI shows an optic 
chiasm lesion, B) Axial T1-weighted 
MRI with gadolinium shows right optic 
nerve lesion, C) Axial FLAIR MRI shows 
an optic chiasm lesion and right optic 
nerve lesion D) Axial T1-weighted MRI 
shows bilateral optic nerve (posterior 
portion) lesions, E) Axial T2-weighted 
MRI shows right dorsal medulla lesion 
(area postrema), F) Sagittal T1- 
weighted MRI with gadolinium shows 
dorsal medulla lesion, G) Sagittal T2- 
weighted MRI shows a lesion hyper-
intense longitudinally extensive, H) 
Sagittal T1-weighted MRI shows a le-
sion hypointense longitudinally ex-
tensive, I) Axial T2-weighted MRI 
shows centrally located with more than 
half of the cross-sectional cord area 
lesion, J) Axial T2-weighted MRI shows 

bright spotty lesion, K) Axial FLAIR MRI shows brainstem lesion adjacent to the fourth ventricle, L) Axial FLAIR MRI shows right brainstem/cerebellum lesion. M) 
Axial FLAIR MRI shows anterior border of the midbrain N) Axial FLAIR MRI shows periependymal lesions surrounding the third (diencephalic lesion) and cerebral 
aqueduct lesion, O) Axial FLAIR MRI shows bilateral thalamic lesions and corticospinal tract lesions involving the posterior limb of the internal capsule and cerebral 
peduncle of the midbrain, P) Coronal FLAIR MRI shows left corticospinal tract lesion, Q) Sagittal FLAIR MRI shows callosal lesions that were compatible with 
Dawson's fingers, R) Axial T2-weighted MRI shows extensive and tumefactive subcortical hemispheric white matter lesions (some of these confluent lesions look like 
“spilled ink” along the white matter tracts). 
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Li et al., 2017; Lana-Peixoto et al., 2018; von Glehn et al., 2012;  
Cristiano et al., 2020). 

-Patients with suspected NMOSD should be evaluated in a center 
with experience in diagnosing of demyelinating diseases, to ensure an 
earlier and more precise diagnosis and adequate treatment. 

A referral to a neurologist with experience in NMOSD offers the 
opportunity to ensure that the diagnosis of NMOSD is correct. In a 
retrospective multicenter study in Europe, it was reported that 42.5% of 
NMO patients were misdiagnosed as having MS, mostly before AQP4-ab 
testing had become available (Jarius et al., 2012). Misdiagnosis may 

have a significant impact on NMOSD care and on the costs to the 
healthcare system in our region. Accumulated disability as a result of 
failure to provide swift treatment for relapses may result in long-term 
neurological sequelae and delays in diagnosing NMOSD. In addition, 
there needs to be improved patient referral and understanding the 
impact of the relapses, as well as highly suggestive MRI lesions, to-
gether with an integrated multidisciplinary team approach towards 
limiting patient disability (Wingerchuk et al., 2015; Flanagan, 2019;  
Lana-Peixoto and Talim, 2019; Flanagan and Weinshenker, 2014;  
Weinshenker and Wingerchuk, 2017). An integrated approach to 

Table 1 
Local infections and nutritional diseases as differential diagnosis of NMOSD in LATAM.      

General aspect Causes Clinical features to diagnosis Investigations  

Infectious diseases Neurotuberculosis • Most common manifestation is tuberculous meningitis Mantoux tuberculin skin test   
• Tuberculomas, cerebral miliary tuberculosis, tuberculous encephalopathy and 
tuberculous abscess may mimic NMOSD at least at the onset of infection 

Interferon gamma release 
assays, if available    
Chest X-ray or Chest CT  

Neurosyphilis • Although optic neuritis and transverse myelitis due to syphilis is rare, it could 
mimic to NMOSD. 

VDRL   

• Screening for neurosyphilis is relevant in bilateral optic neuritis and LETM 
patients because is treatable 

To confirm with FTA-ABS test  

Neurocysticercosis • Most common presentation is related to epilepsy Neuroimaging   
• MRI could mimic "open-ring" Gd enhancement and NMOSD lesions Immunological   
• Calcified lesions in imaging examinations can aid in the differential diagnosis of 
MS and NMOSD 

CSF and serum tests  

Schistosomiasis • Signs and symptoms of increased intracranial pressure, ataxia, delirium, 
seizures, visual impairment 

Stool or urine samples 
Serological test   

• Transverse myelitis, including acute transverse myelitis or subacute 
myeloradiculopathy of the lumbosacral region is the most commonly reported 
neurological manifestation of both S. mansoni and S. haematobium infection   

Dengue-virus infection • Recently become important in the diagnostic workup for brain and spinal 
demyelination on LATAM populations 

Antibodies for dengue in blood 
and CSF samples   

• Main neurological presentation is encephalopathy/encephalitis    
• Although transverse myelitis/LETM, cerebellar syndrome and ADEM due to 
dengue is rare, it could mimic to NMOSD.    
• Dengue-related MRI findings may be similar to demyelinating diseases   

Human T-cell lymphotropic virus 
type 1 (HTLV1) 

• Main presentation is progressive spastic paraparesis Blood or CSF immunological 
tests   

• Spinal cord clinical picture usually reflects impairment of the dorsolateral 
columns, which can also be identified by MRI as long-segment hyperintensity on 
T2 of the lateral columns  

Nutritional deficits Vitamin B12 deficiency • Subacute combined degeneration of the spinal cord may manifest as associations 
of progressive motor, sensitive and autonomic disfunction (erectile impotence, 
urine and fecal incontinence), gait, ataxia, mental disturbances and optical 
impairment 

Vitamin B12 levels   

• Spinal cord MRI shows symmetric bilateral hyperintensity within the dorsal 
columns (the inverted "V" sign) 

Complete blood count   

• Dietary deficiency (vegan/vegetarian diet or excessive alcohol intake), 
malabsorption (history of surgery, drugs, infections), pernicious anemia. 

Others:    

Homocysteine leves    
Antibodies against Anti- 
Intrinsic factor antibody    
Methylmalonic acid levels  

Folate deficiency • Chronic and slowly progressive myelopathy, with gait impairment because of 
sensory ataxia 

Folate levels   

• Spinal cord MRI findings are similar to patients with vitamin B12 deficiency Complete blood count   
• Dietary, malabsorption and bariatric surgery   

Copper deficiency • Chronic and slowly progressive myelopathy, with gait impairment because of 
sensory ataxia and lower limb spasticity 

Copper serum levels   

• Spinal cord MRI findings are similar to patients with vitamin B12 deficiency Zinc serum levels   
• History of zinc supplementation, gastric band surgery or malabsorption 
syndrome. 

Complete blood count    

24-hour urine test for copper 
Demyelinating disease Multiple sclerosis • Unilateral optic neuritis, partial transverse myelitis, brainstem/cerebellar 

syndrome and cerebral syndrome 
Brain and spinal MRI   

• Ovoid/round lesions adjacent to a lateral ventricle, inferior temporal lobe lesion, 
U fibers lesions, Dawson's finger-type lesions and partial spinal cord lesions can 
distinguish MS from distinct aquaporin-4 antibodies serostatus NMOSD 

CSF proteins and white blood 
cells    

OCB    
OCT and VEPs 

NMOSD: neuromyelitis optica spectrum disorders, CT: computed tomography, VDRL: venereal disease research laboratory, FTA-ABS: fluorescent treponemal anti-
body absorption, LETM: longitudinally extensive transverse myelitis, CSF: cerebrospinal fluid, MRI: magnetic resonance imaging, MS: multiple sclerosis, Gd: ga-
dolinium, ADEM: Acute disseminated encephalomyelitis, OCT: Optical coherence tomography, VEPs: visual evoked potentials.  

E. Carnero Contentti, et al.   Multiple Sclerosis and Related Disorders 45 (2020) 102428

4



clinical, laboratory and imaging examinations will enable accurate and 
precise differential diagnoses in suspected NMOSD patients 
(Wingerchuk et al., 2015; Flanagan, 2019; Lana-Peixoto and 
Talim, 2019; Flanagan and Weinshenker, 2014; Weinshenker and 
Wingerchuk, 2017; Mutch et al., 2014). Optical coherence tomography 
(OCT) can be a useful additional emerging tool in differentiating 
NMOSD from MS. Thus, OCT has shown that thinning of both peripa-
pillary retinal nerve fiber layer and ganglion cell/inner plexiform layer 
after an ON relapse is more severe in AQP4-ab-positive NMOSD and 
MOG-ab-associated disease than in MS, in line with the clinical ex-
perience of poor vision outcomes in NMOSD (Bennett et al., 2015;  
Sotirchos et al., 2019; Oertel et al., 2017). 

2.2. AQP4-ab, anti-myelin oligodendrocyte glycoprotein antibodies (MOG- 
ab) and lumbar puncture (PL) test statements 

-Patients with suspected NMOSD should be tested for serum AQP4- 
ab. 

Identification of the autoantibody biomarker AQP4-ab in 2004 was 
an important milestone in differentiating NMO from MS (Lennon et al., 
2005, 2004). Although the presence of AQP4-ab alone is not an abso-
lute criterion for diagnosing NMOSD, it is frequently found (about 
80%), in patients who fulfill the 2015 NMOSD criteria, when detected 
using an appropriate test, as reported in different large cohorts world-
wide (Wingerchuk et al., 2015; Lennon et al., 2005, 2004; Prain et al., 
2019; McCreary et al., 2018; Waters et al., 2012). Thus, detection of 
AQP4-ab is specific for confirming the NMOSD diagnosis in an appro-
priate clinical context (Wingerchuk et al., 2015). Nevertheless, analysis 
of AQP4-ab may not be widely available in LATAM using adequate 
laboratory techniques. It is also worth mentioning that the test results 
can be affected by a number of analytical, disease and treatment-related 
factors (Wingerchuk et al., 2015; Flanagan, 2019; Lana-Peixoto and 
Talim, 2019; Flanagan and Weinshenker, 2014; Weinshenker and 
Wingerchuk, 2017; Jarius and Wildemann, 2013; Takahashi et al., 
2007; Fujihara and Sato, 2013; Marignier et al., 2013). Thus, up to 20- 
30% of NMOSD patients, depending on the assay used, can be negative 
for AQP4-ab (Wingerchuk et al., 2015; Flanagan, 2019; Lana-Peixoto 
and Talim, 2019; Flanagan and Weinshenker, 2014; Weinshenker and 
Wingerchuk, 2017); been these results higher in LATAM population (up 
to 35%; probably due to the methodology used 
(Carnero Contentti et al., 2020)) 

-Serum AQP4-ab is best tested using cell-based assay (CBA) 
methods, whenever feasible, because of greater sensitivity and speci-
ficity. 

Assay techniques for analyzing AQP4-ab status differ in their sen-
sitivity and specificity (Waters et al., 2012; Fryer et al., 2014). In 
general, all AQP4-ab assays have been shown to be highly specific (97- 
100%) (Lennon et al., 2004; Prain et al., 2019; McCreary et al., 2018;  
Waters et al., 2012; Fryer et al., 2014). Direct fluorescence CBAs and 
fluorescence-activated cell sorting (FACS) assays have been shown to be 
the most sensitive and specific techniques for detecting serum AQP4-ab 
(Lennon et al., 2004; Prain et al., 2019; McCreary et al., 2018;  
Waters et al., 2012; Fryer et al., 2014). The sensitivity of CBAs was 
recently reported as being higher (92%) than those of the enzyme- 
linked immunosorbent assay (ELISA; 60%) and tissue-based indirect 
immunofluorescence (IIF; 78%) among NMOSD patients in Australia 
and New Zealand who fulfilled the 2015 IPND diagnostic criteria 
(Prain et al., 2019). Serum was identified as being more sensitive than 
cerebrospinal fluid (CSF) for detecting AQP4-ab using FACS and com-
mercial CBA methods (Majed et al., 2016). Therefore, serum is the most 
practical and cost-effective material for AQP4-ab testing. 

-If CBA is not available, the ELISA technique is acceptable. 
However, patients without a typical clinical presentation of NMOSD 
should undergo a follow-up CBA: positive results would confirm 
NMOSD if ELISA is positive 

CBA is strongly recommended, according to the 2015 IPND (a list of 

the referral centers where the authors work, performing AQP4-ab and 
MOG-ab detection through LATAM is showed in supplementary date 2) 
(Wingerchuk et al., 2015). ELISA may easily quantify the titer of AQP4- 
ab but has relatively low accuracy and has been shown to have higher 
false-positive rates in different studies conducted in Europe and 
Oceania, particularly among MS patients (Prain et al., 2019;  
McCreary et al., 2018; Waters et al., 2012; Jarius and 
Wildemann, 2013; Kim et al., 2012), when the titers are low. In addi-
tion, differential diagnoses are needed particularly if non-typical 
NMOSD clinical presentation or MRI lesions are found (Kim et al., 
2017). 

