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Abstract

Myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD) is an
inflammatory demyelinating pathology of the central nervous system (CNS). The mainstay of
laboratory diagnosis is the detection of antibodies targeting oligodendrocyte-expressed MOG
(MOG-IgG). The disease course is either monophasic or relapsing. Residual neurological
disability, such as visual acuity loss, motor deficits, sensory deficits, cognitive impairment, and
sphincter dysfunction, appears to accumulate with relapse and the associated morbidity burden
is significant. Laboratory biomarkers have the potential to improve prediction of disease course
and activity, thus, ensuring early and appropriate initiation of immunosuppression in
individuals at risk of relapse-associated disability accrual, while minimising unnecessary
exposure to immunosuppression in monophasic individuals. A widespread challenge of
MOGAD research has been the rarity of its incidence, which often translates to limited sample
sizes. For these reasons, we first summarized the literature on biomarkers of prognosis and
reviewed pathological mechanisms of disease. We then conducted a systematic review with
meta-analysis to investigate the capability of laboratory biomarkers to predict disease course,
as well as differentiate remission compared to attack disease activity. When possible,
laboratory biomarkers were additionally assessed alongside clinical factors in multivariable

analyses.

Meta-analysis allowed the quantitative assessment of >1710 individuals from a total of 106
included studies. Relapsing disease course was associated with persistent seropositivity (OR
2.7 (95% CI 1.8-4.0), p<0.0001), lower likelihood of seroreversion to negative status (HR 0.19
(95% CI 0.14-0.26), p<0.0001), and delayed seroreversion compared to monophasic
participants (median 19 years versus 2.5 years, respectively, p<0.0001). The highest rate of
seroreversion to negative status occurred within 12 months following disease onset; hence,
serial measurement of serum MOG-IgG at 3-6 month intervals in the 12 months following
disease onset may be adopted by clinicians to assist with relapse risk stratification and guide
therapeutic decisions. Other biomarkers assessed at disease onset or in the first collected
biospecimen included serum MOG-IgG titre, cerebrospinal fluid (CSF) white cell count
(WCC), CSF protein, and CSF oligoclonal bands (OCB); none of these variables were

significantly associated with relapsing course.

Furthermore, biomarkers sampled throughout disease were assessed for capability to

differentiate between remission and attack. In individuals with known MOGAD diagnosis,



serum MOG-IgG titre — classified semi-quantitatively as ‘negative’, ‘low positive’, or ‘clear
positive’ in accordance with the 2023 international MOGAD diagnostic criteria — effectively
discriminated between remission and attack. Attack was associated with clear positive titre (OR
3.6 (95% CI 2.6-5.0), p<0.0001) but not negative titre (OR 0.073 (95% CI 0.028-0.19),
p<0.0001). Moreover, CSF leukocytosis (>5 cells/uL), compared to a normal WCC, was
significantly associated with attack (OR 3.1 (95% CI 1.7-5.9), p=0.0004). These findings
highlighted the diagnostic utility of serum MOG-IgG titre and CSF WCC in settings of clinical

uncertainty.

We also identified a multitude of novel biomarkers for prediction of disease course and activity,
which we assessed qualitatively and, ultimately, require further investigation with prospective

observational studies.

Our work marks a significant contribution to the landscape of relapse prediction in MOGAD.
This systematic review with meta-analysis was the first of its kind to examine biomarkers of
disease course and activity in MOGAD. Thus, our recommendations are informed with the
highest quality evidence available and may be readily adopted into clinical practice to improve

prognostication with the goal of securing better outcomes for individuals living with MOGAD.

Xi
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Chapter 1 | MOGAD: Insights into Pathogenesis
and Biomarkers of Prognosis

This introductory chapter is a comprehensive narrative literature review outlining the
historical and current understanding of MOGAD. There is a particular focus on the
neuroimmunological concepts that underpin pathogenesis as well as the present landscape of

prognostic biomarkers, with insights into their strengths and weaknesses.

The contents of Chapter 1 have been published in:

Andersen J, Brilot F. Myelin oligodendrocyte glycoprotein antibody-associated disease
(MOGAD): Insights into pathogenesis and biomarkers of prognosis. Semin Immunol. 2025
Jun;78:101944. doi: 10.1016/j.smim.2025.101944. Epub 2025 Mar 14. PMID: 40088708.
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ARTICLE INF@ ABETRACT

Feywarde: MOG antibody-rerised disease [MOGAD], an inflammatcry demyelinating patbology, is oyplenlly associmed
Myelin allpodmdrocyte glycopooten with the clinical phenotypes scute dissemizated encephalomyelitiz (ADEM), optic nemitis (ON), or transvens
MOCAD myelicls {TM). The malnstay of disgnosls 1s decection of astibodles targeting ollgodesdn pressed MOG
phognesls AT, MIOG-IgG-mediated demyelization sooars via omplement-dependest crootosicity (COC), antibody-
Progrsis dependent cellular eysotoicity (ADCC), enhanced cognate T-cell CNS Infifration and activation, and oligs-

dendrocyte cytoskeleton disruption, bt lhe md ol nt't'he immume sysbern in MOGAD is still poody under-

sood. mdlsmsc:ml.:ﬂm_r or el with rel npsing eourse affecting approximacely wo-
thirds of imdividuals. b s ] dlla'hlllt_w T 'rllJ:h relagee and may 'rna.mfm as wisual, m.ul:trr sen-
mory, amsl copnitive deficite. Thus, accuraie disease course prediction is of p Frog

biomarkers, nplemented ot o global scale, have the pocential w guide ey rhenpeuul: decisions to limir
Telapse-associated disability sccrual while simul Iy avoiding ¥ imErEcEappTRsson in monc-
phashe individaals. This review explores recent insights In the understandisg of MOGAD pathogesesls as well as

advances in prognostic bicearkers of relapsing course and disense activity,

1. An historical overview

Myelin aligndendrocyte glycoprotein (MOG) was frst identified as a
targer of demyelinating antibodies in experimental  Autoimmane
encephabamyelitis (EAE) - an animal model of central nervous system
l;l:h-ls:ld.msrellmmn - in guinea pigs almost 40 years ago [1]. Although

isation of manh primates with the extracellular domain of
MG alsa elicits an EAE response [2], the EAE model in rats, ariginally
induced by passive transfer of either myelin-basic protein (MBEF-act-
waned splesocvies or MBP-apecific T-cells with subsequent intravencus
imjection of monoclonal antibodies (mAbs) against MG, remains a
cormerstone animal model in this field [3,4], Originally, interest was
piqued in the role of MOG in multiple sclerosss (MS). Electron micora-
scopy  examining CNS tssue from © jocchis marmosets  with
MOG-induced EAE and three humans with acute M5 lesions revealed
that myelin breakdown ocourred in a similar strsctural pattern between
groups, suggestive of a commeon mechamisen, and that antibodies s MOG
(MOG-Igh) were directly identified in all actively demyelinating lesians

15]. Although the clinical importance of MOG-IEG was indtially [rves-
tgated in elimically isolated syndrome (CIS) - a standalose demyelin-
ating b=ion of the CHS which, in 50 % of individuals with MS, is
rearcapectively identified & the fiest presentation of disease — the asso-
ciation betwsen MOG-Ig06 and MS has been difficult to ascertain [6-12].

Histarically, Western blot and enzyme-linked immunosorbent assay
(ELISA) techniques were the mainstay of MOG-1gG detection; bowewver,
these technigues identified antibodies against linear epitopes, which
were not exposed in the native conformational structure of MOG 0113,
14]. In 2007, O'Comnor, & al published the semisal study demon-
strating that assays, in which MOG was expressed in its native confors
mation, sddressed this limitation and enabled the identification of
clinically relevant MOG-[gh in a subset of individuals with acute
disseminated encephalomyelitis (ADEM), but rarely M5 [15), The
methodology of cell-based assays (CBAS) was subsequently refined,
inspired by advances in other autoimmume nearodogical diseaxses such as
anti-NMDA receptar encephalites [16-19), Fined CBa, employing flaed
OG- transfected cells, has been shown to have lower sensitivity and

* Cogrespondence fo; The Usndversity of Sydney, Brain Autcammunity Group, Kids Neorcecience Centre, Kids Research ot the Childmen's Hospital at Westmeasd,

Spdney, Austraila,
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specificity for MOG-IgG detection than Hwve CBA [18,20,21]. The intra-
cellular domain of MG appears essential o induce MOG clustering and
facilitate aptimal MOG-gG hinding; thus, the current gold standard af
MOG-IgG detection is Live CEA wiilizing full-dength MOG [22]. This
advancement paved the way for the recognition that MOG-IglG occarred
in a clinically distinct population of individuals, wio would later be
characterised as having MOG antibody-associated disease (MOGAD)
123-25].

2, Clinieal features

The recently pabliched Inemational MOGAD Pamel proposed
criteria autlined that MOGAD is typically amociated with the clinical
phenatypes ATEM, optic neuritis (0M), of transverse myelitis (TH), and
is less commuonly associated with cerebral cortical encephalitis {OCE),
brainstesn presentations, or cerebellar presentations [ 26], The disease
course is either monophasic or relapsing, with a recent systematic re-
view reporting thar relapsing disesse course occurs in 72 % of in-
dividuals when followup is extended beyond Seyears [27]. The
incidence of MOGAD has been estimated at 1.6-3.4 per 1000000
pefson-years |28,29], Female amd mabe sexes appear to be affected
relatively equally [10,21], though there may be a female predominance
132,33), Stadies from Europe and Morth America have observed pre-
dominantly white patient cohorts [31.34,35]; other shudies have asser-
ted that ne definitive racial or ethnie predilection can be concluded at
this stage [12,93,34]. MOGAD affects both children and adulis; how-
ever, there 18 & distinet divergence of phenotype - ADEM is the most
frequent paediatric phenotype compared to ON as the priimary mand-
festation in adults (37 ], Antesedent infection i eommon and has been
reported in 20-57 % of individuals with MOGAD [21,38-40]. Two key
differential diagnoses of MOGAD include the inflammatary demyelin-
ating conditions neuromyelitis optica spectrum disorder (MMOSD) and
M5, Demyelination in NMOSD is primarly sumantibody-mediated as
muost individuals have been shown to harbor a pathagenic autcantibody
against the astrocyte water chamnel aquaporn-d (AQP4) termed
AQPIRG [41.42). In oontrast, the pathomechanism underpinning
demyelination in M8 is mare heterogeneous; nevertheless, besions are
mostly composed of activated macrophages and microglia, and
CLdE 4 Tocells, with fewer numbers of CDd 4 Twcells and Becells [43].
While there are clinical similarities between individuals with MOGAD,
AQP4-Igh seropositive NMOSED, and MS, these disease entities are
thought oo be distinet [43],

3. Imsights into pathogenesis

MG s & glycoprotein expressed an the extracellular surface of the
myelin sheath and aligodendracyts processss in the CRHS (44 46]. MOG
Ieees & Z18 amino acid sequence and is structurally characterised by an
immumnoglobulin (Ig)-like extracellalar domain, for which it belongs
the 1g superfamily, & well as transmembrane and cynoplasmic domaing
(47 AE]. The putative role of MOG has yet to be folly elucidated; how-
ever, it has been theorised to act &8 an adhesion melecule, regulator of
microdubule stability, and marker of oligod end rocyte maturation due (o
its differential temporal expression (46,45, Furthermore, MOG has
been shown to bind and sequester nerve growth factor (NGE)
midulate sxon growth and survival, with deletion of MOG resalting in
abermant sprouting of nociceptive neunons in the spinal cord [50]. A-
toantibodies targeting MOG are predominantly of the Ig G type, hence,
the nomenclature MOG-1gG [39,51). IgG subclass analysis of MOG-IgG
isalated from the sern of individuals with MOGAD has revealed 1gGl
predominance (59,51 ], Other isotypes have been detectod; however,
they oocur less frequently and are less defined, thus, orrrent diagnasis of
MOGAD requires the detection of 1gG1 (26,39, Nometeless, it is
impartant to consider that the use of IgGl sobelass.specific CRAs does
mat identify imdividuals with MOGAD in whom other 136 subsclasses,
sach as [gG3, are the predominant subclass [52]. Maoreover, a recent

Seminers i fovnanalyge 78 QI0IE] 100944

cohoet stady identified a subgroup of individuals with demyelinating
M5 disease who tested positive for MOG-1gA, while testing negative for
bath AQP4- and MOG-IgG (53],

MOGAD i an auteantibody-mediared pathology that arises due 1o
thee cooperation of MOG-specific B- and Teoells (Fig. 1) The first step in
this process is antigen recognition, MOG is surface-expressed amnd, thus,
is a biologically plansible and accessible antoantigen for & cell
recognition. Historically the NS was corsidered an “Tmmune ignorant”
environment with little-to-no interaction with the peripheral immune
svabem; however, & pecent lickeabure review proposed an updated model
af the CN5 a5 & complex orchestration of immure surveillanos [54].
Antecedent infection occurs commanly in the development of MOGAD;
svmproms consissent with an infectious prodrome have been reparted in
20-57 % of individuals [21, 38 40]. Antecedent infection may facilitate
antigen recogrition and precipitace the breakdown of sell-tolerance via
the following pathways: (1) molecolar mimicry: cross-reactivity of
sell-anigens such ag MOG with microbial antigens may resalt in the
inapprapriate activation of selforesctive B- and Tecells, (2) bystander
activatbon:  infectioe-induced  pro-inflammatory  eywkines  and
co-stimulatary signals can lead to the activation of selfreactive B- and
T-cells, which may have otherwise remained quiescent, and (3)
disruption  af the highly-regulated CNE  may  expose
normally-sequestered sell-antigens such as MOG o peripheral immune
cells [55]. Human leukocyte antigen (HLA) class [0 malecules are
fund: ] for antigen pr son and activation of COM -+ T-cells
Specific HLA class 1T allebes have been ssociated with celise disease,
type 1 dinbetes mellitos, and MS and likely represent a genetic vulner-
ahbility for sutobmmunity via mechanksms such as enhanced presentation
of self.antigens, presentation of cryptic epitopes, or failing to maintain
sell-tolerance [55-58]. In Han Chinese individuals, the requency of the
HLA class 0 DOBL * 0502 alkele was significantly higher in individuak
with MOGAD compared to healthy controls &t 18.95 % and 10,71 %,
respectively [59]. No significant HLA associations with MOGAD were
ohserved in either Dutch of United Kingdos oohorta (60,61 ], While
multiple stimulatory Tecell epitopes bave been identified in the trans.
membrane and cvioplasmic domaing of MOG (52, sther studies have
not shserved significant peripheral T-cell reactivity to MOG peptices in
individuals with MOG-1gG [63,64). Whether this represents peripheral
Tocell ignarance due to MOG CNS seq
Teredl responss remains to be clarified. Monetheless, crosstalk between
MOG-specilic B and T-cells is required following antigen recognition o
facilitate antibody class-switching to lgG as well as B-cedl differentiation
nne memory B-cells amd MOG-IgG-secreting ells - the source of
OG- IgG in MOGAD. Motably, MOG-specific B cells have been detected
and differentiated into MOG-IgG-secreting cells via wll recepion 7 and 8
in vitro stimulation in 60 % of MOGAD patients [65].

MOG-1pG symthesis appears to occur primarily In the periphery,
though intrathecal synthesis has also been reported [23.6668]. [0
diwidunls with intrathecal MOG-IEG synthesis hive exhibived compara-
ble clinical and pathological characteristics as their countesparts with
peripheral MOG-1gG symthesis and, &5 such, the International MOGAD
Panel proposed criteria supported testing of cerebraspinal fluid (C5F) for
MOG-1gG in seronegative individuals whose pre-test assessment was
suggestive of MOGAD |26,69-71), Nonetheless, caution is warranted
when  interpreting  CEPerestricted  MOG-Igh. The freqguency of
CEF-reatricted MOG-1RG bas been reported a2 0.7 % of samples tested for
warkap af diverse CN§ inflammatory syndromes, with an alternative
diagnoais such as M5 and CNE vasculitia, &3 opposed to MOGAD, idin-
tified in over half the cases [72]. Conssquently, serum is the prefermed
bicapecimen for disgnostic identificarion of MOG-12G (25,72, Endpaint
titres are an important consideraton in MOG-1gG testing; a study of
1260 individuals reported that 49 % (20041) of bow titre (1:30-1:40)
serum samiples were false positives companesd to 18 % (6,33) of medium
witre (1:1000 and O % of high tire sepam samples (73], This challenging
lack af low-titre specificity may, in part, be attributed to CBA limitations
as well & detection of non-pathogenic variants of MOG-IgG and
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production of palyspecific antibodies against antigens such as MOG in
other settings of CNS inflammation, as seen in MS [74,75]. Initially, the
pathogenic capability of MOG-IgG was ambiguous when & transgenic
murine model preducing high levels of MOG-IgG did not exhibit spon-
taneous peurological disease nor pathological evidence of demyelin-
ation, suggesting that the presence of MOG-IgG alocae was insufficient to
trigger demyelination [76), Subsequent transfer experiments of human
MOG-IgG to rodents demanstrated that MOG-IgG was indeed pathogenic
but required T-cell interaction to elicit demyelination (7],

Mocucammapubomlc memwroldemydmmma
multitude of mechanisms, incl cytatox-
ity (CDC), muwymlnlduqmmwm enhanted
cognate T.cell CNS infiltration and yte
cytoskeleton disruption (Fig. 1) 123,37,49,51 66,76—80). Auloruun
tioned, MOG-1gG isolated from the sera of individuals with MOGAD is
predominantly of the IgG1 subelass [39,51]. It is well established that
IgG1 antibodies engage Clq and Foy receptor (FoyR) more efficiently
than other 19G subclasses, and thus, IgG1 antibodies are potent triggers
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of pro-g y effectar meck A1), AQPa-Igh observed in
NMIOED is alse primarily of the IgG1 subdass [B2]. MOGAD and
A0Pd-Igh seropositive WMOSD have often been investigated in pamallel
with regards to the role of complement activation, 1t bes bien repormed
that MOG-IgG requires bivabent recognition of MOG and, thus, may
engage Clq less efficiently thereby generating less complement sctiva-
ticn compared to AQPA-Igh, which recognises AQP4 in a manovalent
capacity [22,53). This aligna with the observation that, while both
BOG-IgG-positive and AQP4-IgG-positive serum samples induced COO
and terminal complement complex (TOC, also known &8 membrane
artack complex (MAC)H), AQPS-1gG-positive seram samples did 5o wa
greater extent [74]. Interestingly, both MOG-IgG and AQPA-IgG titres
positively eorrelated with CDC and TOC levels (78], Wien compared o
115, levels of C5F-Cla and CSF-Cha were similarly significantly elevated
in bath MOGAD and AQPA-19G seropositive NMOSD - supporting
complement pathway activation in both pathologies - while CSF-CS5he%
(TCOC/MAL) leveds were significantly lower in MOGAD compared 1o
A0PA-IpG seropositive NMOSD [84]). Multiple studies have corroba-
rared the capability of MOG-1RG isolated from individuals with MOGAD
to indoce CDC and ADCC [23,37 51 759]. Compl consamption
which ooeurs with activarion of the complement pachway, s alao been
investigated via €3 and €4 kevels measured in remission serum samples
from individuals with MOGAD, AQP4-1£G seropositive NMOSD, CI5 or
relapsing remitting MS (RRMS), and healthy controls (HCs) [85]. €4
Levels were found ta be significantly lower in individuals with AQP4-IgG
sercpositive NMOSD eompared to individuals with MOGAD, CIS/RRMS,
and HCs, suggesting that complement consumption may be a more
promiment feature of AQPL-IpG seropasitive NMOSD than MOGAD even
whien disease i clinically guisscent [E5]. Systemic complement activa-
tiom has also been interrogated by direct measaremsent of probeing (G5a,
SCEbG, Cla, Ba, Bb, and Pactor H) assocabed with activated classical
anxl altermative complemsent pathways from atcack and remission senm
samples of individuals with MOGAD, AQP4-IgG scropasitive NMOSD,
relapsing MS [RMS), and paediatrie and adult controls (86], Overall,
systemic complement activation was significantly more prominent in
MIOGAD |55 ), An important caveat of chis study was that 77 % (10,13}
of individuals with AQP4.1gG seropasitive NMOSD had already recesved
imenunctherapy at tme of sampling whereas the trestment statas of

Seminers i fovnanalyge 78 QI0IE] 100944

micragliaz; profound resctivity for Cdneo indicative of terminal com-
plement activation alongside significant 196G accumulation was also
ohserved [45]. Jarius, ef al reported complement and 1gG deposition in
a singhe brain biopsy from thedr centre [90]. Hoftherger, e al. sssessed
the immunopattern of eight brain biopsy cse and similarly ohserved
-wmplemem deposition in all specimens |65), Discordantly, only minor

pl and Igh o iticn was chserved by Takad, ef al. in their
assessment of 11 braln b&my specimens |91, Interestingly, lympho-
cytic infiltrates were comsistently dominated by CDd + Tocells, which
conteasts the predominant CDE + T-cell presence classic of M5 (66,90,
91]. Furthermare, AQP4 was preserved and dystrophic astrocytes were
absent - a clear contrast to AQP4-Igl seropositive MMOSD [64 85 91].
Together, these findings served to clarlfy the interplay of humoral and
cellular immunity underlying MOG-1gt-associated demyelination while
abs further distinguishing MOGAD, AQP4-1E0 seropositive NMOSD,
and M5 as distinct immunopathogenic processes.

Beyond the requirement of CD4 + T-cell co-stimubation for MOG-
specific B-cell activation and antibody class switching o g6 - a T-
cell-dependent Ig class, cognate T-cells have been shown to infilrate the
CMS and potentiate inflammation [50]. 13 Ponutabed vardants of a
MOG-gpecilic mal were created and, in particular, one mutated mab
with abolished Clq hinding but maintained FoyR binding was instru-
memntal in demonstrating that MOG-IgG enhanced infileration and acri-
vation of Dnglube Tecells wia FoyR engagement, possibly through
enhanced ptake by local antigen-presenting cells {APCs) and
augmented c-}s:lmulamn' wigmals (0], This mnwl.mem Imdepinident
Foyf-mediated pathomechanism of MOGIgG was responsible for
approximately hall of the observed demyelination amd raised
next-generation FoyR blocking reagents as a potential therapeutic
avenue for MOGAD (80, Peripheral blood monoauclear cells (FBMCs)
hawve alsa been useful in the assessment of cellular immunity in MOGAD.
PEMCs collected at orset in individuals with MOGAD were cultured
with recombinant human MOG {rth-MOG) protein and the Tecell
immunophenctype was examined [92]. Following stimulacion with
rh-MOG, a significant increase in €04 + T helper 2 (Th2) and T helper
17 (Th17) eells was observed in individuaks with MOGAD but not in M5
or contral growaps [92]. In a similar vein, PEMCs were collected at both
attack and remission timepoints from individuals with MOGAD and

T3 % (A0/104) aof individuals with MOGAD at dme of pling was
umknowm due to limited clinial records [24]. This somewhat aligned
with the finding that complement sctivation products were significantly
elevated in the s=rum of individuals with NMOSD {2 combined cohart of
MOG-IgG seropositive, AQP4-1pG seropositive, and antibody negative
individizals) companed to M8 and Hs and, when the NMOSD growp was
diseriminated by antibody status, the following tends were observed:
(1) ACIPA-Igl seropositive » MOG-Igl seropositive - antibody nega-
tive for Bb, C4d, and C5a, and [2) MOG-IEG seropositive = AQP4-IRG
seropositive - antibody negative for iC3b and TOC [87). Shifting the
investigative lens from serum 1o CSF revealed that individuals with
monophasic acquired demyelinating syndrome (ADS), amang whom
53 % (9417) were MOG-IgG seropositive, hed significantly elevared

1 to HCs [99]. Levels of activated follicular regulatary T
I:'.I"Er]-cel.k found to have the strongest inhibitory potential on plas
mablast expansion among the theee sssessed Tir-cell subgroups - were
significanily decreased in MOGAD [53]. Purthermare, the percentage of
cirgulating follicubar helper T (Tihi-cells — contrastingly observed o
P the differentiation of pl blasts — were significantly elevated
at MOGAD arack compared o remission and HCs (93], Interestingly,
the percentage of plasmablasts was significantly increased in MOGAD
compared 1o HOs and positively correlated with the ratios of TfhTir
cells [93]. In concert, these findings gave rise to a hypothesis that
disturbance of the immune balance between Tih- and Tirecells was
contributory to the pathogenssis of MOGAD [93]. Cytokine and che-
enokine profiling highlighted ancther facet of adaptive immunity, Ex-

levels of C8F Cha, C3a, Cda, IL-6, and Izl compared to individuals with
otlver peurclogic diseases (OND) as well as significantly elevated levels
of C5F C5a and IL-6 compared to individuals with M5, among whom
12 % (2A17) were MOG-IgG seropositive [538]. Overall, complement
activation, CDC, and ADCC play a prominent rale in the pathogenesis af
MOGAL; however, the extent of complement activatbion comparsd o
AQPA-IE0 seropositive NMOSD (8 uncertain — complement activation
appears more prominent én vime in AQP4-IgG seropositive NMOSD,
whibe i v studies hove vielded mized results,
Examinatinns of postmartem autopsy and brain binpsy specimens af
individuals with MOGAD have shed further light on its pathogenesis
(66,85 91]. Spadaro, et al. reported the first histopathalogical insight
into MOGAD - a right-sided splenium brain biopsy from am individual
with relapsing encephalomyelitis [9%]. Within the active ksion, there
was Infilration of T-cells as well as activated macrophages and

n of the CSF of children with MOG-Igh seropositive and
MOG-1gG seromegative ADEM and TM alongside a contral group with
warious non-inflammatery neurologic disesses revealed that 79 %
(2734 of measured CEF cytokines and chemokines were slevated in the
MOG-1gG seropositive group compared to the control group [94].
Moreover, concentrations af cytokines and chemokines related to Bocell
(CXCL1E, CCL19, CXCLY 2} and Th7-cell (G-C5F, IL-17A) function were
significantly higher in the CSF of MOG-IgG serapasitive individuals
compared 1o their MOG-1gG seronegative counterparts (94, Both
BOG g serapositive and MOG-1gl seranegative graups exhibited ev.
idemce of elevated T helper 1 (Thl) and Th2-cell function compared o
coatrols [94]. This aligned with an sarlier Anding that MOG-IgG seram
titres had & significant positive cormelation with C5F IL-6 bevels, another
cytokine intimately related to ThlT-cell function [28]. Concordantly,
another evaluation of CSF from children and adults with MOGAD,
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AQPA-[gh seropositive NMOSD, and MS demanstrated that MOGAD and
AQP4-IEG serapositive NMOSD groups bath had significantly elevated
cytokines, chemaokines, and relabed molecules associated with ThiF-cell
(IL-6, GM-CSF), Thi-cell (IFM-y) and regulatory T-cell (Treg) (IL-100
fumection compared to M5 [95]. [L6 is a pleiotropic cytokine which is
imvedved in the differentiation of CO4 + T-oells into Thl7-cells &8 well as
the terminal differentiation of B-cells and production of immuncglob-
uling [96-96], IL-6 has been implicated in autcimmunity, ncluding
rherumatnid arthritis and Takayasu arteritis, wherein it has been shown
o enhanee exoessive pro-inflammatory patheays [ 59,100), Therapeuwtic
blockade with tocilizumaby, an anti-IL-6-receptor (IL-6R) maAb, has been
efficacious in these conditions (100, 102], Moreover, Thl7-cells exerz a
pro-inflamenatory fanetion by recruiting and promoting the maturation
and activation of both and macrophages [103,104].
Rheumatoid arthritis has logically been highlighted as an example af
Thi¥-mediated autoimmunity, with abrogation of this pathway using
inekizumab and secukinumab, anti-IL-17-recepior (IL-17R) mAbs, also
exhibdting therapewtic potential, albeit with limited evidence baze at this
sage [105].

