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It has been a decade since the first issue of Neurology® Neuroimmunology & Neuroinflammation
(N2) launched in June 2014. In these 10 years, N2 has evolved to become a leading journal in
clinical and translational neuroimmunology. The parallel timings of the rising impact of the
journal and the extraordinary advances in the field of neuroimmunology are not due to ser-
endipity. Dr. Richard Ransohoff, the founding editor, together with Dr. Robert Gross, the editor
of Neurology in 2014, shared the vision that the rapidly developing field of autoimmune
neurology was going to have a home inN2. I became editor ofN2 a fewmonths after the journal
was introduced, and now, 10 years later, I am glad to transfer the baton to Dr. Scott Zamvil,
professor of neurology at University of California, San Francisco. I have been fortunate to work
with Dr. Zamvil in his role as deputy editor during the past 10 years; his enthusiasm, work ethic,
and encyclopedic knowledge of neuroscience, particularly in regard to multiple sclerosis (MS),
myelin oligodendrocyte glycoprotein (MOG) autoimmunity, neuromyelitis optica (NMO), and
animal models make him the ideal person to lead the journal forward. This transition coincides
with the first decade of N2, and I would like to express my gratitude to all associate editors,
editorial board members, and editorial office staff for their dedication to the journal and read-
iness to help since day one. Importantly, N2 would not be the journal it is without our authors
and readers, and we are all grateful for their work and interest shown during these 10 years.

To celebrate this first decade, we have included in this issue of N2 several invited reviews by
experts on relevant topics (included as separate publications), as well as section editors’ views
and comments (included further) on a selection of articles published in N2 and elsewhere
during this decade.

Paraneoplastic and Autoimmune Encephalitis
In 2021, an international group of experts published in N2 updated diagnostic criteria for
paraneoplastic neurologic syndromes (PNSs).1 Previous criteria were published 16 years ear-
lier, and many developments had occurred that made the 2004 criteria outdated.2 A goal of the
new criteria was to redefine the terms “classical paraneoplastic syndromes” and “onconeuronal
antibodies” that until then were considered almost synonymous with disorders associated with
antibodies against intracellular antigens. This concept was inaccurate; for example, some dis-
orders with antibodies against intracellular neuronal proteins are rarely paraneoplastic (e.g.,
anti-GAD65–associated syndromes or anti-AK5 encephalitis), whereas disorders associated
with antibodies against neuronal cell surface proteins (e.g., anti-GABAb receptor or anti-AMPA
receptor encephalitides) are frequently paraneoplastic. Therefore, the panel of investigators
proposed to substitute “classical syndromes” with the term “high-risk phenotypes” for cancer
and introduced the concept of “intermediate-risk phenotypes.” The term “onconeural
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antibody” was replaced by “high-risk” (>70% associated with
cancer) and “intermediate-risk” (30%–70% associated with
cancer) antibodies. The panel classified 3 levels of evidence
for PNS: definite, probable, and possible. Each level can be
reached by using a PNS-Care score, which combines clinical
phenotype, antibody type, the presence or absence of cancer,
and time of follow-up.1 These criteria have clear diagnostic,
treatment, and prognostic implications regarding the need to
search for an associated tumor, the likelihood of a disorder to
respond to immunotherapy, and the long-term outcome.

The irruption of immune checkpoint inhibitors (ICIs) in the
treatment of many types of cancers has modified (albeit less
than expected) the frequency of paraneoplastic neurologic
syndromes. One study performed in a center focused on PNS
showed an increase in the frequency of anti-Ma2–associated
encephalitis (6 [35%] of 17 patients had received ICI) during
a 2-year study period.3 The increase in frequency of this
particular paraneoplastic encephalitis was found to be dis-
proportionally high compared with that of other PNSs, and
although the clinical manifestations of ICI-related anti-Ma2
encephalitis were similar to those of patients who did not
receive ICI, the tumors were different. For example, none of
the 6 patients (5 men) with ICI-related anti-Ma2 encephalitis
had germ-cell tumors (4 lung cancer, 1 mesothelioma, 1 renal
cancer). This could be explained by the age of the patients
because it is known that the predominance of germ-cell
tumors in anti-Ma2 encephalitis occurs in patients younger
than 50 years, and for those older than 50, other tumors are
usually associated (mainly lung cancer).4

A similar study by the same group comparing anti-Hu syn-
dromes related and not related with ICI showed that both
groups of patients developed similar anti-Hu–related symp-
toms, but those treated with ICI were more likely to have co-
occurring involvement of central and peripheral nervous
systems and limbic, brainstem, and dorsal root ganglia in-
volvement, and poorer outcome and higher mortality.5 The
ICI-related mechanisms responsible for this poorer outcome
were unclear but likely associated with an enhanced anti-CNS
immune response, as suggested by an animal model of ICI-
induced PNS.6 Single case reports of ICI-induced brainstem
encephalitis associated with antibodies against Kelch-like
protein-11,7 ICI-induced relapse of MOG antibody-
associated disease (MOGAD),8 and ICI-related opsoclonus-
myoclonus-ataxia in a patient with metastatic small-cell lung
cancer9 were also described.

In 2020, N2 published a clinical diagnostic algorithm for pe-
diatric patients suspected to have autoimmune encephalitis.10

Inspired by a previously reported general algorithm (focused
on adults, but also applicable to children),11 both algorithms
show substantial similarities but also an important difference.
The common goal is to facilitate the clinical recognition of the
many forms of autoimmune encephalitides that can affect
children and adults, without the dependency on upfront auto-
antibody testing. Although, for many disorders, autoantibodies

are required to establish the category of “definite” autoim-
mune encephalitis (exceptions include acute disseminated
encephalomyelitis [ADEM] and some presentations of limbic
encephalitis),11 both algorithms also offer guidance in the
diagnosis of probable autoimmune encephalitis supporting
the initiation of immunotherapy while antibody testing is
ongoing.12-17 The important difference between the algo-
rithms is in the categorization of “antibody-negative but
probable autoimmune encephalitis” (ANAE), for which the
general algorithm requires the presence of brain inflammation
confirmed by at least 2 tests (CSF pleocytosis or oligoclonal
bands, brain MRI showing inflammatory changes, or neuro-
pathologic alterations) while the pediatric algorithm only
requires one of these tests. Although this difference may seem
trivial, it is important: a recent study comparing both algo-
rithms (pediatric10 vs general11) in 729 children suspected to
have autoimmune encephalitis showed that the pediatric al-
gorithm included 4 times more patients in the category of
ANAE (potentially leading to immunotherapy initiation or
escalation in a higher number of patients who may benefit
from it) but also included as ANAE 7.8 times more patients
who did not turn out to have an inflammatory disorder and,
therefore, did not need immunotherapy.18 The authors con-
cluded that both algorithms perform well in the diagnosis of
definite antibody-associated encephalitis but show limitations
in the diagnosis of pediatric ANAE.

