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AQP4-1gG

First Descriptions NMO: Variant of MS?

1870s 1894

1999 2004

2006 2007 2015

T.C. Allbutt: Relapsing Discovery of The term NMOSD  IPND Criteria
First presumed cases AQP4 was introduced
NMO
Wingerchuk
NMO Criteria
Devi (‘i’F Gault: Absolute criteria: ) '
3 cvic and t. Liau t ON + acute myelitis + Wingerchuk
neuromy€lite optique | "1 ool evidence of  Revised NMO Criteria

aigué”
(monophasic disorder)

e Dufraetal., 2018 https://doi.org/10.1148/rg.2018170141

disease outside optic
nerve or spinal cord

Supportive criteria:
Major:

a. Spinal cord lesion>3
vertebral segments

b. Negative brain MRI at
onset

c. CSF > 50WBC/mm3
or > 5 neutrophils/mm3
Minor*

Absolute criteria:
ON + acute myelitis

Supportive criteria:

At least 2 of the following:
a. Spinal cord lesion >3
vertebral segments

b. Brain MRI not diagnostic
for MS

c. AQP4-IgG+




Worldwide prevalence of NMOSD

Jacob et al (2013):
Merseyside (Liverpool) (adults) Jonsson et o/ (2019):
Cossburn et al (2012): (95% Whites) Sweden
Cardiff (South East Wales) 0.72 / loolm 1.04 / lw;ooo Papp et al (2018): Kim et of (2019):
(96% Whites) Whites: 0.66 /100,000  Asgari et of (2011 & 2019): Denmark (adults) et o
1.96 / 100,000 Blacks: 1.8 / 100,000 South Denmark (adults) 1.09 / 100,000 (Koreans)
1.68 /100,000 Aboul-Enein et af (2013): 2.56 / 100,000
Austria
&5, 0.77/100,000 Lee et of (2020):
South Korea
o)
Ay (Koreans)

Flanagan, Cabre et o/ (2016):
Olmsted county (Mayo)
(82% Whites, 5% Blacks)
3.9/100,000

Whites: 4.0 / 100,000
Blacks: 13.0/ 100,000

. 3.56 / 100,000

, Houzen et o/ (2018):

Tokachi Province, Hokkaido
(Japanese)
4.1 /100,000

Papp et al (2020):
Hungary (adults)
(96.5% Hungarians,

Miyamoto et o/ (2018):
Japan (nationwide estimate)
(Japanese)

3.42 / 100,000

‘ Hor et o/ (2018):
/7 —>» Penang Island, Malaysia

\ \\x 2 (56% Chinese, 33% Malays,
Eskandarieh et o/ Gg L 3 10% Indians)
(2017): S J "-* 2.14 / 100,000 (updated)
;I"il;?:',\:;an y + Chinese: 3.31 / 100,000
0.86 / 100,000 ::L'%v:ag'ad i25018). Malays: 0.80 / 100,000
(Arabs) Bukhari et of

Flanagen, Cabre et o/ (2016):
French Martinique Island
(90% Blacks, 5% Whites)
10/ 100,000 ',

Blacks: 11.5 /100,000

Cabrera-Gomez et al (2009):
Cuba

(65% Whites, 10% Blacks,
25% Mixed)

0.52 / 100,000

Whites: 0.43 / 100,000 Kashipazha et o/ 1.09 / 100,000 (2017 & PACTRIMS 2019):
Blacks: 0.8 /100,000 (2015): Pandit et ol (2014):  ¢J Australia & New Zealand
Khuzestan, Iran  Eremadifar et af Urban Mangalore 0.70 / 100,000
(Iranians, with  (2014): (South Indians)
25% Arabs) Isfahan, Iran 2.6 / 100,000 Whites: 0.55 / 100,000
1.1/100,000 (Iranians) (0.72 / 100,000 if using Blacks: 1.84 /100,000
1.9 / 100,000 2015 IPND criteria) Asians: 1.57 / 100,000