An alternative madel of MOG-IgG-induced demyelination related
cytoskeleton  disruption has also been proposed [4968] 1T was
demonstrated using cultared aligodendrocytes that MOG-IgG binding
induced MOG crosslinking, repamitioning, and facilivaved  movel
protein:protein interactions within lipid mfts [45]. This resalted in
cellular maorphological alterations, specifically, dramatic retraction af
miyelin-like membrane sheets and cellular processes (49, This was
oonsistent with the observation that oligodendrocytes treated with
MOG-IG exhibited marked boss of organisation in both F-actin and
f-tobulin networks; no difference was obssrved in cell viability at
45-minate and 10-hour timepeints (65

Tosumemarise, MG is an accessible autcantigen surface- localised an
miyelin sheaths amd oligodendrocyte processes in U CNS [44-45], The
interplay  of MOGspecific B- and Tecells results in  the
autcantibody-mediated patholegy MOGAD, MOG-IgG-induced demye-
lination pecurs vin COE, ADCE, enhanced cognate Tocell CHES infiltration
vl activation, and oligodendrocyve cytoakelecon disraprion 23,57 49
51,608 7E-80].

4, Determinants of progmosis

The merbidity burden associated with MOGAD is significant, with
residual neurolegic disability manifesting as visual acuity loss, motor
deficite, sensory deficits, cognitive impairmsent, and sphineter dysfunc-
tion [33,38,104]. T phenotype and higher expanded disability status
scale (EDSS) at onset attack have been assodated with a grester
long-term burden of disability [31,36], Furthermore, it has been re-
parted that the medizn EDSS at recovery fallowing later episodes was
higher than the median EDSS ot recovery following earlier episodes,
suggestive af disability acocumulation with relapse [14]. A recent review
reparted thar relapsing disesse course socurs in 72 % of individuals
when follow-up & extended beyond 5oyears [27]. Male sex, age at onset
older than 16-vears, TM onset attack phemotype, and corticostercid
wean = 1-maonth dumtion have all been associated with a reduoced risk
of relapse |33, Conversely, rapsd corticostercid taper and corticosteroid
withdrawal have been shown to confer increased risk of relapse [22,28,
107), The greatest risk of relapee appears 1o be within the first
1:2-months following ooset attack [32.93].

It is a paramount yet elusive goal to predict the likelihood of re-
lapsing disease course, Accurate disease eourse predietion has the po-
tential it Eacilitate early institution of maintenance immunatherapy,
thus, limiting the acerual of disabiliny that oceurs with melapse while
smultaneously awoiding unnecessary immunosuppression in mona-
phasic individuals, The ideasl blomarker could be sampled ar disase
omset ar at remissian prior to relapse. Numerous candidates have been
imvestigated (Takle 1 amd Fig. 2h

Bersistent seropositivity on serial MOG-gG measurement has been
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sigrificantly associated with relapsing dissase course [108-110]; haw-
ewer, the literarure backs consensus regarding this relatiomship (33.111].
Conversion to MOG-[gh seronegative statas appears to confer a redwced
risk of subsequent relapse (32,171],

Assessment of MOG epitope recognition pattern has vielded prom-
Esing insighte. Liyanage, ¢ al evaluated MOG epitope binding by seram
BOG-IgG collected from adults with MOGAD [112), They demanstrated
that individuals whose MOG-1gG did mot recognise the P42 epliope
{non-P42 MOG-IgG) - the most frequently recognised epitope (74 %,
150202} - had & 70 % inereased risk for relapsing disesse course
compared e individoals whose MOG-1gG did recognise P42 (P42
BOHG-IgGh [112]. This association was strengthened when coset attack
phenotypse was considered, 1t was reported that non-P42 MOG-gG
alongside unilateral ON {uON) carmied more than double the risk of re-
Rapeing course companed 1o P42 MOG-1EG with uOm (172, and was alsa
associated with a higher risk of relapse in pasdiatric MOGAD [115].
Seak, et al similarly examined MOG epitope binding by MOG-1RG ko-
bated from individuals with MOGAD [112). OF the insdividuals with
= 1-year follow-ap, 0% (00100 in the non-P42 MOG-18G group exhibi-
ted a phasic course comp l top 1838 (2711) of the Pa2
MOG-1gG group (113]. A lower total number of artacks was ohserved
during follow-up in the P42 MOG-IgG group compared to the non-P42
MOG-1gG group (113]. It Is important e note that nefther these find-
ings, nor any other differences in demographic or dinical characteristios
between the groups, reached statistical significance [112]. Mayer, st al
did not identify an mssociation hetween MOG epitope recognition
pattern and disease course in their analysis of 111 individuals [114].
While MOG epitepe recognition patiern has been shown to be highly
siahle over time, which would emable the use of serum collected at onset
ar pemisgion prior to first relapse, the current evidence is mixed with
regards to fts wtility as a disease course biomarker [29, 112104 115].

PEMCs have also been investigated for biomarker capability. Hor-
ellow, et al. sampled PEMCs collected at onset in individaals with
MOGAD, culbared these PEMCs with th-MOG protein for stimulation,
and examined Tocedl immunophenotype [92). The following statistically
significant findings were ohserved: (1) Th-17 cells increased in mono-
phazic individuals {2) CO4 + Treg cells increased in monophasic in-
dividuals, and (3) CD45RA-Foxp3 + Tregs decreased im relapaing
individaals [92). It was hypothesissd that the reduction in Tregs
fodlowing rh-MOG stimulation chserved in relapsing individuals repre-
pented intermitvent loss of woderance woward MOG manifesting a8
multiphasic disease [52]. While PEMCs could be sampled ab omset
attack, pragmatically, these tests are more saited to the research labo-
ratory than the commercial setting due to the requirement of sxtended
eell culture and specialised Nlow cytometric analysis.

In line with this practical consideration, index ratios derived from
peripheral blood counts may represent a msore accessible avemue for
biomarker consideration. Lin, et al examined the newtrophilbo-
lymphocyte ratle (NLR), plateler-to-lymphocyte ratle (FLR), and
monccyte-io-lymphocyte ratio (MLE) collected at diseass onset and pre-
treatment in individuals with MOGAD, M5, and HCs [116], Individuals
with MOGAD had significantly elewated NLR, PLR, and MLE measure-
mnemnts compared to HCs as well as significantly elevated NLR and PLR
measarensents compared o individuals with M3, highlighting usefulness
of these metrics for disease discriminagion [1146]. Moreover, PLE was
found 1o be significantly positively sssociated with relapsing disesse
course, albeit the conferred increased sk was modest with an odds miio
(OR} of 1.016 [116],

Finally, Sun, e al investigated the HLA loous in %5 Han Chinese
individuals with MOGAD [59], Suatification of the peedistric-onset
cohort by D@1 ¢ 0502 DEEL * 1602 carriers and
DIQEL * 05:02-DRB1 * 16:02  non-carriers  reveabsd  thar  carriers
extiibited more severe clinial symptoms evidenced by significantly
higher initial EDSS scores and more frequent relapsing disease course
[59].

Biomarkers of disease activiy may be disgnostically useful in
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Table 1
Charneteristics amd key findings of spedies repoming blomarkers of prognosis.

Hiomarker SampleSize  Study  Specimen Kry Padags Classification af
tnd Evidence*

Serlal MOGEE steres Gloaml 35 [108]  Serum - uulmdmmammﬂﬁﬂmmlwummmw Cers 101
MGAD y Bl a nidigpaing cioees compand o 0% 0004} of childnmn and

25 % (L] of msduhs with trarsient MOG-1gG serspasictvlty (p — 0 and

B = (i, mepectively]

Ferssiem MOG-Igh sero Iy e frequendy in chibdren with  Cless 11

i relaping e (p = 111

All (B8] children hasd & relapeing course and persisien MOG-igh Cers 101

"

2keamk &6 [109]
MGGAD
L] o

I

] 153

seropatitiety

Mo significan di [E— ion of mencpbasic (47 %, 15/53)  Clia 1
and relapsing (62 %, 24,/29) In-dl“l‘.llnli who remained MOG-I20 seropos-

Eivr it Lt falow-up (p - 0.229)

= Corersion e MOG-IgG seronegotive stats: condemsd a stgnificantly reduced

risk of sussequent celape: (p < LOOLY

Mo significarn difference terween propomion of monophasic (43 %, 25/58) G 1
andl relapsing (35 %, 16,44} Indlvidmls whi cosverted i MOG-IgG sero-

aegatine sisius (p = 1L35)

& Carwersdon b MOG-I2G seronepattve stans: canderred a shgnificamty reduced

risk of sudsmogueent relapss (p = QLOOL)

MAD-Igd tires were sigrificantly Mgher ot pmack (median 1: 2560, 10R Clewss 11
L:1280-1: 5308 cormpared o rembsion (rediine 1325, QR 1:160-1£40)

(p < DM}

D=1 dires were sigrificantly Mgher at pmack (median 1:1280, 10R Clewss 11
L:530-1: 4480} compienind do remisdos (madian 1540, K0 1:160-1:2560)

(p = DL0GL)

High {2 11600 MOG- 150G litoes were ooy observed within d-monih of albeck Tl 11

g 1)

|

"

MGG Tine 50 i

e 1)

Vubectak €5 [117]
MOGAD
WG wpilup repugretian e [z PB4 MOG-byls confermal significantly izcreased risk foe celapsing course Clisa 11
patem campared to PAZ MOG-Rg THR. 1.7, 95 % 01 1,15-2.80) [p = 0,009)
« Among individusis with UK o8 ansst, non P42 WIOG-42G conbemed signifi
1 sisks of rilgpa prarnad b P42 MOG-IG (HR 2.7,
S5 % 1 106~ 6:58) (p = 0.038)
Epitepe naaspmilivn. pativrn wis highly stabls ver time
% [0/10) of Individuels with non-P42 MOG-ZG had 2 monaphosk course  Cless 111
curzpared b 185 % {2011} with P42 MOG-bet (5 — S876)
= P2 MO was amocined with fewer 1om) attacks during follow-ap
Cmedizn 2.0, IR 1,8-3.5) compared v nan-PAZ MO IgG (median 2.5, 1GR
ORI {p - 0F2E)
Mo significart amociation herssen MOKG epitope recsgnltion pattern and Clzes 11
diwass: s
= FBMCE colleced o onset were stimulated with rh-W0G Clees 101

I

55 (13|

]

111 (14

:E

PEMCs 29 noinl; 12 521
MBGAD
& Th17-cedis increassd sigrifcandy i indlviduals with & menophasc courss
bt 2ol a relapsing coune {p = dﬂ!-dp D25, respectively)
€114 +Poaph + Trigg | in irdividisb with a
mmﬁcmwmu\mmr@wmw 0045 and p = 0,375,
renpurireelyl
& CIHGAA-Foopd + Tregs decreased significanly in individuals with a
relspsing cuerse but =ot with o susophasc cows (p = .02 povales far
monophasic groep mot saied)
b Bl D5 [1i8] Srrum Thi7-cells were significantly increased in MOGAD, AQHPM-IyG senpasdiye [+ 1]
MOGAD MMOSIY, and MS compened 1o HCs at attack (p = 031, p < 0501,
P = 0005, pespectively) and remismion (p = 0,033, p = 0003, and
B = 00, respectively)
& Th17:Treg ratios were stgnificantly Incresed in MOGAD, AQP4-12G ser-
pumitive NMOSD, and WS compurnl to HCs ot attiek (p o~ 0004, p < 0000,
andd [ = 000N, respesctively] and remisson (p = 0009, p < 00001, and
P~ W0, eespectivaly)
Thi17-culls were significantly increased in MOGAD, AQP-IyG senoposdiye
MMOSD, and ME &t sttack compared o remismion (palred sample compar-
s £ = U01S, p = GOE2, and p = LTS, nepectivey)
A7 notal; 17 1118 Serum @ Flasmaiasis were sigrificantly lower af aiack In MOGAD compared 1o Clewss 11
MBGAD AP seropositive MMOSD [p < 0L05)
 Transtonal B-cells were significantly elevaed o1 remision in MOGAD
enmpared o Bl and A0FS- 150 serepositive NBOSD (ull p < 0.01)
= MOGAD attack and rersisdion B- snd T-cdll sshests wize nol explicily

campared
Peripheml bleod count index 81 eetad; 31 (116]  Serum # MWLE, PLAL, ard MLR collected af cesel wen: eyrificestly cirvatnd n MOGAT  Clios 11
raties, Including WMo, KLR, MADGAD mmlrlﬂbﬂl-n[a]]p-:l]‘.mll
PLR, MR, and ELR # MUK gz PLR collinted @ gt wize Exzzily <k d in MOHGAL
WMNE‘F&UWINHD-&MW
® PLE win diping cores in WOGAL
COR=1.01E, 95 % 1 1.06L- mep u.mm
HLE, PLE and W were sipnificamly elevaied at gmack compared 1o Cers 11
rorsaian all p o< G00L)

an 1120]  Serum

"
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Table | {contimved |
« ELF was significancly lower ar svtack compared m remisken (p < 00001
304 gtk IR [1x1] Srrum # Tolal white blioed eell coust, neutnphil ecust, manceyte count, NLI smid [+ 1]
PACEGAL MLE were all significantdy =bevaned an aitnck compared 0 comirols
Cp = D, p o< B0, p o= 00191, p o= O, and p = 00320,
repriseelyl
15Gmb I7  [123]  Serum = MLE was significancly ) d ot atteck " In MOGAT  Clans 11
MOGAD p < QL)
& MLE waes significancly ebevened an attsck in MOGAD compared o M5
p < L)
HLA geraiype GrGmk e (59 Serum = Frequency of DOB1 * 0503 alkeles was significamlby higher ac TESE % in Clewss 11
MDGAD MDGAD compared 0 10,71 % In conirods (0FR=1,95, 55 % O 1.25-30)
(p = )
& Sge subgroup enalysis reveabsd 4 Sgalfcont pssociaon for posdisoric-onset
BACKG AL w1 * 0502 (O824, 05 % C1 130401 (p = 0.001) and
DORB1 * 1&0E (0R=1.28, 556 % C1 1.55-625) {p = W01 but no significant
smsoriatim i sdult-crmes MOGAD
@ B0 % (8700 of poedistric-onser MOGAD carriers of the
DL * 0G:00-0FRE1 * 16:00 had a IR OO ]
aF % (15741} of nus-camriees (p = W03
RiL 152 amb 42 [124]  Serum @ MIL levels were sigrificandy bigher in SOP4-10 seroposicive NMOSD dme:  Class |
MOGAD disn 874, 10R 06481 prml), MOGAD {meadisn 37,2, (R 10.6-24.8 py
mL], gl RRMS {mediam 245, B8 14.5-58 3 pg/mL) compered o HOs
Crmanlian 7.4, B 55604 prsml) (all p < G001)
@ MIL levels wepe sigrifcanidy higher ai sizack (medlan 341, IGR
L7643 p/mlL] compared oo remission [median 25, 100 9.1 -48.4 pg/mL]
in MOGAD (p = G.0MD)
1#bramb 49 [125]  Serum & MIL levels in aduelis were significamly higher ot anack {median 31.0, IR Clews 1
MOGAD LE8-81.2 pr'ml) companad be rembsin (medin &1, 108 5.7-14.4 pyiel)
and BCs (median 1003, 108 8.1-13.3 pgomily [p = G000 and p = 00,
renpextively)l
& MIL levels In children were significamily higher ot aiack {median 45,5, 108
5813002 pprmL] compared i remission (median 131, 1R 4.7-35.7 pgs
mi) and Hx (median 8.2 QR 6.4-10.3 pr/ml) {p = 0008 md p - G057,
respectively)
Ibdpotak 89 [126]  Serum # ML lirvels cullected within S-monihs of et were signifcaedy bigher in i |
MCGAL children with MOGAD {median 56,7, range 4.1-372.8 pg/mill, ocher ALS
{reedian 265, rimge 0524843 ppimb), sl M8 (mdien 32,1, ramge
AZATLT ppomL] compared o controds with other neumlogical dissses.
Cmesdlan 7.5, range 30-31.8 pg'mL] sl p < 0000
41 ectal; 15 1127] Serum & ML levids wire devatind in all (17 attack s ple comgared 10 24 % (1459 Clioa 11
MIDGAD al remision samphss (p < 000011
36 eotul; 15 [126]  Serum ML kevids wers | | at corusmt 1 bl o o | with nosipnifi s 101
MDGAD elevation o subsequent pnacks
o eetal; 18 [129] Srrum # Mo signifizam differemes befween NIL bheeels s atbsck and remisios s 1
MCGAL
Tau A5 notnl; 18 1129 Serum & Tea level were significantly higher o atock (medion 05, QR Q405 pg' O )
MOGAD mL] compared & nenision (mede 0.3, QR 0.1-03 peiel) p = 0027
GEAP 152k 42 [124]  Serum = GFAF levels were dgaificanily elevabed In A0F4-LgG sropost e NMOST Clewss |
MOGAD Crmandian 2741, DGR 1002 LEA0E pry b ) and MOGAD (mndian 1357, IQR
S7.8-250.1 pg.'mil) compared o HCs [median 61,4, B3R 45,7 -81.0 pgrmlL)
fall g = G0}
41 ectal; 15 1127] Serum # GFAP leveks wers el sgrificustly shvated ot attack i 11
MIDGAD
4 potad;, 18 1129]  Serum # Mo significant differmee between GFAP lvels o attack and nenisiom. i |
MIDGAD
IL-Lp 0% eotal; 28 1130]  Serum  IL-1 lervels were sigriScistly & A ut allieck compeed de remind i |
MCGAL Cp = DL
MFAa 152 potal, 32 [131] 5P # MPAPA leveds wene significantly reducm] al attack companad o romesson Cligia 11
MIDGAD p = DLHIL)
STREMEZ 38 notnl; 19 1133] Serum and - mmm-ruﬂmmmmmulnmmmudum with  Cleess 111
MOGAD 5P ALK AL ey y diserdiz cantru b {p — 00012
and pe uml.m-acmﬂﬂ.al] sampdes were collecied at atack
THEAIRS 68 potal;, 24 1135]  Serum ® THFAIIS Jevids werw sipnificantly reduced at attack companal 1o cemission Cliga 11
MDGAD and B0 (p = 0 and p = 0001, respectively]
Theul kormvssaes HE eelul; B [134] Srrum ITuulmH.dnmI}mlh\Ihnmdplﬂumbmh-nﬁn (== R T
PACEGAL oalbecied at aitack i1 b ol MOGAD,
AOFA-1gG sropositve NMOED, and M5
Prulactin Uiestak 85 [135]  Serum ® Mo significant differmee btween prolactin kevieds i MOGAD o atteck snd Clisa 11
MDGAD remission
LCHLE 235 ttal; ¥ [138] Serum # UCHL lewels were not elereatind (= 2 500 of HD mean) al bosdne in any i 1
MDGAD individuals with MOGAD mor wes any significant aniack-relsved pattem
abserend

* Classification of evidence was assessed msing the Amesican Academy of Meurvlogy (AAN] Criteria for Rating Diagnostic Accuracy Studies,
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Fig. 2. : Schematic overview of the | blomarkers of p in
MOGAD. Biomarkers are reviewed in ﬁnherdmll in Table 1. (S?, cerebeo-
spinal flusd; HLA 1L, humans Jeukocyte antigen class 15 IL-1f, interleukin.] beca;
MFAP4, microfibrillar-sssociated plvtun 4 DDG myelin ulisodmtotw.-

glycoprotein; MOG-I3G, myelin aligodendrocyte glycog fobul
GmT—odlwﬁl?Thdwl?cﬂ:hmTuxuhmedk
TREMZ, triggering recep d on myeloid cells 2; ML, neurofilament

light chalec GFAP, glial l!hnlhry acidic protein.

settings of clinical uncertainty to discriminate whether symptoms
represent a MOGAD attack as oppased to an alternate pathology (Table |
and Fig 2), Naturally, MOG-IgG titres have been interrogated in this
context. Median MOG.IgG titres have been shown to be significantly
elevated at attack compared to remission [67,111]. This aligned with
another report whereby stratification of MOG-1gG titres revealed that
high (>1:160) titres were anly observed within 4-maonths from an attack
1117]. Nevertheless, there are two important caveats to the interpreta-
tion of MOG-IgG titres for disease activity correlatica: firstly, longitu.
dinal sampling has revealed that titres may fluctuate independent of
ks [111]); dly, the 1 tional MOGAD Panel proposed
criteria outlined “low paositive’ and ‘clear pasitive’ reference thresholds
for many CBAs although further ref data to ch ise addi-
tional thresholds appropriately sensitive and specific for prediction of
attack or remission disease activity are currently lacking [26].
Exploratory analyses bave interrogated the utility of PBMC immu-
nophenotyping as a biomarker of disease activity in MOGAD [118,1191,
PBMCs were isolated from individuals with MOGAD, AQP4-13G sero-
pasitive NMOSD, MS, and HCs and T-cell subsets were measured - with
respect to HCs, the proportions of Thl7.cells and the Th17/Treg ratios
were significantly increased in all three disorders at both attack and
remission timepoints [114]. Additionally, a ison of paired attack
and remission samples revealed that the pmpomom of Th17-cells in
MOGAD, AQP4.IgG seropasitive NMOSD, and MS were all significantly
incressed at attack compared to remissson [ 115, Contrastingly, another
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evaluated for their usefulness as btomarkers of disease activity in
MOGAD[120—122].NLR.PLR.andmumphnpemmge(N%)man

found to be significantly el d at attack compared to remission while
eosinophil-to-lymphocyte ratio (ELR) was anmmnny lower at BM
[120]. Values for areas under the i ic

(ROC) curve for each parameter were modest - NLR.E.IR.PLR.MN%
were (.68, 0.69, 0.61, and 0.68, respectively [120]. Other studies have
similarly observed significantly elevated NLR in samples collected at
attack in MOGAD [121,122]. Peripheral blood count index ratios are an
accessible metric and have potential & supportive biomarkers; however,
a fundamental limitation will be that neutrophilia occurs in a multitude
of ather circumstances.

Newrofilament light chain (NfL) and tau are proteins specific to
neurans - particularly axons - while glial fibrillary acidic protein
(GFAP) is a protein specific to astrocytes; elevated bevels of these bio-
markers in the serum or CSF may reflect damage to their respective cells
[123). 1t has been shown that serum NIL bevels in MOGAD are signifi-
cantly e} d at attack compared to HCs [ 124 126] and also compared
w0 remission samples (125,127, In contrast, it has been reported that
serum NfL levels increasad at onset of MOGAD but were subsequently
stable or decreaeed irrespective of attacks [125), There has pot been

levation of serum NEL at attack in MOGAD [129].
muuhubzznohewedmn\cmﬁmlnmlyatmnmj It
has primarily been reported that serum GFAP does not increase signif.
scantly at attack [127,129], though increased levels have been observed
bulmahsaudegmethmsemmltowlgcmosn an astrocytop-
athy [124]. A challenge of these b kers is that el i levels can
oocur with a multitude of neurological disorders beyond demyelination,
such as stroke, traumatic brain injury, and Parkinson’s disease [123].
Nonetheless, the married pattern of all three biomarkers may improve
interpretation as this appears distinct at least b MOGAD and
AQP4-1gG seropositive NMOSD (1291,

Numerous other novel biomarkers have been investigated for asso-
ciation with disease activity in MOGAD (Table 1 and Fig. 2). su;nmmt
correlations have been observed with serum IL1p [130),
microfibrillar-associated protein 4 (MFAP4) 1131) CSF secreted ecto-
domain of soluble triggering i d on loid cells 2
(STREM2) [1532), tumour necrosis lacwr alpha-mdoczd protein 3
(TNFAIP3) [133], and serum total thiol and mative thiol [134). In
contrast, no correlation was observed with disease activity and serum
profactin levels [135] or serum ubiquitin C-terminal hydrolase L1
(UCHLY) [134].

5. The current treatment landscape

Qurrent treatment pathways for MOGAD are largely based on clinical
expertise and are highly variable. A survey of 52 neurclogists who
practice internationally found that all tmt acute attacks with high dose

ids [137]. 1 ids have been shown to
achieve dramatic symptom improvement (32,67, 138,139). An example
d regi is 30 mg/kg per day or 1 g per day for 3-5 days [140].

study compared both B. (transitional B.cells, naive B.cells, Y
B-cells, and plasmablasts) and T-cell (natural killer (NK) cells,
CD4 + T-cells, CDS + T-cells, and Treg.cells) subsets from individuals
with MOGAD, AQP4-IgG seropositive NMOSD, and HCs (119, Plas-
mablasts were significantly lower at attack in MOGAD compared to
AQP4-IgG seropositive NMOSD, and transitional B-cells were signifi-
cantly higher at remission in MOGAD compared to HCs and AQP4-IgG
seropositive NMOSD [1190. The p ar ab of differ be-
tween B- and T-cell subsets at attack compared to remission in MOGAD
was not explicitly stated [119]. Theoretically, there is potential for
PBMC immunophenotyping as a biomarker of disease activity in
MOGAD; however, the discriminatary capacity b other autoim-
mune ln!lammtory demyelnmmg condlum appears limited due tw

Mmﬂudedvedfrompedphemlbloodoounubaveabobeen

Bscalauon therapies for an acute attack include intravenous immuno-
globulin (IVig) and/or plasma exchange (PLEX) [141,142]. Notably, a
recent cohort study supported early first-line PLEX with concomitant
di odifying therapy to achieve complete remission and minimise
residual disability [143], Rapid corticosteraid taper and corticosteroid
withdrawal have been shown to confer increased risk of relapse [22,24].
Varied regimens of oral prednisone dosing have been proposed and
include 12.5 mg daily for adults and 0.16 mg/kg/day for children for &
minimum of 3-maonths, and 60 mg daily for adults reduced by 5mg
weekly for a total 12-week course (107,144,

After anset attack, 60 % of neurologists reported starting steroid.
sparing maintenance therapy, and this increased 1o 92.3 % of neurolo-
gists after an individual had experienced two or mare attacks [127]. The
most commonly used steroid-sparing agents include azathioprine,
mycophenolate mofetil, and rituximab, which all aim to deplete B.cells
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in the of this ibody iated pathology (30,372,137,
1391, wmunmabmmmnu.uwuau
cious in MOGAD than in AQP4.IgG seropesitive NMOSD [145]. Biologic
agents such as tocilizumab and satralizumab, which target IL-6R, have
yielded promising results in small case series of individuals with
treatment-refractory MOGAD (146,147,

6. Future directions

MOGAD is & relatively newly defined clinical entity, though signifi-
cant progress has already been made toward its characterisation. The
vast majority of the existing primary literature is ohservational cohort
studies and, thus, there is a need for progression up the hietarchy of
evﬂmmmm:oamueduw.mmukmm

icularly with regard to biomarker prognostication
andmempeuucwuhmudmd that the recently published
International MOGAD Panel proposed criteria will assist with stand.
ardising future research approaches in the field,

7. Conclusions

MOGAD is an inflammatory demyelinating pathology characterised
by the presence of pathogenic autoantibodies targeting MOG. MOG-IgG
elicits demyelination via a multitude of mechanisms, including CDC,
ADCC, enhanced cognate T-cell ONS infiltration and activation, and
cligodendrocyte cytoskeleton disruption. There is an imperative need to
improve prediction of disease course and disease activity to limit
relapse-asscciated disability accrual and minimise unnecessary expo-
sure to immunosuppression in monophasic individuals. Several bio-
markers have been identified as potential candidates associated with
relapsing disease course and disease activity. Despite their potential,
widespread implementation in laboratories and clinics is challenging
due 1o technological issues and low prevalence of MOGAD. International
validation studies are warranted to ensure global application in clinical
practice,
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Chapter 2 | Laboratory Biomarkers for the
Prediction of Relapse in MOGAD: A Systematic

Review and Meta-Analysis

This chapter is a thorough synthesis of the current literature with quantitative and qualitative
assessment of a multitude of laboratory biomarkers through the lens of predicting relapsing

disease course and attack disease activity in MOGAD.