-To analyze AQP4-ab, serum samples should be taken before ad-
ministering high-dose intravenous methylprednisolone (IVMP) or 
starting plasmapheresis (PLEX). However, treatment should not be 
deferred until the results are available. 

Different clinical and serological conditions may lower the accuracy 
of AQP4-ab testing (Wingerchuk et al., 2015; Flanagan, 2019; Lana- 
Peixoto and Talim, 2019; Flanagan and Weinshenker, 2014;  
Weinshenker and Wingerchuk, 2017; Jarius and Wildemann, 2013;  
Takahashi et al., 2007; Fujihara and Sato, 2013; Marignier et al., 2013). 
Likewise, it has been reported that serum AQP4-ab titers became lower 
after IVMP and PLEX treatment (Takahashi et al., 2007). Therefore, 
AQP4-ab samples should preferably be obtained during a relapse or 
before immunotherapy (Takahashi et al., 2007; Nishimura et al., 2018 
Sep). However, patients with suspected NMOSD should not be given 
different treatment until the AQP4-ab result has been obtained, since 
relapses are usually severe and often lead to permanent disability if not 
treated promptly. Serum samples can be obtained and sent for analysis, 
and treatment can be started, while awaiting AQP4-ab results. 

-AQP4-ab should be repeated after 3-6 months if the initial results 
were negative and suspicion of NMOSD is high (based on clinical and 
MRI features). 

From expert opinions and reviews of the literature, negative find-
ings from initial AQP4-ab testing lead to increased sensitivity of AQP4- 
ab detection in repeat testing 3–6 months later, especially if the initial 
test was performed during clinical remission, under im-
munosuppressant treatment (IST) or immediately following PLEX 
(Kim et al., 2017; Waters et al., 2012, 2014; Jarius et al., 2008;  
Palace et al., 2012; Trebst et al., 2014; Whittam et al., 2017). In-
formation from a few studies suggests that a slow increase in serum 
AQP4-ab titers occurs over time, even before a clinical relapse 
(Nagaishi et al., 2011). Special attention should be given to repeat 
AQP4-ab testing among seronegative patients with typical NMOSD 
manifestations, especially those with APS, neuropathic pain 
(Hyun et al., 2020; Asseyer et al., 2018) and paroxysmal painful tonic 
spasm (Carnero Contentti et al., 2016; Liu et al., 2017). These have 
been reported to occur more frequently in NMOSD than in MS and have 
a high impact on quality of life (Trebst et al., 2014; Whittam et al., 
2017; Beekman et al., 2019). Retesting AQP4-ab is especially re-
commended during a relapse and/or during treatment-free intervals, 
possibly 3–6 months after a previous examination and particularly with 
a more sensitive assay (Waters et al., 2014; Trebst et al., 2014;  
Whittam et al., 2017). 

-Clinical attacks of ON, ATM or APS in patients with systemic 
autoimmune disease (e.g. systemic lupus erythematosus [SLE] or 
Sjögren's syndrome [SS]) should be tested for AQP4-ab. 

NMOSD is frequently associated with other systemic autoimmune 
diseases, particularly SS and SLE (Wingerchuk et al., 2007;  
Pittock et al., 2008; Birnbaum et al., 2017; Wingerchuk and 
Weinshenker, 2012). While antinuclear autoantibodies are often found 
in NMOSD patients (even in those who do not have clinical evidence of 
a systemic autoimmune disease), positivity for AQP4-ab in patients 
with systemic autoimmune diseases associated with cardinal manifes-
tations of NMOSD such as ATM, ON or APS lead to the diagnosis of 
NMOSD (Wingerchuk et al., 2007; Pittock et al., 2008; Birnbaum et al., 
2017; Wingerchuk and Weinshenker, 2012). Patients with SLE and SS 
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but without symptoms of CNS involvement are consistently negative for 
AQP4-ab (Pittock et al., 2008; Birnbaum et al., 2017), which suggests 
that NMOSD is a separate entity from systemic rheumatic CNS diseases 
and that it may be attributable to a particular susceptibility for auto-
immune diseases in those patients (Wingerchuk et al., 2007;  
Pittock et al., 2008; Birnbaum et al., 2017; Wingerchuk and 
Weinshenker, 2012). 

-In patients with clinically suspected NMOSD with non-typical 
brain or spinal cord MRI lesions suggestive of MS, lumbar puncture 
with investigation of white blood cell count, protein levels, and oli-
goclonal bands (OCB) in CSF and serum is recommended, to evaluate 
differential diagnoses. 

To avoid NMOSD misdiagnosis, evaluation of regional and non-re-
gional differential diagnoses is crucial, as previously mentioned above. 
In this regard, CSF abnormalities are frequent during a NMOSD relapse 
and disappear during remission, but their role is still limited (Kim et al., 
2017; Trebst et al., 2014). Mixed pleocytosis (lymphocytes, monocytes, 
polymorphonuclear and eosinophils cells), which might be elevated (up 
to 1000/mm3), and high protein levels are commonly found (Kim et al., 
2011; Sellner et al., 2010; Ghezzi et al., 2004; Wingerchuk et al., 1999;  
Jarius et al., 2011). In contrast, CSF white blood counts higher than 50 
cells/mm3 and protein content more than 100 mg/dl are very rare in 
MS patients, but are found in up to 35% of NMOSD patients (Kim et al., 
2011, Sellner et al., 2010, Ghezzi et al., 2004, Wingerchuk et al., 1999,  
Jarius et al., 2011). 

-The presence of OCB in CSF does not rule out the diagnosis of 
NMOSD 

While OCB in CSF occurs in 90% of Caucasian MS patients 
(Thompson et al., 2018), this is typically absent in NMOSD. However, 
OCB has been reported in up to 25-43% of NMOSD patients (17.1% in a 
LATAM cohort) (Carnero Contentti et al., 2020), particularly during a 
relapse. It can be transitory and mostly disappears in follow-up samples 
(Wingerchuk et al., 2007; Kim et al., 2017; Trebst et al., 2014;  
Whittam et al., 2017; Nagaishi et al., 2011; Hyun et al., 2020;  
Asseyer et al., 2018; Carnero Contentti et al., 2016; Liu et al., 2017;  
Beekman et al., 2019; Pittock et al., 2008; Birnbaum et al., 2017;  
Wingerchuk and Weinshenker, 2012; Kim et al., 2011; Sellner et al., 
2010; Ghezzi et al., 2004; Wingerchuk et al., 1999; Jarius et al., 2011,  
2010; Bergamaschi et al., 2004). Therefore, the presence of OCB does 
not rule out a diagnosis of NMOSD. 

It is important to note that there are no reliable values on the real 
percentage of MS and NMOSD patients with OCBs in LATAM. 

-In patients with suspicion of NMOSD who were negative for 
AQP4-ab (tested via CBA), performing MOG-ab is recommended. 

-CBA must be used as the gold standard for evaluating MOG-ab in 
serum. 

-The 2018 expert recommendations for MOG-ab-associated dis-
ease (Jarius et al., 2018) should be applied to LATAM patients who are 
suspected of having MOG-ab-associated disease, in order to make the 
diagnosis. 

The role of MOG-ab in inflammatory CNS diseases has been re-
viewed (Sato et al., 2014a, b). Although these antibodies were asso-
ciated with MS, their presence could not be reproduced in subsequent 
studies (Reindl and Waters, 2019). MOG-ab was found to be present in 
the serum of up to 40% of AQP4-ab-negative NMOSD patients 
(Jarius et al., 2016; Hamid et al., 2017), while in Brazil, these values 
were significantly lower (5/68; 7%) (Papais-Alvarenga et al., 2018). 
The presence of MOG-ab may discriminate between AQP4-ab-negative 
NMOSD patients and MS patients (Jarius et al., 2018, 2016; Reindl and 
Waters, 2019; Hamid et al., 2017; Papais-Alvarenga et al., 2018;  
Juryńczyk et al., 2019). Positivity for both AQP4-ab and MOG-ab is 
extremely rare when both assays are used (Juryńczyk et al., 2019). 
Indeed, several studies have clearly shown that MOG-ab-associated 
disease is a distinct entity from classical NMOSD, including two Bra-
zilian cohorts (Sato et al., 2014; Jarius et al., 2016, 2018; Reindl and 
Waters, 2019; Hamid et al., 2017; Papais-Alvarenga et al., 2018;  

Juryńczyk et al., 2019; Waters et al., 2015; Reindl et al., 2020;  
Zamvil and Slavin, 2015; Narayan et al., 2018). 

The panel recommends that MOG-ab-associated disease should be 
diagnosed in patients with any clinical feature suggestive of NMOSD 
who are negative for AQP4-ab, particularly in cases of ON, ATM, 
brainstem encephalitis, encephalitis or any combination of these syn-
dromes (Jarius et al., 2018; Reindl and Waters, 2019; Jarius et al., 
2016; Hamid et al., 2017; Papais-Alvarenga et al., 2018;  
Juryńczyk et al., 2019). However, it must be taken into account that an 
indiscriminate MOG-ab testing will probably elevate the false-positive 
rate (Juryńczyk et al., 2019). In this regard, it is also critical to use an 
adequate measurement technique (Papais-Alvarenga et al., 2018;  
Juryńczyk et al., 2019). 

A CBA using cells transfected with full-length human MOG, can 
detect specific autoantibodies, which recognize conformational epi-
topes of MOG has the highest sensitivity and specificity (Jarius et al., 
2018; Juryńczyk et al., 2019; Waters et al., 2015; Reindl et al., 2020,  
Zamvil and Slavin, 2015), as well as high reproducibility between dif-
ferent referral centers (Flanagan, 2019). Therefore, CBA using im-
munofluorescence or flow cytometry is currently recommended as the 
gold standard to measure MOG-ab (Jarius et al., 2018; Juryńczyk et al., 
2019; Waters et al., 2015; Reindl et al., 2020; Zamvil and Slavin, 2015). 

2.3. Recommendations for MRI and complementary tests at diagnosis and 
follow-up 

-To diagnose NMOSD, a standardized MRI protocol should be 
applied at diagnosis and follow-up. 

Brain and spinal MRI have important roles in making differential 
diagnoses and are very important tools for identifying patients with 
NMOSD (Kim et al., 2015; Carnero Contentti et al., 2018). Most lesions 
observed on MRI in NMOSD patients are not typical for MS, and only 
10%-20% of patients who have brain lesions will meet the Barkhof 
criteria for MS (Kim et al., 2015). Brain MRI findings can differentiate 
MS from different AQP4-ab serostatus NMOSD using T2-weighted and 
FLAIR sequences, including LATAM patients (Table 2) (Matthews et al., 
2013; Carnero Contentti et al., 2019). These MRI features suggestive of 
MS were included in the 2015 IPND criteria for NMOSD as “red flags“ 
(Wingerchuk et al., 2015). Another study from LATAM has shown 
significant differences in lesion distribution at disease onset as well as 
in brain volumes during follow-up between NMOSD and MS 
(Silveira et al., 2020). Adequate repositioning (manually or via an au-
tomated positioning system) is needed to allow consistent comparisons 
among follow-up scans. 

Because MS and other local diseases may at disease onset mimic 
NMOSD, standardization of MRI protocols for demyelinating diseases 
across LATAM centers is very important, since this would enable uni-
form performance and correct interpretation of studies. The re-
commended brain protocol is shown in Table 2. 

-At NMOSD diagnosis, spinal cord MRI is recommended, following 
a standardized imaging protocol. 

NMOSD patients can present ATM at disease onset or during follow- 
up. Around 85% of acute lesions extend ≥ 3 spinal segments (LETM) 
(Ciccarelli et al., 2019), which helps to differentiate AQP4-ab-positive 
NMOSD from MS and to facilitate the differential diagnosis (Kim et al., 
2015; Carnero Contentti et al., 2018, 2019; Matthews et al., 2013;  
Silveira et al., 2020; Ciccarelli et al., 2019). Use of an MRI scanner with 
a minimum field strength of 1.5-T is strongly recommended 
(Ciccarelli et al., 2019). The recommended spinal cord protocol is 
shown in Table 2. 