Mimics of autoimmune encephalitis were investigated in
a retrospective study of 239 patients of all ages with suspected
autoimmune encephalitis. The study found that the most
common mimics and cause of misdiagnosis were neuro-
inflammatory CNS disorders, psychiatric disorders, epilepsy
of noninflammatory cause, CNS infections, neurodegenera-
tive diseases, and CNS neoplasms. These findings resembled
those of the above-noted prospective study of 729 children
with suspected autoimmune encephalitis, in which the most
frequent mimics were infectious, epileptic, and psychiatric
disorders.18

During this decade, many studies on anti-NMDAR enceph-
alitis (NMDARe) have been published in N2 including,
among others, 1 study showing the racial and ethnic dis-
parities in the incidence of the disease (more frequent in
Black, Hispanic, and Asian/Pacific Island persons compared
with White persons) and the increased frequency of ovarian
teratomas in Black female individuals compared with the
other groups.19 Another study emphasized the high frequency
of hospitalization of patients with NMDARe in psychiatric
institutions (45 [40%] of 111 patients), and that 21 (47%) of
these patients developed symptoms suggesting intolerance to
antipsychotic medication (hyperthermia, muscle rigidity,
mutism, coma, or rhabdomyolysis),20 although in our expe-
rience, similar symptoms can occur in neuroleptic-näıve
patients. A study of 489 patients with NMDARe showed that
75 (15%) were seronegative (antibodies only detected in
CSF), and that these patients, compared with those who had
antibodies in both serum and CSF, had milder neurologic
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symptoms with less frequency of tumors.21 International
consensus recommendations for the treatment of pediatric
anti-NMDAR encephalitis were published in N2 in 2021.22

Multiple studies on NMDARe published in N2 and elsewhere
demonstrated an overall good functional neurologic outcome
(mostly assessed with themodified Rankin Scale [mRS]),23 but
many patients, in particular children, have long-term problems
in adaptive behavior,24 cognitive impairment and fatigue,25 and
academic difficulties in general.26 The very long-term func-
tional outcomes in childrenwithNMDARewere determined in
a study of 76 patients (median follow-up 7.1 years, range
5.0–10.1) assessed with the Liverpool Outcome Score (a 15-
domain question format): 73% had full recovery; 18% had
behavioral and school/working deficits; and 9% had multido-
main deficits involving self-care ability, behavioral-cognitive
impairment, and seizures.27 This study also found that the
younger the patient at disease onset, the more probable it was
to remain with multidomain deficits and dependent on socio-
familial support. Findings from all these studies aligned with the
concept derived from previous reports and reviews suggesting
that earlier treatment of anti-NMDAR encephalitis in children
results in better outcomes.28,29

The anti-NMDAR Encephalitis One-Year Functional Status
(NEOS) score was introduced as a tool to predict disease
progression in NMDARe.30 It consists of 5 variables (in-
tensive care unit admission, treatment delay >4 weeks, lack of
clinical improvement within 4 weeks, abnormal MRI, and
CSF white count >20 cells/μL), each of these assigned 1
point, which provides the NEOS score. Two studies in N2,
one including children and adults (n = 111)31 and the other
only children (n = 59),32 confirmed that the NEOS score
reliably predicts clinical outcomes in the first year after di-
agnosis of NMDARe. One of the studies suggested that age at
disease onset and history of herpes simplex encephalitis could
potentially be useful to define risk groups, and that the NEOS
score also predicted cognitive outcomes, with higher scores asso-
ciatedwith persistent deficits of executive functions andmemory.32

Two animal models of placental transfer of pathogenic anti-
bodies (IgG from patients with NMDARe and from patients
with AChR antibody–associated myasthenia gravis) showed that
blockade of the neonatal Fc receptor (FcRn) with monoclonal
antibodies prevented the placental transfer of the pathogenic
antibodies and the development of symptoms and neuro-
developmental or systemic alterations in the offspring.33,34 Two
other studies using a mouse model of cerebroventricular transfer
of patients’NMDAR antibodies showed that a positive allosteric
modulator of the NMDAR (synthetic analogue of 24(S)-
hydroxycholesterol [SGE-301]) reversed the antibody-mediated
reduction of NMDARs and restored their function, as well as the
antibody-mediated disruption of the receptor surface dynamics,
overall resulting in faster recovery of memory.35,36 Thus, al-
though these animal models are imperfect reproductions of the
human disease, they offer insights into pathogenic mechanisms
and potential new treatments.

Regarding other types of autoimmune encephalitis, the novel
observation that some patients with anti-CASPR2–associated
encephalitis develop paroxysmal episodes of cerebellar ataxia
was published in 2017.37 All patients (index case and retro-
spective identification of 5 additional cases among 37 patients
with anti-CASPR2 encephalitis) had limbic encephalitis
(none with neuromyotonia or Morvan syndrome), and the
episodes of ataxia (gait imbalance, dysarthria, and dysmetria)
and the encephalitis resolved with immunotherapy. The
triggers of the episodes of ataxia were orthostatism and
emotional upset. A single case report without triggers of the
episodes of ataxia (multiple per day) and also responsiveness
to immunotherapy was subsequently published.38

Over the past 10 years, we have seen an important change of
concepts regarding autoimmune epilepsy and acute symp-
tomatic seizures in the context of autoimmune encephalitis.
Different from many initial reports that considered any au-
toimmune encephalitis with seizures synonymous with auto-
immune epilepsy, it has become clear that although many
patients with autoimmune encephalitis develop seizures, they
do not develop epilepsy.39-41 This is important for 2 reasons:
first, a premature diagnosis of epilepsy can lead to unnecessary
and prolonged use of antiepileptic medication, and second,
according to International League Against Epilepsy, epilepsy
might resolve but not be cured; thus, it becomes a preexisting
condition that has important socioeconomic implications.42

Moreover, in an international study published in N2 that in-
cluded 981 patients with several types of autoimmune en-
cephalitides, and considering a <20% recurrence risk within
12 months as sufficient, the authors concluded that patients
with anti-NMDAR or anti-LGI1 encephalitis could be con-
sidered eligible for noncommercial driving after having been
seizure-free for 3 months.43

Multiple novel or recently described neuronal autoantibodies
were reported in studies published inN2 during the past decade,
including antibodies against septin-5,44 synapsin,45 plasticity-
related gene 5,46 glutamate receptor delta 2,47 neurochondrin,48

inositol 1,4,5-triphosphate receptor 1,49 metabotropic gluta-
mate receptor 2,50 RGS8,51 argonaute,52 seizure-related 6 ho-
molog like 2,53 and ZSCAN.54 Many of these antibodies are in
the exploratory phase (small number of patients, pending of
replication, or unclear syndrome specificity), but others such as
ZSCAN seem to be associated with a distinctive syndrome
(rapid-onset obesity, hypothalamic dysregulation, hypo-
ventilation, and autonomic dysregulation, known as ROH-
HAD).55 In addition, several studies have addressed the
treatment of anti-IgLON5 disease, an intriguing disorder in
which neuronal-specific autoimmunity seems to lead to deposits
of phospho-tau and neurodegeneration (available in this issue of
N2 as a separate article that extensively reviews this disorder).