The contents of Chapter 2 are presented as a manuscript that has been accepted for
publication on 1 September 2025 in the Journal of Neurology, Neurosurgery &
Psychiatry:

Andersen J, Trewin B, Dale R, Ramanathan S, Brilot F. Laboratory biomarkers for the
prediction of relapse in myelin oligodendrocyte glycoprotein antibody-associated disease: a

systematic review and meta-analysis. Journal of Neurology, Neurosurgery & Psychiatry.
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Abstract

Objectives

Detection of immunoglobulin G targeting myelin oligodendrocyte glycoprotein (MOG-IgG) is
the mainstay of laboratory diagnosis of MOG antibody-associated disease (MOGAD).
Laboratory biomarkers have the potential to predict disease course and activity, thus, informing
prompt therapeutic decisions to minimise relapse-associated disability accrual.

Methods

This systematic review with meta-analysis was registered in PROSPERO (CRD42024554429).
MEDLINE, Embase, and Scopus databases were searched. Random-effects or mixed-effects
modellings were performed, and odds or hazard ratio with 95% confidence intervals reported.
Results

106 studies with >1710 individuals were included. Relapsing course was associated with
persistent seropositivity (OR 2.7 (95%CI 1.8-4.0), p<0.0001), lower likelihood of
seroreversion to negative status (HR 0.19 (95%CI 0.14-0.26), p<0.0001), and delayed
seroreversion compared to monophasic participants (median 19 years versus 2.5 years,
p<0.0001). ADEM was not associated with relapsing course (OR 0.049 (95%CI 0.0029-0.84),
p=0.037). Serum MOG-IgG titre — negative, low positive, or clear positive — discriminated
disease state. Attack was associated with clear positive titre (OR 3.6 (95%CI 2.6-5.0),
p<0.0001), but not negative titre (OR 0.073 (95%CI 0.028—0.19), p<0.0001). CSF leukocytosis
(=5 cells/pL) was associated with attack (OR 3.1 (95%CI 1.7-5.9), p=0.0004). Neither serum
GFAP nor NfL correlated with disease activity. Novel biomarkers of disease course and
activity have also been assessed qualitatively.

Interpretation

MOG-IgG serostatus and titre, and CSF leukocytosis are biomarkers of disease course and
activity. The findings provide rationale for serial serum MOG-IgG testing at 3-6 month
intervals in the first 12 months of disease to assist in relapse risk stratification.

Keywords

MOGAD, MOG-IgG, anti-MOG antibody, biomarker, relapse prediction, disease activity

18



Introduction

Myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD) is an
inflammatory demyelinating disease of the central nervous system (CNS), characterised by the
presence of anti-MOG autoantibodies (MOG-IgG).! MOGAD is typically associated with the
clinical phenotypes acute disseminated encephalomyelitis (ADEM), optic neuritis (ON), or
transverse myelitis (TM), and is less commonly associated with cerebral cortical encephalitis
(CCE), brainstem presentations, or cerebellar presentations.! MOGAD affects both children
and adults; however, there is a distinct divergence of phenotype — ADEM is the most frequent
paediatric phenotype compared to ON as the primary manifestation in adults.? The disease
course is either monophasic or relapsing, with a recent review reporting that relapsing disease
course occurs in 72% of individuals when follow-up is extended beyond 5-years, suggesting
that this is a predominantly relapsing disorder in the context of current diagnostic and
therapeutic approaches.? The morbidity burden associated with MOGAD is significant, with
residual neurological disability manifesting as visual acuity loss, motor deficits, sensory
deficits, cognitive impairment, and sphincter dysfunction.*® Moreover, disability may
accumulate with relapses.* Thus, disease course prediction is a paramount yet elusive goal,
which has the potential to facilitate early institution of maintenance immunotherapy to limit
the accrual of disability that occurs with relapse while simultaneously avoiding unnecessary
immunosuppression in monophasic individuals. Laboratory biomarkers offer an attractive
avenue to address this conundrum. To date, temporal dynamics of serum MOG-IgG have been
the most thoroughly investigated potential biomarker, with some studies reporting a significant
association between persistent seropositive measurements and relapsing disease course;’’
however, the literature has lacked consensus regarding this relationship.® '© Additionally,
biomarkers of disease activity, rather than of disease course, may be diagnostically useful in
settings of clinical uncertainty to discriminate whether symptoms represent a MOGAD attack
as opposed to an alternate pathology. A widespread challenge of MOGAD research has been
the rarity of its incidence — estimated at 1.6-3.4 per 1,000,000 person-years — which often
translates to limited sample sizes.!! 12 For these reasons, we aimed to conduct a systematic
review with meta-analysis to investigate the capability of laboratory biomarkers to predict

disease course, as well as differentiate remission compared to attack disease activity.
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Methods
Search Strategy

This systematic review with meta-analysis was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement.'® The
PRISMA flowchart is presented (Figure 1). The study was registered with PROSPERO
(registration number CRD42024554429). A systematic search of the databases MEDLINE,
Embase, and Scopus was performed of all studies from inception to 21/2/2024, with English
language restriction. The complete search strategy is presented in Supplementary Table 1. The

literature search was performed by one author (JA) and reviewed by the senior author (FB).

Records identified through electronic database
search (n=10819)

Medline (n=1579)

Embase (n=7155)

Scopus (n=2085)

c
o
=
©
(3]
2
5
=
]
o

Excluded (n=3614)
Duplicates (n=3614)

Excluded (n=6537)
Records screened (n=7205) Articles deemed irrelevant after reviewing title
and abstract (n=6537)

(Excluded (n=562) \

Participants did not meet MOGAD diagnostic

criteria (n=27)
No extractable data (n=217)

(Studies assessed for full-text eligibility (n=668) Insufficient/unclear follow-up duration (n=28)
Full-text unavailable (n=19)

Post/abstract only (n=256)

Review article (n=1)

Study protocol only (n=1)

\ Duplicates (n=2) j

Studies included in the systematic review (n=106)
Quantitative assessment in meta-analysis (n=81)
Qualitative assessment by narrative description
(n=34)

Overlap (n=9)

Figure 1: PRISMA Flow Diagram for the Systematic Review with Meta-Analysis.
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Key Definitions
Key definitions are presented in Supplementary Method 1 and Supplementary Tables 2 and 3.

Study Selection

Study eligibility was assessed based on the following inclusion criteria: (i) published, full-text
original research articles in English, (i1) measured laboratory biomarker(s) in terms of disease
course and/or disease activity, (iii) participants met the 2023 International MOGAD Panel
proposed diagnostic criteria, broadly defined by positive serum MOG-IgG measurement on
cell-based assay (CBA) and characteristic clinical phenotype as per definitions outlined in
Supplementary Tables 2 and 3, (iv) studies that measured disease course clearly reported
follow-up duration as >1 year either in a direct statement or able to be inferred from descriptive
statistics such as minimum-maximum range (reporting of only interquartile range (IQR) or
standard deviation (SD) was insufficient), and (v) extractable data for >2 individuals, with data
only being extracted for individuals meeting the inclusion criteria. There were no restrictions
on follow-up duration for studies assessing disease activity. There were no restrictions on the
types of study design eligible for inclusion. There were no restrictions based on individuals’

age, sex, or comorbidity. All disagreements were resolved by consensus.

Data Extraction, Study Risk of Bias Assessment, and Certainty of Evidence

Assessment

One author (JA) independently extracted data from all included studies with a standardized
data extraction form hosted on Microsoft Excel software (v16.97.2). Data was sought for the
following outcomes of interest: (i) laboratory biomarker(s) sampled at onset or any time during
disease that were associated with disease course, and (ii) laboratory biomarker(s) that were
associated with disease activity. Data were extracted as reported in the text, tables, and figures
of the original papers and their published supplementary/appendix material. In the event of
missing or incomplete data, the data or study (if there was no other extractable data for
inclusion) was excluded; study investigators were not contacted. One author (JA)
independently assessed the risk of bias of included studies using the Newcastle-Ottawa Quality
Assessment Scale. Risk of bias scores were categorized into ‘low’ (7-9), ‘medium’ (4—6), and
‘high’ (0-3). One author (JA) assessed outcomes in terms of association, of any magnitude,
with disease course and/or disease activity using the Grading of Recommendations

Assessment, Development, and Evaluation (GRADE) approach.'* The certainty of the
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evidence was rated as ‘high’, ‘moderate’, ‘low’, or ‘very low’ (Table 4). This study assessed
association rather than causation questions, thus, the most appropriate study design to answer
these questions were observational studies.!* Accordingly, the assessment of certainty started
at ‘high’ and was downgraded one level for serious (or by two levels for very serious)
limitations in the study design, inconsistency, imprecision, indirectness, and publication bias.'*
The senior author (FB) reviewed the extracted data, and risk of bias and certainty of evidence

assessments. All disagreements were resolved by consensus.

Statistical Analysis

All analyses were performed using R software (v4.2.2) with the metafor, forestplot, Ime4,
coxme, dplyr, and estmeansd packages. Individual participant data (IPD) were extracted where
available, otherwise aggregate data (AD) were extracted. Missing or incomplete data were
excluded. For studies that reported median (range or IQR) summary statistics, the method for
unknown non-normal distributions approach was used to estimate mean = SD. Biomarker(s)
were analysed quantitatively if there were extractable data from >3 studies, otherwise analysis
was qualitative with tabulated and in-text description. A minimum subgroup sample size
criterion (n >5) was applied to optimise model performance. Effect measures were: (i) ordinal
outcome data were described with odds ratios (OR) with 95% confidence intervals (CI), with
univariable analyses using a two-stage approach, whereby IPD was reduced to study-level
effect estimates then combined with random-effects meta-analysis, and multivariable analyses
using a one-stage IPD meta-analysis with logistic mixed-effects regression model, to account
for clustering of participants within studies, (ii) time-to-event outcome data were described
with hazard ratios (HR) with 95% CI, with univariable and multivariable analyses using a one-
stage IPD meta-analysis with mixed-effects Cox regression model, to account for clustering of
participants within studies, and using Kaplan-Meier survival curve for visualisation, and (iii)
continuous outcome data were described with mean differences with 95% CI, where AD were
combined in a random-effects meta-analysis of mean differences. The measurement scales and
collection methodologies of continuous outcome data did not differ across studies; thus,
standardisation was not required. All random-effects meta-analyses employed restricted
maximum likelihood (REML) estimation, apart from one model which failed to converge and,

thus, employed DerSimonian-Laird (DL) method.
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In univariable random-effects meta-analyses, the degree of variability or inconsistency across
different studies, termed ‘heterogeneity’, was assessed using the I? statistic.'> For mixed-effects
meta-analyses, an R statistic was estimated, which compared the impact of heterogeneity in the
fixed-effect and random-effects models as previously described.!> The R statistic was used to
calculate an estimated I statistic with the equation: 1> = (R? — 1)/R%!® The following
interpretation for 1> was applied'” '3; 0% to 40%: might not be important; 30% to 60%: may
represent moderate between-study heterogeneity; 50% to 90%: may represent substantial

heterogeneity; 75% to 100%: considerable heterogeneity.
Potential publication bias was evaluated using the Egger regression test, with p<0.05 defined

as statistically significant, and funnel plots for visualisation. Subgroup analyses were

conducted to explore potential sources of heterogeneity after it was identified.
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Results

The database search identified 10819 articles. Following exclusion of duplicates, 7205 articles
were screened by title and abstract, of which 668 were deemed relevant and screened by full
text. 106 articles, all observational studies, met the inclusion criteria and were included in the
systematic review. 81 studies had extractable data sets able to be assessed quantitatively in the
meta-analysis (Supplementary Table 4). This amounted to at least 1710 individuals from 77
studies; however, 6 studies specified sample numbers not participant numbers for part or all of
their dataset. 34 included studies were assessed in a qualitative capacity by narrative
description (Supplementary Table 4). 9 studies overlapped and were assessed in both a
qualitative and quantitative capacity (Supplementary Table 4).

Characteristics of included studies are outlined (Supplementary Table 4). 72% (76/106) of
studies had a low risk of bias, 28% (30/106) had a medium risk, and 0 studies had a high risk
(Supplementary Table 4).

48 studies had extractable data for follow-up duration of both monophasic and relapsing
groups, which allowed pairwise comparison at the level of the individual study (Supplementary
Table 5). 25% (12/48) of studies were found to have statistically significant longer follow-up
duration for individuals with a relapsing course compared to monophasic course

(Supplementary Table 5).

Biomarkers of Disease Course

Biomarkers were assessed for capability to predict disease course. The most frequently
reported biomarkers for disease course prediction, in descending order, were: (1) serial serum
MOG Ig-G status, (2) serum MOG-IgG titre, (3) cerebrospinal fluid (CSF) oligoclonal bands
(OCB) status, (4) CSF white cell count (WCC), and (5) CSF protein. Importantly, treatment
status at time of sample collection was incompletely available and, thus, was not included in
any proceeding analyses. Persistent seropositivity on serial serum MOG-IgG measurement
collected >3 months apart conferred statistically significant increased odds of relapsing course
compared to transient seropositivity (OR 2.7 (95% CI 1.8-4.0), p<0.0001) (Figure 2 and
Supplementary Figure 1). No significant heterogeneity was detected (1>=0%) and Egger’s test
did not indicate significant publication bias (p=0.28). Persistent seropositivity remained

associated with increased odds of relapsing course compared to transient seropositivity when
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the sample collection interval was lengthened to >6 months apart (OR 2.3 (95% CI 1.5-3.4),
p<0.0001), as well as >12 months apart (OR 2.8 (95% CI 1.8—4. 5), p<0.0001) (Supplementary
Table 6). None of the other variables were significantly associated with relapsing course either
in the first collected or onset samples (Figure 2). No significant heterogeneity was observed

(I’=0% for all analyses) nor was any significant publication bias detected (p>0.05 for all

analyses).
Univariable
OR (95%Cl) Random-
Total Monophasic Relapsing of Relapsing Effects Egger's
Predictor of Relapsing Studies Individuals Individuals Individuals Disease Meta-Analysis Test
Disease Course (n) (n) (n) (n) Course P value I?  Pvalue Monophasic Relapsing
Serum MOG-IgG |
Titre I
First collected Low positive 108 111 1.0 (reference) S
Clear positive *° 607 179 207 12(0.78-1.8 046 0% 0.66 ——
Onset Low positive 16 15 1.0 (reference) ‘
Clear posiive 25 152 68 53 0.79 (0.35-1.8) 56 0% 085 .
Serial Serum |
MOG-IgG Status . |
Transient I
seropositivity™ 178 72 1.0 (reference) I
Persistent 48 777 <0.0001 0% 0.28 | —_—
seropositivity® 245 282 2.7 (1.8-4.0) :
E‘SF WEC d N | 63 60 1.0 (ref ) |
irst collecte: lormal .0 (reference;
Elevated 2 391 165 103 076 (0.44-1.3) 033 0% 0.82 ——
Onset Normal 40 42 1.0 (reference) |
Elevated 22 289 108 79 075 (0.39-1.4) 0-38 0% 075 —T
ESF Prﬁte;nd N | 109 80 1.0 (ref ) 1
irst collecte ormal .0 (reference;
Elevated 25 288 50 49 10(0521.9) 10 0% 0.57 !
Onset Normal 89 68 1.0 (reference)
Elevated 17 23 37 37 0.81(0.37-1.8) 260 0% 0.50 "
ESI; O%B ted Absent 234 269 1.0 (ref ) :
Irst collecte sen reference o,
Present 38 569 31 35 0.95 (0.57-1.6) 084 0% 0.13 ‘
Onset Absent 108 116 1.0 (reference)
Present 21 2580 14 12 0.83 (0.37-1.8) 054 0% 051 S —
0 1 2 3 4 5

0dds Ratio (OR)
Figure 2: Investigating the association of biomarkers and relapsing disease course. ‘First
collected’ analyses included the first collected serum or CSF specimen for an individual
including, but not limited to, all samples collected at onset. ‘Onset’ analyses only included
serum or CSF specimens collected <30 days following first clinical symptoms of MOGAD.
*Transient seropositivity was defined as <2 positive serum MOG-IgG results on serial
measurement >3 months apart. “Persistent seropositivity was defined as >2 positive serum
MOG-IgG results on serial measurement >3 months apart; individuals whose MOG-IgG
measurements fluctuated between positive and negative were categorized as persistent

seropositive if there were >2 positive results >3 months apart.

The association between persistent seropositivity and relapsing course was further explored in
terms of individual-level covariables, including sex, age, and clinical phenotype (Table 1).
Individuals who had serial serum MOG-IgG samples collected >3 months apart were examined
for complete demographic data, which was only extractable for 131 individuals from 52%

(25/48) of studies that reported serial serum MOG-IgG status. Data for 3 individuals with
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‘Other’ phenotype were excluded due to insufficient subgroup sample size. The final analysis
included 128 individuals. Persistent seropositivity remained significantly associated with
increased odds of relapsing disease course in the multivariable analysis (OR 15, 95% CI 2.2—
98, p=0.0059) (Table 1). There was substantial heterogeneity (I1>=77%), likely due to limited
participant numbers. In addition, ADEM phenotype was found to be significantly associated
with reduced risk of relapsing disease course (OR 0.049 (0.0029-0.84, p=0.037) (Table 1).
Individual follow-up duration was available for 117/128 individuals. No statistically significant
difference in follow-up duration between phenotype subgroups was identified with Kruskal-
Wallis test (results not shown). Complete demographic data was available for 110 individuals
with serial serum MOG-IgG samples collected >6 months apart and for 96 individuals with
serial serum MOG-IgG samples collected >12 months apart. Interestingly, persistent
seropositivity was not significantly associated with relapsing course in both of these
multivariable analyses (Supplementary Table 7). There was substantial heterogeneity with both

analyses (I>=94% and 1’=83%, respectively)
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Table 1: Investigating the multivariable association of persistent seropositivity and relapsing disease course

alongside individual-level demographics.

OR (95% CI)

of Relapsing
Total Monophasic Relapsing Disease
Predictor of Relapsing Disease Course* Participants (n) | Participants (n) | Participants (n) | Course P value®
Serial MOG-IgG
status
Transient seropositivity 32 23 9 1.0 (reference)
Persistent seropositivity | 96 18 78 15 (2.2-98) 0.0059
Sex
Male 59 25 34 1.0 (reference)
Female 69 16 53 1.1(0.27-4.2) 0.93
Age
Paediatric (<18) 77 27 50 1.0 (reference)
Adult (>18) 51 14 37 1.5 (0.17-14) 0.71
Phenotype
Brain/Brainstem 23 7 16 1.0 (reference) | —
0.049 (0.0029—
ADEM 26 18 8 0.84) 0.037
0.99 (0.072—
ON 20 8 12 14) 1.0
0.20 (0.0059—
™ 5 3 2 6.4) 0.36
ADEM+ON 16 1 15 5.6 (0.15-205) | 0.35
ON+TM 10 2 8 6.7(0.12-360) | 0.35
Mixed 28 2 26 11 (0.61-193) 0.10

"Analysis was with a one-stage IPD meta-analysis with multivariable logistic mixed-effects regression. There was substantial heterogeneity

(2=77%).

*Minimum subgroup sample size criterion (n >5); phenotype ‘Other’ was excluded due to insufficient participant numbers (n=3).

Next, we analysed whether any clinical predictors were associated with seroreversion to MOG-

IgG negative status (Table 2). In the univariable analysis, relapsing disease course, female sex,

and ON-+TM phenotype all had significantly decreased likelihood of seroreversion to negative

status while ADEM phenotype conferred significantly increased likelihood of seroreversion to

negative status (Table 2). In the multivariable analysis, only the association between relapsing

course and reduced likelihood of seroreversion to negative status remained statistically

significant (Table 2). Expanded age categories (<18, 18-49, >50 years) were assessed,

however, there was marked instability in estimates for the >50 years group due to limited data

(n=6) (results not shown), thus, age groups were condensed to <18 and >18 years to improve

model stability (Table 2).
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Table 2: Investigating the association of clinical predictors and seroreversion to MOG-IgG negative status”.

Predictor of Univariable Multivariable
Seroreversion to MOG- HR (95% HR (95%
IgG Negative Status* CI) of CI) of
seroreversi seroreversi
on to on to
MOG-IgG MOG-IgG
Studie | Participan | negative P Studie | Participan | negative P
s (n) ts (n) status value | I? s (n) ts (n) status value | I?
Disease Monophasic 1.0 1.0
course 382 (reference) (reference) —
Relapsing 0.19 (0.14— | <0.000 | 52 0.11 (0.034— | 0.0004
45 369 0.26) 1 % 0.39) 9
Sex Male 1.0 1.0
64 (reference) (reference) —
Female 0.47 (0.29— 71 0.80 (0.36—
29 74 0.92) 0.03 % 1.8) 0.57
Age Paediatric 1.0 1.00
(<18) 400 (reference) (reference) —
0.75 (0.31- 68 0.92 (0.28—
Adult (>18) 38 55 1.8) 0.53 % 3.1) 0.89
Not
Phenoty | Brain/Brainst 1.0
pe em 159 (reference) — —
Brain/Brainst 1.5(0.51— 75 1.0
em 24 4.5) 0.46 % (reference) —
1.0
Not ADEM 129 (reference) — —
2.6 (1.1- 73 1.2 (0.25-
ADEM 54 6.4) 0.040 % 5.8) 0.83
1.0
Not ON 150 (reference) — —
1.3 (0.63— 77 0.59 (0.11-
ON 33 2.7) 0.47 % 3.1) 0.53
1.0
Not TM 177 (reference) — —
1.5 (0.42— 72 0.50 (0.060—
™ 6 5.6) 0.51 % 4.2) 0.53
Not 1.0
ADEM-+ON 164 (reference) — —
0.71 (0.25- 73 1.8 (0.27-
ADEM+ON 19 2.1) 0.52 % 12) 0.54
1.0
Not ON+TM 167 (reference) — —
0.22 (0.067— 75 0.16 (0.018—
ON+TM 16 0.70) 0.010 % 1.4) 0.091
1.0
Not Mixed 152 (reference) — —
0.75 (0.28— 74 0.69 (0.19— 73
Mixed 32 31 2.0) 0.56 % 28 135 2.5) 0.57 %

“Analysis was with one-stage IPD meta-analysis with univariable and multivariable mixed-effects Cox regression models. *Minimum subgroup
sample size criterion (n >5); phenotype ‘Other’ was excluded due to insufficient participant numbers (n=2 in univariable analysis and n=1 in

multivariable analysis).

Individuals with relapsing disease course became MOG-IgG seronegative significantly later

than their monophasic counterparts (median 19 years versus 2.5 years, respectively, p<0.0001)

(Figure 3).
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Figure 3: Kaplan-Meier survival curve of time to seroreversion to MOG-IgG negative

status.

Biomarkers of Disease Activity

Biomarkers were next assessed for capability to differentiate between remission and attack.
The most frequently reported biomarkers, in descending order, were: (1) serum MOG-IgG titre,
(2) CSF WCC, (3) CSF protein, (4) CSF OCB, (5) serum neurofilament light chain (NfL), and
(6) serum glial fibrillary acidic protein (GFAP) (Figure 4, Table 3, and Supplementary Table
8). It was common for individuals to have multiple serum MOG-IgG samples collected over
the course of their disease and so titre was examined for its capability to correlate with disease
activity. Serum MOG-IgG titre — categorised as ‘negative’, ‘low positive’, or ‘clear positive’
as per the latest international MOGAD diagnostic criteria! — was shown to effectively
discriminate between remission (disease stability >30 days following symptoms) and attack
(<30 days following symptoms). Low or clear positive titre was significantly associated with
attack, while negative titre was significantly associated with remission (Figure 4). This
relationship persisted even when parameters were relaxed, with attack samples defined as those
collected <3 months following symptoms (Figure 4). No significant heterogeneity was
observed (I=0% for both analyses). In addition, the presence of CSF leukocytosis, compared
to a normal WCC, was significantly associated with attack (Figure 4). In contrast, the presence
of CSF OCB, compared to the absence, was significantly associated with remission (Figure 4).
Egger’s test identified significant funnel plot asymmetry for CSF OCB analyses (Figure 4 and
Supplementary Figure 2).
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Figure 4: Investigating the association of biomarkers and attack disease activity.
~Analysis of serum MOG-IgG titre used one-stage IPD meta-analysis with mixed-effects
logistic regression while analyses of CSF WCC, protein, and OCB used univariable random-
effects meta-analysis. *Attack samples included serum collected at disease onset and during
relapse. *Egger’s test comparison ‘Negative’ versus ‘Low positive’. PEgger’s test comparison
‘Negative’ versus ‘Clear positive’. “Egger’s test comparison ‘Low positive’ versus ‘Clear
positive’. $Due to convergence failure of this model with REML, DL method was used for

random-effects meta-analysis.

We did not observe a significant association with either serum GFAP or serum NfL and disease
activity (Table 3). Both analyses were characterised by considerable heterogeneity (1>=79%
and I’=89%, respectively). Notably, 66% (2/3) of studies reporting GFAP and 50% (2/4) of
studies reporting NfL defined attack samples as those collected <3 months following symptoms
but, due to limited data, were analysed alongside studies which collected samples <30 days
following symptoms. Heterogeneity was explored with subgroup analyses stratified by attack
sample collection time (<30 days versus <3 months following symptoms) and sample size
(n<10 versus n>10). Regarding GFAP, all observed heterogeneity was accounted for by sample
size (I’=0%, R?>=100%). Regarding NfL, attack sample collection time accounted for
approximately one-third of the initially observed heterogeneity (1=73%, R?=35%), while
sample size was not impactful (I>=81%, R?>=0%). There were additional studies that reported

serum GFAP or serum NfL levels collected at a single disease state (either attack or remission)
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and, thus, were not amenable for direct statistical comparison due to the lack of paired attack-
remission data; however, random-effects meta-analysis of these means is presented

(Supplementary Table 8).

Table 3: Investigating serum GFAP and NfL biomarker association with disease activity.

Disease
Predictor Activity at Mean
of Disease Age Time of Samples difference
Activity Study Category Sampling (n) Mean SD () (95% CI) P value* | I
Kim, et el
al.. 2020 Remission 9 75pg/mL 20pg/mL
19 Adult Attack” 7 90pg/mL 22pg/mL
Chang, Remission 19 158pg/mL 232pg/mL 54 (-7.1-
etal., 115) pg/mL
2021 2° Combined Attack” 23 310pg/mL 367pg/mL higher at
Hyun, et Remission 54 107pg/mL 47pg/mL attack
al., 2021 compared to
GFAP 21 Adult Attack 17 186pg/mL 81pg/mL remission 0.083 79%
Kim, et foqi
al., 2020 Remission 9 11pg/mL 5.0 pg/mL
19 Adult Attack” 7 19 pg/mL 23pg/mL
Chang, Remission 19 44pg/mL 78pg/mL
etal.,
202120 Combined Attack”® 23 63pg/mL 85 pg/mL
Hyun, et Remission 55 22pg/mL 36pg/mL 47 (-2.1-97)
al., 2021 pg/mL
21 Adult Attack 17 165pg/mL 154 pg/mL higher at
Luo, et Remission 47 13pg/mL 12 pg/mL attack
al., 2021 compared to
NfL 2 Combined Attack 22 60 pg/mL 61pg/mL remission 0.061 89%

* Analysis was with random-effects meta-analysis of mean differences.