-In patients with short-segment myelitis (STM) on MRI (lesions 
affecting < 3 segments on sagittal spinal cord MRI) and normal or 
non-typical brain lesions for MS, APQ4-ab testing should be per-
formed. 

While STM was observed in 8% of NMOSD patients in LATAM 
(Carnero Contentti et al., 2018), it has been reported in up to 19.8% of 

E. Carnero Contentti, et al.   Multiple Sclerosis and Related Disorders 45 (2020) 102428

6



NMOSD patients worldwide (Jarius et al., 2012; Flanagan et al., 2015;  
Hu et al., 2018; Huh et al., 2017). The length of the lesion depends on 
the timing of the MRI scan (Carnero Contentti et al., 2018;  
Flanagan et al., 2015). Additionally, no significant differences in dis-
tribution lesion frequencies on axial topography (central vs. peripheral) 
were described in NMOSD patients who experienced STM (Jarius et al., 
2012; Carnero Contentti et al., 2018; Flanagan et al., 2015; Hu et al., 
2018). Although STM is rare in NMOSD, it should be considered as an 
initial manifestation to avoid NMOSD misdiagnosis or delay in making 
the NMOSD diagnosis and implementing specific treatment. Thus, 
AQP4-ab should be performed if MS has not been diagnosed 
(Flanagan et al., 2015). 

-In patients with STM on MRI and normal or non-typical brain 
lesions for MS, who are negative for APQ4-ab, MOG-ab testing should 
be performed. 

STM has been reported at least once over the course of the disease in 
around 44%–52% of all MOG-disease patients (Jarius et al., 2018, 2016;  
Reindl and Waters, 2019; Hamid et al., 2017; Papais-Alvarenga et al., 
2018; Juryńczyk et al., 2019; Mariotto et al., 2017). Therefore, in pa-
tients who do not fulfill the 2017 diagnostic criteria for MS 
(Thompson et al., 2018) or who are negative for AQP4-ab, MOG-ab 
should be performed in order to allow a specific diagnosis (Jarius et al., 
2018). 

-In patients with ON, orbital MRI following a standardized pro-
tocol is recommended in order to facilitate differential diagnosis and 
to assess typical NMOSD lesions. 

At disease onset, ON has a broad range of differential diagnoses 
(Amaral et al., 2020; Carnero Contentti et al., 2019; Petzold et al., 
2014). Although orbital MRI is not required for the ON diagnosis, both 
orbital and brain MRI are necessary for evaluating differential diag-
noses between different autoimmune and inflammatory optic neuro-
pathies as well as compressive / neoplastic optic nerve affection, and 
detecting asymptomatic demyelinating lesions. Differentiation is cri-
tical for treatment choice and further patient management 
(Petzold et al., 2014). 

Orbital MRI is increasingly being relied on to confirm the ON di-
agnosis when the clinical diagnosis is uncertain (McKinney et al., 2013;  
Bursztyn et al., 2019; Srikajon et al., 2018). Orbital MRI in association 
with fat-suppression techniques has been shown to have higher sensi-
tivity and specificity in detecting lesions suggestive of NMOSD 
(McKinney et al., 2013). Bilateral optic nerve involvement, posterior 
nerve predominance (especially with extension into the optic chiasm) 

or extensive lesions of the optic nerve (more than half of its length) are 
all suggestive of NMOSD, and they are different from those observed in 
MS (Wingerchuk et al., 2015; Kim et al., 2015; Carnero Contentti et al., 
2018). The recommended orbital protocol is shown in Table 2. 

2.4. Recommendations for disease prognosis 

-Number of relapses and their severity in NMOSD patients, during 
the first two years, predicts medium/long-term disability (5 to 10 
years). 

Phenotypically, a secondary progressive clinical course in NMOSD is 
uncommon (Wingerchuk et al., 2007) and 90% of NMOSD patients have 
a relapsing course (Sellner et al., 2010; Ghezzi et al., 2004;  
Wingerchuk et al., 1999; Jarius et al., 2016). NMOSD patients have 
reported mean annualized relapse rates (ARR) of 0.82–1.3 
(Sellner et al., 2010; Ghezzi et al., 2004; Wingerchuk et al., 1999;  
Jarius et al., 2016; Kitley and Leite, 2012; Palace et al., 2019) with a 
median time to reach the first relapse of 10–17 months (Ghezzi et al., 
2004; Jarius et al., 2016; Kitley and Leite, 2012; Palace et al., 2019;  
Papais-Alvarenga et al., 2015). Disability is relapse-related (Kitley and 
Leite, 2012; Palace et al., 2019), particularly represented by persistent 
paraplegia and blindness. Long-term outcomes from relapses were 
strongly correlated with the severity of the relapse at presentation, 
regardless of treatment timing (Banerjee et al., 2019; Seok et al., 2016) 
and the initial onset attack (Palace et al., 2019). A history of severe 
relapse before an initial treatment was an independent risk factor for 
relapse after adjusting treatments (Palace et al., 2019; Shi et al., 2019). 
Although it has been reported that the location of the first relapse had 
no impact on the subsequent disability (Palace et al., 2019), patients 
with cerebral or brainstem-onset relapses experienced the highest re-
lapse risk (Drulovic et al., 2019). Additionally, ON at disease onset has 
been reported to be more likely to develop with severe visual disability, 
compared with other symptoms at onset (Palace et al., 2019). 

NMOSD patients have reduced life expectancy, with death often 
attributable to relapse, especially due to high risk of respiratory failure, 
extension of cervical lesions into the brainstem or primary brainstem 
relapses (Sellner et al., 2010; Ghezzi et al., 2004; Wingerchuk et al., 
1999; Kitley and Leite, 2012; Palace et al., 2019; Papais- 
Alvarenga et al., 2015; Banerjee et al., 2019; Seok et al., 2016; Shi et al., 
2019; Drulovic et al., 2019; Papais-Alvarenga et al., 2008;  
Wingerchuk and Weinshenker, 2003). Higher relapse frequency during 
the first two years of disease was associated with both high risk of 

Table 2 
Standardized protocol for brain and spinal cord MRI across LATAM and MRI NMOSD-typical lesions.    

Brain and orbital MRI protocol Brain MRI NMOSD-typical lesions (clinical application)  

Brain MRI protocol 
Axial proton-density and/or T2-FLAIR/T2-weighted 
Sagittal 2D or 3D T2-FLAIR 
2D or 3D pre and post contrast-enhanced T1-weighted 
T1 3D high resolution isotropic sequence at least 10 min after injection 
of contrast 
Orbital MRI protocol 
Coronal T2-weighted, FLAIR and STIR 
Axial T2-weighted, FLAIR, STIR 
Pre- and post-Gd on T1 

Brainstem/cerebellum (periependymal surfaces of the fourth ventricle and cerebellar peduncle) 
Area postrema (dorsal medulla or contiguous with an upper cervical spinal cord lesion) 
Diencephalic lesions (hypothalamus/thalamus) or periependymal surfaces of the third ventricle 
Optic nerve (lesion extending over 50% optic nerve length or involving optic chiasm) 
Periependymal lesions surrounding the lateral ventricles (at least 50% of the length of the corpus 
callosum) 
Corticospinal tract lesions 
Hemispheric white matter lesions (> 3 cm in longest diameter) 
“Cloud-like” enhancing lesions 

Spinal cord MRI protocol Spinal MRI NMOSD-typical lesions (clinical application) 
Sagittal dual-echo (proton-density and T2-weighted) conventional and/or 

fast spin-echo 
Sagittal STIR (as an alternative to proton-density-weighted) 
Sagittal contrast-enhanced T1-weighted spin-echo (if T2 lesions 
present) 
Axial 2D and/or 3D T2-weighted fast spin-echo Axial contrast- 
enhanced T1-weighted spin-echo 

Hyperintensity on sagittal T2-weighted (standard T2-weighted, proton density, or STIR sequences) 
extending over 3 or more vertebral segments 
Central cord (more than 70% of the lesion residing within the central gray matter) cross-sectional 
involvement 
T1-weighted gadolinium enhancement lesions (no specific distribution or pattern of enhancement is 
required) 
Rostral extension of the lesion into the brainstem 
Spinal cord swelling. 
Hypointensity on T1-weighted sequences corresponding to region of hyperintensity on T2-weighted 
(common on acute lesions) 
Bright spotty lesions 
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relapses (Palace et al., 2019) and mortality due to NMOSD (Hu et al., 
2018). The estimated mortality rate in different series was 15-30% 
(Kitley and Leite, 2012; Palace et al., 2019; Wingerchuk and 
Weinshenker, 2003; Mealy et al., 2018). However, recent estimates 
allowed establishing a lower mortality rate, probably based on an 
earlier diagnosis. In contrast, older age at disease onset, association 
with other autoimmune diseases as well as Japanese and African an-
cestry were associated with a worse prognosis (Carnero Contentti et al., 
2020; Kitley and Leite, 2012; Palace et al., 2019; Wingerchuk and 
Weinshenker, 2003; Mealy et al., 2018). 

-At disease onset, the presence of AQP4-ab in NMOSD patients 
predicts worse medium/long-term disability. 

AQP4-ab-positive status predicts a high risk of relapses in untreated 
patients with an initial event of NMOSD (LETM and ON) over time, 
even within the first year (Matiello et al., 2008; Weinshenker et al., 
2006). Recently, a prospective study reported that AQP4-ab-positive 
NMOSD patients without IST have a risk of relapse of 94% at five years 
(Shi et al., 2019). Currently, there is no relationship between antibodies 
titers and clinical and radiological activity, thus diminishing the like-
lihood of a specific cut-off that may predict relapses (Jarius and 
Wildemann, 2013; Waters et al., 2014; Jarius et al., 2008). 

2.5. Recommendations for relapse and disease management 

-Early IVMP treatment (1 g daily for 3–5 days) in acute relapses is 
recommended. 

Because of the risk of severe residual disability following relapses, 
therapies for acute relapses are very important and need to be started as 
early as possible. In AQP4-ab-positive ON patients even a 7-day delay in 
IVMP initiation was detrimental to vision (Wingerchuk et al., 2015;  
Flanagan, 2019; Lana-Peixoto and Talim, 2019; Flanagan and 
Weinshenker, 2014; Weinshenker and Wingerchuk, 2017; Palace et al., 
2012; Trebst et al., 2014; Stiebel-Kalish et al., 2019). In addition, 
evaluation of occult infection or metabolic alterations to diagnose 
pseudo-relapses should be performed. Although there are no rando-
mized controlled trials on large cohorts regarding treatment of acute 
relapses, NMOSD patients are typically treated with 1 g of IVMP for 3–5 
consecutive days (Flanagan, 2019; Lana-Peixoto and Talim, 2019;  
Flanagan and Weinshenker, 2014; Weinshenker and Wingerchuk, 2017;  
Palace et al., 2012; Trebst et al., 2014) and we recommended this 
management. Complete recovery through use of IVMP has been re-
ported in up to 35% of NMOSD relapses (Abboud et al., 2016;  
Kleiter et al., 2016). Moreover, after a qualitative analysis, some panel 
members have also recommended treatment for up to 7 days, as re-
ported recently (Songthammawat et al., 2019 ). 

-After IVMP treatment, a slow tapering course of oral steroids for 
2–8 weeks, depending on the severity of the attack, is recommended. 

Oral steroids may be started following IVMP treatment, in order to 
ensure a prolonged effect on inflammation and to avoid an early relapse 
(or rebound) (Palace et al., 2012; Trebst et al., 2014). Oral prednisone 
or its equivalent taper starting with 1 mg/kg/day and decreasing gra-
dually over several weeks is recommended. Its administration will de-
pend on the timing of IST start, severity of the attack, patient co-
morbidities and tolerance of oral steroids (Palace et al., 2012;  
Trebst et al., 2014). Although there is a lack of controlled trials, oral 
steroids may be useful as a bridge after a NMOSD diagnosis has been 
confirmed, until another steroid-sparing therapy reaches full efficacy 
(Flanagan, 2019; Lana-Peixoto and Talim, 2019; Flanagan and 
Weinshenker, 2014; Weinshenker and Wingerchuk, 2017; Palace et al., 
2012; Trebst et al., 2014). 

-PLEX or immunoadsorption can be beneficial if there is partial 
or no response within 5 days from NMOSD relapse onset with or 
without previously IVMP. 