In the emerging era of chimeric antigen receptor (CAR)
T-cell therapy for autoimmune neurologic diseases, an in-
teresting case of a patient with MOGAD has been reported in
N2.56 The patient, who was 16 years old at the time of the first
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episode of the disease (myelitis), developed multiple episodes
(myelitis, optic neuritis) over 6 years and became refractory to
treatments, in association with persistent MOG antibody
detection in serum. After CAR T-cell therapy, he developed
an episode of optic neuritis within the first month of treat-
ment but, since then, has remained free of new symptoms for
more than 1 year; serum levels of MOG antibodies have be-
come negative for the first time since the disease was di-
agnosed. This patient and those with other disorders such as
stiff person syndrome (SPS)57 (further discussed in the sec-
tion SPS, GAD, and GlyR Autoimmunity), myasthenia
gravis,58 and MS, who have shown clinical responses to CD19
CAR T-cell therapy, forecast a new decade forN2 in which we
will likely see remarkable new treatment approaches for au-
toimmune encephalitis and neurologic disorders in general.

Infectious Diseases and
Neuroimmunologic Complications
Numerous developments in the field of neuroinfectious dis-
eases have been brought to the attention of neurologists and
neuroimmunologists in articles presented in N2 during the
past decade. In this issue, an accompanying review (to which
the reader is referred) entitled “Re-emerging infectious dis-
eases and neuroimmunologic complications” discusses fea-
tures of CNS virus infections believed to be of particular
interest and importance, with the understanding that all
pathogenic neurotropic agents cannot be covered under 1
review. The following section complements, highlight, and
broadens those areas while providing additional information
and perspective.

The global infectious pandemics that have drawn the greatest
attention, HIV and severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), represent established and newly
emerging infections with profound impact on the neurologic
functioning of tens of millions of people worldwide. The
development of effective antiviral agents against HIV and
SARS-CoV-2 has greatly reduced their direct mortality rates,
but a significant burden of neurologic disease remains in
surviving populations. Additional emerging neuroinfectious
diseases involving the spread of mosquito transmission vec-
tors are the arbovirus (arthropod-borne virus) diseases, which
will increase their global neurologic impact as climate con-
ditions promote vector spreading. Effective antiviral agents
have not yet been developed for these arbovirus infections,
and this is a major gap in prevention and cure of these dis-
eases. Nonetheless, within the neuroinfectious disease field,
basic research and clinical investigations for therapeutics for
viral and nonviral diseases (classic bacterial, fungal, protozoan,
rickettsial, amoebic, parasitic, and prion) continue.59 Al-
though most attention in N2 has been given to SARS-CoV-2
and the more familiar viruses (herpesviruses, John Cunning-
ham [JC] virus) that neurologists deal with, some inves-
tigations of the rarer infectious diseases have also received
attention.

Highlighting the range of disorders caused by the family of
herpesviruses are studies of varicella zoster virus (VZV),
herpes simplex virus (HSV)-1 and HSV-2, human herpesvirus
(HHV)-6, and Epstein-Barr virus (EBV).60-69 Management of
herpesvirus infections is a common part of neurologic prac-
tice. Neurologists are aware of the propensity for VZV reac-
tivation with associated aggressive lytic injury in the CNS in
immunocompromised individuals, and the development of
new immunomodulating therapies for the treatment of MS
has raised this risk, however, modestly for those patients.
Acute VZV retinal necrosis was reported in a natalizumab-
treated patient after 12 years of treatment, which is consistent
with the known vasculopathic effects of VZV in intracranial
and extracranial vessels.63,65 Other complications of VZV
infection occur in patients receiving immunomodulating
therapies. Cutaneous VZV (shingles) infection associated
with extremely low CD8+ T-lymphocyte counts has been
reported in 2 patients withMS treated with dimethyl fumarate
(DMF), but VZV reactivation is a rare occurrence with DMF
treatment.67 Herpesvirus complications often occur with
other neuroimmune disorders. We are reminded that HSV-
1–associated encephalitis (HSE) brings a risk of autoimmune
encephalitis associated with antibodies against NMDAR and
other neuronal antigens (including LG-1 and GABAA
receptors) in approximately 25% of patients with HSE.69,70

We should also be aware that VZV encephalitis can also as-
sociate with NMDAR encephalitis, albeit rarely.62 Neurologic
complications of HSV-2 are also relatively rare. The associa-
tion of HSV-2 with acute lumbosacral radiculitis and myelitis
(Elsberg syndrome [ES]) was viewed in a retrospective Mayo
Clinic study of 30 patients with suspected ES, which also
proposed diagnostic criteria for this rare syndrome.61 The
association of EBV with MS, which is well-recognized, was
further emphasized by the demonstration of higher preva-
lence of EBV-encoded RNA-1 (an EBV RNA transcript) in
brain tissue of patients with MS (85%) compared with rare
detection in control patient brain tissue.64 Finally, a retro-
spective review of patients with HHV-6 infection (n = 43
patients with CSF HHV-6 detection), including children and
adults, confirmed that HHV-6 CNS manifestations are rare
and, when present, associate with febrile seizures or enceph-
alitis in children and limbic encephalitis in adults, more typ-
ically after hematopoietic stem cell transplantation.71 Thus,
the family of herpesviruses continues to drive serious neuro-
logic complications throughout the age spectrum, and the
development of newer immunomodulating therapies for
neurologic disorders is likely to increase the prevalence of
these complications.

Progressive multifocal leukoencephalopathy (PML), which
results from reactivation of the JC virus within the CNS,
continues to be investigated as a complication of immuno-
modulating therapies. To this point, among 91 patients di-
agnosed with PML over a 25-year period at 2 US academic
centers, HIV was the most prevalent risk factor (49%), fol-
lowed by leukemia, lymphoma, or myelodysplasia (31%);
chemotherapy exposure (30%); and monoclonal antibody
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exposure (17%).72 The risk of PML in patients with MS
treated with natalizumab is well known, and dozens of
natalizumab-treated patients with PML have survived.73

Treatment of patients with MS with fingolimod also carries
a PML risk (<0.1/1,000 worldwide).74,75 Treatment of PML
has thus far been relatively ineffective. Treatment with the ICI
pembrolizumab (targets PD-1) has shown disappointing
results.76,77 Treatment of patients suffering from various im-
munologic disorders with newer and perhaps more aggressive
immunomodulating therapies is likely to result in virus
(herpes, JC virus) reactivation in the CNS and neurologic
disease in increasing numbers of patients with iatrogenic
immune deficiencies.