~Sample collected within 3 months of last clinical symptoms.

Novel Biomarkers of Disease Course and Activity

Multiple novel biomarkers were assessed qualitatively and are described in Supplementary
Table 9. Serum NfL was most frequently reported (all relevant studies appear in Supplementary
Table 9, including those that were assessed earlier quantitatively). There was no consensus
whether serum NfL demonstrated a significant attack-related association. 3 studies were
against (2 with Class I evidence and 1 with Class III evidence) and 3 studies were in favour (2
with Class I evidence and 1 with Class II evidence) (Supplementary Table 9). Numerous other
biomarkers were reported to significantly correlate with disease activity, including serum
interleukin-1p (IL-1B), CSF microfibrillar-associated protein 4 (MFAP4), CSF-secreted
ectodomain of soluble triggering receptor expressed on myeloid cells 2 (sTREM?2), tumour
necrosis factor alpha-induced protein 3 (TNFAIP3), and serum total thiol and native thiol

(Supplementary Table 9). Moreover, MOG epitope binding pattern, human leukocyte antigen
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(HLA) genotype, and peripheral blood mononuclear cells (PBMCs) were highlighted as

promising biomarkers for disease course prediction (Supplementary Table 9).

Key outcomes of the quantitative component of this review are presented in the Summary of

Findings table (Table 4).
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Table 4: Summary of Findings

QOutcomes Relative Effect P- Studies | Participa | Quality of the | Recommendations

95% CI) value | (n) nts (n) Evidence

(GRADE)?

Persistent seropositivity* | OR 2.7 (95% CI <0.00 | 48 777 Moderate® Serial measurement of serum MOG-
on serial serum MOG- 1.8-4.0) 01 IgG at 3-6 month intervals in the 12
IgG measurement was months following disease onset may
associated with relapsing be considered to stratify risk of
disease course relapsing disease course; however,
Relapsing disease course | HR 0.19 (95% CI | <0.00 | 43 751 Moderate® increased burden of sample collection
was associated with 0.14-0.26) 01 and cost are important caveats
decreased likelihood of
seroreverting to MOG-
IgG negative status
Serum MOG IgG titre — | Odds of attack <0.00 | 34 908 Moderate! Measurement of serum MOG-IgG
categorised as negative, | with titre: 01 titre may be diagnostically useful in
low positive, or clear e  Negative: settings of clinical uncertainty
positive — effectively OR 0.073 whereby an individual, who has an
discriminated between (0.028-0.19) existing diagnosis of MOGAD, has
remission and attack, e Low:OR1.0 symptoms that are not clearly
with a positive (reference) attributable to a relapse of MOGAD
correlation between titre | ¢  Clear: OR
and odds of attack 3.6 (2.6-5.0)
CSF leukocytosis (=5 OR 3.1 (1.7-5.9) p=0.0 | 26 545 Moderate® Balancing the risk of lumbar puncture
cells/uL), compared to a 0044 procedure, the presence of CSF

normal WCC, was
significantly associated
with attack

leukocytosis may be a useful
auxiliary finding to diagnose
MOGAD attack; however, CNS
infection must be effectively ruled
out

*GRADE Working Group grades of evidence: High quality: Further research is very unlikely to change our confidence in the estimate of effect;

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate;

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the

estimate.

Very low quality: We are very uncertain about the estimate. "Downgrade one point due to study design concerns as 38% (18/48) studies had

‘medium’ risk of bias, with the remaining having ‘low’ risk of bias. “Downgrade one point due to heterogeneity (I>=56%). ‘Downgrade one point

due to study design concerns as 34% (13/38) studies had ‘medium’ risk of bias, with the remaining having ‘low’ risk of bias. “Despite no significant

heterogeneity (1>=0%), downgraded one point due to study design concerns as 54% (14/26) studies had ‘medium’ risk of bias, with the remaining

having ‘low’ risk of bias. *Persistent seropositivity was defined as >2 positive serum MOG-IgG results on serial measurement >3 months apart;

individuals whose MOG-IgG measurements fluctuated between positive and negative were categorized as persistent seropositive if there were >2

positive results >3 months apart.
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Discussion

This systematic review and meta-analysis assessed the capability of laboratory biomarkers to
predict MOGAD disease course and activity. Continued detection of serum MOG-IgG was
significantly associated with relapsing course. Furthermore, individuals with a relapsing course
were significantly less likely to serorevert to MOG-IgG negative status. Categorization of
serum MOG-IgG titres as negative, low positive, and clear positive per international MOGAD
diagnostic criteria enabled comparison of measurements from various CBAs collected
throughout the disease duration.! Serum MOG-IgG titre effectively discriminated between
remission and attack; there was a positive correlation between titre (clear positive > low
positive) and attack and a clear association of negative titre with remission. Elevated CSF WCC
was similarly associated with MOGAD attack. The presence of CSF OCB favoured remission
state; however, this is likely to reflect the overall scarcity of OCB positivity in MOGAD. Many
novel biomarkers were reported, with NfL and GFAP being the most frequent; however, based
on literature published within the timeframe of this systematic review, neither effectively
correlated with disease activity. We have transparently reported the heterogeneity of the

literature, especially with regards to timing of sample collection.

To date, serial serum MOG-IgG status has been the most thoroughly investigated biomarker
candidate for disease course prediction, with some groups reporting a significant association
between persistent seropositive measurements and relapsing disease course,” while others did
not.% 1% It is likely that limited sample sizes contributed to this lack of consensus. With meta-
analysis, we demonstrated that relapsing disease course was associated with persistent
seropositivity, lower likelihood of seroreversion to negative status, and delayed seroreversion
compared to monophasic individuals. Univariable analyses confirmed that relapsing course
was significantly associated with persistent seropositivity on serial serum MOG-IgG
measurements collected >3, >6, and >12 months apart, re-inforcing that relapsing individuals
remained MOG-IgG seropositive for >7.5 times longer than monophasic individuals.
Multivariable analyses that investigated this association alongside individual-level
demographics (sex, age, and phenotype) yielded significance when the sample collection
interval to determine persistent seropositivity was set at >3 months but were likely
underpowered at >6 and >12 months. Overall, the data suggest that the highest rate of

seroreversion to negative status occurred within 12 months following disease onset; hence, we
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recommend that serial measurement of serum MOG-IgG at 3-6 month intervals in the 12
months following disease onset be considered to stratify risk of relapsing disease course;

however, increased burden of sample collection and cost are important caveats.

The International MOGAD Panel proposed criteria outlines the low positive and clear positive
CBA categories to standardize serum MOG-IgG titres and to strengthen diagnostic criteria as
individuals with low positive tests require at least one supportive clinical and/or radiological
criteria for MOGAD diagnosis.! Our meta-analysis observed a significant positive correlation
between serum MOG-IgG titre and odds of attack (clear positive > low positive) as well as
negative titre being significantly associated with remission. These findings highlight the value
of serum MOG-IgG measurement in individuals with known diagnosis of MOGAD for settings
of clinical uncertainty to discriminate whether symptoms are likely to represent a MOGAD
attack as opposed to an alternate pathology. Pragmatically, the applicability of serum MOG-
IgG titre as a biomarker of disease activity is limited by the following important caveats: (i)
the range of titres within the clear positive category is extremely broad, (ii) further reference
data to characterise additional thresholds appropriately sensitive and specific for prediction of
attack or remission are currently lacking, (iii) longitudinal sampling has revealed that titres
may fluctuate independently of attacks,!® and (iv) international standardization of all CBAs is

required.

Lumbar puncture is a common investigation in the workup of MOGAD. Elevated CSF WCC,
compared to normal CSF WCC, was significantly associated with MOGAD attack. Crucially,
the most common aetiology of CSF leukocytosis is CNS infection, which requires emergent
investigation, while autoimmune and neoplastic culprits occur less commonly.?* In addition,
the presence of CSF OCB, compared to the absence, was significantly associated with
remission. The overall positive rate of CSF OCB in all pooled samples was 14% (77/551). It is
well-known that CSF OCB positivity occurs at a much lower rate in MOGAD than MS, in
which it is a core component of diagnosis.> 2 Our observed association of CSF OCB positivity
with remission is biologically challenging to reconcile; it is likely that this estimate has been
considerably impacted by the overall scarcity of CSF OCB positivity in MOGAD alongside
limited remission CSF samples due to the relatively invasive nature of lumbar puncture and
need to rationalise this procedure only in the setting of active disease. Egger’s test identified
significant funnel plot asymmetry for CSF OCB analyses; visual inspection appeared to

highlight potential sampling error with smaller studies. MOG-IgG synthesis appears to occur
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primarily in the periphery; thus, serum was the primary biospecimen focus of this review;
however, intrathecal synthesis has also been reported.?>-?® Individuals with intrathecal MOG-
IgG synthesis may exhibit comparable clinical and pathological characteristics and, as such,
the International MOGAD Panel proposed criteria supported CSF MOG-IgG testing in
seronegative individuals whose pre-test assessment was suggestive of MOGAD.! 23!
Nonetheless, caution is warranted when interpreting CSF-restricted MOG-IgG, with alternative
diagnosis such as MS and CNS vasculitis, as opposed to MOGAD, identified in over half the
cases.’? MOG-IgG-specific antibody index, calculated using serum and CSF titres to assess
MOG-IgG intrathecal synthesis, has been shown to be a useful prognostic biomarker and may

enhance the clinical relevance of CSF MOG-IgG testing.3?

Serum GFAP — an astrocyte-associated protein — has been identified as a useful candidate
biomarker of disease activity in AQP4-IgG seropositive NMOSD — a primary astrocytopathy.>*
In contrast, astrocytes appear to be largely unaffected in multiple histopathological studies of
MOGAD specimens.?> 3337 This aligns with our meta-analysis, which did not identify a
significant association between serum GFAP and disease activity. Serum levels of NfL — an
axon-associated protein — were also not found to be significantly associated with disease
activity in this meta-analysis. Importantly, both analyses were weakened by considerable
heterogeneity attributable to variable timing of sample collection and sample size. Since our
literature search, a large retrospective cohort study has been published, which found that both
serum GFAP and serum NfL were elevated in MOGAD at baseline with longitudinal decrement
and that serum NfL values effectively predicted risk of relapse when samples were collected
within 3 months of attack.’® Given this study was published outside the timeframe of our
database search, we only conducted an preliminary analysis. Incorporation of this GFAP data
found that GFAP levels were significantly elevated at attack compared to remission. NfLL data
was unable to be assessed as raw values could not be calculated from the published age-
adjusted Z-scores. While serum NfL and GFAP currently remain largely restricted to the
research setting, their ease of testing with commercially available kits is favourable for a

potential future in diagnostics.

At this stage, serum MOG-IgG itself is the strongest biomarker of MOGAD disease course and
activity. This highlights MOG epitope binding pattern, capable of being tested at disease onset
and highly stable over time, as a particularly promising biomarker candidate for disease course

prediction; however, the current evidence is mixed. While some recent studies have observed
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a significant association of non-P42 MOG binding pattern with relapsing disease course 3% 40,

others have not.*!> 4> While MOG epitope binding pattern has been shown to be highly stable
over time, which would enable the use of serum collected at onset or remission prior to first

relapse, thorough validation in the clinical setting is needed.3% 4042

Our study, although providing a thorough synthesis of the current literature landscape, was
limited by the degree of heterogeneity in some of the analysed outcomes, likely due to between-
study methodological diversity including sample size, geographic location, sample collection
timing, and treatment status. In particular, treatment status at time of sample collection was not
accounted for due to limited reporting; this methodological decision aimed to capture maximal
relevant published works. We hypothesize that steroid-sparing immunosuppressants that act
via mechanisms of B- and T-cell depletion would likely reduce serum MOG-IgG titre and
promote seroreversion to negative status. Omission of treatment status at time of sample
collection may have underestimated serum MOG-IgG titres as well as the longitudinal trends

of serial MOG-IgG measurements.

Conclusions

Our study recommends the use of serial sampling of serum MOG-IgG as well as serum MOG-
IgG titre and CSF WCC as biomarkers to stratify risk of relapsing disease course and to
diagnose MOGAD attacks, respectively. Multiple novel biomarkers of disease course and
activity have been identified and require further investigation. Our study highlights the need
for future research, for which we propose the adoption of similar definitions for disease course,
disease activity, and sample collection timing to reduce the impact of between-study

heterogeneity in future meta-analyses.
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Supplementary Method 1

Supplementary Figure 1: Forest plot demonstrating that persistent seropositivity on serial
serum MOG-IgG measurement >3 months apart is associated with relapsing disease course
(OR 2.7 (95% CI 1.8-4.0), p<0.0001). TS = transient seropositivity; PS = persistent
seropositivity.

Supplementary Figure 2: Funnel plot asymmetry identified when investigating the
association of CSF OCB and disease activity; (A) attack samples were collected <30 days
following clinical symptoms, (B) attack samples were collected <3 months following clinical
symptoms.

Supplementary Table 1: Systematic search strategy as of February 21, 2024. All terms were
searched as text words and as exploded medical subject headings where possible. All terms
within a concept were combined with “OR” and concepts were combined with “AND”’.
Supplementary Table 2: Key definitions

Supplementary Table 3: Clinical phenotype categories

Supplementary Table 4: Characteristics of 106 studies included in systematic review
Supplementary Table 5: Comparison of follow-up duration between included monophasic
and relapsing participants as reported by 48 studies. Statistical significance assessed with

Mann-Whitney U Test.

Supplementary Table 6: Investigating the association of serial serum MOG-IgG measurement
at various sample collection intervals and relapsing disease course.

Supplementary Table 7: Investigating the multivariable association of serial serum MOG-IgG
measurement at various sample collection intervals and relapsing disease course alongside

participant-level demographics.

Supplementary Table 8: Random-effects meta-analysis of means to investigate serum GFAP
and NfL biomarker levels during different disease activity

Supplementary Table 9: Qualitative assessment of studies reporting novel biomarkers.
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Supplementary method 1

Key definitions

Monophasic disease course was defined as 1 episode of new CNS symptoms or signs lasting
>24 hours, in the absence of other causes, and clinically and/or radiologically compatible with
a MOGAD episode in an individual with >1 year of follow-up. Relapsing disease course was
defined as >2 episodes of new CNS symptoms or signs lasting >24 hours each and separated
by >30 days, in the absence of other causes, and clinically and/or radiologically compatible
with MOGAD episodes in an individual with >1 year of follow-up. Disease activity was
categorised as attack or remission, with attack defined as <30 days following >24 hours of new
CNS symptoms or signs, in the absence of other causes, and clinically and/or radiologically
compatible with a MOGAD episode (including both onset and relapse events), whereas
remission was defined as disease stability >30 days following >24 hours of new CNS
symptoms or signs, in the absence of other causes, and clinically and/or radiologically
compatible with a MOGAD episode (after onset or relapse event). Transient seropositivity was
defined as <2 positive serum MOG-IgG results on serial measurement >3 months apart.
Persistent seropositivity was defined as >2 positive serum MOG-IgG results on serial
measurement >3 months apart. Individuals whose MOG-IgG measurements fluctuated between
seropositive and seronegative were categorized as persistent seropositive if there were >2
positive results >3 months apart. >3 months was defined as the primary sample collection
interval to maximise the number of included studies; however, additional analyses utilising >6-
and >12-month sample collection intervals were also explored. Absolute MOG-IgG titres were
semi-quantitatively categorised as ‘negative’, ‘low positive’, or ‘clear positive’ in accordance
with Supplementary Table 5 of the international MOGAD diagnostic criteria.! Phenotypes were
categorised as ‘Brain/Brainstem’ (CCE as well as brainstem and cerebellar presentations but
excluded ADEM), ‘ADEM’, ‘ON’, “TM’, ‘ON+TM’ (simultaneous ON and TM as well as
isolated ON or TM with sequential presentation of the other), ‘ADEM~+ON’ (simultaneous
ADEM and ON as well as isolated ADEM or ON with sequential presentation of the other),
‘mixed’ (simultaneous and/or sequential presentation of any combination of the above
categories), and ‘other’ (demyelinating phenotypes with insufficient detail to be otherwise

categorised). Further definitions are presented (Supplementary tables 2 and 3).
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Supplementary Figure 1: Forest plot demonstrating that persistent seropositivity on serial serum MOG-
IgG measurement >3 months apart is associated with relapsing disease course (OR 2.7 (95% CI 1.8-

4.0), p<0.0001). TS = transient seropositivity; PS = persistent seropositivity.
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Supplementary Figure 2: Funnel plot asymmetry identified when investigating the association of CSF
OCB and disease activity; (A) attack samples were collected <30 days following clinical symptoms, (B)

attack samples were collected <3 months following clinical symptoms.
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Supplementary Table 1: Systematic search strategy as of February 21, 2024. All terms were searched as text
words and as exploded medical subject headings where possible. All terms within a concept were combined with
“OR” and concepts were combined with “AND”.

Concept 1 Concept 2 Concept 3
“cell-based assay”
“CBA”
“immunoglobulin G”
“seropositive*”
“myelin “agtibog*”
oligodendrocyte ) IgQ .
glycoprotein” cerebri)spmil fluid
“myelin ) tCSkF .
oligodendrocyte “clcl}e, ISOLIEQ”
glycoprotein antibody . o . )
associated disease” relaps complement
“MOG antibody “recur®” . “neuroﬁlamgrzf”
associated disease” “monophasic “pleocytosis
“MOGAD” ) “prognosis” ‘ “leukocyt051§”
“MOG-AAD” “dlsegse progression” “lymphocyt0§1S”
“myelin “d(llsease 1(%0111'.56” ‘{monlocytlogls”d
oligodendrocyte AND “demye 1r}f1t1ng AND "o 1go‘? ona” and”
g%ycoproteiz . attack” “O.CB:’
immunoglobulin” demyehna}:ung n titre i}
“myelin GP{SOde blomarker
oligodendrocyte “annuahse(,l’ relapse ::IgG index”
glycoprotein ) rate “erythrocyte }
antibody” annuahze(’i, relapse sedlmintatlcin rate
“MOG IgG” rate” ESR™
“MOG Ab” “ARR “C reaf:‘tlve Q’roteln
d “va;}ire(_i “inﬂa;Ir{nPation”
Zr;ﬁr(l,ﬁz’r}g “in‘trathecal"’
“ADS” “Epstein-Barr virus”
“EBV”
“Epstein-Barr virus
nuclear antigen”
“EBNA”
“infectious
mononucleosis”

Supplementary Table 2: Key definitions

Term

Definition

Relapsing disease
course

>2 episodes of new CNS symptoms or signs lasting >24 hours each and separated by >30 days,
in the absence of other causes, and clinically and/or radiologically compatible with MOGAD
episodes.

Monophasic
disease course

1 episode of new CNS symptoms or signs lasting >24 hours, in the absence of other causes, and
clinically and/or radiologically compatible with a MOGAD episode.

Disease onset

<30 days following >24 hours of new CNS symptoms or signs, in the absence of other causes,
and clinically and/or radiologically compatible with the first MOGAD episode.

Attack disease <30 days following >24 hours of new CNS symptoms or signs, in the absence of other causes,

activity and clinically and/or radiologically compatible with a MOGAD episode (including both onset
and relapse events).

Near attack <3 months following >24 hours of new CNS symptoms or signs, in the absence of other causes,

disease activity

and clinically and/or radiologically compatible with a MOGAD episode (including both onset
and relapse events).

A relaxed definition of attack disease activity used for subgroup analyses, with the aim of
capturing further published works.
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Remission
disease activity

Disease stability >30 days following >24 hours of new CNS symptoms or signs, in the absence
of other causes, and clinically and/or radiologically compatible with a MOGAD episode (after
onset or relapse event).

Onset sample

Serum or CSF sample collected at disease onset.

First collected

The first collected serum or CSF sample for an individual, including but not limited to samples

sample collected at disease onset and irrespective of disease activity at time of sampling.

Transient <2 positive serum MOG-IgG results on serial measurement >3 months apart.

seropositivity

Persistent >2 positive serum MOG-IgG results on serial measurement >3 months apart. Individuals whose
seropositivity MOG-IgG measurements fluctuated between seropositive and seronegative were categorized as

persistent seropositive if there were >2 positive results >3 months apart.

Supplementary Table 3: Clinical phenotype categories

Phenotype Comments

Brain/Brainstem | Included CCE as well as brainstem and cerebellar presentations but excluded ADEM.

ADEM —

ON —

™ —

ON+TM Included simultaneous ON and TM as well as isolated ON or TM with sequential presentation of
the other.

ADEM+ON Included simultaneous ADEM and ON as well as isolated ADEM or ON with sequential
presentation of the other.

Mixed Included simultaneous and/or sequential presentation of any combination of the above phenotype
categories.

Other Included demyelinating phenotypes with insufficient detail to be otherwise categorized e.g.

‘uncategorized relapsing MOGAD’ or ‘clinically isolated syndrome (CIS)’.
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Supplementary Table 4: Characteristics of 106 studies included in systematic review

Contributed
MOG-IgG Seropositive Participants Cell-Based Assay (CBA) Biomarker(s
Age at Sex Disease Follow-up
Onset, n Course Duration, Disease
Median femal | (n Median Titre Disease Activity Risk
Participant | (range) e relapsi (range) Fixed positivity Course Correlati of Assessme
Source s (n) (vears) [%]) ng [%]) | Clinical Phenotype (n) (months) or Live | threshold | Type of CBA Centre Correlation | on Bias nt
Baumann et (i) Serum
al, 2016° MOG-IgG
5 8 titre
Total 8 3(1-7 [62.5] | [100.0] | ADEM (8) 48 (12-96) (ii) Serial
serum (i) Serum
MOG-IgG | MOG-
status IgG titre
In-house CBA (iii) CSF (ii) CSF
at Medical Medical wcCcC wcCC
University of University of (iv) CSF (iii) CSF
Innsbruck, Innsbruck, protein protein
5 8 Innsbruck, Innsbruck, (v) CSF (iv) CSF Mediu | Quantitati
Included 8 3(1-7) [62.5] | [100.0] | ADEM (8) 48 (12-96) | Live >1:160 Austria Austria OCB OCB m ve
Kwon et al, In-house CBA
20204 at Seoul Seoul National
45.6 (17- 9 13 ON (7), CRION (10), AQP4-IgG National University
Total 21 70) [42.9] | [61.9] negative NMOSD (2), ADEM (2) NA University Hospital,
Semi- Hospital, Seoul, | Seoul,
45.6 (17- 9 13 ON (7), CRION (10), AQP4-1gG quantitati | Republic of Republic of (i) Serum Qualitativ
Included 21 70) [42.9] | [61.9] negative NMOSD (2), ADEM (2) NA Live ve Korea Korea — cytokines | Low e
Kim et al., (i) Serum
2020 Commercially NfL
40.5 (21- 7 ON (7), TM (3), Brain (2), ON+Brain available Asan Medical (i1) Serum Qualitativ
Total 16 57) [43.8] | 8[50.0] | (2), ON+TM+Brain (2) NA Euroimmun, Centre, Seoul, GFAP e and
40.5 (21- 7 ON (7), TM (3), Brain (2), ON+Brain Lubeck, Republic of (iii) quantitati
Included 16 57)% [43.8] | 8[50.0] | (2), ON+TM+Brain (2) NA Fixed >1:40 Germany Korea — Serum tau | Low ve
Wendel et al, (1) Serum
2020 # In-house CBA MOG-IgG
7.5 (2- 10 bON (16), ADEM (1), recurrent ON at Medical Medical titre
Total 22 15)~ [45.5] | 4[18.2] | (2), ON+LETM (3) 17 (4-141) University of University of (ii) Serial
Innsbruck, Innsbruck, serum (i) Serum
bON (6), bBON+LETM (1), 36 (12- Innsbruck, Innsbruck, MOG-IgG MOG- Mediu | Quantitati
Included 9 NA NA 3[33.3] | bON+uON (2) 141) Live >1:160 Austria Austria status IgG titre m ve
Probstel et (i) Serum
al, 2011 % In-house CBA MOG-IgG
146 11 44 (12- MCF > at Ludwig- Max Planck titre
Total 31 7 (1-16)* | [58.2] | [35.5] ADEM (19), MS (10), CIS (2) 75)% mean+4 Maximilians- Institute of (ii) Serial
SD of University, Neurobiology, | serum (i) Serum
control Munich, Martinsried, MOG-IgG MOG- Quantitati
Included 16 NA NA 01[0] ADEM (16) >12 Live (>1.45) Germany Germany status IgG titre Low ve
Hyun, et al., Brain (2), ON (2), bON (2), TM (1), National
2017 4 LETM (3), BraintON (3), Referred CBA Cancer Center, | (i) Serum
14 17 Brain+bON (1), Brain+TM (2), at University of | Republic of MOG-IgG Mediu | Quantitati
Total 22 30 (4-50) [63.6] | [77.3] BraintLETM (1), ON+LETM (2), 63 (7-200) | Live >1 Oxford, UK Korea titre — m ve
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BraintON-+LETM (1), Brain+ bON