Patients with severe NMOSD relapses and those who do not respond 
to treatment with IVMP may benefit from 5-7 PLEX procedures (ap-
proximately 1.5 plasma volumes every other day) over a two-week 

period (Flanagan, 2019; Lana-Peixoto and Talim, 2019; Flanagan and 
Weinshenker, 2014; Weinshenker and Wingerchuk, 2017; Palace et al., 
2012; Trebst et al., 2014). Many retrospective studies (Abboud et al., 
2016; Kleiter et al., 2016; Songthammawat et al., 2019 ; Bonnan and 
Cabre, 2012; Bonnan et al., 2018; Kleiter et al., 2018) and a prospective 
randomized sham-controlled crossover trial (Weinshenker et al., 1999) 
demonstrated improved outcomes (both clinical and radiological 
(Magaña et al., 2011)) when NMOSD patients were treated with PLEX 
as early as possible during a relapse. The likelihood of significant re-
covery decreased from 50% with PLEX immediately (day 0), to 1% to 
5% after day 20, thus emphasizing the importance of early treatment 
(Bonnan et al., 2018). The time from relapse onset to start of PLEX was 
a strong predictor of complete remission (Abboud et al., 2016;  
Kleiter et al., 2016; Songthammawat et al., 2019 ; Bonnan and 
Cabre, 2012; Bonnan et al., 2018; Kleiter et al., 2018;  
Weinshenker et al., 1999; Magaña et al., 2011). Additionally, no dif-
ferences between PLEX and immunoadsorption were found with regard 
to efficacy for NMOSD relapses (Bonnan et al., 2018; Kleiter et al., 
2018). Moreover, 51% of NMOSD patients who were treated with IVMP 
for 5 days followed by PLEX recovered to pre-relapse baseline status, 
compared with 16.6% of NMOSD patients treated only with IVMP 
(Abboud et al., 2016). 

These results confirm that starting PLEX early during severe NMOSD 
relapses provides improved clinical benefit. Neurologists should not 
perceive PLEX as a rescue therapy only after steroid failure. The therapy 
should be individualized according to how the relapse is manifested and 
what the response to previous therapies was (Abboud et al., 2016;  
Kleiter et al., 2016; Songthammawat et al., 2019 ; Bonnan and 
Cabre, 2012; Bonnan et al., 2018; Kleiter et al., 2018;  
Weinshenker et al., 1999; Magaña et al., 2011). 

-The clinical benefit of PLEX diminishes after day 20, whether or 
not IVMP has been administered; therefore, starting PLEX early is 
recommended. 

It has been reported that the maximum improvement is observed 
when the delay in starting PLEX is minimized (≤ 5 days), such that the 
clinical benefits gradually diminish, the longer the delay in starting 
PLEX is (see also the preceding and next statements) (Abboud et al., 
2016; Kleiter et al., 2016; Songthammawat et al., 2019 ; Bonnan and 
Cabre, 2012; Bonnan et al., 2018; Kleiter et al., 2018;  
Weinshenker et al., 1999; Magaña et al., 2011). 

-PLEX should be considered for NMOSD patients with persistent 
neurological deficits, even beyond day 20 (acute phase) and parti-
cularly within 90 days after the attack onset. 

As previously mentioned, PLEX has been shown to be beneficial, if it 
is implemented as early as possible. However, in a Korean study, the 
response rates did not differ significantly between NMOSD patients 
treated within 20 days and those treated after 20 days (66.7% and 
61.5%, respectively) (Lim et al., 2013). Although it might be appro-
priate to consider PLEX for NMOSD patients without improvement 
within 90 days, other clinical or radiological factors relating to ongoing 
disease activity should help guide in making this decision. 

2.6. Recommendations for long-term relapse prevention 

The following are recommendations for AQP4-ab-positive NMOSD 
patients. Treatment strategies for MOG-ab-associated disease and 
double-negative NMOSD patients, where there are still controversies 
regarding treatment strategies, were not considered. 

-Early start of IST treatments to reduce disease activity and 
therefore to prevent NMOSD attacks is recommended. 

Long-term relapse prevention treatment is recommended for all 
AQP4-ab-positive and negative patients who are diagnosed with re-
lapsing NMOSD (Flanagan, 2019; Lana-Peixoto and Talim, 2019;  
Flanagan and Weinshenker, 2014; Weinshenker and Wingerchuk, 2017;  
Palace et al., 2012; Trebst et al., 2014). In an outcome prediction model 
among AQP4-ab-positive NMOSD patients, IST treatment significantly 
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diminished the rates of recurrence, whereas some MS treatment in-
cluding interferon-β, fingolimod, alemtuzumab and natalizumab in-
creased the risk of relapse (Palace et al., 2019). This emphasizes the 
importance of differential diagnosis between NMOSD and MS 
(Wingerchuk et al., 2015; Flanagan, 2019; Lana-Peixoto and 
Talim, 2019; Flanagan and Weinshenker, 2014; Weinshenker and 
Wingerchuk, 2017). Azathioprine (AZA), mycophenolate mofetil 
(MMF) and rituximab (RTX) are the most widely used agents to treat 
NMOSD (Collongues et al., 2019). Most recently, monoclonal anti-
bodies such as eculizumab, inebilizumab and satralizumab have been 
shown to reduce the risk of new exacerbations, in comparison with 
placebo (Pittock et al., 2019; Cree et al., 2019; Yamamura et al., 2019). 
To date, in clinical practice, the current treatment paradigm is based on 
retrospective and observational studies, case series and expert opinion 
(Flanagan, 2019; Lana-Peixoto and Talim, 2019; Flanagan and 
Weinshenker, 2014; Weinshenker and Wingerchuk, 2017; Waters et al., 
2012; Jarius and Wildemann, 2013; Papais-Alvarenga et al., 2015). 
Based on class III-IV evidence, guideline recommendations for first, 
second and third-line maintenance treatments have been published 
(Palace et al., 2012; Trebst et al., 2014; Sellner et al., 2010). In addi-
tion, there is no standard management strategy for selection of first-line 
treatment or treatment switching. Based on these three new clinical 
trials (Pittock et al., 2019; Cree et al., 2019; Yamamura et al., 2019), 
more appropriate treatment strategies can probably be defined in the 
near future. The characteristics of recommended IST treatment options 
for NMOSD patients in LATAM are summarized in Table 3. 

-Azathioprine (AZA; 2-3 mg/kg/day divided into 2-3 doses per 
day) has been shown to be effective and safe for preventing relapses of 
NMOSD and for decreasing disability, and therefore it can be used as 
a treatment for NMOSD. 

AZA was shown to be effective and safe in previous studies that 
evaluated NMOSD patients (Bichuetti et al., 2010; Costanzi et al., 2011;  
Elsone et al., 2014; Qiu et al., 2015), including in a Brazilian cohort 
recently published (Bichuetti et al., 2019). In a prospective randomized 
controlled trial (Nikoo et al., 2017), use of AZA gave rise to significant 
decreases in both mean annualized relapse rate (ARR; 54% of the pa-
tients became relapse free after one year) and disability measured using 
EDSS (from 2.40 to 1.95). Regarding comparative effectiveness between 
AZA, RTX and MMF, retrospective studies found that RTX and MMF 
were more efficacious than AZA (Stellmann et al., 2017; Mealy et al., 
2014; Jeong et al., 2016). Although there is a general consensus across 
all the currently published NMOSD guidelines that AZA is effective for 
treating NMOSD, the panel recommends starting treatment of NMOSD 
with RTX or MMF if available, while leaving AZA for milder disease or 
situations in which neither RTX nor MMF is available. 

-NMOSD patients under treatment with AZA at a target dose of 
2.5-3.0 mg/kg/day adjusted to the total lymphocyte count (< 600- 
1000/μL) and a mean corpuscular volume increase of at least 5 
points from the baseline, who present a relapse after six months of 
therapy within five years of starting are classified as having 
“suboptimal treatment response”. 

If AZA is used correctly (early initiation, adequate dosing and 
adequate adherence to treatment) and a relapse is confirmed after 6 
months of drug therapy, a suboptimal response to treatment should be 
considered, and the dose used could be increased until optimal mon-
itoring doses are reached (lymphocytes count between 600-1000/µl or 
a mean corpuscular volume> 5 points compared to baseline) 
(Palace et al., 2012; Collongues et al., 2019; Mealy et al., 2014). The 
predominantly relapsing and often severe disease course of the disease 
supports the use of long-term preventive treatments in patients with 
NMOSD (Wingerchuk et al., 2007; Palace et al., 2012; Trebst et al., 
2014; Sellner et al., 2010). Furthermore, the time to next attack can 
increase naturally in the later stages of the disease (Kim et al., 2013) 
suggesting the possible natural change in the disease activity over time 
(Kim et al., 2011). However, the duration of preventive treatment in 
NMOSD that is needed has not been adequately studied. Absence of new 

clinical relapses during an extended period of preventive therapy (e.g., 
more than 2 years) is viewed as probable treatment success. The ab-
sence of validated therapeutic biomarkers for NMOSD have suggested 
that AQP4-ab-positive patients who present with a first ever attack of 
LETM should be treated with immunosuppression for five years 
(Weinshenker et al., 2006; Kimbrough et al., 2012). This time period is 
arbitrary but attempts to balance the potential benefits of therapy 
during a period of higher relapse risk (the first 2-3 years after pre-
sentation) against the risks of long-term toxicity, especially treatment 
related to malignancy. 

-Mycophenolate mofetil (MMF, at a target dose of 2-3 g/day 
divided into two doses per day) has been shown to be effective and 
safe for preventing relapse of NMOSD and for decreasing dis-
ability, and therefore it can be used as a first-line treatment for 
NMOSD patients. 

-NMOSD patients under treatment with MMF at doses between 
1500 and 3000 mg/day, adjusted based on the total lymphocyte 
count (> 1000/μL), who present a relapse after six months of drug 
therapy within five years of treatment start are classified as having 
a “suboptimal treatment response”. 

MMF is widely available around the world but, compared with AZA, 
it is more expensive (Bichuetti et al., 2019). MMF has been shown to be 
effective and safe in retrospective studies on NMOSD patients. Com-
pared with AZA, MMF showed fewer side effects with more efficacy 
(Jacob et al., 2009; Huh et al., 2014; Montcuquet et al., 2017;  
Huang et al., 2019, 2018; Yang et al., 2018; Chen et al., 2017). In a 
recent systematic review and meta-analysis, MMF was ranked as a more 
tolerable therapy, compared with AZA and RTX (Huang et al., 2019). If 
a relapse is observed during MMF treatment, it is important to confirm 
whether MMF is being optimally dosed or whether increasing it to a 
maximum maintenance dose of 3000 mg/day is necessary. However, in 
a recent study, it was reported that 50.7% of patients experienced re-
lapse under MMF treatment (Montcuquet et al., 2017). Nonetheless, 
59.7% of them continued to receive MMF and 83% achieved stabili-
zation or improvement of EDSS by the end of the follow-up. It was 
concluded that relapse under treatment should not be the only para-
meter for assessing treatment efficacy in NMOSD (Montcuquet et al., 
2017). In general, if a relapse (“suboptimal treatment response”) 
(Abboud et al., 2016) or ≥ 2 relapses or ≥ 1 severe relapse (“poor 
response”) (Kim et al., 2017) is confirmed while patients are on MMF or 
AZA, they must switch the treatment. 

In NMOSD patients who receive AZA or MMF, oral steroid tapering 
should be maintained for at least 4-6 months. 

If AZA or MMF is added as long-term IST therapy, concomitant use 
of oral steroids for six months and tapering over the next six months is 
recommended in order to prevent relapses while another steroid- 
sparing therapy reaches full efficacy (Flanagan, 2019; Lana-Peixoto and 
Talim, 2019; Flanagan and Weinshenker, 2014; Weinshenker and 
Wingerchuk, 2017; Palace et al., 2012; Trebst et al., 2014; Sellner et al., 
2010). 

-Low doses of oral steroids (5–10 mg of prednisolone or its 
equivalent) should be administered for a prolonged period in combi-
nation with MMF/AZA in NMOSD patients who have “suboptimal 
treatment response”. 

Although general agreement for this statement was obtained, some 
of the panel members mentioned that “use of oral steroids should be 
decided on a case-by-case basis”. On the one hand, they commented: “in 
patients with partial response to AZA/MMF, oral steroids in combina-
tion may be an acceptable approach”, on the other hand, “suboptimal 
therapeutic response should lead to prompt and immediate change in 
immunotherapy and not to administering steroids in association”. 