Although the risk of severe immune deficiency associated with
HIV-1 infection is now dramatically reduced by suppression
of viral replication through combination antiretroviral therapy
(cART), a significant burden of neurologic dysfunction (mild-
moderate neurocognitive impairment) persists in persons
living with HIV (PWH).78,79 Remarkably, those rare indi-
viduals with HIV-1 infection who naturally suppress the virus
replication without receiving cART treatment (“elite con-
trollers”) show no evidence for CNS inflammation.80 Sup-
pression of HIV replication with cART does not eliminate the
risk of chronic inflammation, including the CNS, in some
PWH despite the lack of CNS virus replication in those re-
ceiving cART.81,82 Nonetheless, some evidence suggests
a profound reduction of CNS inflammation in PWH through
viral suppression. A retrospective study of archived blood and
CSF samples from 121 PWH showed that CSF levels of the
microglia activation marker, TREM2, were normalized to
control levels in patients receiving cART.82 Because CSF
TREM2 levels were found to correlate strongly with CSF
NFL levels, this suggests a potential neuroprotective effect
through suppression of microglial activation. The challenge of
treating and/or preventing neurocognitive impairment in
PWH who have achieved effective virus control is daunting
nonetheless. Some investigators have proposed the use of
CNS-penetrating drugs used to treat MS as candidate neu-
roprotectants (dimethyl fumarate, fingolimod) against
HIV.83-85 The testing of a variety of candidate adjunctive
neuroprotectant drugs in PWH receiving cART has received
much attention.86 Lessons learned from application of ther-
apeutic agents that target microglial activation and other
drivers of neuroinflammation in disease states such as HIV
and MS are likely to inform management strategies of other
infectious, postinfectious, inflammatory, and neurodegenera-
tive diseases.

The coronavirus disease 2019 (COVID-19) pandemic, like
the HIV pandemic, rapidly evolved to dramatically increase
awareness of acute and chronic neurologic complications of
emerging infectious diseases. Investigative studies of the
neurologic and neuroimmunologic aspects of acute SARS-
CoV-2 infection and the postinfectious condition known as
long COVID are discussed in detail in the review “Re-emerging
infectious diseases and neuroimmunologic complications” in

this issue. Acute SARS-CoV-2 infection is associated with
neuroinvasion, disruption of the blood-brain barrier, neuro-
inflammation, and relatively rapid clearance of the virus from
the CNS. Severe and mild acute neurologic symptoms (head-
aches, meningismus) and complications (encephalopathy,
seizures, stroke) are parainfectious responses to virus replica-
tion, and acute interventions targeting the virus (antiviral drugs,
antibodies) are effective at reducing the viral load and aiding
recovery. However, neurologic recovery from SARS-CoV-2
infection may be difficult to determine because persistent
symptoms (sometimes poorly defined) linger in approximately
10% of patients as long COVID.87,88 A major focus of research
is the possibility of SARS-CoV-2–induced autoimmunity, in-
cluding CNS and PNS autoimmunity in triggering neurologic
symptoms.89-93

Among the neurologic disorders, the current evidence seems
to be strongest for linking SARS-CoV-2–induced autoim-
munity to GBS.93 Immune responses, both innate and adap-
tive immune responses to SARS-CoV-2 infection, are likely to
remain a major focus of investigation and therapeutic tar-
geting of COVID-19 neurologic complications.

SPS, GAD, and GlyR Autoimmunity
During the past 10 years, significant progress has been made in
defining the clinical spectrum, pathophysiology, autoimmunity,
and immunotherapies in patients with SPS and GAD-antibody
(GAD-ab) spectrum disorders as recently detailed.94,95 This
section discusses the progress made, highlighting the impact of
more than 15 key articles published in N2 during the past
decade, which advanced the field on diagnostic and patho-
mechanism of GAD and GlyRa1-antibodies (GlyR-abs), im-
munogenetics, and therapeutic approaches, outlined as follows.

GlyR-Abs and the Expansion to GlyR-Ab
Spectrum Disorders
GlyR-abs, initially associated with progressive encephalomy-
elitis with rigidity and myoclonus (PERM), were reported in
2013 by 2 independent groups to be also associated with SPS;
McKeon et al.96 detected GlyR-abs in 13% of patients with
SPS using a fixed cell-based assay and Alexopoulos et al.97 in
15% among patients with GAD-positive SPS using a live cell-
based assay. A year later, Zulinai et al.98 using live cell-based
assay found GlyR-abs in 2 patients with refractory epilepsy
and limbic encephalitis responding to immunotherapies,
collectively expanding the role of these antibodies in CNS
hyperexcitability disorders because glycine is a key neuro-
transmitter in spinal inhibitory interneurons. The importance
of GlyRα1-IgG modulating antibody was subsequently ex-
plored by Hinson et al.99 using a cell-binding assay on fixed
cells. They found that among 247 patients with suspected
SPS, 21 (8.5%) were positive and all, except one, had SPS
spectrum disorders (SPS-SDs); 4% of the controls, however,
with coexisting systemic autoimmune diseases were also
positive. After modifying the methodological assay, they
demonstrated that only the antibodies that exert modulating
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effects causing antigenic endocytosis resulting in GlyRα1 loss
from the plasma membrane had specificity for SPS-SDs,
highlighting early on that methodology does matter in con-
firming GlyRα1-abs diagnostic specificity for SPS-SDs. A
novel clinical phenotypic spectrum of GlyR-abs was sub-
sequently identified by Piquet et al.100 In a series of 17 patients
with the SPS phenotype, 13 had SPS similar to GAD-SPS but
several had parkinsonism (even with positive dopamine
transporter scan) or cerebellar signs and 1 had rapidly pro-
gressive multiple system atrophy with dysautonomia; 10 of 17
had various visual symptoms including visual snow, spider
web–like with 3-dimensional images, photophobia, visual
hallucinations, and intermittent diplopia while 3 of 17 had
autoimmune epilepsy with psychiatric symptoms.