(ii) Serial

+TM (2) serum
Brain (2), ON (2), bON (2), TM (1), MOG-IgG
LETM (3), Brain+ON (3), status
Brain+bON (1), BraintTM (1), (iii) CSF
12 15 BraintLETM (1), BraintON+LETM | 61 (23- OCB
Included 19 30 (4-50) [63.2] | [79.0] (1), Brain+ bON +TM (2) 200)
Hoftberger, (i) Serum
etal., 20154 MOG-1gG
9 10 ON (7), LETM (6), ON+LETM (5), 67 (11— titre
Total 17 27 (18-59) | [52.9] | [58.8] ADEM (1) 415) (ii) Serial
serum (i) Serum
MOG-IgG | MOG-
In-house CBA status 1gG titre
at IDIBAPS, IDIBAPS, (iii) CSF (i) CSF
University of University of wCC wCC
8 10 ON (6), LETM (6), ADEM (1), 87 (17- Barcelona, Barcelona, (iv) CSF (iii) CSF Quantitati
Included 15 27 (18-45) | [53.3] | [66.7] ON+LETM (2) 415) Live >1:160 Spain Spain OCB OCB Low ve
Monophas
Horellou, et ic: 10.2
al., 2021 % 5.2;
Relapsing: | 7 ON (3), TM (6), ADEM (2), Not
Total 12 9.9 +2.4* [58.3] | 7[58.3] | Brainstem (2)* available MFI >
Monophas mean+6
Monophas ic:22.8+ SD of In-house CBA Universite
ic: 10.2 + 26.4; control at Universite Paris-Saclay,
5.2; Relapsing: | Live (live) and | Paris-Saclay, Le Kremlin
Relapsing: | 7 ON (3), TM (6), ADEM (2), 58.8 + and >1:160 Le Kremlin Bicetre, Qualitativ
Included 12 9.9 £2.4* [58.3] | 7[58.3] | Brainstem (2)"* 26.4% fixed (fixed) Bicetre, France | France (i) PBMCs | — Low e
Chang, et al., Huashan
20212 ON (14), TM (3), Brain (10), Hospital,
27 (17- 22 ON+TM (3), ON+Brain (4), Shanghai
Total 42 38)° [52.4] | NA Brain+TM (7), ON+Brain+tTM (1) NA Medical
Commercially College,
available Fudan (i) Serum Qualitativ
ON (14), TM (3), Brain (10), Euroimmun, University, NfL e and
27 (17- 22 ON+TM (3), ON+Brain (4), Lubeck, Shanghai, (ii) Serum quantitati
Included 42 38)% [52.4] | NA Brain+TM (7), ON+Brain+TM (1) NA Fixed >1:32 Germany China — GFAP Low ve
Jarius, et al., Attack phenotype (n=94 samples): (i) Live CBA
2020 % TM-+/-other symptoms (30), uON referred to
6 (0.6- 45 38 (15), bON (12), ADEM (34), 34.5 (0- Medical
Total 80 17.7)" [56.3] | [47.5] Brainstem/Cerebellar (3) 229)@ University
Innsbruck,
Austria,
University of
Vienna,
Austria, and (i) CSF
Ludwig wCC
Attack phenotype (=94 samples): Maximilian University of (ii) CSF
TM-+/-other symptoms (30), uON Live University Heidelberg, protein
6 (0.6- 45 38 (15), bON (12), ADEM (34), 34.5 (0- and Munich, Heidelberg, (iii) CSF Mediu | Quantitati
Included 80 17.7)! [56.3] | [47.5] Brainstem/Cerebellar (3) 229)@ fixed NA Germany Germany — OCB m ve
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(ii) Fixed CBA

in-house at
University of
Heidelberg,
Germany and
commercially
available
Euroimmun,
Lubeck,
Germany
Cobo-Calvo, (i) CSF
etal.,, 2017 % 17.8 wcCcC
168 (6.8— | 14 11 ADEM (8), ON (8), TM (1), LETM | (11.5— In-house CBA (ii) CSF
Total 27 33.7) [51.9] | [40.7] (4), NMOSD (4), MS (2) 68.3)° at Université Université protein (i) Serum
1 Hospital of Hospital of (iii) CSF MOG- Mediu | Quantitati
Included 3 13 (3-16)~ | [33.3] | 0[0.0] ADEM (2), TM (1) 13 (12-24) | Live >1:640 Lyon, France Lyon, France OCB 1gG titre m ve
Hyun, et al.,
2021 2! In-house CBA
38 (27- 6 15 at National National (i) Serum Qualitativ
Total 15 41)% [40.0] | [100.0] | NA 24 (21-43) Cancer Center, Cancer Center, NfL e and
38 (27- 6 15 Republic of Republic of (ii) Serum quantitati
Included 15 41)" [40.0] | [100.0] | NA 24 (21-43) | Live NA Korea Korea — GFAP Low ve
Tkeda, et al., (i) Serum (i) Serum
2019 3! Brain+TM (1), ON+Brain+TM (1), MOG-IgG | MOG-
2 bON+Brain+TM (1), 32.5 (18- titre IgG titre
Total 4 8(3-12) [50.0] | 3[75.0] | bON+uON+Brain+TM (1) 87) (ii) CSF (ii) CSF
Yokohama WCC WCC
Referred CBA City (iii) CSF (iii) CSF
Brain+TM (1), ON+Brain+TM (1), to Tohoku University protein protein
2 bON+Brain+TM (1), 32.5 (18- University, Medical (iv) CSF (iv) CSF Quantitati
Included 4 8 (3-12) [50.0] | 3[75.0] | bON+uON+Brain+TM (1) 87) Live >1:160 Japan Centre, Japan OCB OCB Low ve
1) 75 (15-
(1) 4 (2-9) 236)
(ii) 6.5 (4- (i1) 32 (24-
Lépez- 8) 114)
Chiriboga, et (iii) 26 (iii) 39
al.,, 20187 (22-45) ADEM (9), ADEM+ON (7), (10-161)
(iv) 22.5 15 16 ADEM+Brain (3), ADEM+ON+TM | (iv) 16
Total 25 (18-45) - [60.0] | [64.0] (2), ADEM+Brain+ON (2)* (13-27)~
(1) 75 (15-
(i) 4 (2-9) 236) (1) Serum
(ii) 6.5 (4- (ii) 32 (24- MOG-IgG
8) 114) titre
(iii) 26 (iii) 57 (ii) Serial
(22-45) ADEM (9), ADEM+ON (7), (15-161) In-house CBA serum (i) Serum
(iv) 22.5 14 15 ADEM+Brain (3), ADEM+ON+TM (iv) 16 at Mayo Mayo Clinic, MOG-IgG MOG- Quantitati
Included 24 (18-45) [58.3] | [62.5] (2), ADEM+Brain+ON (2)* (13-27)~ Live >1:20 Clinic, USA USA status IgG titre Low ve
Waters, et ADEM (32), ADEM+ON (3), (i) Serial
al., 2020 32 ADEM+TM (9), ADEM+ON+TM In-house CBA serum
7.31(4.93- | 46 16/82 (1), ON (34), TM (12), ON+TM (3), 6.74 (4.77- at University of | University of MOG-IgG Quantitati
Total 84 10.57)% [54.8] | [19.5] Other (3)° 8.75) Live >1:200 Oxford, UK Oxford, UK status — Low ve
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(@) 429

(3.00-
(1) 9.06 5.96)°
(6.60- (i1) 4.04
13.36)° ADEM (22), ADEM+ON (2), (2.99-
(i) 6.95 ADEM+TM (4), ADEM+ON+TM 6.01)%®
(5.28- 33 16 (1), ON (24), TM (9), ON+TM (4), All >12-
Included 67 9.96)° [53.2] | [23.9] Other (3) months
Jurynczyk, et
al., 2017 33
30.1+ 144 111 ON (44), TM (17), ADEM (32), (1) Serial
Total 252 18.3* [57.1] | [44.1] ON+TM (26)* NA In-house CBA serum
29 27.5 (12- at University of | University of MOG-IgG Quantitati
Included 56 NA NA [51.8] NA 438) Live NA Oxford, UK Oxford, UK status — Low ve
Hino- (i) Serum
Fukuyo, et MOG-IgG
al., 2019 % titre
2 ADEM (2), uON (1), bON (1), 150 (68- In-house CBA (ii) Serial
Total 5 5(2-10) [40.0] | 3[60.0] | ADEM+bON (1) 322) at Tohoku Tohoku serum (i) Serum
2 ADEM (2), uON (1), bON (1), 150 (68- University, University, MOG-IgG MOG- Quantitati
Included 5 5(2-10) [40.0] | 3[60.0] | ADEM+bON (1) 322) Live NA Japan Japan status 1gG titre Low ve
Serin, et al., (i) Serum
2021 % ADEM (3), ON (2), CIS (1), MOG-IgG
6 ADEM+ON (1), Uncategorized 28 (24- titre
Total 9 6(3-13) [66.7] | 4[44.4] | relapsing MOGAD (2) 196) (ii) Serial
serum
MOG-IgG
Commercially status
available Ege University | (iii) CSF
ADEM (3), ON (2), CIS (1), Euroimmun, Medical wCC (i) Serum
6 ADEM+ON (1), Uncategorized 28 (24- Lubeck, Faculty, Izmir, | (iv) CSF MOG- Quantitati
Included 9 6 (3-13) [66.7] | 4[44.4] | relapsing MOGAD (2) 196) Fixed >1:10 Germany Turkey OCB IgG titre Low ve
Jarius, et al., Attack phenotype (n=123 samples): (i) Live CBA
2020 ¢ TM-+/-other symptoms (56), ON referred to
38 (18- 58 without TM (53), isolated brain or 29 (0- Medical
Total 100 78)! [58.3] | NA brainstem/cerebellar (11)* 51H)@ University
Innsbruck,
Austria,
University of
Vienna,
Austria, and
Ludwig
Maximilian
University
Munich,
Germany
(i) Fixed CBA
in-house at (i) CSF
University of WwcCC
Attack phenotype (n=123 samples): Heidelberg, University of (i) CSF
TM+/-other symptoms (56), ON Live Germany and Heidelberg, protein
38 (18- 58 without TM (53), isolated brain or 29 (0- and commercially Heidelberg, (iii) CSF Mediu | Quantitati
Included 100 78)' [58.3] | NA brainstem/cerebellar (11)* 51)@ fixed NA available Germany — OCB m ve
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Euroimmun,

Lubeck,
Germany
Jarius, et al.,
2016 %
39 (range 35
Total 50 not stated) | [70.0] | NA ON (22), LETM (6), ON+TM (22) NA In-house CBA
75 samples; at University of | University of (i) Serum
unclear Heidelberg, Heidelberg, MOG- Quantitati
Included participants | NA NA NA NA NA Live >1:160 Germany Germany — IgG titre Low ve
Oliveira, et bON (10), ON (11), Brainstem (2), 79 (38-
al., 2019 %7 LETM (4), ON+LETM (1), ON+TM | 104) (i) Serum
17 23 (1), BON+TM (1), Brainstem+LETM | All>12 MOG-IgG
Total 31 33 (8-52) [54.8] | [74.2] [€)) months titre
bON (10), ON (11), Brainstem (2), 79 (38- In-house CBA (ii) Serial
LETM (4), ON+LETM (1), ON+TM | 104)* at HC-FMUSP, | HC-FMUSP, | serum
17 23 (1), BON+TM (1), Brainstem+LETM | All >12 Séo Paulo, Sao Paulo, MOG-IgG Quantitati
Included 31 33 (8-52) [54.8] | [74.2] (1) months Live >1:128 Brazil Brazil status — Low ve
Arslan, et al., Gazi
2021 8 Commercially University
32.1 3 available Faculty of
Total 8 +10.0* [37.5] | 2[25.0] | ON (6), TM (1), ON+TM (1) NA Euroimmun, Medicine,
32.1 3 Lubeck, Ankara, (1) Serum Qualitativ
Included 8 +10.0* [37.5] | 2[25.0] | ON (6), TM (1), ON+TM (1) NA Fixed >1:10 Germany Turkey — thiol Low e
17
Liu, etal., (1) 48 + [58.3]
2020 % 20.4* (ii) 14
(i1) 46 = [63.6] Attack phenotype: ON (5), TM (5),
Total 26 19.7%4 d NA Brain (3)* NA
17
(1) 48 + [58.3] In-house CBA @) Qualitativ
20.4%* (i) 14 at Chiba Chiba PBMCs e and
(i1) 46 = [63.6] Attack phenotype: ON (5), TM (5), University, University, (i) CSF quantitati
Included 26 19.7%4 d NA Brain (3)° NA Live NA Chiba, Japan Chiba, Japan — OCB Low ve
ON (7), bON (9), ADEM (14),
de Mol, et Brainstem (1), TM (5), LETM (4), In-house CBA MS Centre
al., 2020 2 ON+ADEM (3), ON+Brain (1), at MS Centre ErasMS,
16.6 (7.9— | 28 20 ON+TM (13), ADEM+TM (1), CIS 27.5 (1- ErasMS, Erasmus MC, (i) Serial
Total 61 31.9)% [45.9] | [32.8] (1), RRMS (1)* 329) MFI> 10 | Erasmus MC, Rotterdam, serum
30.5 (12- SD of Rotterdam, The | The MOG-IgG Mediu | Quantitati
Included 20 NA NA 8[40.0] | NA 246) Live control Netherlands Netherlands status — m ve
Rostasy, et In-house CBA
al., 2012 % at Medical Medical (i) Serum
10 12 uON (9), bON (3), uON+ADEM (2), University of University of MOG-IgG
Total 17 10 (2-16) [58.8] | [70.6] MS (3) 30 (11-74) Innsbruck, Innsbruck, titre
7 11 Innsbruck, Innsbruck, (ii) CSF Quantitati
Included 13 10 (2-16) [53.9] | [84.6] uON (9), bON (3), uON+ADEM (1) 35(19-74) | Live >1:160 Austria Austria OCB — Low ve
Rostasy, et In-house CBA
al., 2013 ¢ at Medical Medical (i) Serum (i) Serum
3 University of University of MOG-IgG MOG- Quantitati
Total 3 3(3-14) [100] | 3[100] | uON+TM (1), LETM+ON (2) 28 (18-48) | Live >1:160 Innsbruck, Innsbruck, titre IgG titre Low ve
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Innsbruck, Innsbruck, (ii) Serial (ii) CSF
Austria Austria serum WCC
MOG-IgG (iii) CSF
status protein
(iii) CSF (iv) CSF
wcCC OCB
(iv) CSF
3 protein
[100 3 (v) CSF
Included 3 3(3-14) 0] [100.0] [ uON+TM (1), LETM+ON (2) 28 (18-48) OCB
Saxena, et ADEM (1), ON+TM (2) ADEM+ON
al., 2020 (7), ADEM+TM (1), MS (7), CIS (1), Brigham and
15 demyelinating neurological disease Women’s
Total 24 4.5-52 [62.5] | NA (1H)* NA Referred CBA Hospital,
ADEM (1), ON+TM (2) ADEM+ON to Harvard Harvard
(7), ADEM+TM (1), MS (7), CIS (1), University, Medical
15 demyelinating neurological disease USA and Mayo | School, (i) Serum Qualitativ
Included 24 4.5-52¢" [62.5] | NA (1)* NA Live NA Clinic, USA Boston, USA — TNFAIP3 | Low e
Luo, et al., In-house CBA
2021 %2 Most recent attack phenotype: ON at the Third The Third
25 (10- 28 34 (23), Brain (15), TM (6), ON+Brain Affiliated Affiliated
Total 49 29.5) [57.1] | [69.4] (2), ON+TM (2), Brain+TM (1) 12f Hospital of Sun | Hospital of
Yat-Sen Sun Yat-Sen Qualitativ
Most recent attack phenotype: ON University, University, e and
25 (10- 28 34 (23), Brain (15), TM (6), ON+Brain Guangzhou, Guangzhou, (1) Serum quantitati
Included 49 29.5) [57.1] | [694] (2), ON+TM (2), Brain+TM (1) 12f Live NA China China — NfL Low ve
Tanaka, et Referred CBA
al., 2020 to Tohoku Saitama
10 Onset attack: uON (10), bON (1), University Medical
Total 17 32 (8-76) [58.8] | 9[52.9] | Brain (1), TM (4), ON+Brainstem (1) | NA School of University,
10 Onset attack: uON (10), bON (1), Medicine, Kawagoe, (i) Qualitativ
Included 17 32 (8-76) [58.8] | 9[52.9] | Brain (1), TM (4), ON+Brainstem (1) | NA Live NA Sendai, Japan Japan — PBMCs Low e
Han, et al., (i) Serum
2022 % MOG-IgG
3 15.5 (2- titre
Total 8 11 (1-17) [37.5] | 1[12.5] | Brain (7), Brain+tTM (1) 54) (ii) Serial
serum
In-house CBA MOG-IgG
at Seoul Seoul National | status
National University (iii) CSF
Borderlin | University Children’s WCC
e:>2.60— | Children’s Hospital, (iv) CSF
<3.65; Hospital, Seoul, | Seoul, protein
3 Positive: Republic of Republic of (v) CSF Quantitati
Included 6 8 (1-17) [50.0] | 1[16.7] | Brain (5), BraintTM (1) 18 (12-54) | Live >3.65 Korea Korea OCB — Low ve
Mariotto, et
al., 2021 % In-house CBA
34.5 (6- 8 ON (7), TM (3), Idiopathic at the
Total 18 75) [44.4] | 7[38.9] | demyelinating disorders (8) 19 (3-93) University of University of
34.5 (6- 8 ON (7), TM (3), Idiopathic Verona, Verona, (1) Serum | Mediu | Qualitativ
Included 18 75) [44.4] | 7[38.9] | demyelinating disorders (8) 19 (3-93) Live >1:160 Verona, Italy Verona, Italy — NfL m e
Sun, et al., Onset attack: ON (58), Brain (30), In-house CBA The Third (i) HLA Qualitativ
2020 % 95 13 (2-67) NA NA Brainstem (6), TM (11), Other (4) 12 (4-36)* | Live NA at the Third Affiliated genotype — Low e
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Affiliated Hospital of
Total Hospital of Sun | Sun Yat-Sen
Yat-Sen University,
University, Guangzhou,
Onset attack: ON (58), Brain (30), Guangzhou, China
Included 95 13 (2-67) NA NA Brainstem (6), TM (11), Other (4) 12 (4-36)* China
Mariotto, et
al., 2019 ¢ ON (14), ADEM (2), TM (4),
35.5 (6— 16 18 ON+TM (4), Idiopathic 19.5 (2— In-house CBA
Total 38 75) [42.1] | [47.4] demyelinating disorder (12), MS (2) 266) at the
ON (14), ADEM (2), TM (4), University of University of
35.5 (6— 16 18 ON+TM (4), Idiopathic 19.5 (2— Verona, Verona, (i) Serum Qualitativ
Included 38 75) [42.1] | [47.4] demyelinating disorder (12), MS (2) 266) Live >1:160 Verona, Italy Verona, Italy — NfL Low e
Alshamrani, King Fahad
etal, 2021 % University
7 ON (3), Brain (1), Brainstem (2), TM Hospital,
Total 9 35(28-69) | [77.8] | 6[66.7] | (1), LETM (2) 48 (1-132) Imam
Abdulrahman
Referred CBA Bin Faisal
to London University,
3 120 (13- (Ontario) MS Dammam, (i) CSF Mediu | Quantitati
Included 5 43 (28-58) | [60.0] | 4[80.0] | ON (2), Brain (1), Brainstem (2) 132) NA NA clinic Saudi Arabia OCB — m ve
Dale, et al., In-house CBA
2014 % at the Kids The Kids
6.7 (2.0- 18 10 Research Research
Total 31 15.3)» [58.1] | [32.3] ON (9), ADEM (11), TM (4), MS (7) | 48 (3-164) Institute at the Institute at the
Children’s Children’s (i) Serum
Hospital at Hospital at MOG-IgG
Westmead, Westmead, titre
Sydney Sydney (ii) Serial
Medical Medical serum
MFI > School, School, MOG-IgG
mean+6 University of University of status (1) Serum
9.5 (5- 1 2 17.5 (16- SD of Sydney, Sydney, (iii) CSF MOG- Quantitati
Included 2 4Hn [50.0] | [100.0] | LETM+ON (1), ADEM+Brain (1) 19) Live control Australia Australia OCB IgG titre Low ve
Lui, et al., (1) Serum
2021 % ADEM (2), ON+TM (1), CIS (1), MOG-IgG
7.6 (4.3- 36 RRMS (7), Demyelinating disorder titre
Total 65 10.9)° [55.4] | NA not otherwise specified (54) 42 (6-78)% (ii) Serial
Referred CBA University of serum (i) Serum
60 (15- to Mayo Clinic, | California, MOG-IgG MOG- Quantitati
Included 25 NA NA 9[36.0] | NA 300) Live >1:20 USA USA status IgG titre Low ve
Dubey, et al.,
20197
24 TM (21), ON+TM (32), ADEM+TM (i) Serial
Total 54 25 (3-73) [44.4] | NA [€)) 24 (2-120) Referred CBA serum
35 (15- to Mayo Clinic, | Mayo Clinic, MOG-IgG Mediu | Quantitati
Included 5 NA NA 1[20.0] | NA 120) Live >1:20 USA USA status — m ve
Hennes, et i)9(3- Referred CBA
al., 20178 15) to Medical Olga Hospital, | (i) Serum (1) Serum
(ii) 5 (0— 35 25 ON (8), ADEM (22), ADEM+ON University of Stuttgart, MOG-IgG | MOG- Quantitati
Total 65 17)~ [53.9] | [38.5] (11), ON+TM (9), CIS (12), MS (3) 241 Live >1:160 Innsbruck, Germany titre IgG titre Low ve
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Innsbruck, (ii) Serial (ii) CSF
Austria serum OCB
MOG-IgG
status
22 ON (8), ADEM (22), ADEM+ON (iii) CSF
Included 62 NA NA [35.5] | (11), ON+TM (9), CIS (12) 24f OCB
uON (62), bON (58), mixed ON (9), In-house CBA
ADEM (54), LETM (18), at the Kids The Kids
ADEM+ON (10), ADEM+LETM Research Research
(1), Brainstem+LETM (1), Institute at the Institute at the | (i) Serial
Brainstem+ON+TM (1), ON+TM Children’s Children’s serum
Tea, et al., (9), uON+LETM (2), TM (6), Hospital at Hospital at MOG-IgG
20197 165 bON+LETM (2), Westmead, Westmead, status
[57.5] | 105 bON+LETM+ADEM (2), CIS (1), Sydney Sydney (ii) CSF (i) CSF
Total 287 22(843)% |1 [43.6] Other (12), Unknown (39) NA Medical Medical WCC WCC
uON (1), bON (3), ADEM (6), MFI > School, School, (iii) CSF (ii) CSF
5 ADEM+ON (2), ADEM+LETM (1), mean+6 University of University of protein protein
[71.4] Brainstem+LETM (1), ON+LETM SD of Sydney, Sydney, (iv) CSF (iii) CSF Quantitati
Included 16 13(3-45" | ¢ 8[50.0] | (2) 34 (17-99) | Live control Australia Australia OCB OCB Low ve
Senanayake,
etal., 2019 7
70 43 ON (58), TM (24), ADEM (12),
Total 126 26 (3-68) [55.6] | [34.1] NMOSD (32) 48 (1-240)
0
Monophas Clinical
ic: 12 (12- Laboratory
24) Improvement The National
(ii) Amendments Hospital of Sri | (i) Serial
Relapsing: approved flow Lanka, serum
13 84 (36- cytometric Colombo, Sri MOG-IgG Quantitati
Included 17 NA NA [76.5] NA 204) NA NA assays Lanka status — Low ve
Wegener- (i) Live:
Panzer, et referred CBA
al., 2020 to Medical (i) Serum
4 University of MOG-IgG
Total 10 8 (4-16) [40.0] | 5[50.0] | Brain (9), Brain+tON (1) 18 (6-48) Innsbruck, titre
Innsbruck, (ii) Serial
Austria serum (i) Serum
(i) Fixed: Children’s MOG-IgG MOG-
(i) Live: commercially Hospital status IgG titre
>1:160 available Datteln, (iii) CSF (iii) CSF
Live (ii) Euroimmun, University WwCC WwCC
3 and Fixed: Lubeck, Witten/Herdec | (iv) CSF (iv) CSF Mediu | Quantitati
Included 6 6.5 (3-16) [50.0] | 4[66.7] | Brain (5), BraintON (1) 33 (12-48) | fixed NA Germany ke, Germany OCB OCB m ve
Zhou, et al.,
2019 ™ 5.38 ADEM (2), ADEM+ON (3), (i) CSF
(2.33- 13 23 NMOSD (11), Uncategorized CNS Commercially wcCcC
Total 23 12.75) [56.5] | [100.0] demyelination (7) >12 available Peking (i) CSF
5.38 ADEM (2), ADEM+ON (3), Euroimmun, University protein
(2.33- 13 23 NMOSD (11), Uncategorized CNS Lubeck, First Hospital, | (i) CSF (iii) CSF Quantitati
Included 23 12.75) [56.5] | [100.0] | demyelination (7) >12 Fixed NA Germany Beijing, China | OCB OCB Low ve
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®

CBA referred

Keller, et al., Paediatric: to The Kids
20217 9(1-17) Research
(ii) Adult: | 70 38 uON (36), bON (19), LETM (14), Institute at the
Total 109 38 (18-70 | [64.2] | [34.9] ADEM (40) NA @) Children’s
Universit | Hospital at
y of Westmead,
Sydney: Sydney
MFI > Medical
mean +3 | School,
SD of University of
control Sydney,
(ii) Australia and
(i) Medical Innsbruck University
Paediatric: Universit | Medical Hospital
9(1-17) y of University, Miinster, (i) Serum
(i) Adult: | 70 38 uON (36), bON (19), LETM (14), Innsbruck | Innsbruck, Miinster, compleme Qualitativ
Included 109 38 (1870 | [64.2] | [34.9] ADEM (40) NA Live :>1:160 Austria Germany — nt Low e
Baumann, et (i) Serum
al., 20157 MOG-IgG
9 titre
Total 19 4 (1-17) [47.4] | 4[21.1] | ADEM (16), ADEM+ON (3) 27 (5-81) (ii) Serial
serum (i) Serum
In-house CBA MOG-IgG MOG-
at Medical Medical status IgG titre
University of University of (iii) CSF (ii) CSF
Innsbruck, Innsbruck, WCC WCC
33.5(14- Innsbruck, Innsbruck, (iv) CSF (iii) CSF Quantitati
Included 14 4 (1-17) NA 4[28.6] | ADEM (11), ADEM+ON (3) 81) Live >1:160 Austria Austria OCB OCB Low ve
Brainstem/Cerebellar (1), bON (3),
uON (8), uON+bON (6),
ADEM+Brainstem (2), bON+Brain
(2), ADEM+Brainstem/Cerebellar
(1), ADEM+Cerebellar (1),
ADEM+bON (2), ADEM+uON (3),
ADEM+LETM (2), bON+LETM (3),
uON+Brain (2), uON+LETM (2),
Cerebellar+Sensory non-spinal (1),
bON+Sensory non-spinal (2),
TM+LETM (1), uON+Brainstem (1), In-house CBA
uON-+bON-+Brain (1), at the Kids
uON+Brainstem+TM (2), Research
uON+Brainstem/Cerebellar+ LETM Institute at the
(1), ADEM+Cerebellar+uON (2), Children’s The Children’s
uON+TM+Sensory non-spinal (1), Hospital at Hospital at
ADEM+LETM-+nonencephalitic Westmead, Westmead,
ADS (1), bON+uON+TM (2), Sydney Sydney (1) CSF (i) CSF
ADEM+uON+bON+LETM (1), Medical Medical WCC WCC
Ramanathan, ADEM+BraintuON+bON (1), MFI > School, School, (i1) CSF (i1) CSF
etal, 201877 ADEM+Brainstem/Cerebellar+uON+ mean + 3 | University of University of protein protein
40 59 LETM (1), 45 (12— SD of Sydney, Sydney, (iii) CSF (iii) CSF Quantitati
Total 59 12 (1-74) [67.8] | [100.0] | bON+uON+LETM+Brainstem (1), 288) Live control Australia Australia OCB OCB Low ve
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ADEM-+Brainstem/Cerebellar+bON+
uON (1), bON+uON+TM+LETM (1)

Brainstem/Cerebellar (1), bON (3),
uON (1), uON+bON (6),
ADEM+Brainstem (2), bON+Brain
(2), ADEM+Brainstem/Cerebellar
(1), ADEM+Cerebellar (1),
ADEM+bON (2), ADEM+uON (3),
ADEM+LETM (2), bBON+LETM (3),
uON+Brain (2), uON+LETM (2),
Cerebellar+Sensory non-spinal (1),
bON+Sensory non-spinal (1),
TM+LETM (1), uON+Brainstem (1),
uON+bON+Brain (1),
uON+Brainstem+TM (2),
uON+Brainstem/Cerebellar+ LETM
(1), ADEM+Cerebellar+uON (2),
uON+TM+Sensory non-spinal (1),
ADEM+LETM-+nonencephalitic
ADS (1), bON+uON+TM (2),
ADEM-+uON+bON+LETM (1),
ADEM+Brain+uON+bON (1),
ADEM+Brainstem/Cerebellar+uON+
LETM (1),
bON+uON+LETM+Brainstem (1),