In a prospective 18-month cohort trial, it was reported that com-
bination of AZA with oral steroids led to benefits with regard to pre-
venting relapse and improving disability (Mandler et al., 1998). In 
addition, low doses of oral steroids as monotherapy have been reported 
as having long-term beneficial effects with regard to reducing relapses 

E. Carnero Contentti, et al.   Multiple Sclerosis and Related Disorders 45 (2020) 102428

9



Ta
bl

e 
3 

Re
co

m
m

en
de

d 
im

m
un

os
up

pr
es

sa
nt

 tr
ea

tm
en

t o
pt

io
ns

 fo
r 

N
M

O
SD

 p
at

ie
nt

s 
fr

om
 L

at
in

 A
m

er
ic

a 
   

   
 

M
ed

ic
at

io
n,

 r
ou

te
 a

nd
 d

os
ag

e 
M

od
e 

of
 a

ct
io

n 
Effi

ca
cy

/E
ffe

ct
iv

en
es

s 
M

ai
n 

ex
am

in
at

io
ns

 a
nd

 m
on

ito
ri

ng
 

M
os

t 
co

m
m

on
 a

nd
 im

po
rt

an
t 

si
de

 
eff

ec
ts

 
Re

co
m

m
en

da
tio

ns
 a

nd
 c

om
m

en
ts

  

O
ra

l s
te

ro
id

s 
(O

S)
: m

ep
re

dn
is

on
e 

/ 
pr

ed
ni

so
ne

 (
Pa

la
ce

 e
t a

l.,
 2

01
2,

  
Tr

eb
st

 e
t a

l.,
 2

01
4,

 S
el

ln
er

 e
t a

l.,
 2

01
0,

  
M

an
dl

er
 e

t 
al

., 
19

98
, W

at
an

ab
e 

et
 a

l.,
 

20
07

) 
O

ra
l 

St
ar

t 
at

 6
0 

m
g 

on
ce

 d
ai

ly
 a

nd
 t

he
n 

ta
pe

r 
Ta

rg
et

 d
os

e:
 3

0-
60

 m
g 

on
ce

 a
 d

ay
 

Bi
nd

in
g 

to
 in

tr
ac

el
lu

la
r 

re
ce

pt
or

s 
w

hi
ch

 t
he

n 
ac

t t
o 

m
od

ul
at

e 
ge

ne
 t

ra
ns

cr
ip

tio
n 

A
RR

 w
as

 s
ig

ni
fic

an
tly

 lo
w

er
 

(0
.4

9 
vs

. 1
.4

8 
pe

r y
ea

r)
 in

 th
e 

O
S 

pe
ri

od
s 

(1
9.

3 
m

o)
 th

an
 in

 
th

e 
no

n-
O

S 
pe

ri
od

s (
45

.3
 m

o)
 

Sy
st

em
at

ic
al

ly
 e

va
lu

at
e 

fo
r 

bl
oo

d 
pr

es
su

re
, g

ly
ce

m
ia

, e
le

ct
ro

ly
te

s 
an

d 
bo

ne
 d

en
si

ty
 

In
fe

ct
io

ns
, w

ei
gh

t 
ga

in
 a

nd
 e

de
m

a,
 

hy
pe

rg
ly

ce
m

ia
, h

yp
er

te
ns

io
n,

 
ga

st
ri

c 
ir

ri
ta

tio
n,

 in
so

m
ni

a,
 

ps
yc

ho
si

s,
 r

as
h,

 a
va

sc
ul

ar
 n

ec
ro

si
s 

of
 t

he
 h

ip
 a

nd
 c

us
hi

ng
oi

d 
ap

pe
ar

an
ce

 

If 
ad

di
ng

 M
M

F 
or

 A
ZA

, w
e 

re
co

m
m

en
de

d 
O

S 
fo

r 
6 

m
o 

an
d 

th
en

 ta
pe

r 
ov

er
 6

 m
o.

 C
on

si
de

r 
m

ai
nt

en
an

ce
 o

f 1
0-

20
 m

g/
da

y 
of

 O
S 

if 
ne

ce
ss

ar
y.

 
If 

ad
di

ng
 R

TX
, w

e 
re

co
m

m
en

de
d 

O
S 

fo
r 

at
 

le
as

t 
1 

m
o 

an
d 

th
en

 t
ap

er
 

O
S 

co
ul

d 
be

 u
se

d 
du

ri
ng

 p
re

gn
an

cy
 

A
za

th
io

pr
in

e 
(A

ZA
) 

(P
al

ac
e 

et
 a

l.,
 2

01
2,

  
Tr

eb
st

 e
t a

l.,
 2

01
4,

 S
el

ln
er

 e
t a

l.,
 2

01
0,

  
Bi

ch
ue

tt
i e

t 
al

., 
20

10
, C

os
ta

nz
i e

t 
al

., 
20

11
, E

ls
on

e 
et

 a
l.,

 2
01

4,
 Q

iu
 e

t a
l.,

 2
01

5,
  

Bi
ch

ue
tt

i e
t 

al
., 

20
19

, N
ik

oo
 e

t a
l.,

 2
01

7,
  

St
el

lm
an

n 
et

 a
l.,

 2
01

7,
 M

ea
ly

 e
t a

l.,
 2

01
4,

  
Je

on
g 

et
 a

l.,
 2

01
6)

 
O

ra
l 

In
pa

tie
nt

 (
IP

): 
St

ar
t 

25
 m

g 
an

d 
th

en
 

in
cr

ea
se

 b
y 

25
 m

g 
da

ily
 

O
ut

pa
tie

nt
 (

O
P)

: S
ta

rt
 2

5 
m

g 
da

ily
 a

nd
 

th
en

 in
cr

ea
se

 b
y 

50
 m

g 
w

ee
kl

y.
 

Ta
rg

et
 d

os
e:

 2
50

0-
30

00
 m

g/
Kg

/ 
da

ily
 in

 
di

vi
de

d 
do

se
s 

In
hi

bi
ts

 p
ur

in
e 

sy
nt

he
si

s 
re

su
lti

ng
 in

 t
he

 in
hi

bi
tio

n 
of

 
D

N
A

, R
N

A
, a

nd
 p

ro
te

in
 

sy
nt

he
si

s 

Fr
ee

 o
f r

el
ap

se
: 3

4%
–6

1%
 

Fo
llo

w
-u

p 
(F

U
): 

18
–4

7 
m

o 
ED

SS
 (

st
ab

ili
za

tio
n 

or
 

im
pr

ov
em

en
t)

: u
p 

to
 6

9%
 

du
ri

ng
 5

 y
ea

rs
 o

f F
U

 

Pr
e-

tr
ea

tm
en

t: 
re

na
l f

un
ct

io
n,

 C
BC

 a
nd

 
LE

 (
bo

th
 m

on
th

ly
 fo

r 
6 

m
o 

an
d 

th
en

 
tw

ic
e 

a 
ye

ar
) 

TM
PT

 t
es

tin
g.

 If
 d

efi
ci

en
cy

 is
 

co
nfi

rm
ed

, A
ZA

 s
ho

ul
d 

be
 a

vo
id

ed
 

In
fe

ct
io

ns
, d

ia
rr

he
a,

 v
om

iti
ng

, 
in

cr
ea

se
d 

LE
, r

as
h,

 h
yp

er
se

ns
iti

vi
ty

 
Ri

sk
 o

f m
al

ig
na

nc
y 

de
pe

nd
in

g 
on

 
th

e 
us

ed
 ti

m
e 

(l
ym

ph
om

a,
 s

ki
n 

ca
nc

er
s 

an
d 

ot
he

r 
ca

nc
er

s)
 m

ay
 b

e 
in

cr
ea

se
d 

Bo
ne

 m
ar

ro
w

 s
up

pr
es

si
on

 

A
ZA

 w
as

 r
ec

om
m

en
de

d 
if 

un
av

ai
la

bl
e 

M
M

F 
or

 R
TX

 
A

ZA
 s

ho
ul

d 
be

 c
om

bi
ne

d 
w

ith
 O

S 
un

til
 it

s 
fu

ll 
eff

ec
t 

(a
t 

le
as

t 
6 

m
on

th
s)

. 
Ly

m
ph

op
en

ia
 o

r 
an

 e
le

va
te

d 
M

CV
 a

re
 a

 
us

ef
ul

 m
ar

ke
r 

of
 a

de
qu

at
e 

do
se

 
TP

M
T 

ac
tiv

ity
 a

nd
 m

et
ab

ol
ite

s 
co

ul
d 

he
lp

 to
 

m
on

ito
r 

th
e 

us
e 

of
 A

ZA
 

A
ZA

 c
ou

ld
 b

e 
us

ed
 d

ur
in

g 
pr

eg
na

nc
y 

M
yc

of
en

ol
at

e 
m

of
et

il 
(M

M
F)

 (
Pa

la
ce

 e
t 

al
., 

20
12

, T
re

bs
t 

et
 a

l.,
 2

01
4,

 S
el

ln
er

 e
t 

al
., 

20
10

, J
ac

ob
 e

t a
l.,

 2
00

9,
 H

uh
 e

t a
l.,

 2
01

4,
  

M
on

tc
uq

ue
t 

et
 a

l.,
 2

01
7,

 H
ua

ng
 e

t 
al

., 
20

19
, H

ua
ng

 e
t 

al
., 

20
18

, Y
an

g 
et

 a
l.,

 
20

18
, C

he
n 

et
 a

l.,
 2

01
7)

 
O

ra
l 

St
ar

t a
t 5

00
 m

g 
tw

ic
e 

da
ily

 fo
r 

1–
2 

w
ee

ks
 

an
d 

th
en

 in
cr

ea
se

 t
o 

1 
g 

tw
ic

e 
a 

da
y)

. 
Ta

rg
et

 d
os

e:
 7

50
-1

50
0 

m
g 

tw
ic

e 
a 

da
y 

(m
ed

ia
n 

do
se

: 1
g 

tw
ic

e 
a 

da
y)

 

Pr
od

ru
g 

of
 m

yc
op

he
no

lic
 

ac
id

, a
n 

in
hi

bi
to

r 
of

 in
os

in
e-

 
5′

-m
on

op
ho

sp
ha

te
 

de
hy

dr
og

en
as

e 
(a

nt
im

et
ab

ol
ite

) 

Fr
ee

 o
f r

el
ap

se
: 4

6%
–7

3%
 

FU
: 2

0–
27

 m
o 

ED
SS

 (
st

ab
ili

za
tio

n 
or

 
im

pr
ov

em
en

t)
: u

p 
to

 9
0%

 
du

ri
ng

 5
 y

ea
rs

 o
f F

U
 

Pr
e-

tr
ea

tm
en

t: 
re

na
l f

un
ct

io
n,

 C
BC

 a
nd

 
LE

 (
bo

th
 m

on
th

ly
 fo

r 
6 

m
on

th
s 

an
d 

th
en

 t
w

ic
e 

a 
ye

ar
) 

Le
uc

op
en

ia
, d

ia
rr

he
a,

 v
om

iti
ng

 a
nd

 
se

ps
is

 
Ri

sk
 o

f m
al

ig
na

nc
y 

(l
ym

ph
om

a,
 

sk
in

 c
an

ce
rs

 a
nd

 o
th

er
 c

an
ce

rs
) m

ay
 

be
 in

cr
ea

se
d 

Te
ra

to
ge

ni
ci

ty
 

M
M

F 
sh

ou
ld

 b
e 

co
m

bi
ne

d 
w

ith
 O

S 
un

til
 it

s 
fu

ll 
eff

ec
t 

(a
t 

le
as

t 
4–

6 
m

on
th

s)
. 

Ly
m

ph
oc

yt
e 

co
un

t 
sh

ou
ld

 d
ec

re
as

e 
to

 
10

00
–1

50
0/

μL
, f

ol
lo

w
in

g 
a 

pl
as

m
a 

tr
ou

gh
 

le
ve

l o
f 1

–2
 μ

g/
m

L 
is

 a
 u

se
fu

l m
ar

ke
r 

of
 

ad
eq

ua
te

 d
os

e.
 