Such a wide clinical spectrum indicates that GlyR-abs are now
not only associated with SPS or PERM but also with temporal
lobe epilepsy with or without encephalitis, overlapping with
visual disturbances, parkinsonism, or dysautonomia collec-
tively suggesting the need to recognize the concept ofGlyRa1-
SD. This is clearly justified because GlyRa1 is highly expressed
in the motor, auditory, vestibular, and sensory nuclei of the
brainstem, basal ganglia, striatum, globus pallidus, substantia
nigra, hippocampus, ventral and dorsal horns of the spinal
cord, retina, and olfactory bulb. Our proposal of GlyRa1-SD is
exemplified by the case described by Soleimani et al.101 of
a GlyRa1-positive patient who presented with severe neuro-
pathic pain and allodynia as part of autoimmune brainstem
and spinal syndrome, who, 8 months later, developed tetra-
paresis, central hypoventilation, muscle spasms, and worsen-
ing neuropathic pain like that due to electric barbed wire that
improved fast with immunotherapy. Impaired glycinergic
neurotransmission was suggested as a factor contributing to
modulation of neuropathic pain and allodynia.101

In contrast to GAD-abs, GlyRα1-abs recognize extracellular
epitopes and are considered pathogenic because they rapidly
abolish glycinergic synaptic currents through direct antago-
nism of the receptor, disrupting glycinergic neurotransmis-
sion and altering the potency of glycine.102 Of interest,
Wiessler et al.103 recently reported that in some of the
patients, the antibodies can also target the glycine receptor β
subunit, which antagonizes inhibitory glycinergic neurotrans-
mission by altering glycine receptor efficacy and function
rather than the potency of glycine.103

GAD-Abs Titers in Diagnosis and
Immunopathology of SPS-SDs
Although we know for years that only high serum GAD-abs
titers relate to SPS-SD and high serum titers often reflect
GAD-ab presence in the CSF,104 there is liberal interpretation
of GAD-ab titers, frequently complicated by different labora-
tory methodologies including ELISA, immunohistochemistry
(IHC), cell-based assay (CBA), or radioimmunoassay. This
clarification is important because low GAD-abs titers are also
seen in type 1 diabetes mellitus (T1DM) or after IV immu-
noglobulin (IVIg) infusions because all IVIg preparations

contain GAD-abs as part of the normal immune repertoire.105

The diagnostic specificity of GAD-abs titers has been now
excellently clarified by Munõz-Lopetegi et al.106 in a series of
56 patients with GAD-SDs, including SPS, cerebellar ataxia,
epilepsy, encephalitis, or overlapping conditions, by testing
the patients’ serum and CSF with ELISA, IHC against rat
hippocampal brain tissue, and CBA using human embryonic
kidney cells expressing recombinant GAD65, in conjunction
with clinical features and response to immunotherapy. Se-
rum, with an ELISA cutoff value of 10,000 IU/mL, had
highly concordant results with the other 2 methods with 97%
being positive with IHC, 100% positive with CBA, and 100%
with CSF concentration >100 IU/mL. Up to 94% of patients
with titers >10,000 IU/mL had typical SPS-SD (SPS, en-
cephalitis, cerebellar ataxia, epilepsy, or overlap) with some
response to immunotherapies; by contrast, patients with
lower concentrations had heterogeneous clinical phenotypes
suggesting diagnostic alternatives. Accordingly, serumGAD-
ab titers >10,000 IU/ml indicate SPS-SD, less than 10,000
but >2,000 need to search for another disease or check the
CSF, and <2,000 a non-neurologic disease, such as T1DM or
post-IVIg infusion.

GAD antibodies target an intracellular antigen, but without
evidence for their internalization into neurons.94,95 Although
there is increased GAD65-specific IgG in the CSF with in-
trathecal antibody response in 85% of patients with SPS,106

oligoclonal IgG bands in 67%,107 and clonal GAD-specific
B-cell activation with the CSF GAD-IgG exhibiting a tenfold
higher binding avidity compared with serum IgG,108 the role
of intrathecal B-cell activation was unexplored. On this
background, Biljecki et al.109 generated a panel of monoclonal
antibodies from B cells extracted from the CSF of 7 GAD-
positive patients with limbic encephalitis or epilepsy and
analyzed their sequence characteristics and somatic hyper-
mutations. GAD65-specific B cells detected in 3 patients
showed antigen-driven affinity maturation early in the disease,
suggesting that B-cell–mediated or Ab-mediated mechanisms
can be an important factor in early disease stages, a finding of
potential importance in considering the timing for applying
anti–B-cell therapies; their significance, however, in disease
pathogenesis remains unclear because GAD-abs are not nec-
essarily pathogenic and activated CD8+ and CD4+ T cells are
also increased in the CSF.110

Potential Viral Triggers, Genetic
Autoimmunity, and Prevalence
In SPS, the muscle spasms and stiffness are often triggered by
various excitability factors, such as anxiety, external stimuli, or
emotional upset, but what triggers the disease is unknown.
Although viruses can trigger autoimmunities, their role in SPS
as triggering immune dysregulation or episodic spasms is
unexplored. The coxsackie B4 P2-C viral protein has sequence
homology with GAD, and GAD-reactive T cells cross-react
with the same coxsackie B4 P2-C viral protein, implicating
possible molecular mimicry for T1DM (reviewed by Dala-
kas94). Similarly, partial amino acid sequence homology
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between GAD and West Nile virus protein was identified
when a patient developed SPS after West Nile virus in-
fection.111 Two well-documented instances provide compel-
ling evidence that SARS-CoV-2 has the potential to trigger
GAD-SD. Dalakas112 reported a patient being followed for
mild GAD-ab stiff limb syndrome who developed severe,
video-documented, generalized SPS with high GAD-abs
1 week after mild COVID-19; the patient, from being able
to run before COVID-19, needed a walker 3 weeks later re-
quiring long-term treatments with IVIg. A 67-year-old healthy
man developed typical PERM with ophthalmoparesis,
spasms, hyperexcitability, and GlyR-abs in the CSF 1 week
after COVID-19.113 Although both associations do not nec-
essarily prove causation, the strict temporal connection raises
the question whether viruses need to be explored as possible
triggering factors in some GAD or GlyR abs-mediated auto-
immunities or have the potential to worsen disease status.

Patients with GAD abs-positive SPS have a genetic pre-
disposition not only to T1DM but also to autoimmune dis-
eases or GAD-SD in other family members, even in different
generations, indicating a role of hereditary factors and unique
human leukocyte antigen (HLA) haplotypes.94 This was first
highlighted by Belbezier et al.114 who reported 1 family where
the aunt had cerebellar ataxia and limbic encephalitis and her
niece had SPS with high serum and CSF GAD-ab titers; of
interest, both had the same rare recombinant DRB1*15:01:
01–DQA1*01:02:01–DQB1*05:02:01 haplotypes while
other unaffected family members had either the same HLA
haplotype but negative GAD-abs or different HLA types but
high serum GAD-abs suggesting cumulative effects. A similar
complex genetic susceptibility is now reported by Tsiortou
et al.115 in a 3-generation family; the proband presented with
GAD-abs–associated epilepsy but transitioned into severe
SPS with very high GAD-ab titers while her father has T1DM
and her grandmother has late-onset diabetes without neuro-
logic disease but all with very high GAD-ab titers directed
against linear GAD epitopes although only 1 has SPS. This
family triggered a search with whole-exome sequencing,
which identified sequence variants of Kallikrein10 gene in 18
more patients with sporadic SPS.115 Of interest, all 3 family
members shared the same very rare haplotype (HLA-
DRB1*15–DQB1*05), like the one family reported by
Belbezier et al.,114 collectively supporting a strong genetic
predisposition to GAD autoimmunity even without de-
veloping a neurologic disease.