35 51 ADEM+Brainstem/CerebellartbON+ | 49 (12-
Included 51 10 (1-74) [68.6] | [100.0] | uON (1), bBON+uON+TM+LETM (1) | 288)
Benetou, et Evelina
al., 2020 7® London
6.3 (4.1- 9 Children's
Total 17 9.6)% [52.9] | NA NA NA Hospital, Guys
and St.
Thomas'
Hospital NHS (1)
Foundation Peripheral
Trust, Kings blood
Health count
6.3 (4.1- 9 Partners, index Qualitativ
Included 17 9.6) [52.9] | NA NA NA NA NA NA London, UK — ratios Low e
ADEM (42), ON (5), uON (8), bON In-house CBA | IDIBAPS,
Armangue, (6), Brain (18), LETM (9), at IDIBAPS, Hospital
etal., 2020 ™ ADEM+ON (4), Brain+ON (3), Hospital Clinic, | Clinic,
6:2(37- 57 33 ON-+Other (1), NMOSD (11), MS Universitat de Universitat de | (i) Serial
Total 116 10-0)%A [49.1] | [28.5] (5), Other (4) 42 (8-197) Barcelona, Barcelona, serum
11 Barcelona, Barcelona, MOG-IgG Quantitati
Included 64 NA NA [17.2] NA 24 (12-24) | Live >1:160 Spain Spain status — Low ve
Nakajima, et In-house CBA (i) CSF
al., 2015 % at Nagasaki Nagasaki wWCC
31 (16- 6 26.5 (3- University University (i) CSF
Total 8 65" [75.0] | 3[37.5] | ON(8) 53) Hospital, Hospital, protein
25 (15- 5 Nagasaki, Nagasaki, (iii) CSF Quantitati
Included 7 55)k [71.4] | 3[429] | ON(7) 30 (15-53) | Fixed >1:10 Japan Japan OCB — Low ve
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Mao, et al., ADEM (9), ON (1), bON (5), Brain (i) Serum
2019 8 (4), TM (1), LETM (1), CIS (1), MOG-IgG
6.6 (3— 13 10 ADEM+ON (1), ADEM+uON (1), titre
Total 25 12.4) [52.0] | [40.0] ADEM+TM (1) 15 (7-63) (ii) Serial
serum (i) Serum
MOG-IgG | MOG-
status 1gG titre
Xiangya (iii) CSF (ii) CSF
Commercially Hospital, wCC wCC
ADEM (8), ON (1), bON (3), Brain available Central South (iv) CSF (iii) CSF
(2), TM (1), LETM (1), CIS (1), Euroimmun, University, protein protein
10 10 ADEM+ON (1), ADEM+uON (1), 15.5 (12- Lubeck, Changsha, (v) CSF (iv) CSF Mediu | Quantitati
Included 20 6 (3-12) [50.0] | [50.0] ADEM+TM (1) 63) Fixed NA Germany China OCB OCB m ve
Siritho, et MS and
al., 2016 %2 Related
5 bON (2), uON (2), bBON+TM (1), Disorders
Total 6 33 (18-57) | [83.3] | 5[83.3] | uON+Brain+tLETM (1) NA Clinic, Siriraj
Hospital, (i) Serum
Referred CBA Mahidol MOG-IgG
to Tohoku University, titre
33.5 (19- 3 4 bON (1), uON (1), bBON+TM (1), University, Bangkok, (ii) CSF Mediu | Quantitati
Included 4 57) [75.0] | [100.0] | uON+Brain+tLETM (1) 18 (13-34) | NA NA Japan Thailand OCB — m ve
Zhang, et al.,
2021 %
16 ADEM (18), ON (7), NMOSD (4), 34.5 (14—
Total 34 6 (1-14) [47.1] | 8[23.5] | LETM (2), CIS (1), Brain (2) 63) Children’s
) Hospital of
Monophas (i) Fudan
ic: median Monophas University,
5.8 (1.6— ic: 33 (14— National
13.6) 57) Commercially Children’s
(ii) (ii) available Medical (i) CSF (i) CSF
Relapsing: Relapsing: Euroimmun, Center, wcCC WwcCC
6.7 (2.9- 42.5 (16— Lubeck, Shanghai, (ii) CSF (ii) CSF Quantitati
Included 31 14.2) NA 6[19.4] | NA 63) Fixed >1:10 Germany China protein protein Low ve
(i) 44.6
Jitprapaikuls (19.7- (i) Serum
an, et al., 64.8)° MOG-IgG
2018 (i) 75.4 titre
15 31 ON (27), ON+other CNS (41.3- (ii) Serial
Total 31 32 (7-66) [48.4] | [100.0] | demyelination (3) 183.1)" In-house CBA serum (i) Serum
11 27 (12- at Mayo Mayo Clinic, MOG-IgG MOG- Quantitati
Included 11 NA NA [100.0] | ON(11) 237) Live >1:20 Clinic, USA USA status IgG titre Low ve
Huda, et al., Onset attack phenotype by site: (i) Serial
20216 ADEM (5), ON (46), bON (27), TM The Walton serum
27 (19— 41 42 (32), LETM (21), ON+TM (14), 49 (28— Centre NHS MOG-IgG
Total 76 45)° [54.0] | [55.3] Brain (19) 113)* Referred CBA Foundation status
41 51 (12- to University of | Trust, (i) CSF Quantitati
Included 75 NA NA [54.7] NA 400) Live NA Oxford, UK Liverpool, UK | OCB — Low ve
Dauby, et al., University
2021 % Referred CBA Hospital of
27.709.8- | 4 90 (16.8- to University of | Liege, Licge, (i) CSF Quantitati
Total 8 39.5) [50.0] | 5[62.5] | ON (7), ON+TM (1) 394.8)" Live NA Oxford, UK Belgium OCB — Low ve
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27.7(9.8- | 4 90 (16.8-
Included 8 39.5) [50.0] | 5[62.5] | ON (7), ON+TM (1) 394.8)"
Solmaz, et (i) Serum
al., 2023 8¢ MOG-IgG
7.5 (22— 8 10 Onset attack: bON (1), TM (6), 78 (30— titre
Total 10 16.5) [80.0] | [100.0] | ADEM (3) 216) (ii) Serial
serum
MOG-IgG
status
(iii) CSF
wcCcC
Etlik City (iv) CSF
Live Hospital, protein (1) Serum
7.5 (22— 8 10 Onset attack: bON (1), TM (6), 78 (30— and Ankara, (v) CSF MOG- Quantitati
Included 10 16.5) [80.0] | [100.0] | ADEM (3) 216) fixed NA NA Turkey OCB IgG titre Low ve
Seok, et al., In-house CBA
2023 4 Onset attack: ON (38), TM (5), at
39.7+ 29 37/47 Brainstem (7), Brain or ADEM (4), Soonchunhyang | Soonchunhyan
Total 55 17.2* [52.7] | [78.7] Poly-regional (1) NA University g University
Hospital Hospital
Cheonan, Cheonan,
Cheonan, Cheonan, (1) Serum
37 Republic of Republic of MOG-IgG Qualitativ
Included 47 NA NA [78.7] NA >12 Live >1 Korea Korea epitope — Low e
(1) 32.8
(31.0-
38.5)%
(ii) 50.8
(17.5-
206.4)
(iii) 29.3
(22.6—
Martin, et 44.3)8 (i) Serum
al.,, 2024 %7 Onset attack: ON (35), TM (4), (iv) 47.0 MOG-
243(12- | 26 36 ADEM (10), Brain (3), NMOSD (1), | (29.8— IgG titre
Total 58 77.3) [44.8] | [62.1] Brainstem/Cerebellar (1), Other (4) 90.1)% (ii) CSF
104 serum Oregon Health WwCC
and 56 CSF & Science (iii) CSF
samples; University, protein
unclear Portland, OR, (iv) CSF Quantitati
Included participants | NA NA NA NA NA NA NA NA USA — OCB Low ve
Liao, et al., (i) Serum
2024 % Braint+uON (1), Brain (8), MOG-IgG
8 Brain+bON (2), Brain+bON+uON titre
Total 12 8.5 (2-12) [72.7] | 9[75.0] | (1) NA Xiangya (ii) Serial
Commercially Hospital of serum (i) Serum
available Central South MOG-IgG MOG-
Euroimmun, University, status IgG titre
5 6 Brain+uON (1), Brain (3), 32 (range Lubeck, Changsha, (iii) CSF (ii) CSF Mediu | Quantitati
Included 6 9(7-12) [83.3] | [100.0] | Brain+bON (2) 25.5-68.9) | Fixed NA Germany China OCB OCB m ve
Nosadini, et Live University
al., 2023 % 7(1.8- 40 26/65 ADEM (30), ON + CNS lesions (27), and Hospital of (i) CSF (i) CSF Mediu | Quantitati
75 18.6) [53.3] | [40.0] CNS demyelination (6), ADEM+ON | 30 (1-130) | fixed NA NA Padova, Italy WCC WCC m ve
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Total (4), NMOSD (3), CIS (2), Brain (2), (ii) CSF (ii) CSF
LETM (1) protein protein
18 (iii) CSF (iii) CSF
Included 51 NA NA [35.3] NA >12 OCB OCB
ADEM (24), NMOSD (4),
Kang, et al., Autoimmune Encephalitis Overlap Referred CBA
2023 % Syndrome (8), ON (5), Cranial to Guangzhou
6.57 30 11 neuritis (2), Brain (2), Meningitis (2), Medical
Total 48 3.02* [62.5] | [22.9] Demyelinating pseudotumor (1) >12 Laboratory
ADEM (24), NMOSD (4), Center and Hunan (i) Serum
Autoimmune Encephalitis Overlap Kindstar Children’s MOG-IgG
Syndrome (8), ON (5), Cranial Medical Hospital, titre
6.57 + 30 11 neuritis (2), Brain (2), Meningitis (2), Laboratory, Changsha, (i) CSF Quantitati
Included 48 3.02* [62.5] | [22.9] Demyelinating pseudotumor (1) >12 NA >1:10 China China WCC — Low ve
Yao, et al., (i) Serum
2022 Xiangya MOG-1gG
4 Commercially Hospital, titre
Total 11 27 (16-32) | [36.4] | 2[18.2] | Brain(l1) 10 (3-23) available Central South (i1) CSF
Euroimmun, University, WCC
24.5 (18- 1 Lubeck, Changsha, (iii) CSF Mediu | Quantitati
Included 4 31) [25.0] | 1[25.0] | Brain(4) 21 (12-23) | Fixed >1:10 Germany China protein — m ve
Bauer, et al., In-house CBA
2022 at Medical Medical (i) Serum (i) Serum
23.7(3.3- 22 16/32 University of University of cytokines cytokines
Total 40 72.00" [55.0] | [50.0] NA 12 (6-38) Innsbruck, Innsbruck, and and
23.7 (3.3- 22 16/32 Innsbruck, Innsbruck, chemokine | chemokin Qualitativ
Included 40 72.0" [55.0] | [50.0] NA 12 (6-38) Live >1:160 Austria Austria s es Low e
Rechtman, et Hadassah-
al., 2024 % Hebrew
2991+ 18 University
Total 26 15.62* [69.2] | NA NA NA Medical
Center, Ein—
Kerem,
Hebrew
University of (i) Serum
Jerusalem. thyroid
2991+ 18 Jerusalem, function Qualitativ
Included 26 15.62%* [69.2] | NA NA NA NA NA NA Israel profile — Low e
(1) 10.7 (i) 13.7 (1) Serum
Nguyen, et (5.8-13.2)% (5.1-:30.4)° MOG-IgG
al.,, 2024 % (i) 5.0 (i) 52.1 titre
(4.3- 20 10 ADEM (14), ON (22), TM (3), Other | (28.5- (ii) Serial
Total 43 12.2)% [46.5] | [23.3] 4 105.2)% serum (i) Serum
MOG-IgG MOG-
University of status I1gG titre
Texas (iii) CSF (ii) CSF
Live Southwestern WwCC WwCC
2 86 (21- and Medical (iv) CSF (iii) CSF Mediu | Quantitati
Included 5 4(3-6) [40.0] | 2[40.0] | ADEM (5) 151) fixed NA NA Center, Dallas | protein protein m ve
ZhangBao, Onset attack: ON (94), TM (29), Shanghai (i) Serial
etal., 2023 % Brain (20), ADEM (19), Brainstem Medical serum
100 112 (5), Other brain syndrome (3), Mixed College, MOG-IgG Mediu | Quantitati
Total 186 25 (2-65) [53.8] | [60.2] (16) 51 (9-326) | Fixed NA NA Fudan status — m ve
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University,

Shanghai,
People’s
38 108.5 (60- Republic of
Included 44 NA NA [86.4] NA 326) China
ADEM (2), Brain (3), ADEM+ON
(3), ADEM+Brain (1), BraintON (2), (1) Serum
Montalvo, et Brain+TM (1), BraintON+TM (4), MOG-IgG
al., 2022 % ADEM+Brain+ON (2), titre
12 16 ADEM+ON+TM (3), (ii) Serial
Total 23 9(2-47) [52.2] | [69.6] ADEM+Brain+tON+TM (2) NA Referred CBA serum
1 2 ADEM+Brain (1), 156 (108- to Mayo Clinic, | Mayo Clinic, MOG-IgG Mediu | Quantitati
Included 2 13 (6-20) [50.0] | [100.0] | ADEM+Brain+ON (1) 204) Live NA USA USA status — m ve
Aktas, et al., (i) Serum
2023 3 GFAP
(i1) Serum
Total 7 NA NA NA NA >24 Heinrich NfL
Heine (iii)
8 serum University Serum tau Qualitativ
samples; Diisseldorf, (iv) e and
unclear Diisseldorf, Serum quantitati
Included participants | NA NA NA NA >24 NA NA NA Germany — UCHLI1 Low ve
Akaishi, et In-house CBA 1)
al., 20237 at Tohoku Tohoku Peripheral
43 (34.5- 18 University University blood
Total 26 56)% [69.2] | NA NA NA School of School of count
43 (34.5- 18 Medicine, Medicine, index Qualitativ
Included 26 56)% [69.2] | NA NA NA Live NA Sendai, Japan Sendai, Japan — ratios Low e
Wang, et al., (i) Serum
2022 % MOG-IgG
1 titre
Total 4 21 (20-51) | [25.0] | 2[50.0] | Brain (3), Brainstem (1) 14 (6-72) (ii) Serial
serum (i) Serum
Affiliated MOG-IgG | MOG-
Hospital status IgG titre
Xingtai (iii) CSF (ii) CSF
People’s WwCC WwCC
Hospital, (iv) CSF (iii) CSF
Hebei Medical | protein protein
0 University, (v) CSF (iv) CSF Mediu | Quantitati
Included 3 20 (20-22) | [0.0] 2[66.7] | Brain (3) 16 (12-72) | NA NA NA Xingtai, China | OCB OCB m ve
Wendel, et
al., 2022 % Onset attack: ADEM (59), uON (21), | 43 (27- (i) Serum
57 44 bON (16), TM (6), NMOSD (8), 69)%; MOG-IgG
Total 116 7 (4-12)° [49.1] | [37.9] Brain (6) all >24 titre
107 (ii) Serial
participants serum
for CSF In-house CBA MOG-IgG
analysis and at Medical status
70 University of Olga Hospital, | (iii) CSF (1) Serum
participants Innsbruck, Klinikum WwCC MOG-
for serum 44 Innsbruck, Stuttgart, (iv) CSF IgG titre Quantitati
Included analysis; NA NA [40.4] NA >24 Live >1:160 Austria Germany OCB Low ve
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unclear

overlap
Guzman, et Onset attack: ON (12), TM (8), Pontifical (i) Serial
al., 2023 ' ADEM (5), Brain (4), ON+TM (3), Commercially Catholic serum
25 12 Brainstem (1), Area Postrema 24 (12— available University of MOG-IgG
Total 35 30 (1-64) [71.4] | [34.3] Syndrome (1) 348)° Euroimmun, Chile, status
Lubeck, Santiago, (i) CSF (i) CSF Mediu | Quantitati
Included 3 NA NA 2[66.7] | NA 30 (12-36) | Fixed >1:10 Germany Chile WwCC WCC m ve
Gastaldi, et
al., 2022 1 uON (20), bON (18), TM (7), LETM
59 44 (4), ADEM (28), NMOSD (16),
Total 102 17 (6-33)% | [57.8] | [43.1] Other (9) 29 (3-320)
162 In-house CBA
samples for at IRCCS
MOG-IgG Mondino
titre Foundation,
analysis and Pavia,
80 Lombardia,
participants Italy following
for serial protocol from IRCCS
MOG-IgG Medical Mondino
status University of Foundation, (i) Serial
analysis; Innsbruck, Pavia, serum (i) Serum
unclear 36 30.5 (14- Innsbruck, Lombardia, MOG-IgG MOG- Mediu | Quantitati
Included overlap NA NA [45.0] NA 320) Live >1:160 Austria Italy status 1gG titre m ve
Wu, et al., (i) Serum (i) Serum
2023 1! MOG-IgG | MOG-
4 The Affiliated | titre IgG titre
Total 9 29 (15-57) | [44.4] | 2[22.2] | Brain(9) 9 (2-36) Referred CBA Brain Hospital | (ii) CSF (i) CSF
to Omeng of Nanjing WwCC WwCC
Weiyi Medical Medical (iii) CSF (iii) CSF
Laboratory, University, protein protein
23.5 (15- 1 Hangzhou, Nanjing, (iv) CSF (iv) CSF Mediu | Quantitati
Included 4 29) [25.0] | 1[25.0] | Brain (4) 25(13-36) | NA >1:10 China China OCB OCB m ve
Liu, et al.,
2024 102 Commercially
2920+ 3 available Fujian
Total 15 11.87* [20.0] | NA NA NA Euroimmun, Medical
29.20+ 3 Lubeck, University, (1) Serum Qualitativ
Included 15 11.87* [20.0] | NA NA NA Fixed >1:10 Germany Fujian, China — prolactin Low e
Zhou, et al., Beijing
2022 '% Children’s
9 Hospital,
Total 19 6+ 3*1 [47.4] | NA ON (2), ADEM (15), Other (2) NA Capital
Medical
University,
National
Center for
Children’s
9 Health, (i) Serum Qualitativ
Included 19 6+ 3% [47.4] | NA ON (2), ADEM (15), Other (2) NA NA NA NA Beijing, China | — sTREM2 Low e
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Zhou, et al., Beijing
2022 104 7.05 NMOSD (10), MDEM (3), Children’s
(2.50— 17 30 ADEM+ON (2), RON (2), 45 (19.9- Hospital,
Total 30 12.75) [56.7] | [100.0] | Unclassified (13) 105.9) Capital
Medical
University,
Commercially National
available Center for
7.05 NMOSD (10), MDEM (3), Euroimmun, Children’s (i) Serum
(2.50— 17 30 ADEM+ON (2), RON (2), 45 (19.9- Lubeck, Health, MOG-IgG Quantitati
Included 30 12.75) [56.7] | [100.0] | Unclassified (13) 105.9) Fixed >1:10 Germany Beijing, China | titre — Low ve
Yang, et al., (i) Serum
2024 15 MOG-IgG
31.5 (29— 1 37.5 (6- titre
Total 6 400 [16.7] | 2[33.3] | Brain (6) 62) (ii) Serial
serum (i) Serum
MOG-IgG | MOG-
Tianjin status 1gG titre
Huanhu (iii) CSF (ii) CSF
Hospital, wcCcC wcCC
Tianjin, (iv) CSF (iii) CSF
People’s protein protein
32 (30- 1 Republic of (v) CSF (iv) CSF Mediu | Quantitati
Included 2 3Hn [50.0] | 00] Brain (2) 47 (39-55) | NA NA NA China OCB OCB m ve
Wang, et al., i) Serum
2023 10 MOG-IgG
1.75 (0.5- 2 titre
Total 2 3) 01[0] [100.0] [ Brain(2) 42 (36-48) (ii) Serial
serum (i) Serum
MOG-IgG | MOG-
status IgG titre
(iii) CSF (ii) CSF
Hebei WwCC wcCC
Children’s (iv) CSF (iii) CSF
Hospital, protein protein
1.75 (0.5- 2 Shijiazhuang, (v) CSF (iv) CSF Quantitati
Included 2 3) 010] [100.0] [ Brain(2) 42 (36-48) | Live NA NA China OCB OCB Low ve
Roy, et al., (i) Serum
2023 17 MOG-IgG
6 ON (3), ADEM (3), ADEM+ON (3), titre
Total 10 9 (1-58) [60.0] | 7[70.0] | ON+TM (1) 33 (16-98) Johns Hopkins | (ii) Serial
Referred CBA University, serum (i) Serum
6 ON (3), ADEM (3), ADEM+ON (3), at Mayo Clinic, | Baltimore, MOG-IgG MOG- Quantitati
Included 10 9 (1-58) [60.0] | 7[70.0] | ON+TM (1) 33 (16-98) | Live >1:20 USA MD, USA status IgG titre Low ve
Lee, et al., 29.5 In-house CBA Seoul National | (i) Serum
2023 198 (18.5— at Seoul University MOG-IgG
32 (22.5- 11 16 ADEM (12), Brain (21), 36.5)%; all National Hospital, titre
Total 40 44.5)% [27.5] | [40.0] ADEM+Brain (5), ADEM+ON (2) >12 University Seoul National | (ii) Serial
Hospital, Seoul | University serum
29.5 National College of MOG-IgG
(18.5— University Medicine, status
32 (22.5- 11 16 ADEM (12), Brain (21), 36.5)%; all MFI College of Seoul, South (iii) CSF Quantitati
Included 40 44.5)% [27.5] | [40.0] ADEM+Brain (5), ADEM+ON (2) >12 Live >2.60 Medicine, Korea WCC — Low ve
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Seoul, South (iv) CSF
Korea protein
(v) CSF
OCB
Xu, et al., (i) Serum
2023 ' MOG-IgG
22 14 titre
Total 35 30 (15-73) | [62.9] | [40.0] Brainstem involvement (35) 38 (4-64) Xuanwu (ii) Serial
In-house CBA Hospital, serum (i) Serum
at Xuanwu Capital MOG-IgG MOG-
Hospital Medical status IgG titre
13 Neuroimmunol | University, (iii) CSF (ii) CSF Quantitati
Included 22 NA NA [59.1] Brainstem involvement (22) 34 (13-58) | Live >1:10 ogy Laboratory | Beijing, China | OCB OCB Low ve
Lin, et al., Affiliated
2023 110 Overall phenotype not available; Nanjing Brain
31.94 + 13 14 clinical symptoms at onset: ON (9), Hospital,
Total 31 18.03* [41.9] | [45.2] ™ (9) >12 Commercially Nanjing (i)
available Medical Peripheral
Overall phenotype not available; Euroimmun, University, blood
31.94 + 13 14 clinical symptoms at onset: ON (9), Lubeck, Nanjing, count index Qualitativ
Included 31 18.03* [41.9] | [45.2] ™ (9) >12 Fixed >1:10 Germany Jiangsu, China | ratios — Low e
@) In-house CBA Center for
(1) Monophas at Center for Immunology
Monophas ic: 45+ Immunology of | of Viral, Auto-
ic: 6.8 + 2.7%& Viral, Auto- Immune,
Horellou, et 3.8% (ii) Immune, Hematological
al., 2023 ! (i1) Overall phenotype not available; Relapsing: Hematological and Bacterial
Relapsing: | 9 onset phenotype: ON (2), ADEM (5), | 8.6+ and Bacterial diseases
Total 15 5.8+£3.5% | [60.0] | 8[53.3] | Brain(4), NMOSD (4) 4.8%& diseases (IMVA-
(IMVA- HB/IDMIT),
(i) (6] HB/IDMIT), Université
Monophas Monophas Université Paris- Saclay,
ic: 6.8 £ ic: 45+ Paris- Saclay, CEA,
3.8% 2.7* CEA, INSERM, Le Qualitativ
(i1) Overall phenotype not available; (ii) INSERM, Le Kremlin e and
Relapsing: | 9 onset phenotype: ON (2), ADEM (5), | Relapsing: Kremlin Bicétre, (i) Serum quantitati
Included 15 5.8+£3.5% [60.0] | 8[53.3] | Brain (4), NMOSD (4) 8.6 £4.8* Live >1:160 Bicétre, France | France — NfL Low ve
Hacohen, et (i) Serial
al., 2014 '"? serum
5 John Radcliffe | MOG-IgG
Total 7 12 (3-15) [71.4] | 2[28.6] | ADEM (2), ON (2), TM (1), MS (2) 12 Hospital, status
Oxford (i1) CSF
In-house CBA University WCC
2 at University of | Hospital, (iii) CSF Quantitati
Included 4 6 (3-12) [50.0] | 0[0] ADEM (2), ON (2) 12 Live >1:20 Oxford, UK Oxford, UK OCB — Low ve
@
Encephalit
is group:
14.5 Encephalitis group: Brain (4), All India
Salunkhe, et (11.75- Brain+Brainstem/Cerebellar (2), Institute of (i) CSF
al., 2023 '3 I Braint+ON (4), BraintTM (3), Medical wcCC
(ii) Non- 33 36 Braint+tON+TM (3) Sciences, New | (ii) CSF Mediu | Quantitati
Total 64 encephaliti | [51.6] | [56.3] Non-encephalitis group: NA NA Fixed NA NA Delhi, India protein — m ve
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s group:

28 (19.75-
42)°
1
Included 3 13 (11-15) | [33.3] [ 2[66.7] | Brain+ON (1), BraintON+TM (2) 36 (12-36)
®
Paediatric
onset: 6
(3-13)
(ii) Adult
onset: 26.5
Huang, et al., (14-49)
2024 ' (iii) Late
onset: 58 59 44 MS (12), NMOSD (24), ADEM (17),
Total 110 (50-78) [53.6] | [40.0] ON (28), TM (6), IIDDs (23) >12
(@)
Homocystei
ne level: 20 The Third
(i) MOG- Affiliated
IgG titre: Hospital of
131 Sun Yat-sen Qualitativ
samples; University, (1) Serum (i) Serum e and
unclear Guangzhou, homocystei | MOG- quantitati
Included participants | NA NA NA NA >12 Fixed >1:10 NA China ne IgG titre Low ve
Samadzadeh,
et al., 2023 Overall phenotype not available;
13 48.6 Most recent attack phenotype prior to
(33.3- 8 sampling: ON (7), TM (3), Brain (4), In-house CBA
Total 22 56.5)% [36.3] | NA Unknown (8) NA at University of | University of
Overall phenotype not available; Southern Southern
48.6 Most recent attack phenotype prior to Denmark, Denmark,
(33.3- 8 sampling: ON (7), TM (3), Brain (4), Odense, Odense, (i) CSF Qualitativ
Included 22 56.5)% [36.3] | NA Unknown (8) NA Live NA Denmark Denmark — MFAP4 Low e
Liyanage, et In-house CBA
al., 2024 % 39.89 uON (62), bON (31), ON NOS (2), 48 (26.4- at Kids Kids
(30.85- 121 137 uON-+bON (24), ON+TM (23), TM 86.4)%; all Neuroscience Neuroscience
Total 202 51.24) [59.9] | [67.8] (25), Brain (9), Mixed (26) >12 Centre, Kids Centre, Kids
Research at the | Research at (1) Serum
MFI > Children’s the Children’s | MOG
39.89 uON (62), bON (31), ON NOS (2), 48 (26.4- mean +3 | Hospital at Hospital at epitope
(30.85- 121 137 uON+bON (24), ON+TM (23), TM 86.4)%; all SD of Westmead, Westmead, recognition Qualitativ
Included 202 51.24)% [59.9] | [67.8] (25), Brain (9), Mixed (26) >12 Live control Australia Australia pattern — Low e
Wang, et al., The Sixth
2023 ¢ People’s
6 ON (1), TM (6), ON+TM (2), Hospital,
Total 11 207 [54.6] | NA Brainstem (2) NA Commercially Shanghai Jiao
available Tong
Euroimmun, University,
6 ON (1), TM (6), ON+TM (2), Lubeck, Shanghai, (1) Serum Qualitativ
Included 11 207 [54.6] | NA Brainstem (2) NA Fixed NA Germany China — cytokines | Low e
Yandamuri, Number in In-house CBA Yale School of (i) Serum
etal., 2023 Age 17 at Yale School Medicine, MOG- Qualitativ
17 25 Range: 0-9 | [68.0] | NA NA NA Live NA of Medicine, New Haven, — IgG Low e
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(1), 10-19 New Haven, Connecticut, effector
Total (2), 20-29 Connecticut, USA functions
(5), 30-39 USA (CDC and
(5), 40-49 ADCP)
(3), 50-59
(®),
Unknown
{mn
Number in
Age
Range: 0-9
(1), 10-19
(2),20-29
(5), 30-39
(5), 40-49
(3), 50-59
(®),
Unknown 17
Included 25 a|mn [68.0] | NA NA NA
Nguyen, et (1) 9.99 + (1) 45.09 =
al., 2023 '8 4.15% Overall phenotype not available; 41.05%
(i) 6.06 £ | 36 onset phenotype: ADEM (23), ON (ii) 73.12 (i) Serum
Total 67 3.56* [53.7] | NA (27), TM (5), Other (12) + 55.55%" Referred CBA University of MOG-IgG
ADEM (3), ON (1), ADEM+Brain at Mayo Clinic, | Texas titre
(1), ADEM+Brainstem/Cerebellar USA and Southwestern (ii) Serial
(2), ADEM+ON (1), University of Medical serum (i) Serum
8 Brainstem/Cerebellar+ON (1), 57 (16- Oxford, Center, Dallas, | MOG-1gG MOG- Quantitati
Included 10 7 (3-14H)" [80.0] | 5[50.0] | ON+Other (1) 192) Live NA Oxford, UK TX, USA status IgG titre Low ve
Wendel, et Referred CBA
al., 2022 ' at Innsbruck Olgahospital,
6 ADEM (14), ON (3), LETM (1), 24 (24- Medical Klinikum Qualitativ
Total 19 5(4-7° [31.6] | 0[0] NMOSD (1) 36)° University, Stuttgart, e and
6 ADEM (14), ON (3), LETM (1), 24 (24- Innsbruck, Stuttgart, (i) Serum quantitati
Included 19 54-7)8 [31.6] | 0[0] NMOSD (1) 36)° Live >1:160 Austria Germany — NfL Low ve
Zhang, et al., Overall phenotype NA; onset Jinan Central
2022 120 phenotype: Brain/Brainstem (5), Hospital,
3 ON+TM (4), Brain/Brainstem+ON Cheeloo
Total 12 8(6-14.5) | [37.5] | 4[33.3] | (3) 12 College of
Overall phenotype NA; onset Medicine,
phenotype: Brain/Brainstem (5), Shandong
3 ON+TM (4), Brain/Brainstem+ON University, (i) CSF Quantitati
Included 12 8(6-14.5) | [37.5] | 4[33.3] | (3) 12 Fixed NA NA Jinan, China OCB — Low ve
Aubart, et (i) Serial
al., 2022 ! serum
1 MOG-IgG
Total 3 4 (1-10) [33.3] | 0[0] ADEM (2), ADEM+ON (1) 12-18¢ status
(ii) CSF (i) CSF
Commercially WCC WCC
available (iii) CSF (ii) CSF
Euroimmun, University of protein protein
1 Lubeck, Paris Cite, (iv) CSF (iii) CSF Quantitati
Included 3 4 (1-10) [33.3] | 0[0] ADEM (2), ADEM+ON (1) 12-18¢ Fixed NA Germany Paris, France OCB OCB Low ve
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Tzanetakos, In-house CBA Eginition
etal., 2022 at Eginition Hospital,
122 uON (3), bON (3), Brainstem (1), Hospital, National and
8 NMO (1), Brain+uON (1), ADEM National and Kapodistrian (1) Serum
Total 11 37 (3-75) [72.7] | 4[36.4] | (1), TM (1) 18 (1-49) Kapodistrian University of MOG-IgG
University of Athens, titre
56 (19- 5 uON (3), bON (2), Brainstem (1), Athens, Athens, | Athens, (i) CSF Mediu Quantitati
Included 7 75)! [71.4] | 3[42.9] | ADEM (1) 20 (13-49) | Live >1:20 Greece Greece OCB — m ve
Kim, et al.,
2022 1% In-house CBA
272+ 5 252 (12- at Kyungpook Kyungpook
Total 6 18.2*%1 [83.3] | 3[50.0] | ON (6) 48)% National National
272+ 5 252 (12- University, University, (1) Serum Qualitativ
Included 6 18.2*4 [83.3] | 3[50.0] | ON (6) 48)% Live >2.5 Daegu, Korea Daegu, Korea LCN2 — Low e
Nguyen, et (i) Serum
al., 2024 ' Overall phenotype NA; onset 29.5 (8.7— MOG-IgG
8.3 (4.8- 44 27/61 phenotype: ADEM (32), ON (33), 55.0)° titre
Total 87 12.2) [50.6] | [44.3] TM (6), Other (16) (85/87) (ii) Serial
serum (i) Serum
MOG-IgG | MOG-
Referred CBA status IgG titre
at Mayo Clinic, | University of (iii) CSF (ii) CSF
USA, Texas WCC WCC
Live University of Southwestern (iv) CSF (iii) CSF
and Oxford, Medical protein protein
20 unkno >1:20 Oxford, UK, Center, Dallas, | (v) CSF (iv) CSF Mediu | Quantitati
Included 52 NA NA [38.5] NA NA wn (live) and unknown TX, USA OCB OCB m ve
Fadda, et al., In-house CBA
2022 1% ON (4), TM (1), ON+TM (4), at Perelman Perelman
9.04 (6.50- | 8 ADEM+TM (1), ADEM+ON+Other | 77.5 (12- School of School of
Total 12 10.36)° [66.7] | 7[58.3] | (1), Other (1) 132) Medicine, Medicine,
University of University of (i) Serial
ON (3), TM (1), ON+TM (4), Pennsylvania, Pennsylvania, serum (i) Serum
ADEM+TM (1), ADEM+ON+Other 81 (12- Philadelphia, Philadelphia, MOG-IgG | MOG- Quantitati
Included 11 NA NA 7[63.6] | (1), Other (1) 132) Live >1 USA USA status IgG titre Low ve
Vosoughi, et Max Rady
al., 2023 1% College of (i) Serum
2 54 (12- Medicine, MOG-IgG
Total 4 37 (18-45) | [50.0] | 2[50.0] | uON (3), uON+TM+LETM (1) 108) University of titre
Manitoba, (ii) Serial
Live Winnipeg, serum (i) Serum
2 54 (12- and Manitoba, MOG-IgG MOG- Quantitati
Included 4 37 (18-45) | [50.0] | 2[50.0] | uON (3), uON+TM+LETM (1) 108) fixed NA NA Canada status IgG titre Low ve
Jiang, et al., Hospital of
2023 177 Chongging
2 13.5(11- Medical
Total 4 2.5(2-5) [50.0] | 00] Brain (1), ADEM (3) 47) University,
National (1) CSF (i) CSF
Clinical wcCC wcCcC
Research (i) CSF (i) CSF
Center for protein protein
2 13.5(11- Child Health (iii) CSF (iii) CSF Mediu | Quantitati
Included 4 2.5 (2-5) [50.0] | 0]0] Brain (1), ADEM (3) 47) NA NA NA and Disorders, | OCB OCB m ve
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Ministry of
Education Key
Laboratory of
Child
Development
and Disorders,
China

Zeng, et al., ON (7), TM (1), Brain (2), Brainstem (i) Serum
2023 128 (1), Brain+Brainstem/Cerebellar (1), MOG-IgG
7 Brain+ON (1), titre
Total 15 29 (4-65) [46.7] | 6[40.0] | Brain+Brainstem/Cerebellar+ON (1) 33 (24-64) (ii) Serial
serum
Referred CBA MOG-IgG
at Guangzhou Liuzhou status
ON (7), TM (1), Brain (2), Brainstem Jinyu Medical People’s (iii) CSF
(1), Brain+Brainstem/Cerebellar (1), Laboratory, Hospital, wCC (i) Serum
7 Brain+ON (1), Guangzhou, Liuzhou, (iv) CSF MOG- Mediu | Quantitati
Included 15 29 (4-65) [46.7] | 6[40.0] | Brain+Brainstem/Cerebellar+ON (1) 33 (24-64) | Fixed >1:10 China China protein 1gG titre m ve
Baek, et al., Sungkyunkwa 1)
2023 ¥ n University Peripheral
20 School of blood
Total 39 37.4+£12*% | [51.3] | NA NA NA Medicine, count
20 Seoul, South index Qualitativ
Included 39 374+ 12% | [51.3] | NA NA NA NA NA NA Korea — ratios Low e
Singh, et al., (i) Serum
2022 130 MOG-IgG
2 126 (36- titre
Total 2 10 (5-15) [100] | 2[100] | uON+Brain (2) 216) Texas Tech (ii) Serial
University serum (i) Serum
Health MOG-IgG MOG-
Sciences status IgG titre
2 126 (36- Center, El (iii) CSF (ii) CSF Quantitati
Included 2 10 (5-15) [100] | 2[100] | uON+Brain (2) 216) Live NA NA Paso, USA OCB OCB Low ve
Wang, et al., Overall phenotype NA; regions Qilu Hospital,
2023 13! affected at NOS time: Brain (18), Cheeloo
27 (15- 10 Brainstem (6), ON (4), ADEM (3), College of
Total 25 35) [40.0] | 8[32.0] | Cerebellar (2) 12 Medicine,
Commercially Shandong 1)
Overall phenotype NA; regions available University, Peripheral
affected at NOS time: Brain (18), Euroimmun, Jinan, blood
27 (15- 10 Brainstem (6), ON (4), ADEM (3), Lubeck, Shandong, count index Qualitativ
Included 25 35)% [40.0] | 8[32.0] | Cerebellar (2) 12 Fixed NA Germany China ratios — Low e
Song, et al., Brain (13), Cerebellar (1), Children’s
2022 132 Brain+Brainstem (1), Hospital of
9.5(3- 12 Brain+Cerebellar (2), Chongqing
Total 18 3H” [66.7] | 3[16.7] | Brain+Brainstem+Cerebellar (1) 17 (8-39) Medical (i) Serial
University, serum
National MOG-IgG
Clinical status
Brain (12), Cerebellar (1), Research (i) CSF (i) CSF
Brain+Brainstem (1), Center for WwCC WwcCC
12 Brain+Cerebellar (2), Child Health (iii) CSF (i1) CSF Mediu | Quantitati
Included 17 9 (3-13)" [70.6] | 3[17.7] | Brain+Brainstem+Cerebellar (1) 17 (13-39) | Fixed NA NA and Disorders, | protein protein m ve
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Ministry of
Education Key
Laboratory of
Child
Development
and Disorders,
Chongqing
Key
Laboratory of
Pediatrics,
Chongqing,
China

Masuda, et Graduate
al., 2023 '3 School of
45(26.25- | 12 Medicine,
Total 18 63.75)% [66.7] | NA NA NA Chiba
University,
Inohana,
Chuo-Ku, (i) Serum
45(26.25- | 12 Chiba-Shi, and CSF Qualitativ
Included 18 63.75)% [66.7] | NA NA NA NA NA NA Japan — cytokines | Low e

NA, not available. Phenotypes were directly reported as they appeared in the original manuscript

SMedian (IQR)

“Mean (range)

*Mean + SD

~Age not otherwise specified

*Original study reports phenotypes for n=13; discrepancy with total participants n=12

@Original study defines as “disease duration at last follow-up”

'Age at sampling

~Original study reported characteristic by following subgroups: (i) paediatric persistent MOG-IgG seropositivity, (ii) paediatric transient MOG-IgG seropositivity, (iii) adult persistent MOG-IgG seropositivity, and (iv) adult transient MOG-
IgG seropositivity

*Phenotype partially available

®Original study reported characteristic by following subgroups: (i) persistent MOG-IgG seropositivity and (ii) transient MOG-IgG seropositivity

°Original study reported phenotypes for n=97; discrepancy with total participants n=84

dOriginal study reported characteristic by following subgroups: (i) attack and (ii) remission

‘Range only

fAll included participants had the same follow-up duration

£0riginal study reported characteristic by following subgroups: (i) MOG-IgG titre 1:160-1:640 and (i) MOG-IgG titre >1:1280

"Age partially available

iSex partially available

Disease course partially available

Only age decade specified, therefore, estimated as mid-decade

'Original study reported characteristic by following subgroups: (i) isolated recurrent ON (rON only) and (ii) recurrent ON with subsequent central nervous system demyelinating attack beyond the optic nerve (rON-plus)
"Follow-up duration for participants with MOGAD, AQP4-IgG positive NMOSD, and double seronegative NMOSD

"Original study reported characteristic by following subgroups: (i) paediatric monophasic, (ii) paediatric relapsing, (iii) adult monophasic, (iv) adult relapsing
°Original study reported characteristic by following subgroups: lumbar puncture opening pressure (i) <28cm H,O and (ii) >28cm H,O

PUnclear if median (IQR) or median (range) from original study

9Mean only; no SD reported

"Original study reported characteristic by following subgroups: (i) no subclinical disease activity on OCT and (ii) subclinical disease activity on OCT
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Supplementary Table S: Comparison of follow-up duration between included monophasic and relapsing
participants as reported by 48 studies. Statistical significance assessed with Mann-Whitney U Test.

Monophasic

Relapsing

Follow Follow- Follow-up
Source Participants w-up . Participants w-up . Data P-value

@) Duration, Median m) Duration, Median | o' .

(range) (months) (range) (months)

Sondshetals g 31.5 (12-36) 3 36 (18-141) IPD 0.590
Hyun, etal,, 2017 39 (23-113) 15 65 (23-200) IPD 0.368
2Hoolf‘;bzrger, etal., 5 43 (18-127) 10 108 (17-415) IPD 0.371
Dorelenetal s 22.8 + 26.4% 7 58.8 & 26.4* AD 0.106
;z(l)rzuésiget al., 42 21 (0-65) 38 63 (1-229)" AD <0.0001
quda,et al., 2019 1 19& 3 46 (18-87) IPD 1
;‘g"ly;lﬁfyk’ etal, |59 20 (12-131) 29 50 (12-438) IPD <0.0001
Hino-Fukuyo, et | , 140 (68-212) 3 150 (87-322) IPD 0.800
al., 2019
5Sserm, etal., 2021 5 25 (24-34) 4 41 (28-196) IPD 0.174
%11\]9615?’ etal, 3 49 (34-77)8 23 80 (38-105) AD 0.133
Ser i Bt 23 (12-88) 8 41 (24-246) IPD 0.141
Izigls;a:oy, etal., 2 37.5 (35-40) 11 31 (19-74) IPD 0.923
;Ian, etal., 2022 5 19 (12-54) 1 17& IPD 1
Alshamrani, et &
al., 2020 68 1 13 4 126 (48-132) IPD 0.277
Lui, etal,, 2021 © | 14 39 (15-150) 9 100 (18-300) IPD 0.034
Hennes, et al., 4 #
20178 40 24 25 24 AD —
Senanayake, et
R 4 12 (12-24) 13 84 (36-204) AD 0.010
Wegener-Panzer,
etal., 2020 ™ 2 18 (12-24) 4 45 (24-48) IPD 0.153
Daumann, etal, 10 27.5 (14-81) 4 415 (30-67) IPD 0.357
Arma%gue, etal., 53 24 (12-24) 11 24* IPD 0.535
2020
Ijgf?;gna’ A 27.5 (15-53) 3 30 (22-52) IPD !
é\{[ao, etal., 2019 10 13.5 (12-20) 10 30.5 (12-63) IPD 0.013
gggrllggg et al., 25 33 (14-57) 6 42.5 (16-63) AD 0.339
g{uda, et al., 2021 34 35 (12-82) 41 107 (12-400) IPD <0.0001
Iz‘loozsgggm’ ctal, | 33 29 (12-122) 18 51.5 (18-130) AD 0.032
;{ao, etal., 2022 3 17 (12-23) 1 20& IPD 1
Nguyen, etal, | 52 (21-86) 2 132.5 (114-151) IPD 0.200

2024 %4
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ZhangBao, et al.,

. 6 61 (60-66) 38 120 (66-326) IPD <0.001
Wang, et al., &

by A 1 16 2 42 (12-72) IPD 1
Yot e 36 (24-60)° 44 60 (36-84)° AD 0.008
Guzman, et al., &

5023 100 1 12 2 33 (30-36) IPD 0.667
Dastalgb el ag 28.5 (14-142) 36 40 (14-320) IPD 0.003
1Vo\{u, etal., 2023 3 24 (13-36) 1 26& IPD 1
%sy, etal., 2023 3 34 (30-37) 7 32 (16-98) IPD 1

?SQu, etal., 2023 9 32 (13-48) 13 35 (13-58) IPD 0.547
2H002r§1}?1u, etal, 7 54+ 30 4% 3 103.2 + 57.6* AD 0.152
Salunkhe, et al.,

2023 113 1 36¢ 2 24 (12-36) IPD 1
;(l)yzin;ge, ctal, | s 33.5(19.8-50.5)" 137 64 (28.4-115.2)° AD 0.003
Nguyflr;, etal, 5 48 (18-90) 5 66 (16-192) IPD 1
2023

Zhang, et al., # #

2022 10 s P : - P —
panetglos, etal, | 4 22.5 (19-33) 3 18 (18-49) IPD 0.629
Iz‘log;rfﬁ’ ctal, 1 34 35.8 (26.4-49.5)° 27 71.9 (33.1-110.9° | AD 0.017
Pt el 4 76.5 (38-90) 7 84 (12-132) IPD 0.649
yosought etal, | 5 60 (12-108 months) | 2 54 (36-72) IPD I
1Zzgng, etal., 2023 9 36 (24-48) 6 31.5 (26-64) IPD 0.814
Wang, et al., # #

2023 13! v - i - P —
Song, etal,, 2022 | |, 17 (13-37) 3 35 (16-39) IPD 0.229

*Mean = SD

"Original study defined as “disease duration at last follow-up”
&Single participant follow-up duration

$Median (IQR)

#All included participants had the same follow-up duration
IPD=individual participant data, AD=aggregate data
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Supplementary Table 6: Investigating the association of serial serum MOG-IgG measurement at various
sample collection intervals and relapsing disease course

Based on >2 serum MOG-I

G results >3 months apart

Predictor of Studies | Total Monophasic | Relapsing OR (95% Univariable I | Egger’s
Relapsing (n) Participants | Participants Participants | CI) of Random- Test P-
Disease Course (n) (n) (n) Relapsing Effects Meta- value
Disease Analysis P-
Course value
Serial Serum
MOG-IgG Status
Transient 48 777 178 72 2.70 (1.82— | <0.0001 0% | 0.2829
seropositivity 3.99)
Persistent 245 282
seropositivity
Based on >2 serum MOG-IgG results >6 months apart
Predictor of Studies | Total Monophasic | Relapsing OR (95% Univariable I> | Egger’s
Relapsing (n) Participants | Participants Participants | CI) of Random- Test P-
Disease Course (n) (n) (n) Relapsing Effects Meta- value
Disease Analysis P-
Course value
Serial Serum
MOG-IgG Status
Transient 44 671 150 59 2.28 (1.51- | <0.0001 0% | 0.2642
seropositivity 3.43)
Persistent 211 251
seropositivity
Based on >2 serum MOG-IgG results >12 months apart
Predictor of Studies | Total Monophasic | Relapsing OR (95% Univariable I | Egger’s
Relapsing (n) Participants | Participants Participants | CI) of Random- Test P-
Disease Course (n) (n) (n) Relapsing Effects Meta- value
Disease Analysis P-
Course value
Serial Serum
MOG-IgG Status
Transient 41 567 147 43 2.82 (1.79— | <0.0001 0% | 0.8388
seropositivity 4.45)
Persistent 169 208
seropositivity
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Supplementary Table 7: Investigating the multivariable association of serial serum MOG-IgG measurement
at various sample collection intervals and relapsing disease course alongside participant-level demographics.

When persistent seropositivity is defined as >2 positive measurements >3 months apart

Total OR (95% CI) of

Predictor of Relapsing Disease Participants Monophasic Relapsing Relapsing Disease | P
Course* (n) Participants (n) | Participants (n) | Course value”
Serial MOG-
IgG status

Transient

seropositivity 32 23 9 1.00 (reference)

Persistent

seropositivity 96 18 78 14.56 (2.17-97.89) | 0.0059
Sex

Male 59 25 34 1.00 (reference)

Female 69 16 53 1.07 (0.27-4.23) 0.9255
Age

Paediatric (<18) 77 27 50 1.00 (reference)

Adult (>18) 51 14 37 1.51 (0.17-13.54) 0.7123
Phenotype

Brain/Brainstem 23 7 16 1.00 (reference) —

ADEM 26 18 8 0.05 (0.003-0.84) 0.0373

ON 20 8 12 0.99 (0.07-13.66) 0.9957

™ 5 3 2 0.20 (0.01-6.43) 0.3595

ADEM+ON 16 1 15 5.58 (0.15-205.13) | 0.3497

ON+TM 10 2 8 6.67 (0.12-360.21) | 0.3512

10.87 (0.61-
Mixed 28 2 26 193.27) 0.1042

~Analysis was with a one-stage [PD meta-analysis with multivariable logistic mixed-effects regression. There was substantial
heterogeneity (1>=76.93%).
*Minimum subgroup sample size criterion (n >5); phenotype ‘Other’ was excluded due to insufficient participant numbers

(n=3)

When persistent seropositivity is defined as >2 positive measurements >6 months apart

Total OR (95% CI) of
Predictor of Relapsing Disease Participants Monophasic Relapsing Relapsing Disease | P
Course* (n) Participants (n) | Participants (n) | Course value”
Serial MOG-
IgG status
Transient
seropositivity 24 16 8 1.00 (reference) 0.1428
Persistent
seropositivity 86 17 69 5.09 (0.58-44.86)
Sex
Male 50 20 30 1.00 (reference) 0.5194
Female 60 13 47 1.65 (0.36-7.60)
Age
Paediatric (<18) 64 20 44 1.00 (reference) 0.7347
Adult (>18) 46 13 33 1.61 (0.10-24.81)
Phenotype
Brain/Brainstem 22 7 15 1.00 (reference) —
ADEM 19 12 7 0.06 (0.002-2.10) | 0.1220
ON 16 6 10 1.89 (0.08-46.60) | 0.6960
™ 5 3 2 0.24 (0.01-12.12) | 0.4746
10.45 (0.15—
ADEM+ON 16 1 15 726.97) 0.2783
ON+TM 10 2 8 8.36 (0.13-543.20) | 0.3189
Mixed 22 2 20 8.64 (0.38-197.78) | 0.1770

~Analysis was with a one-stage IPD meta-analysis with multivariable logistic mixed-effects regression. There was substantial
heterogeneity (1>=94.1%).
*Minimum subgroup sample size criterion (n >5); phenotype ‘Other’ was excluded due to insufficient participant numbers

(n=2)

When persistent seropositivity is defined as >2 positive measurements >12 months apart
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Total OR (95% CI) of

Predictor of Relapsing Disease Participants Monophasic Relapsing Relapsing Disease | P
Course* (n) Participants (n) | Participants (n) | Course value”
Serial MOG-
IgG status

Transient

seropositivity 21 13 8 1.00 (reference)

Persistent

seropositivity 75 15 60 5.79 (0.70-47.78) | 0.1030
Sex

Male 46 18 28 1.00 (reference)

Female 50 10 40 1.26 (0.26-6.13) 0.7766
Age

Paediatric (<18) 53 16 37 1.00 (reference)

Adult (>18) 43 12 31 1.09 (0.09-13.45) | 0.9459
Phenotype

Brain/Brainstem 16 4 12 1.00 (reference) —

ADEM 16 11 5 0.04 (0.002-1.00) | 0.0503

ON 14 2 18 1.70 (0.08-37.57) | 0.7357

™ 5 5 9 0.20 (0.01-7.72) 0.3875

ADEM+ON 15 1 14 3.39 (0.08-146.58) | 0.5250

ON+TM 10 2 8 5.28 (0.10-279.55) | 0.4111

Mixed 20 3 2 4.32 (0.22-85.67) | 0.3373

~Analysis was with a one-stage [PD meta-analysis with multivariable logistic mixed-effects regression. There was substantial
heterogeneity (1>=82.9%).
*Minimum subgroup sample size criterion (n >5); phenotype ‘Other’ was excluded due to insufficient participant numbers

(n=2)
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Supplementary Table 8: Random-effects meta-analysis of means to investigate serum GFAP and NfL
biomarker levels during different disease activity

Remission Attack
. Age Overall Overall
Predictor | Study Category (Sl?)mples Mean | SD (%) | mean (S;l)mples Mean | SD (%) | mean
(95% CI) 95% CI)
Kim, et
’ 75.33 20.17 N 89.71 21.65
?91 » 2020 Adult ? pg/mL | pg/mL 7 pg/mL | pg/mL
Chang, et
al, 2021 | Combined | 19 158.42 1232.22 | g7 98 | 334 309.65 1 367.19 76 75
20 pg/mL | pg/mL . pg/mL | pg/mL g
(75.60 (64.99
GFAP Hyun, et 119.97) 288.51)
alyuZ(;21 Adult 54 107.07 | 47.14 /IﬁL 17 185.88 | 81.25 /r.nL
o pg/mL | pg/mL PE pg/mL | pg/mL P
Aktas, et
’ 107.14 | 42.71
?}., 2023 Adult 8 pe/mL | pe/mL — — —
Kim, et
’ 11.11 4.99 N 18.72 23.11
?91 » 2020 Adult 9 pg/mL | pg/mL 7 pg/mL | pg/mL
Chang, et
’ . 44.16 78.08 N 68.26 84.83
;1(}., 2021 Combined | 19 pe/mL | pg/mL 23 pe/mL | pg/mL
Hyun, et
al., 2021 Adult 55 22};3nlL 35;r‘r19L 17 16;;35 15;;115
2! be be 17.25 be be 71.45
Luo, et al., . 13.00 11.71 (10.12— 59.55 60.58 (40.44—
NfL 20212 | Combined | 47 pg/mL | pgmL | 2437) | pg/mL | pg/mL | 103.46)
Aktas, et pg/mL pg/mL
al, 2023 | Adult 8 30.29 -1 27.91 _ — —
14 pg/mL | pg/mL
Horellou,
etal., Paediatric | — — — 157 89.72 22.38
2023 111 pg/IIlL pg/mL
Wendel, et
al., 2022 Paediatric | — — — 197 73.68 87.77
119 pg/mL | pg/mL
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Supplementary Table 9: Qualitative assessment of studies reporting novel biomarkers.