R
it

ux
im

ab
 (

R
TX

) 
(P

al
ac

e 
et

 a
l.,

 2
01

2,
  

Tr
eb

st
 e

t a
l.,

 2
01

4,
 S

el
ln

er
 e

t a
l.,

 2
01

0,
  

St
el

lm
an

n 
et

 a
l.,

 2
01

7,
 M

ea
ly

 e
t a

l.,
 2

01
4,

  
Je

on
g 

et
 a

l.,
 2

01
6,

 K
im

 e
t 

al
., 

20
13

,  
Ki

m
br

ou
gh

 e
t a

l.,
 2

01
2,

 M
on

tc
uq

ue
t e

t a
l.,

 
20

17
, H

ua
ng

 e
t a

l.,
 2

01
9,

 K
im

 e
t a

l.,
 2

01
5,

  
Ki

m
 e

t 
al

., 
20

11
, C

ir
on

 e
t 

al
., 

20
18

,  
D

am
at

o 
et

 a
l.,

 2
01

6,
 T

or
re

s 
et

 a
l.,

 2
01

5,
  

Ze
ph

ir
 e

t 
al

., 
20

15
, C

ol
lo

ng
ue

s 
et

 a
l.,

 
20

16
, J

ac
ob

 e
t a

l.,
 2

00
8,

 G
ao

 e
t a

l.,
 2

01
9,

  
Be

di
 e

t 
al

., 
20

11
, K

im
 e

t 
al

., 
20

19
,  

Sh
ay

ga
nn

ej
ad

 e
t a

l.,
 2

01
9,

 M
ar

ci
nn

ò 
et

 a
l.,

 
20

18
) 

In
tr

av
en

ou
s 

In
du

ct
io

n:
 1

 g
 w

ith
 r

e-
tr

ea
tm

en
t 

at
 2

 
w

ee
ks

 o
r 

37
5 

m
g/

m
2 

bo
dy

 s
ur

fa
ce

 a
re

a 
on

ce
 w

ee
kl

y 
fo

r 
4 

w
ee

ks
. 

M
ai

nt
en

an
ce

: 1
 g

 w
ith

 r
et

re
at

m
en

t 
at

 2
 

w
ee

ks
 e

ve
ry

 6
 m

o 
or

 o
ne

 in
fu

si
on

 o
f 3

75
 

m
g/

m
2 

ev
er

y 
6 

m
o 

Ch
im

er
ic

 m
on

oc
lo

na
l 

an
tib

od
y 

ag
ai

ns
t 

hu
m

an
 

CD
20

 

Fr
ee

 o
f r

el
ap

se
: 5

2%
–8

8%
 

FU
: 2

4–
60

 m
o.

 
ED

SS
 (

st
ab

ili
za

tio
n 

or
 

im
pr

ov
em

en
t)

: u
p 

to
 9

7%
 

du
ri

ng
 5

 y
ea

rs
 o

f F
U

 

Pr
e-

tr
ea

tm
en

t: 
CB

C,
 ly

m
ph

oc
yt

e 
co

un
t, 

LE
, s

er
ol

og
ic

al
 a

nt
ib

od
y 

te
st

in
g 

fo
r H

IV
, 

H
BV

, H
CV

 a
nd

 V
ZV

 
CB

C,
 L

E 
an

d 
m

em
or

y 
B 

ce
lls

  
(C

D
19

+
/C

D
20

+
/C

D
27

+
) 

co
un

t 
at

 3
, 

6 
m

o 
or

 if
 r

el
ap

se
. 

Im
m

un
og

lo
bu

lin
 le

ve
ls

 p
ri

or
 e

ve
ry

 d
os

e 

M
in

or
 in

fe
ct

io
ns

 (
ur

in
ar

y 
an

d 
re

sp
ir

at
or

y 
tr

ac
t)

 
N

on
-s

er
io

us
 in

fu
si

on
-r

el
at

ed
 

re
ac

tio
ns

 
H

BV
 a

nd
 T

BC
 r

ea
ct

iv
at

io
ns

 

W
e 

re
co

m
m

en
de

d 
us

e 
co

nc
ur

re
nt

ly
 o

f O
S 

fo
r 

at
 le

as
t 

1 
m

o 
an

d 
th

en
 t

ap
er

in
g 

M
on

ito
ri

ng
 B

 c
el

ls
  

(C
D

19
+

/C
D

20
+

/C
D

27
+

) 
co

ul
d 

be
 u

se
fu

l 
to

 p
la

n 
re

tr
ea

tm
en

t 
RT

X 
co

ul
d 

be
 u

se
d 

du
ri

ng
 p

re
gn

an
cy

 o
r 

ov
er

la
pp

in
g 

sy
nd

ro
m

e 
(N

M
O

SD
 a

nd
 M

S)
 

(c
on

tin
ue

d 
on

 n
ex

t p
ag

e)
 

E. Carnero Contentti, et al.   Multiple Sclerosis and Related Disorders 45 (2020) 102428

10



Ta
bl

e 
3 

(c
on

tin
ue

d)
   

   
 

M
ed

ic
at

io
n,

 r
ou

te
 a

nd
 d

os
ag

e 
M

od
e 

of
 a

ct
io

n 
Effi

ca
cy

/E
ffe

ct
iv

en
es

s 
M

ai
n 

ex
am

in
at

io
ns

 a
nd

 m
on

ito
ri

ng
 

M
os

t 
co

m
m

on
 a

nd
 im

po
rt

an
t 

si
de

 
eff

ec
ts

 
Re

co
m

m
en

da
tio

ns
 a

nd
 c

om
m

en
ts

  

Ec
ul

iz
um

ab
 (

EC
Z)

 (
Pi

tt
oc

k 
et

 a
l.,

 2
01

9)
 

In
tr

av
en

ou
s 

90
0 

m
g 

w
ee

kl
y 

du
ri

ng
 th

e 
fir

st
 fo

ur
 d

os
es

 
st

ar
tin

g 
on

 d
ay

 1
, f

ol
lo

w
ed

 b
y 

12
00

 m
g 

ev
er

y 
2 

w
ee

ks
 s

ta
rt

in
g 

at
 w

ee
k 

4.
 

H
um

an
iz

ed
 m

on
oc

lo
na

l 
an

tib
od

y,
 w

hi
ch

 in
hi

bi
ts

 t
he

 
te

rm
in

al
 c

om
pl

em
en

t 
pr

ot
ei

n 
C5

 

Fr
ee

 o
f r

el
ap

se
: 9

6.
1%

 
FU

: 9
6-

w
ee

ks
 

Re
la

ps
e 

re
du

ct
io

n:
 9

3.
1%

 
ED

SS
 (

st
ab

ili
za

tio
n 

or
 

im
pr

ov
em

en
t)

: n
ot

 
di

ffe
re

nc
es

 v
s 

pl
ac

eb
o 

Pr
et

re
at

m
en

t: 
EC

G
, p

re
gn

an
cy

 te
st

s,
 

ch
es

t 
X-

ra
y,

 im
m

un
og

en
ic

ity
 a

s 
m

ea
su

re
d 

by
 H

A
H

A
 

CB
C,

 c
om

pl
et

e 
ch

em
is

tr
y 

pa
ne

l a
nd

 
ur

in
al

ys
is

  

M
in

or
 in

fe
ct

io
ns

 (
re

sp
ir

at
or

y 
tr

ac
t, 

na
so

ph
ar

yn
gi

tis
 a

nd
 u

ri
na

ry
), 

he
ad

ac
he

. 
N

on
-s

er
io

us
 in

fu
si

on
-r

el
at

ed
 

re
ac

tio
ns

. I
nc

re
as

ed
 r

is
k 

of
 

m
en

in
go

co
cc

al
 a

nd
 e

nc
ap

su
la

te
d 

ba
ct

er
ia

l i
nf

ec
tio

n 

PR
EV

EN
T 

tr
ia

l w
as

 a
 r

an
do

m
iz

ed
, p

la
ce

bo
- 

co
nt

ro
lle

d,
 t

im
e-

to
-e

ve
nt

 tr
ia

l i
n 

A
Q

P4
-a

b-
 

po
si

tiv
e 

N
M

O
SD

 p
at

ie
nt

s 
(a

dd
-o

n 
th

er
ap

y)
 

A
ll 

N
M

O
SD

 p
at

ie
nt

s 
m

us
t 

re
ce

iv
e 

m
en

in
go

co
cc

al
 v

ac
ci

na
tio

n 
14

 d
ay

s 
pr

io
r 

to
 

th
e 

fir
st

 d
os

e 

Sa
tr

al
iz

um
ab

 (
Ya

m
am

ur
a 

et
 a

l.,
 2

01
9,

  
Se

ze
 e

t a
l.,

 2
02

0)
 

Su
bc

ut
an

eo
us

 
12

0 
m

g 
at

 w
ee

ks
 0

, 2
, a

nd
 4

 a
nd

 th
en

 
ev

er
y 

4 
w

ee
ks

 

H
um

an
iz

ed
 a

nt
i i

nt
er

le
uk

in
 

6 
re

ce
pt

or
 (

IL
-6

R)
 

m
on

oc
lo

na
l a

nt
ib

od
y 

ty
pe

 
Ig

G
2 

(r
ec

yc
lin

g 
te

ch
no

lo
gy

) 

Fr
ee

 o
f r

el
ap

se
: 8

1%
 (

+
 

A
Q

P4
-a

b)
 a

nd
 7

2%
 (

- A
Q

P4
- 

ab
) 

FU
: 9

6-
w

ee
ks

 
Re

la
ps

e 
re

du
ct

io
n:

 5
8%

 
ED

SS
 (

st
ab

ili
za

tio
n 

or
 

im
pr

ov
em

en
t)

: N
A

 

CB
C,

 L
E,

 c
om

pl
et

e 
ch

em
is

tr
y 

pa
ne

l a
nd

 
ur

in
al

ys
is

 
se

ro
lo

gi
ca

l a
nt

ib
od

y 
te

st
in

g 
fo

r 
H

IV
, 

H
BV

, H
CV

 a
nd

 la
te

nt
 T

BC
. 

Pr
eg

na
nc

y 
te

st
 

M
in

or
 in

fe
ct

io
ns

 
N

on
-s

er
io

us
 in

fu
si

on
-r

el
at

ed
 

re
ac

tio
ns

 

W
e 

sh
ow

 d
at

a 
fr

om
 p

oo
le

d 
an

al
ys

is
 fr

om
 tw

o 
ph

as
e 

3,
 r

an
do

m
iz

ed
, d

ou
bl

e-
bl

in
d,

 p
la

ce
bo

- 
co

nt
ro

lle
d 

st
ud

ie
s 

in
 +

 a
nd

 - 
A

Q
P4

-a
b 

N
M

O
SD

 p
at

ie
nt

s.
 

Sa
ku

ra
-S

ky
 w

as
 a

n 
ad

d-
on

 t
he

ra
py

 s
tu

dy
 

(w
ith

 A
ZA

, M
M

F 
or

 O
S)

 
Sa

ku
ra

-S
ta

rt
 w

as
 a

 m
on

ot
he

ra
py

 s
tu

dy
 

In
eb

ili
zu

m
ab

 (
Cr

ee
 e

t 
al

., 
20

19
) 

In
tr

av
en

ou
s 

30
0 

m
g 

in
 2

 d
os

es
 o

n 
op

en
-la

be
l d

ay
s 

1 
an

d 
15

 a
nd

 t
he

n 
30

0 
m

g 
ev

er
y 

6 
m

o 

H
um

an
iz

ed
 m

on
oc

lo
na

l 
an

tib
od

y 
ag

ai
ns

t 
CD

19
 

Fr
ee

 o
f r

el
ap

se
: 8

7.
6%

 
FU

: 2
8-

w
ee

ks
 

Re
la

ps
e 

re
du

ct
io

n:
 7

3%
 

ED
SS

 (
st

ab
ili

za
tio

n 
or

 
im

pr
ov

em
en

t)
: O

R=
 0

.3
7 

Pr
e-

tr
ea

tm
en

t: 
CB

C,
 ly

m
ph

oc
yt

e 
co

un
t, 

LE
 a

nd
 s

er
ol

og
ic

al
 a

nt
ib

od
y 

te
st

in
g 

fo
r 

H
IV

, H
BV

, H
CV

 a
nd

 V
ZV

. 