SPS-SD is arguably a rare disease with no nationwide in-
formation on incidence or prevalence. Toward this goal,
Matsui et al.116 performed an epidemiologic survey
throughout Japan to identify the incidence of GAD or patients
with GlyR-abs–positive SPS seen between 2015 and 2017
along with the key clinical phenotypes. The total estimated
number of patients with GAD-abs–positive SPS was 140, with
an estimated prevalence of 0.11 per 100,000 population; the
median time from symptom onset to diagnosis was signifi-
cantly longer in the high-titer GAD-abs group than in the low-

titer group (13 months vs 2.5 months, p = 0.01) while the
coexistence of T1DM and lack of long-term immunotherapy
were independent risk factors of poor outcomes.

Treatment Strategies, Prognosis, and
Future Prospects
As presented by Dalakas,117 the rationale for applying specific
therapies is based on SPS pathophysiology highlighted by (1)
impaired reciprocal inhibitory GABAergic neurotransmission
responsible for co-contraction of agonists and antagonist
muscles resulting in prominent hyperlordosis, due to con-
current stiffness of thoracolumbar and abdominal muscles,
stiff gait, uncontrolled falls, and episodic muscle spasms and
(2) GAD autoimmunity. Because SPS is a progressive disease
if not properly treated leading to disability, a combination of
symptomatic therapy along with immunotherapy is needed
from the outset.117 The recommended therapeutic schemes
are with (1) GABA-enhancing drugs, such as GABAA
receptor-binding benzodiazepines (diazepam, clonazepam);
GABAB receptor-binding antispasmodics such as baclofen;
and GABA-enhancing antiepileptics that also improve pain
such as gabapentin and (2) immunotherapies with IVIg, fol-
lowed by rituximab based on data from 2 previous controlled
studies.117 Based on case series, plasmapheresis can also help
as an adjunct short-term therapy for exacerbations of severe
spasms. Autologous hematopoietic stem cell transplantation
(aHSCT), although failed in a large prospective GAD-SPS
study, may be of potential value for some refractory progressive
GlyR-positive SPS cases as highlighted by Celli et al.118 in
a patient who achieved sustained clinical improvement after
aHSCT, documented by various clinical scales.

The value of maintenance therapy with IVIg, the most used
immunomodulating drug based on a controlled study, was
assessed by Yi and Dalakas119 in 36 patients treated with
monthly maintenance IVIg over a 40-month median period.
Twenty-four (67%) of 36 patients continued having clinically
meaningful response with improved gait and balance and
decreased stiffness spasms and startle responses with some
patients becoming able to walk unassisted without devices.
Although in 25% of responders, the benefit was sustained for
a 40-month median period, in 29.1%, it declined over a 39-
month period with diminishing benefit due to disease pro-
gression, highlighting that IVIg offers long-term benefits in
most patients with SPS, but in 30%, the benefit declines ne-
cessitating the need for more effective long-term therapies.

An important factor of poor prognosis is the late-onset SPS
(LOPS) defined when symptom onset is above the age of 60.
In a series of 9 patients with median age at onset of 61 years
(range 60–78) and median age at the time of analysis of
73 years, Dalakas and Yi120 demonstrated that LOPS is almost
always misdiagnosed, mostly treated for lumbosacral radi-
culopathies even with laminectomies in late 70s, Parkinson
disease, MS, or cerebellar degeneration. Because LOPS
declines quickly to clinically severe disease due to delayed
treatment initiation, poor response or tolerance to therapies,
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other comorbidities, and possibly immunosenescence, in-
creased awareness that SPS can occur in the older population
mimicking other disorders is needed.120

The effects of pregnancy in SPS were explored by Esch and
Newsome121 in 7 patients with SPS with 9 pregnancies. In 5
(56%) of 9 pregnancies, there was stabilization or improve-
ment in symptoms throughout pregnancy with reduction of
antispasmodic medications resulting in 9 healthy deliveries.
All 7 women experienced, however, worsening of symptoms
after birth requiring resumption or increase of antispasmodic
medication indicating that immunomodulatory shifts during
pregnancy may also influence SPS symptomatology.

Challenges in Future Trial Designs and
Ongoing Therapies
Because of the highly subjective nature of SPS symptomatology
and the emotional charge connected with painful spastic and
unexpected attacks from sudden stimuli, Dalakas117 stressed
the need to document effectiveness of therapeutic interventions
in future trials with objective means considering the placebo
effect noted in the rituximab-controlled trial. Among the future
trials, the author discussed various anti-CD19 or anti-CD20
B-cell agents, currently approved in other autoimmune neu-
rologic diseases, including ocrelizumab, ofatumumab, ublitux-
imab, or inebilizumab, that also target antibody-producing
CD19-positive plasmablasts and plasma cells, but also others in
ongoing trials such as obexelimab, obinutuzumab, bortezomib,
daratumumab, and Bruton tyrosine kinase inhibitors. The FcRn
inhibitors and anti–interleukin-6-receptor antagonist satralizu-
mab were also stressed because of some indirect promising
effects117; of interest, since this publication, efgartigimod is now
funded for 2 planned studies and satralizumab for 1 small pilot
study in GAD-abs–positive SPS.94

It is important to note that among the future trials relevant to
refractory SPS is the CD19 CAR T-cell therapy that has revolu-
tionized the treatment of hematologic malignancies and is now
emerging as a promising therapy in neuro-autoimmune diseases.
In a notable case, a patient with refractory SPS treated with anti-
CD19 CAR T cells experienced remarkable clinical improve-
ments.57 About 2 months after CAR-T cell infusion, the patient
experienced reduction in leg stiffness and improved gait with in-
creased daily walking distance from less than 50 m before therapy
to over 6 km within 3 months, with reduction of antispasmodics
and excellent tolerance with only a mild cytokine release syn-
drome. This case has now led to an ongoing trial in 25 patients
with refractory SPS. CD19 CAR T cells not only target B cells,
plasma cells, and plasmablasts, the key drivers of B-cell autoim-
munity, but also penetrate the CNS and potentially target the
intrathecal expansions of GAD B-cell clones mentioned earlier.