Biomarker

Sample
Size (n)

Study

Specimen

Key Findings

Classification

of Evidence*

Properties of serum MOG-1gG

MOG epitope binding

pattern

55

41

Serum

e 0% (0/10) of individuals with non-P42
MOG-IgG had a monophasic course
compared to 18.3% (2/11) with P42 MOG-
IgG (p=0.476)

e P42 MOG-IgG was associated with fewer
total attacks during follow-up (median 2.0,
IQR 1.8-3.5) compared to non-P42 MOG-IgG
(median 2.5, IQR 2.0-5.0) (p=0.722)

Class III

202

39

Serum

e Non-P42 MOG-IgG conferred significantly
increased risk for relapsing course compared
to P42 MOG-IgG (HR 1.7, 95% CI 1.15—
2.60) (p=0.009)

e Among individuals with uON at onset, non-
P42 MOG-IgG conferred significantly
increased risk of relapsing course compared
to P42 MOG-IgG (HR 2.7, 95% CI 1.06—
6.98) (p=0.038)

e Epitope binding pattern was highly stable

over time

Class II

Immune cells

Complement-
dependent

cytotoxicity  (CDC)
and antibody-
dependent  cellular

phagocytosis (ADCP)

56 total;
25
MOGAD

117

Serum

e High-throughput assays assessed effector
functions (complement activation (CA),
CDC, ADCP, and antibody-dependent
cellular cytotoxicity (ADCC)) of MOG-IgG
from sera of individuals with MOGAD

® Engagement of effector functions was
bimodal; 67% (12.18) of serum samples
induced CDC while 33% (6/18) did not

® Magnitude of CDC and ADCP was
significantly elevated closer to relapse
(p=0.058 and p=0.011, respectively)

® (CDC and ADCP assays have potential to
predict disease activity as well as individual

response to complement inhibitor therapies

Class III

PBMCs

29 total;
12
MOGAD

48

Serum

e PBMCs collected at onset were stimulated
with th-MOG
e  Thl7-cells increased significantly in

individuals with a monophasic course but not

Class III
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a relapsing course (p = 0.03 and p=0.25,
respectively)

CD4+Foxp3+ Tregs increased significantly
in individuals with a monophasic course but
not a relapsing course (p = 0.046 and
p=0.375, respectively)

CD45RA-Foxp3+ Tregs decreased
significantly in individuals with a relapsing
course but not with a monophasic course

(p = 0.021; p-value for monophasic group

not stated)

96 total;
26
MOGAD

59

Serum

Th17-cells were significantly increased in
MOGAD, AQP4-IgG seropositive NMOSD,
and MS compared to HCs at attack (p=0.001,
p<0.001, and p=0.005, respectively) and
remission (p=0.033, p=0.005, and p=0.004,
respectively)

Th17/Treg ratios were significantly
increased in MOGAD, AQP4-1gG
seropositive NMOSD, and MS compared to
HCs at attack (p=0.004, p<0.001, and
p=0.006, respectively) and remission
(p=0.019, p<0.001, and p=0.005,
respectively)

Th17-cells were significantly increased in
MOGAD, AQP4-IgG seropositive NMOSD,
and MS at attack compared to remission
(paired sample comparison) (p=0.015,
p=0.012, and p=0.018, respectively)

Class II

41 total;
17
MOGAD

63

Serum

Plasmablasts were significantly lower at
attack in MOGAD compared to AQP4-1gG
seropositive NMOSD (p < 0.05)

Transitional B-cells were significantly
elevated at remission in MOGAD compared
to HCs and AQP4-IgG seropositive NMOSD
(all p<0.01)

MOGAD attack and remission B- and T-cell

subsets were not explicitly compared

Class II

Peripheral blood
count index ratios,

including:

156 total;
17
MOGAD

78

Serum

NLR was significantly elevated at attack
compared to remission in MOGAD

(p<0.001)

Class 11
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e  Neutrophil
percentage (N%)

e Neutrophil-to-
lymphocyte ratio

NLR was significantly elevated at attack in
MOGAD compared to MS (p<0.001)

Total white blood cell count, neutrophil

count, monocyte count, NLR, and MLR

304 total,
(NLR) were all significantly elevated at attack
26 o7 Serum Class II
e  Platelet-to- compared to controls (p=0.0001, p<0.0001,
MOGAD
lymphocyte ratio p=0.0191, p=0.0002, and p=0.0320,
(PLR) respectively)
e  Monocyte-to- NLR, PLR, and MLR collected at onset were
lymphocyte ratio significantly elevated in MOGAD compared
(MLR) to HCs (all p<0.001)
e Fosinophil-to- 81 total; NLR and PLR collected at onset were
lymphocyte ratio | 31 1o Serum significantly elevated in MOGAD compared | Class II
(ELR) MOGAD to MS (p<0.001 and p=0.001, respectively)
e Systemic PLR was significantly positively associated
immune- with relapsing course in MOGAD
inflammation (OR=1.016, 95% CI 1.001-1.031) (p=0.038)
index (SII) NLR, PLR and N% were significantly
e  Systemic elevated at attack compared to remission (all
inflammation 39 129 Serum p<0.001) Class II
response  index ELR was significantly lower at attack
(SIRI) compared to remission (p<<0.001)
Onset MLR was significantly lower in
individuals with relapsing MOGAD (median
0.18, IQR 0.14-0.26) compared to
monophasic MOGAD (median 0.29, IQR
0.24-0.44) (p=0.013)
ROC analysis found that onset MLR
125 total; ) ) ) o
predicted relapsing course with sensitivity
25 131 Serum o Class IT
and specificity of 75.0% and 88.2%,
MOGAD )
respectively
Onset MLR < 0.200 was significantly
associated with relapsing course (p=0.005)
There were no statistically significant
associations with NLR, PLR, SII, or SIRI
and disease course
Immune molecules
Complement proteins C5a, SC5b9, Ba, and
210 total; Bb were significantly elevated in MOGAD
Complement 109 » Serum compared to paediatric controls (PCs), Class IT
MOGAD relapsing MS (RMS), anti-aquaporin-4

antibody (AQP4-IgG) seropositive
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neuromyelitis optica spectrum disorder
(NMOSD), and healthy donors (HDs) (all
p<0.0001)

Complement protein C3a was significantly
elevated in MOGAD compared to PCs,
RMS, and HDs (p=>0.0001, p<0.001, and
p<0.0001, respectively) but not significantly
different to AQP4-IgG NMOSD

Complement protein factor H was
significantly elevated in MOGAD compared
to RMS (p<0.001) but not significantly
different to PCs, AQP4-IgG seropositive
NMOSD, or HDs

Within the MOGAD group, no difference in
any complement protein levels at attack
compared to remission nor individuals with

monophasic compared to relapsing course

Cytokines

chemokines

and

93 total;
21
MOGAD

43

Serum

IL-1B, IL-5, IL-6, IL-10, IL-12p70, IL-17A,
tumour necrosis factor (TNF)-a, and
interferon (IFN)-y levels were measured in

attack and remission samples

IL-1B (macrophage and dendritic cell-related
cytokine) was significantly elevated in
MOGAD compared to AQP4-IgG
seropositive NMOSD (p<0.001)

IL-10 (regulatory T-cell-related cytokine)
was significantly elevated in MOGAD
compared to MS and other inflammatory
demyelinating diseases (IDDs) (p=0.004 and
p=0.002, respectively)

IL-12p70 (macrophage and dendritic cell-
related cytokine) was significantly elevated
in MOGAD compared to AQP4-IgG
seropositive NMOSD and IDDs (both
p=0.003)

No significant difference between groups in
levels of TNF-a, IFN-y, IL-5, IL-6, and IL-
17A

Thl dominance was more prominent in
MOGAD compared to MS, but similar to
AQP4-IgG seropositive NMOSD

Class I
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IL-1PB levels were significantly increased at
attack compared to remission most markedly
in MOGAD as well as AQP4-IgG
seropositive NMOSD, and MS (all p<0.001)

134 total;
40
MOGAD

92

Serum

65 cytokines, chemokines, and related
molecules like growth factors and soluble
receptors were measured in attack and

remission samples

Both antibody-associated demyelinating
diseases, MOGAD and AQP4-1gG
seropositive NMOSD, had similar patterns of
increased cytokines and chemokines

compared to MS

IL-6 was significantly elevated in MOGAD
compared to MS (p<0.001) but not
significantly different to AQP4-IgG
seropositive NMOSD, carrying implications
for potential therapeutic IL-6 blockade
Within the MOGAD group, no significant
differences in levels measured at attack
compared to remission nor between
individuals with monophasic compared to

relapsing course

Class III

69 total;
11
MOGAD

116

Serum

and CSF

IL-2, IL- 4, IL-6, IL-10, and IL-33 levels
were measured at attack, pre- and post-
treatment with IV methylprednisolone; there

were no remission samples for comparison

Pre-treatment, serum IL-2, IL-6, and IL-10
were significantly increased in MOGAD
compared to healthy controls (HCs) (p<0.01,
p<0.05, and p<0.01, respectively), while IL-
4 and IL-33 were significantly decreased in

MOGAD compared to HCs (both p<0.05)

Post-treatment, serum IL-6, IL-10, and 1L-33
were significantly increased in MOGAD
compared to HCs (p<0.01, p<0.05, and
p<0.05, respectively), while IL-2 and IL-4
were significantly decreased in MOGAD
compared to HCs (both p<0.05)

Pre-treatment, CSF cytokines were all

significantly increased (IL-33 > IL-10 > IL-4

Class III
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> IL-2) in MOGAD (p<0.01, p<0.01,
p<0.05, and p<0.05, respectively) and
AQP4-IgG seropositive NMOSD (p<0.05,
p<0.01, p<0.05, and p<0.05, respectively)
compared to HCs, but more so in MOGAD

Metrics of BBB dysfunction (CSF QAlb,
IgG index, and 24-h IgG synthesis rate) were
all significantly elevated in MOGAD (all
p<0.01) and AQP4-IgG seropositive
NMOSD (p<0.05, p<0.01, and p<0.05,
respectively) compared to HCs, but more so

in MOGAD

55 total;
18
MOGAD

133

Serum

and CSF

Cytokines relevant to vascular remodelling
were measured in samples obtained pre-
treatment and at attack or near attack
(median 14 (range 1-81) days from attack to
sampling); there were no remission samples

for comparison

Serum hepatocyte growth factor (HGF) was
significantly elevated in both MOGAD and
AQP4-1gG seropositive NMOSD compared
to HCs (p=0.0022 and p<0.001, respectively)
Serum fibroblast growth factor-2 (FGF-2)
was significantly elevated in MOGAD
compared to HCs (p=0.0070)

No significant difference in serum or CSF
IL-6 between MOGAD and AQP4-IgG
seropositive NMOSD; no HC measurement

for comparison

Class III

Lipocalin-2 (LCN2)

39 total; 6
MOGAD

123

Serum

LCN2 levels were significantly higher in
MOG-IgG seropositive ON (mean 50.96
ng/mL, SD not stated) at onset attack
compared to MOG-IgG seronegative ON
(mean 37.60 ng/mL) and HCs (30.86 ng/mL)
(p=0.037)

LCN2 levels significantly positively
correlated with MOG-IgG titres (r=0.553,
p=0.0141)

ROC analysis found that LCN2 level of 36.2

ng/mL predicted ON relapse with sensitivity
and specificity of 62.5% and 81.8%,

Class III
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respectively; this was not statistically

significant (p=0.133)

sTREM2 levels were significantly elevated
in serum and CSF of children with MOGAD

38 total;
STREM? 19 103 Serum compared to non-neuroinflammatory Class III
MOGAD and CSF disorder controls (p=0.0012 and p<0.001,
respectively); all samples were collected at
attack
68 total; TNFAIP3 levels were significantly reduced
TNFAIP3 24 02 Serum at attack compared to remission and HCs Class II
MOGAD (p=0.04 and p=0.0001, respectively)
Neurological injury molecules
49 total, e No significant difference between
16 19 Serum GFAP levels in MOGAD at attack and | Class I
MOGAD remission
o  GFAP levels were significantly elevated
in AQP4-IgG seropositive NMOSD
152 total; (median 274.1, IQR 109.2-1680.6
42 2 Serum pg/mL) and MOGAD (median 136.7, Class I
MOGAD IQR 97.8-220.1 pg/mL) compared to
HCs (median 61.4, IQR 49.7-81.0
GFAP pg/mL) (all p <0.001)
41 total,
s . Serum e  GFAP levels were not significantly Class II
MOGAD elevated at attack in MOGAD
GFAP levels were elevated (> 2 SDs from
225 total; HD means) in 14% (1/7) of individuals with
7 34 Serum MOGAD at baseline Class I
MOGAD There was no significant attack-related
pattern of GFAP in MOGAD
49 total;
16 19 Serum No significant difference between NfL levels Class |
MOGAD at attack and remission
NfL levels were significantly higher in
NiL AQP4-1gG seropositive NMOSD (median
152 total; 17.6, IQR 9.6-48.1 pg/mL), MOGAD
42 0 Serum (median 27.2, IQR 10.8-54.8 pg/mL), and Class I
MOGAD RRMS (median 24.5, IQR 14.5-58.3 pg/mL)

compared to HCs (median 7.4, IQR 5.6-9.4
pg/mL) (all p<0.001)
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NfL levels were significantly higher at attack
(median 34.1, IQR 17.6-64.3 pg/mL)
compared to remission (median 2.5, IQR

9.1-48.4 pg/mL) in MOGAD (p=0.049)

41 total; e NfL levels were elevated in all (17/17)
15 A Serum attack samples compared to 24% (14/59) | Class II
MOGAD of remission samples (p<0.0001)
NfL levels in adults were significantly higher
at attack (median 31.0, IQR 15.8-
81.2 pg/mL) compared to remission (median
8.1, IQR 5.7-14.4 pg/mL) and HCs (median
120 total 10.3, IQR 8.1-13.3 pg/mL) (p=0.001 and
49 ’ Serum p=0.004, respectively) Class 1
MOGAD NfL levels in children were significantly
higher at attack (median 46.8, IQR 5.8-
130.2 pg/mL) compared to remission
(median 13.1, IQR 4.7-35.7 pg/mL) and HCs
(median 8.2, IQR 6.4-11.3 pg/mL) (p=0.001
and p=0.007, respectively)
36 total; e NfL levels were increased at onset then
18 65 Serum stable or decreased with no significant Class III
MOGAD elevation at subsequent attacks
NfL levels at onset were significantly higher
in individuals with severe attacks (median
76 total 15.3 pg/mL, range 4-101.5 pg/mL) compared
- p Serum ZO in;iviiu;ﬂs v;itl;mild—to;n;oizre(l)te a;[ta(]il;s Class 11
median 7.3 pg/mL, range 2.1-23.0 pg/m
MOGAD (p=0.002), independent of age and sex
NfL levels at onset did not significantly
correlate with subsequent relapse rate
NfL levels were elevated (>2 SDs from HD
225 total; means) in 43% (3/7) of individuals with
7 34 Serum MOGAD at baseline Class I
MOGAD There was no significant attack-related
pattern of NFL in MOGAD
27 total: NfL levels were significantly elevated within
s . Serum 3 months of onset in MOGAD (mean 89.72 Class 11
MOGAD + 22.38 pg/mL) compared to HCs (mean
12.47 £ 2.47 pg/mL) (p=0.0012)
164 total; NIfL levels collected within 3 months of
19 19 Serum onset were significantly higher in children Class I
MOGAD with MOGAD (median 56.7, range 4.1—
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372.8 pg/mL), other ADS (median 26.5,
range 1.5-2444.3 pg/mL), and MS (median
39.1, range 4.2-474.7 pg/mL) compared to
controls with other neurological diseases
(median 7.5, range 3.0-31.8 pg/mL) (all
p<0.001)

Tau levels were significantly higher at attack

49 total; dian 0 0.4.0 ) q
median 0.5, IQR 0.4-0.5 pg/mL) compare
16 19 Serum ( Q pe/imL.) comp Class I
to remission (median 0.2, IQR 0.1-0.3
MOGAD
pg/mL) (p=0.027)
Tau
Tau levels were not elevated (> 2 SDs of HD
225 total;
means) at baseline in any individuals with
7 34 Serum Class I
MOGAD nor was any significant attack-
MOGAD
related pattern observed
o UCHLI levels were not elevated (> 2 SDs of
Ubiquitin ~ Carboxy- | 225 total;
) HD means) at baseline in any individuals
terminal ~ Hydrolase | 7 34 Serum Class I
with MOGAD nor was any significant
L1 (UCHL1) MOGAD
attack-related pattern observed
Genetics
Frequency of DQB1%05:02 allele was
significantly higher at 18.95% in MOGAD
compared to 10.71% in controls (OR=1.95,
95% CI 1.25-3.0) (p=0.002)
Age subgroup analysis revealed a significant
association for paediatric-onset MOGAD
576 total; with DQB1*05:02 (OR=2.43, 95% CI 1.39-
HLA genotype 95 66 Serum 4.11) (p=0.001) and DRB1*16:02 (OR=3.28, | Class II
MOGAD 95% CI 1.55-6.25) (p=0.001) but no
significant associations for adult-onset
MOGAD
80% (8/10) of paediatric-onset MOGAD
carriers of the DQB1*05:02-DRB1*16:02
haplotype had a relapsing course compared
to 37% (15/41) of non-carriers (p=0.030)
Metabolic and endocrine molecules
Homocysteine was elevated at onset in 40%
(8/20) of individuals with late-onset (> 50
years) MOGAD,; of those, 87.5% (7/8) had a
Homocysteine 20 14 Serum monophasic course and 12.5% (1/8) had a Class 11T

relapsing course

Homocysteine was normal at onset in 60%

(12/20) of individuals with late-onset
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MOGAD; of those, 50% (6/6) had a
monophasic course and 50% (6/6) had a
relapsing course

® No findings reached statistical significance

(p=0.158)

138 total;
: ® No significant difference between prolactin
Prolactin 15 102 Serum Class 11
levels in MOGAD at attack and remission
MOGAD
e  Total thiol and native thiol levels were
significantly lower in samples collected at
. 85 total; 8
Thiol 58 Serum attack compared to remission in a combined | Class III
MOGAD
cohort of MOGAD, AQP4-IgG seropositive
NMOSD, and MS
® FT4 levels were significantly higher in
relapsing MOGAD (mean 16.46 + 3.14 pM)
compared to monophasic MOGAD (mean
261 total;
Thyroid function 13.68 £ 1.46 pM) (p=0.03)
ol 26 93 Serum Class III
rofile ;
p MOGAD e ROC analysis found that FT4 level 15.125
pM predicted relapsing disease course with
sensitivity and specificity of 72.7% and
87.5%, respectively
Extracellular matrix molecules
152 total;
MFAP4 levels were significantly reduced at
MFAP4 22 15 CSF Class II
attack compared to remission (p=0.001)
MOGAD

*Classification of evidence was assessed using the American Academy of Neurology (AAN) Criteria for Rating Diagnostic

Accuracy Studies.
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Chapter 3 | Discussion and Concluding Remarks

This concluding chapter synthesises our key findings and their implications for clinical
practice. The strengths and limitations of this project are considered. Finally, we highlight

future directions and propose a series of relevant recommendations for this undertaking.

93



Summary of Key Findings

MOGAD is an inflammatory autoantibody-mediated demyelinating pathology of the CNS.
Two key differential diagnoses of MOGAD include NMOSD — a primary autoantibody-
mediated astrocytopathy with subsequent demyelination — and MS — an inflammatory
demyelinating condition with lesions composed of activated macrophages and microglia and
CD8 + T-cells, with fewer CD4 + T-cells and B-cells '->. MOGAD follows either a monophasic
or relapsing disease course, with relapse reported to affect 72% of individuals when follow-up
is extended beyond 5-years 4. The morbidity burden associated with MOGAD is significant; it
has been reported that the median EDSS at recovery following later episodes was higher than
the median EDSS at recovery following earlier episodes, which suggests that neurological
disability accumulates with relapse °. Relapse prediction in MOGAD is an integral yet elusive
goal that has the potential to guide early immunosuppressive therapies and limit the accrual of
disability in relapsing individuals while simultaneously ensuring monophasic individuals are
not unnecessarily exposed to long-term immunosuppression. To date, numerous clinical factors
have been assessed for disease course prediction. Male sex, TM onset attack phenotype, and
corticosteroid wean >1-month duration have all been associated with a reduced risk of relapse
6. There is mixed evidence regarding age at onset and relapse risk, with one group reporting
that age at onset >16 years was associated with reduced risk of relapse °, while another group
found that young adult age at onset (>18-40 years) was associated with increased risk of relapse
compared with older adult age at onset (>40-years)’. Rapid corticosteroid taper and
corticosteroid withdrawal have been shown to confer increased risk of relapse > %°. Laboratory
biomarkers capable of predicting relapse offer another attractive solution to this conundrum of
disease course prediction. Primary studies in the field of MOGAD have been consistently
challenged by limited sample sizes due to the incidence rarity of this disease — estimated at 1.6-
3.4 per 1,000,000 person-years ' !, We conducted a systematic review and meta-analysis to
investigate the capability of laboratory biomarkers to predict disease course, as well as
differentiate remission compared to attack disease activity, while addressing the common

constraint in this research field of underpowered statistical analyses.

We were able to quantitatively analyse at least 1710 individuals from a total of 106 included
studies; however, 6 studies specified sample numbers not participant numbers for part or all of
their dataset. Firstly, we examined biomarkers for capability to predict relapsing course. Most
pertinently, we demonstrated that persistent seropositivity (>2 positive serum MOG-IgG

measurements collected >3 months apart) was significantly associated with relapsing course.
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This relationship remained statistically significant when individual-level covariables (age, sex,
and phenotype) were examined in multivariable analysis and when sample collection interval
was lengthened to >6 and >12 months apart. Multivariable analysis also highlighted the

significant association of ADEM phenotype with monophasic course.

These findings prompted us to further examine longitudinal serum MOG-IgG trends. We found
that individuals with a relapsing course seroreverted to MOG-IgG negative status significantly
later than monophasic individuals. Furthermore, relapsing course and female sex were
associated with an overall significantly reduced likelihood of seroreverting to MOG-IgG
negative status. In contrast, ADEM phenotype was significantly associated with an increased
likelihood of reverting to MOG-IgG negative status, which is in line with the earlier association

between ADEM phenotype and monophasic course.

Next, we examined biomarkers for capability to differentiate between remission and attack in
individuals with known diagnosis of MOGAD. Our primary findings were twofold. Firstly,
serum MOG-IgG titre — semi-quantitatively categorised as negative, low positive, or clear
positive as per the latest international MOGAD diagnostic criteria 2 — effectively discriminated
between remission and attack. Both low positive and clear positive titres were significantly
associated with attack, with clear positive titre demonstrating a more pronounced association
than low positive titre. Negative titre was significantly associated with remission disease state.
Secondly, CSF leukocytosis (=5 cells/uL), compared to a normal WCC, was significantly
associated with attack. It remains to be seen whether serum GFAP and NfL have a role in
disease activity monitoring in MOGAD as our meta-analysis was limited by considerable

heterogeneity with regards to these more novel candidate biomarkers.

Biomarkers collected at disease onset or in the first collected biospecimen that correlate with
disease course offer valuable guidance for overall relapse risk stratification and therapeutic
decisions regarding chronic immunosuppression; however, an important caveat is that these
biomarkers do not necessarily inform timing of relapses. In comparison, biomarkers collected
throughout disease that associate with nearby disease activity offer complementary value for

prediction of relapse timing and the necessity of prompt acute immunosuppression.

Currently, serum MOG-IgG itself is the strongest biomarker of MOGAD disease course and
activity. Nonetheless, it is a blunt tool with the following key limitations: (i) determining
persistent seropositivity requires serial serum MOG-IgG measurement, which confers an

inherit delay for this to assist with relapse risk stratification, (ii) the range of titres within the
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clear positive category is extremely broad, (iii) further reference data to characterise additional
thresholds appropriately sensitive and specific for prediction of attack or remission are
currently lacking, (iv) longitudinal sampling has revealed that titres may fluctuate

independently of attacks '3, and (v) international standardization of all CBAs is required.

Implications for Clinical Practice

The findings of this study have clear and significant clinical implications. In Chapter 2, we
were able to propose the following recommendations for clinicians: (1) serial measurement of
serum MOG-IgG at 3-6 month intervals in the 12 months following disease onset may be
considered to stratify risk of relapsing disease course; however, increased burden of sample
collection and cost are important caveats, (ii) measurement of serum MOG-IgG titre may be
diagnostically useful in settings of clinical uncertainty whereby an individual, who has an
existing diagnosis of MOGAD, has symptoms that are not clearly attributable to a relapse of
MOGAD, and (iii) balancing the risk of lumbar puncture procedure, the presence of CSF
leukocytosis may be a useful auxiliary finding to diagnose MOGAD attack after CNS infection
has been effectively ruled out. Our systematic review with meta-analysis was the first of its
kind to examine biomarkers of disease course and activity in MOGAD and, thus, these
recommendations reflect the highest quality evidence available and may be readily adopted

into clinical practice.

Nonetheless, there are important limitations to our work that must be discussed. First and
foremost, treatment status at time of sample collection could not be accounted for due to limited
reporting in the primary literature. Unfortunately, this methodological decision does not reflect
the real-world context. We hypothesise that immunosuppressants acting via mechanisms of B-
and T-cell depletion would likely reduce serum MOG-IgG titre and promote seroreversion to
negative status. Omission of treatment status at time of sample collection may have
underestimated serum MOG-IgG titres as well as the longitudinal trends of serial MOG-IgG
measurements. Secondly, there was substantial between-study methodological diversity
including sample size, geographic location, sample collection timing, and treatment status,
which contributed to considerable heterogeneity in several of our analyses. We hypothesise
that the extent of between-study methodological diversity observed was, in part, a contextual
product of the fact that MOGAD is a relatively newly defined clinical entity and this field of

research is rapidly expanding. The first consensus international diagnostic criteria for MOGAD

96



only recently became available in 2023 2. These guidelines were instrumental in unifying the

current scientific and clinical understanding of MOGAD.

Future Directions and Recommendations

Our work highlights compelling areas for future research. As aforementioned, given the low
frequency of MOGAD, we anticipate international multicentre collaboration as well as meta-
analysis to be core pillars underpinning this field of research. We have recommended key
definitions for disease course, disease activity, and sample collection timing in the
Supplementary Material of Chapter 2, with the goal of improving consistency of reporting and
reducing the impact of between-study heterogeneity in future meta-analyses. Moreover, we
encourage the reporting of individual participant data where possible to increase the number of
studies eligible for inclusion in future meta-analyses. A significant number of potentially
eligible studies were excluded from our meta-analysis because data was reported solely in

aggregate format and unable to be extracted.

Further characterisation of serum MOG-IgG titre thresholds, for example, ‘negative’, ‘low
positive’, ‘moderate clear positive’, ‘high clear positive’, and ‘very high clear positive’, to
increase granularity of this biomarker has the potential to improve its clinical usefulness for
disease state discrimination. Importantly, such reference thresholds would need to be

established for each CBA available globally.

Finally, our findings may be extended to generate a tool capable of algorithmically
incorporating individual-level clinical and laboratory parameters to estimate risk of relapse and
guide personalised treatment recommendations. This would complement a recently proposed

predictive risk score 4.

Concluding Remarks

This work contributes significantly to the landscape of relapse prediction in MOGAD. We
demonstrated that relapsing disease course was significantly associated with persistent
seropositivity, lower likelihood of seroreversion to MOG-IgG negative status, and delayed
seroreversion compared to monophasic individuals. Moreover, serum MOG-IgG titre and CSF

WCC effectively discriminated between remission and attack. The common constraint of
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limited sample sizes due to rarity of MOGAD incidence was addressed with meta-analysis,
which ultimately enabled the proposal of several clinical recommendations with the highest
quality evidence available. Additionally, these findings established a framework of key

definitions for future studies to adopt, with the goal of improving reporting consistency.
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