M
in

or
 in

fe
ct

io
ns

 (
ur

in
ar

y 
an

d 
re

sp
ir

at
or

y 
tr

ac
t)

 
N

on
-s

er
io

us
 in

fu
si

on
-r

el
at

ed
 

re
ac

tio
ns

. 
A

rt
hr

al
gi

a 

N
-M

O
m

en
tu

m
 w

as
 a

 d
ou

bl
e-

bl
in

d,
 

ra
nd

om
iz

ed
 p

la
ce

bo
-c

on
tr

ol
le

d 
ph

as
e 

2/
3 

tr
ia

l i
n 

+
 a

nd
 - 

A
Q

P4
-a

b 
N

M
O

SD
 p

at
ie

nt
s 

To
ci

liz
um

ab
 (

TC
Z)

 (
Zh

an
g 

et
 a

l.,
 2

02
0,

  
Lo

ta
n 

et
 a

l.,
 2

01
9)

 
In

tr
av

en
ou

s 
8 

m
g/

kg
 e

ve
ry

 4
 w

ee
ks

 

H
um

an
iz

ed
 m

on
oc

lo
na

l 
an

tib
od

y 
ag

ai
ns

t 
th

e 
in

te
rl

eu
ki

n-
6 

re
ce

pt
or

 

Fr
ee

 o
f r

el
ap

se
: 9

1.
5%

 
FU

: 4
8-

w
ee

ks
 

Re
la

ps
e 

re
du

ct
io

n:
 N

A
 

ED
SS

 (
st

ab
ili

za
tio

n 
or

 
im

pr
ov

em
en

t)
: O

R=
 0

.3
4 

Pr
et

re
at

m
en

t: 
CB

C,
 L

E 
an

d 
la

te
nt

 T
BC

 
ev

al
ua

tio
n 

CB
C 

an
d 

LE
 e

ve
ry

 1
-2

 m
o 

fo
r 

3 
m

o 
an

d 
th

en
 q

ua
rt

er
ly

. B
lo

od
 p

re
ss

ur
e 

A
ne

m
ia

, i
nf

us
io

n-
re

la
te

d 
re

ac
tio

ns
, 

in
fe

ct
io

ns
 (

TB
C,

 o
pp

or
tu

ni
st

ic
), 

el
ev

at
ed

 L
E,

 h
yp

er
te

ns
io

n 

TA
N

G
O

 w
as

 a
 r

an
do

m
iz

ed
, o

pe
n-

la
be

l, 
pa

ra
lle

l-g
ro

up
 s

tu
dy

 c
om

pa
ri

ng
 T

CZ
 v

s 
A

ZA
  

in
 +

 a
nd

 - 
A

Q
P4

-a
b 

N
M

O
SD

 p
at

ie
nt

s 
TC

Z 
co

ul
d 

be
 c

on
si

de
re

d 
in

 p
re

gn
an

t w
om

en
 

w
ith

 s
ev

er
e 

N
M

O
SD

 

A
RR

: a
nn

ua
liz

ed
 r

el
ap

se
 r

at
e;

 D
N

A
: d

eo
xy

ri
bo

nu
cl

ei
c 

ac
id

; R
N

A
: r

ib
on

uc
le

ic
 a

ci
d;

 m
o:

 m
on

th
/s

; C
BC

: c
om

pl
et

e 
bl

oo
d 

ce
ll 

co
un

t; 
LE

: l
iv

er
 e

nz
ym

es
 (

as
pa

rt
at

e 
am

in
ot

ra
ns

fe
ra

se
 a

nd
 a

la
ni

ne
 a

m
in

ot
ra

nf
er

as
e)

; T
M

PT
: 

th
io

pu
ri

ne
 m

et
hy

ltr
an

sf
er

as
e 

en
zy

m
e;

 M
CV

: 
m

ea
n 

co
rp

us
cu

la
r 

vo
lu

m
e;

 H
IV

: 
hu

m
an

 i
m

m
un

od
efi

ci
en

cy
 v

ir
us

; 
H

BV
: 

he
pa

tit
is

 B
-v

ir
us

; 
H

CV
: 

he
pa

tit
is

 C
-v

ir
us

; 
VZ

V:
 v

ar
ic

el
la

 z
os

te
r-

vi
ru

s;
 T

BC
: 

tu
be

rc
ul

os
is

; 
N

M
O

SD
: 

ne
ur

om
ye

lit
is

 o
pt

ic
a 

sp
ec

tr
um

 d
is

or
de

rs
; M

S:
 m

ul
tip

le
 s

cl
er

os
is

; E
CG

: e
le

ct
ro

ca
rd

io
gr

am
; H

A
H

A
: H

um
an

 A
nt

i-h
um

an
 A

nt
ib

od
y;

 N
A

: n
ot

 a
va

ila
bl

e.
  

E. Carnero Contentti, et al.   Multiple Sclerosis and Related Disorders 45 (2020) 102428

11



in NMOSD. Relapses were significantly more frequently with 10 mg/ 
day or less, than with over 10 mg/day (OR = 8.75) (Watanabe et al., 
2007). 

-Induction protocol with RTX should be based on infusion of doses 
of 375 mg/m2 of body surface area, administered as an i.v. infusion 
once a week for four weeks, or 1000 mg i.v. with re-treatment at 14 
days. 

-Maintenance protocols with 1000 mg of RTX with a re-treatment 
at 14 days or one infusion of 1000 mg or one infusion of 375 mg/m2 

repeated every six months have been shown to be safe and effective for 
preventing NMOSD relapses and therefore can be used as the standard 
protocol for treating NMOSD patients. 

RTX is not widely available in LATAM. Compared with AZA or 
MMF, it is more expensive (Bichuetti et al., 2019). RTX has been shown 
to be effective and safe in prospective and retrospective studies on 
NMOSD patients (Collongues et al., 2019; Stellmann et al., 2017;  
Mealy et al., 2014; Jeong et al., 2016; Montcuquet et al., 2017;  
Huang et al., 2019; Kim et al., 2017, 2015, 2011; Ciron et al., 2018;  
Damato et al., 2016; Torres et al., 2015; Zephir et al., 2015;  
Collongues et al., 2016; Jacob et al., 2008; Gao et al., 2019; Bedi et al., 
2011). Several comparative studies have demonstrated that RTX is 
more effective than AZA and MMF in decreasing relapse severity and 
preventing relapses (Collongues et al., 2019; Stellmann et al., 2017;  
Mealy et al., 2014; Jeong et al., 2016; Montcuquet et al., 2017;  
Huang et al., 2019; Kim et al., 2017, 2015, 2011; Ciron et al., 2018;  
Damato et al., 2016; Torres et al., 2015; Zephir et al., 2015;  
Collongues et al., 2016; Jacob et al., 2008; Gao et al., 2019; Bedi et al., 
2011). 

Although some recommendation guidelines have suggested that 
RTX may be used as a first-line treatment (Palace et al., 2012;  
Trebst et al., 2014; Sellner et al., 2010), its high cost and the lack of 
head-to-head studies limit access to this treatment in many LATAM 
countries (Bichuetti et al., 2019). In this regard, some neurologists only 
use RTX treatment in patients who fail to respond or do not respond to 
first-line treatments like AZA or MMF (Collongues et al., 2016). No-
tably, RTX may decrease the invisible costs of NMOSD patients who 
potentially would have experienced poor responses to AZA or MMF, 
since its use will reduce the number of hospitalizations because of de-
creased ARR, less use of paraclinical examinations like MRI and la-
boratory tests, less use of IVMP and less need for rehabilitation due to 
relapses (Palace et al., 2012; Trebst et al., 2014; Sellner et al., 2010). 

There is no standardized RTX protocol for NMOSD. No differences 
in efficacy between induction protocols has been reported, given that 
retreatment was properly performed based on pre-planned B cell 
monitoring (Kim et al., 2011). To minimize potential side effects during 
follow-up, recent guidelines on use of RTX for treating NMOSD re-
commended use of 1000 mg every 6 months during follow-up 
(Collongues et al., 2019; Ciron et al., 2018; Kim et al., 2019). 

One alternative to a fixed-dosage protocol every 6 months is to 
monitor memory B cell counts (CD19+/CD20+/CD27+) at three and 
six months and at any time if relapse is confirmed (Costanzi et al., 2011;  
Kim et al., 2013). If easy access to CD27+ cell counts is not possible, 
counting only the total CD19+ cells is an acceptable evaluation 
(Collongues et al., 2019; Ciron et al., 2018; Kim et al., 2019). In a 
prospective study and metanalysis (n = 438), around 30% of the pa-
tients treated with RTX had side effects (Damato et al., 2016;  
Shaygannejad et al., 2019). Minor infections (urinary and respiratory 
tract) and non-serious infusion-related reactions were the most frequent 
of these (Damato et al., 2016). In addition, long-term RTX treatment 
has been associated with the risk of hypogammaglobulinemia 
(Marcinnò et al., 2018). In another metanalysis (n = 577), 16.4% of the 
patients undergoing RTX treatment experienced side effects (2% of 
them had severe side effects) and 0.9% died (Gao et al., 2019). 

IVMP at 100 mg for 60 min prior to RTX infusion has been de-
monstrated to mitigate the risk of infusion-related side effects 
(Ciron et al., 2018). A French consensus (Ciron et al., 2018) 

recommended a combination of steroids with IV antihistamine and 
paracetamol, but without clear evidence. All immunizations (especially 
influenza vaccine, pneumococcal vaccine, varicella zoster virus vaccine 
and hepatitis B and C vaccine) included in the vaccination schedule 
should be highlighted (Ciron et al., 2018; Kim et al., 2019). 

-In NMOSD patients who receive RTX, oral steroids should be 
maintained for at least 1-2 months after starting RTX. 

If RTX is used following a relapse, concurrent use of oral steroids for 
at least 1 month, followed by tapering. This is because RTX treatment 
could be followed by relapses in the first month (Perumal et al., 2015), 
possibly because of induction of B-cell activating factor, thus resulting 
in a transient increase in AQP4-ab titers or lysis of B cells (Flanagan and 
Weinshenker, 2014; Perumal et al., 2015; Nakashima et al., 2011). 

Regardless of the number and severity of relapses among NMOSD 
patients after treatment starts, occurrences of relapses after at least 
six months of correct use of the specific treatment indicates that dis-
ease activity still persists and justifies modifying the therapeutic 
scheme to balance the risk and benefit. 

Although there is a consensus that NMOSD patients need to receive 
long-term IST, the best treatment choice for each individual remains 
uncertain. No comparisons have been made among these drugs in head- 
to-head studies and the terms “suboptimal treatment response”, “poor 
response” and “treatment failure” have not been clearly defined. Based 
on experience in clinical practice, if a relapse is confirmed while IST 
treatment is underway with correct use and dosage (Mealy et al., 2014;  
Kim et al., 2017), these patients should be switched to a drug with a 
different mechanism of action because persistence of disease activity 
exists. Definitions of effective therapeutic protocols for NMOSD patients 
resistant to IST drugs are still required. 

NMOSD patients under treatment with RTX who present a relapse 
after 1 to 5 months are considered to have a "suboptimal treatment 
response". 

If the NMOSD diagnosis is confirmed and RTX is chosen, this 
treatment should be started immediately following IVMP or PLEX 
treatment for relapse and oral steroids. It should be maintained for at 
least 1 month (Ciron et al., 2018) and then tapered off. Different stra-
tegies to evaluate long-term RTX management have been described 
(Collongues et al., 2019; Ciron et al., 2018; Kim et al., 2019). In general, 
the clinical response to RTX in NMOSD patients depends on the degree 
of B cell depletion, regardless of the dose of rituximab used (Kim et al., 
2019). The degree and durability of B cell depletion in RTX treatment is 
variable (Cohen et al., 2017). 

The first strategy consists of repeating RTX infusions every six 
months without other paraclinical monitoring of its effects 
(Collongues et al., 2019; Ciron et al., 2018; Kim et al., 2019). Given that 
the full effect of RTX is delayed for at least one month after infusion, 
NMOSD patients who have a relapse after this period (1 to 5 months) 
are considered as having a "suboptimal treatment response". Another 
strategy is to monitor CD19+ cells during the follow-up. CD19+ cells 
in blood have been shown to provide a good measurement of the total 
number of circulating B cells, and some neurologists have suggested 
repeating RTX infusions when CD19+ cell counts exceed 0.01 × 109/L 
(Collongues et al., 2019; Kim et al., 2019; Pellkofer et al., 2011) or 
when they reach more than 0.1% of the total lymphocyte count 
(Mealy et al., 2014). Other investigators have suggested monitoring 
CD27+ cells in peripheral blood, with the aim of repeating the treat-
ment only when CD27+ cell levels are more than 0.05% of PBMCs 
(Collongues et al., 2019; Kim et al., 2011, 2019), since the risk of re-
activation of the disease seems to be correlated with re-emergence of 
memory B cells (Collongues et al., 2019; Kim et al., 2019). Monitoring 
RTX infusion through AQP4-ab titers in AQP4-ab-positive NMOSD pa-
tients is not recommended. 