MS, NMO, and MOGAD
In the first 10 years, N2 published many key articles and
reviews advancing our understanding of MOGAD, NMO
spectrum disorder (NMOSD), and MS. During this time,

MOGAD became widely recognized as a distinct CNS in-
flammatory demyelinating disorder and new medications
were approved for treatment of NMOSDs. The field of MS
saw the introduction of several biomarkers and advancements
in understanding both the immune modulation and safety of
established and new treatments, including B-cell–depleting
therapies. In the following section, we highlight several of
those advances, including ones described in publications in
N2, recognizing that it is not possible to cover all of them.

MOG was initially described as a CNS autoantigen in ex-
perimental autoimmune encephalomyelitis (EAE) and con-
sidered a candidate target in MS.122 Yet, it was the
development of the CBA, an improvement over earlier im-
mune assays for MOG antibodies, and the insight to evaluate
CNS inflammatory demyelinating conditions other than MS
that led to the discovery of MOG antibodies in up to one-half
of the children with ADEM.123,124 In 2014, several inves-
tigations also detected MOG antibodies in association with
transverse myelitis and optic neuritis, suggesting that MOG
antibodies might define a subtype of NMOSD.125-127 It was
a 2015 N2 Views and Reviews “Does MOG Ig-positive AQP4-
seronegative opticospinal inflammatory disease justify a di-
agnosis of NMO spectrum disorder?” that initially highlighted
the need to separate disease associated with MOG antibodies
from NMOSD and MS,128 preceding introduction of the
term, MOGAD. Although the clinical phenotype of MOGAD
frequently overlaps with NMOSD, the separation of these
conditions seemed inevitable. MOG is a myelin protein, and
MOGAD is a CNS inflammatory demyelinating disease as-
sociated with lymphocytic infiltration. By contrast, aquaporin-
4 (AQP4), the primary target of antibodies in NMOSD, is
expressed on astrocytes and NMOSD is an astrocytopathy
characterized by infiltration of mostly neutrophils and
eosinophils.

This past decade has seen progress in detection of MOG-
specific antibodies, the clinical description of MOGAD,
and the understanding of the role of MOG-specific anti-
bodies in MOGAD. These advances are reflected in a large
number of publications in N2. The spectrum of MOGAD
phenotypes has expanded with identification of MOG-
specific antibodies in cases of cortical encephalitis, hem-
orrhagic cerebral lesions, and brainstem and cerebellar
syndromes.122,129,130 While MOG-specific antibodies in
MOGAD primarily target its extracellular domain, a 2015
N2 article by Waters et al.131 described the importance of
selectively evaluating IgG1 MOG antibodies by expressing
full-length human MOG, which includes extracellular and
transmembrane domains and its cytoplasmic tail, in the
serum CBA analysis, providing greater specificity dis-
tinguishing CNS inflammatory disease associated with
MOG antibodies from MS and AQP4-seropositive NMO.
The live CBA using full-length MOG has since become the
gold standard for detection of MOG-specific antibodies131,132

and is a center piece in the 2023 MOGAD diagnostic crite-
ria.133 MOG antibodies are sometimes detected in the CSF,
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even in the absence of serum anti-MOG IgG.134 Thus, testing
CSF for MOG antibodies may be helpful for diagnosis in
MOG IgG-seronegative individuals who have features of
MOGAD. Recently, MOG IgA antibodies have been detected
in a subset of MOG IgG-seronegative patients suggesting that
MOG IgA may serve as an additional diagnostic biomarker of
MOGAD.135,136 Ongoing efforts in validating these findings in
larger cohorts will shed light on the clinical spectrum and
specificity of MOG IgA.

Studying the epidemiology of MOGAD has been challenging.
MOG antibodies are sometimes detected in other CNS in-
flammatory conditions.137,138 Yet, in 1 study, published inN2,
MOG antibodies were exceptionally rare in MS, suggesting
that routine testing is not indicated in typical MS.139 A smaller
proportion of patients with MOGAD relapse in comparison
with NMO or early relapsing MS.140 Recent studies, pub-
lished in N2, have reported that those who do relapse may
have a higher risk of cognitive impairment,141 and seror-
eversion, from MOG-positive to MOG-negative, confers
a significantly reduced risk of relapse.142 Prevalence of
MOGAD shows only a slight female predominance,143 in
contrast to MS and NMO. Susceptibility to NMO is associ-
ated with HLA-DRB1*03:01,144 a linkage shared with com-
plement component 4. A 2020 N2 publication by Bruijstens
et al.145 first reported that in comparison with NMO, in indi-
viduals of European ancestry, there was no clear HLA association
in MOGAD, a finding that was also found in a later study.146 In
China, however, an association with DQB1*05:02–DRB1*16:02
was described in pediatric-onset MOGAD.147 All 3 studies145-147

were relatively small and included <100 patients with MOGAD
in each, highlighting the need for larger, more comprehensive
epidemiologic investigations in this newly established CNS au-
toimmune inflammatory demyelinating disease.

CNS damage induced by AQP4-specific antibodies is highly
dependent on activation of the classical complement pathway,
which is underscored by the remarkable success of NMO
treatment by the complement C5 convertase inhibitors ecu-
lizumab148 and ravulizumab.149 The role of complement in
MOGAD is less clear. Unlike in NMO, complement de-
position is not consistently identified in CNS MOGAD
lesions,150 and the binding of MOG-specific antibodies may
not be optimal for complement activation.151-153 Indeed, in
a recent publication in N2, Kaneko et al.154 evaluated CSF
complement levels in patients with MOGAD or AQP4-
seropositive NMOSD and observed that although comple-
ment proteins were detected in CSF of both MOGAD and
NMOSD, formation of the terminal membrane attack com-
plex was lower in MOGAD, especially in those with mild
attacks. Thus, one may not necessarily anticipate that com-
plement inhibitors will be beneficial in MOGAD.

Introduction of the complement inhibitor eculizumab in
NMOSD in 2019 was followed shortly by the approval of 2
more treatments for AQP4-seropositive NMOSD, the anti-
CD19 B-cell–depleting antibody inebilizumab155 and the

anti-IL-6 receptor satralizumab.156 Currently, there is no
convincing evidence that CD20-mediated B-cell depletion
provides benefit in MOGAD.140,157 However, a recent pub-
lication in N2 reported benefit of anti-CD19 CAR T cells in
a patient with relapsing MOGAD refractory to anti-CD20
antibody and oral immunosuppressant medication.56 While
there are no approved therapies for MOGAD, different
interventions are being evaluated in clinical trials.122 IL-6 has
a critical role in pathogenesis of EAE, a model for MOGAD.
As in exacerbations of NMO, reports indicate that CSF IL-6
levels are frequently elevated in acute MOGAD.130,158 In N2,
a retrospective analysis of patients with MOGAD who were
refractory to treatment with rituximab or oral immunosup-
pressants159 found that anti–IL-6 reduced the risk of relapse.
Satralizumab is now being tested in MOGAD in a phase
3 placebo-controlled trial.160