Although there is no clear definition for “suboptimal treatment re-
sponse”, if a relapse is confirmed in these patients while on RTX, they 
should be switched to a drug with a different mechanism of action, such 
as new drugs (eculizumab, satralizumab, inebilizumab or tocilizumab) 
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(Pittock et al., 2019; Cree et al., 2019; Yamamura et al., 2019;  
Ringelstein et al., 2015; Araki et al., 2014; Zhang et al., 2020;  
Lotan et al., 2019) or combination treatment (e.g. RTX plus MMF). 
However, only limited published data is available, particularly for this 
last strategy (Flanagan and Weinshenker, 2014). Although there is not 
much experience in the use of these new drugs in LATAM, they have 
been shown to be safe and effective in randomized placebo-controlled 
trials (Pittock et al., 2019; Cree et al., 2019; Yamamura et al., 2019). 
However, caution is needed in making decisions about treatment failure 
or suboptimal treatment. 

Tocilizumab can be used in NMOSD patients showing no response 
to other immunosuppressants in clinical practice. 

Eculizumab can be used in NMOSD patients showing no response 
to other immunosuppressants in clinical practice. 

Inebilizumab can be used in NMOSD patients showing no response 
to other immunosuppressants in clinical practice. 

Satralizumab can be used in NMOSD patients showing no response 
to other immunosuppressants in clinical practice. 

There has been a gap of nearly 100 years in progress with research 
into understanding the pathophysiology of NMOSD. Thus, new ther-
apeutic approaches with different modes of action and routes of ad-
ministration have been shown to be effective for treating NMOSD pa-
tients. 

Tocilizumab (anti-IL-6R) has been shown to significantly reduce the 
risk of new relapses, in comparison with AZA (Zhang et al., 2020). Most 
recently, subcutaneous tocilizumab treatment has also seen to have 
effectiveness similar to that of intravenous formulations (Lotan et al., 
2019). As previously mentioned, monoclonal antibodies such as eculi-
zumab (anti-complement protein C5) (Pittock et al., 2019), in-
ebilizumab (anti-CD19) (Cree et al., 2019) and satralizumab (anti-IL- 
6R) (Yamamura et al., 2019; Seze et al., 2020) have been shown to 
significantly reduce the risk of new relapses, in comparison with pla-
cebo (especially in AQP4-ab-positive patients), with clinical stabiliza-
tion or improvement in most of them. Additionally, all these drugs have 
demonstrated good safety and tolerability profiles with a limited rate of 
side effects. At the present time, eculizumab has become the first drug 
approved for NMOSD. Other treatments for NMOSD will probably be 
approved in the near future. IST treatment options for NMOSD patients 
are summarized in Table 3. 

For severely disabling clinical symptoms or life-threatening re-
lapses (highly active disease), cyclophosphamide or mitoxantrone can 
be used as induction therapy followed by a maintenance protocol after 
failure of RTX or when RTX is unavailable. 

RTX is not effective for all NMOSD patients, and therefore other 
treatment options should be considered, including cyclophosphamide 
and mitoxantrone (Palace et al., 2012; Trebst et al., 2014; Sellner et al., 
2010; Collongues et al., 2019; Kimbrough et al., 2012). 

Mitoxantrone has been shown to significantly reduce the rate of 
relapses in NMOSD patients (Kim et al., 2015). However, due to its side 
effects, particularly cardiotoxicity and myelotoxicity, and because other 
therapeutic alternatives with fewer side effects are available, its use 
should be considered very critically (Palace et al., 2012; Trebst et al., 
2014; Sellner et al., 2010; Collongues et al., 2019; Kimbrough et al., 
2012; Weinstock-Guttman et al., 2006). Panels of experts on NMOSD 
treatment have recommended that cyclophosphamide should only be 
used when other IST treatments fail or are not available (Palace et al., 
2012; Trebst et al., 2014; Sellner et al., 2010; Kimbrough et al., 2012;  
Mok et al., 2008). The treatment may be applied in immunoablative 
doses (2000 mg/day for 4 days) or at a dose of 600 mg/m2 

(Palace et al., 2012; Trebst et al., 2014; Sellner et al., 2010;  
Collongues et al., 2019; Mok et al., 2008). 

Routine brain MRI among NMOSD patients after specific treat-
ment has been started is recommended at least once a year to identify 
ongoing inflammatory disease activity. 

Follow-up brain MRI in NMOSD patients once a year is re-
commended in order to evaluate disease activity, since MRI shows 

demyelinating lesions more sensitively than do clinical manifestations 
(Kim et al., 2016; Geraldes et al., 2018). As observed in a LATAM po-
pulation (Carnero Contentti et al., 2018), several studies have shown 
that T2-signal abnormalities in the brain exist in up to 80% of NMOSD 
patients at presentation or during follow-up (Wingerchuk et al., 2007;  
Kim et al., 2015; Carnero Contentti et al., 2018; Matthews et al., 2013;  
Geraldes et al., 2018). In general, these lesions are often clinically silent 
(Wingerchuk et al., 2007), commonly not classically oval shaped (i.e. 
unlike those reported in MS), and typically are not visible on T1- 
weighted images (Wingerchuk et al., 2007; Kim et al., 2015;  
Carnero Contentti et al., 2018; Matthews et al., 2013; Comi et al., 2017;  
Pittock et al., 2006). The association that brain MRI lesions might have 
as a predictor of future disease activity and disability is still unclear. 
Recently, the central vein sign (CVS); in which MS lesions are devel-
oped around small veins was reported as a specific marker for MS di-
agnosis (Sati et al., 2016; Gaitán et al., 2020). A sensitivity of 68.1% 
and specificity of 82.9% for distinguishing MS from not MS using a 35% 
CVS proportion threshold has been reported (Sinnecker et al., 2019). 
Recently, a Class III study provided evidence that the proportion of 
lesions with the CVS was significantly higher in MS than in AQP4-ab- 
positive NMOSD patients (80% vs 32%, p < 0.001) (Cortese et al., 
2018). If more than 54% of the lesions on any given scan show the CVS, 
then the patient can be given a diagnosis of MS with an accuracy of 94% 
(Cortese et al., 2018). 

Regarding the brain MRI at six months after starting a specific 
treatment, the panel did not reach any consensus for recommending 
this. The panel members commented that brain MRI is not necessary if 
clinical relapses are not present during this period, unlike MS. 
However, future studies and evidence could modify this recommenda-
tion. The panel also did not reach any consensus regarding the necessity 
for an annual spinal cord MRI (routine) after starting a specific treat-
ment, for identifying ongoing disease activity. The panel highlighted 
the absence of benefit from monitoring clinically silent lesions spinal 
cord MRI for NMOSD patients, as seen in MS (Comi et al., 2017). 

2.7. Recommendations in special situations 

For NMOSD patients whose phenotype is indeterminate between 
MS and NMOSD (overlapping syndrome), RTX is recommended. 

When diagnostic uncertainty exists between MS and NMOSD, par-
ticularly in anti-AQP4-ab-negative NMOSD patients, it should be con-
sidered that the published expert recommendations state that an 
NMOSD-suitable IST strategy will be effective for both diseases 
(Weinshenker and Wingerchuk, 2017; Palace et al., 2012). Although 
RTX is an off-label treatment for both MS and NMOSD, it has been 
shown to be effective in diminishing the rate of relapses in both dis-
eases, over variable follow-up durations. 

Early IVMP treatment (1 g daily for 3–5 days) in situations of 
acute relapse during pregnancy (depending on relapse severity) is 
recommended. 

Women with NMOSD can remain active during pregnancy and it has 
been reported that they are at increased risk of relapses during the first 
3 months (Nour et al., 2016; Fragoso et al., 2013; Klawiter et al., 2017;  
Shimizu et al., 2016; Huang et al., 2017) and 6 months (Kim et al., 
2012) postpartum compared with pre-pregnancy. Furthermore, they 
can present poor pregnancy outcomes, particularly if they are AQP4-ab- 
positive (Shimizu et al., 2016; Delgado-García et al., 2018). Never-
theless, higher rates of miscarriage and preeclampsia are still con-
troversial (Nour et al., 2016; Delgado-García et al., 2018;  
Salvador et al., 2019). During pregnancy, a personalized treatment 
regimen is required, because there are no treatment guidelines based on 
controlled clinical studies for this situation. We recommend treatment 
of acute NMOSD relapses during pregnancy or breastfeeding, consisting 
of IVMP 1 g day for 3-5 days (mothers should wait for 1-4 hours before 
they start breastfeeding again). In addition, oral steroids may be con-
tinued during pregnancy in NMOSD (Shosha et al., 2017; Borisow et al., 
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2018; Mao-Draayer et al., 2020) at the lowest possible dose, typically 
less than 20 mg/day, using steroids that do not cross the placenta. In 
several studies, IVMP (short-term treatment) was used during preg-
nancy without apparent complications affecting the fetus, except for 
low birth weight (Nour et al., 2016; Fragoso et al., 2013; Klawiter et al., 
2017; Shimizu et al., 2016; Huang et al., 2017; Kim et al., 2012;  
Delgado-García et al., 2018; Salvador et al., 2019; Shosha et al., 2017;  
Borisow et al., 2018; Mao-Draayer et al., 2020). 

Early PLEX treatment in situations of acute relapse during preg-
nancy (depending on relapse severity) should be considered. 

PLEX may be used during pregnancy to treat relapses of NMOSD, 
particularly for episodes in women who do not respond to corticoster-
oids (Jacob et al., 2008; Gao et al., 2019; Bedi et al., 2011; Kim et al., 
2019; Shaygannejad et al., 2019; Marcinnò et al., 2018; Perumal et al., 
2015). PLEX and immunoadsorption seem to be relatively safe during 
pregnancy and can be used after evaluating the risk-benefit relationship 
(Shosha et al., 2017; Borisow et al., 2018; Mao-Draayer et al., 2020). 

On the other hand, monthly IVIG seem to be a relatively safe option 
if needed (e.g. in cases of contraindication for IVMP or PLEX), but very 
little evidence of efficacy exists (Shosha et al., 2017; Borisow et al., 
2018; Mao-Draayer et al., 2020). 

Immunosuppressive therapy with AZA or RTX during pregnancy 
should be continued if the patient has had attacks of NMOSD within 
the past 3 years. 

Given that some studies have demonstrated that women with 
NMOSD with more active disease may have more complications, IST 
treatment is recommended (Nour et al., 2016; Shosha et al., 2017;  
Borisow et al., 2018; Mao-Draayer et al., 2020). 

Based on expert opinion, AZA and RTX treatment should be con-
tinued in NMOSD patients with active disease (i.e. those with frequent 
and disabling relapses) throughout pregnancy and the postpartum 
period after careful risk-benefit evaluation (Shosha et al., 2017;  
Borisow et al., 2018; Mao-Draayer et al., 2020). For RTX, conception 
immediately after the last infusion might be acceptable. Retreatment 
should be administered if no pregnancy is confirmed within six months 
and re-dosing, if severe relapses occur during pregnancy (Mao- 
Draayer et al., 2020). For AZA, continuing with a dose of 2.5 mg/kg/ 
day or in combination with low doses of oral steroids seems to be safe 
and reasonable if disease activity exists (Shosha et al., 2017). 

More than 2000 cases of AZA use during pregnancy have been re-
ported (Shosha et al., 2017; Borisow et al., 2018; Mao-Draayer et al., 
2020). Although reduced rates of preterm birth, low birth weight and 
cardiac septal defects were informed, these defects might have been due 
to underlying diseases in the mother, which might have led to taking 
AZA (Shosha et al., 2017; Borisow et al., 2018; Mao-Draayer et al., 
2020). 

RTX treatment during the first trimester has been studied in mothers 
with a variety of conditions (mainly non-Hodgkin lymphoma and 
rheumatoid arthritis). In this population, miscarriages, congenital 
malformation and premature birth were observed at percentages higher 
than in the general population (Shosha et al., 2017; Borisow et al., 
2018; Mao-Draayer et al., 2020). This finding might also have a re-
lationship with underlying diseases in the mothers (Shosha et al., 2017;  
Borisow et al., 2018; Mao-Draayer et al., 2020). However, in a sys-
tematic review that evaluated pregnant women under RTX exposure 
within six months of conception or during pregnancy (Shosha et al., 
2017; Borisow et al., 2018; Mao-Draayer et al., 2020), no increased risk 
of birth defects was found but there was a possibility that B cell de-
pletion in the fetus would occur. In a French consensus on RTX use, it 
was recommended that effective contraceptive methods during and for 
six months after RTX treatment should be used (Ciron et al., 2018). 
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