N2 published seminal reports that have advanced our
knowledge of immune modulation and safety of MS disease-
modifying therapeutics. We highlight a few examples. The
fumaric acid ester (FAE), DMF (Tecfidera), was approved for
treatment of relapsing MS in 2013,161 1 year before the N2
inaugural issue. DMF was advanced in MS for its capability of
inducing expression of the antioxidative Nrf2 pathway and to
possibly promote neuroprotection.161 However, previous use
of FAEs in treatment of psoriasis revealed a risk of PML from
an FAE treatment–associated lymphocytopenia,162 which
unfortunately also reared its nasty head in DMFMS treatment
in 2015.163 At this time, a study in N2 reported for the first
time that the lymphocytopenia from DMF treatment in MS
reflected a more prominent reduction in CD8+ T lympho-
cytes,164 the T-cell subset primarily responsible for antiviral
immunity. Based largely on this finding and subsequent
studies reported in N2 that identified increased susceptibility
of depletion of memory T cells in DMF treatment165-167 and
observations that PML treatment can develop without severe
lymphocytopenia,168 many neurologists now monitor both
total lymphocyte and lymphocyte subsets in their patients
with MS treated with DMF or other FAEs.

The 2017 introduction of anti-CD20 B-cell–depleting treat-
ment in relapsing169 and primary progressive170 MS altered
the landscape in MS therapy. Anti-CD20 is highly efficacious
in relapsing MS and beneficial in progressive MS. De-
velopment of B-cell depletion therapy was founded on pres-
ence of CSF oligoclonal IgG bands in most patients with MS
and identification of myelin-specific antibodies that promoted
demyelination in animal models.169,171 It is now believed that
principal beneficial effect of B-cell depletion is due to elimi-
nation of B-cell antigen presentation to T cells and reduction
in proinflammatory T and B cell–derived cytokines, consis-
tent with the role of B cells in the MS model, EAE,172 and
clinical observations that the benefit of B-cell depletion in MS
does not associate with antibody reduction.169,170 In a recent
N2 publication, Hauser et al.173 reported in a post hoc analysis
of the ocrelizumab pivotal trials that higher serum ocrelizu-
mab levels correlated with reduced disability progression,
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a finding that inspired development of the ongoing trials
testing higher dose ocrelizumab. Many studies have addressed
safety of anti-CD20 B-cell–depleting studies inMS,MOGAD,
and NMOSD. Development of hypogammaglobulinemia is
not uncommon with extended anti-CD20 treatment, al-
though it is not entirely clear whether it associates with in-
creased risk of severe infections.174,175 Although some studies
indicate that anti-CD20 therapy is not associated with adverse
pregnancy outcomes,176 there may be an elevated risk of
preterm births.177 One study reported in N2 found only
minimal transfer of anti-CD20 rituximab into breast milk,
although more studies are needed to determine safety for
lactation.

Publications in N2 have contributed substantially to the ad-
vancement of biomarkers of tissue damage in MS, NMOSD,
MOGAD, and other CNS neuroinflammatory disorders to-
ward clinical application for monitoring disease activity and
immunotherapy. In the first few years of N2, several articles
highlighted the occurrence and relevance of tissue damage in
radiologically isolated syndrome, for example, an article by
Azevedo et al.178 on early CNS neurodegeneration and the
article by Alcaide-Leon et al.179 on spinal cord microstructural
changes. Both of those studies were in alignment with the
concept of the “MS prodrome” evolving later on and provided
scientific arguments for the early intensive immunotherapy
approach as opposed to the escalation strategy, a concept now
supported by large registry data, for example, from Denmark
and Sweden.180 A review by Stankiewicz and Weiner in N2 in
2020,181 coining the term “the perils of escalation,” has taken
an unambiguous stance in this regard that will hopefully arm
neurologists to act against still widespread “therapeutic in-
ertia,” describing the hesitancy of physicians to prescribe
highly efficacious immunotherapies in early disease stages
despite knowing better. More arguments for the changing
treatment paradigms in MS come from serum biomarker
studies with NfL and glial fibrillary acidic protein (GFAP),
which are now quantifiable with high precision in small
amounts of serum—an indispensable prerequisite for clinical
applicability. An article by Barro et al.182 published in N2 in
2022 reported serum GFAP to correlate with subsequent
progression in patients with MS while NfL reflected acute
disease activity. In line with other studies such as the one by
Häring et al.183 on the added value of longitudinal NfL
measurements, such work may help establish 2 complemen-
tary serum biomarkers reflecting distinct aspects of immu-
nopathobiology of MS for use in management of patients in
the very near future. It is hoped that these biomarkers will
prove value in adjacent diseases such as NMOSD, as sug-
gested by a recent article inN2 by Carta et al.184 who reported
that GFAP but not NfL may help discriminate between
AQP4-IgG+ NMOSD and double seronegative NMOSD.

Another biomarker domain that has seen major advancements
is retinal imaging with optical coherence tomography (OCT).
Beyond publications in N2 on new OCT findings such as
hyperreflective foci or foveal changes in MS and NMOSD,185

the field has looked into how various biomarkers are inter-
twined and whether there is added value of combining various
biomarker modalities. For example, combining measures of
NfL and ganglion cell-inner plexiform layer may improve
prognostication in MS as shown in N2 publications by Tavazzi
et al.186 and Lin et al.187 Moreover, recent developments in the
OCT field such as OCT angiography are represented by
publications in N2, for example, in a report by Aly et al.188

associating retinal vascular changes with visual outcomes after
optic neuritis. Because acute optic neuritis studies are in-
herently difficult to design regarding inclusion criteria and end
points, enrollment is cumbersome. In this regard, a recent ar-
ticle by Küchlin et al.189 inN2 on the treatment of optic neuritis
with erythropoietin (TONE study) failed to show an effect of
the drug on visual outcomes but, nonetheless, may be valuable
by informing future trial designs in acute optic neuritis.

With a goal of advancing education inMS and neuroimmunology
research, since 2018, N2 has collaborated with the National
Multiple Sclerosis Society (NMSS) to publish selected clinical
cases presented by NMSS clinical fellows forming the “National
Multiple Sclerosis Society Case Conference Proceedings” within
the N2 “Diagnostic and Treatment Challenges.” Reports within
this section have broad interest to neurologists and neuro-
immunologists. Currently,N2 has published 19 reports by NMSS
fellows, covering important clinical aspects in differential diagnosis
and treatment of MS, NMO, MOGAD, NMDAR encephalitis,
and other autoimmune conditions; mitochondrial disorders;
metabolic conditions; PML; and other CNS infectious diseases.
N2 looks forward to continuing its collaboration with the NMSS
and their fellows’ program.

Study Funding
No targeted funding reported.
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