Maoris: 1.50 / 100,000
Aborigines: 0.38 / 100,000

e Horetfal, 2020 htips://doi.org/10.3389/fneur.2020.00501 )
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Epidemiology of NMOSD

« NMOSD affects 0.52-10 people per 100 000 population worldwide

« The NMQOSD risk is higher in:

,i\ > 35 @

people > 35 years People of Asian
women of age and African descent

« 1/6 NMOSD patients are in the pediatric (<16 years) or elderly (>65
years) groups

« Small proportion of familial NMOSD (3%): AQP4 IgG seropositivity
associated with with HLA-DRB1*03

« Associated systemic or organ-specific autoimmune disease: SLE, SS
myasthenia gravis, autoimmune thyroid diseases, NMDA-R
encephalitis, ...

e Kunchok et al., 2020 https://doi.org/10.1177/1352458520933884




Anti-aquaporine-4 1IgG

AQP4-1gG
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Neuromyelitis High-risk Multiple sclerosis Classic multiple Miscellaneous
optica and syndrome showing optic sclerosis disorders
optic-spinal neuritis or myelitis

multiple sclerosis

Stomach

Diagnostic category

10-25% of NMOSD cases are Specificity ~99%
categorized as seronegative Sensibility 76-95% (CBA)

e Lennon et al., 2004 hitps://doi.org/10.1084/jem.20050304 °




Antl-aquaporine-4 1IgG

Isoforme M 1

' ) _ \Mo-igG
d=_

1000,

100

10

IgG binding index

Isoforme M 23

0.1

= M1 alone
= M1/M23 co-transfected
= M23 alone

NMO

e Fryerefal., 2014 hitps://doi.org/10.1212/NX1.000000000000001 1
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Evaluating the positivity of serum AQP4-IgG at the onset is necessary BUT fiter
level does not reflect the ongoing disease activity or the following neurological

pPrognosis.

Repeated follow-up of fiter levels may not be useful for the management of
NMQOSD patients.

e Akaishi et al., 2020 https://doi.org/10.1016/i.ins.2020.116671 °




Aquaporine-4: function & location
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Physiopathology
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Histopathology

Early loss of AQP4

Astrocytopathy with or without astrocyte death

Associated or not with secondary demyelination and axonal loss
No cortical demyelination

® Misu ef al. 2003 hitps://doi.org/ 10.1007/s00401-013-1116-7
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cal manifestations

Clini

SEVERE Acute Optic Neuritis

e Bilateral, simultaneous or

recurrent
« Extensive and posterior
« Severe visual impairment

Longitudinally exensive
fransverse myelitis (LETM)

« Complete (>50% cord section)
« > 3 vertebral segments

Wingerchuk et al., 2015
https://doi.org/10.1212/WNL.0000000000001729




LETM lesions

e Yonezu et al. 2013 htips://doi.org/10.1177/1352458513495581 °



https://doi.org/10.1177%2F1352458513495581

JAMA Neurology

Original Investigation

Short Myelitis Lesions in Aquaporin-4-IgG-Positive
Neuromyelitis Optica Spectrum Disorders

Eoin P. Flanagan, MBBCh; Brian G. Weinshenker, MD; Karl N. Krecke, MD; Vanda A. Lennon, MD, PhD;
Claudia F. Lucchinetti, MD; Andrew McKeon, MBBCh; Dean M. Wingerchuk, MD; Elizabeth A. Shuster, MD;

Yujuan Jiao, MD; Erika S. Horta, MD; Sean J. Pittock, MD

« 14% of initial NMO myelitis lesions have “short
transverse myelitis” (STM)

o 92% of subsequent myelitis is LETM

« I Timing of scan ! : too early or to late to see LETM




Clinical manifestations

Brain MRl abnormalities =
60%

Brainstem and diencephalic
lesions > 30%

« Nauseq, vomiting, hiccups
(area postremaq)

« Narcolepsia, hypothermia,
SIADH (diencéphale)

* Impaired oculomotor
function, vertigo,
hypoacousia, ataxia, ...




Brain MR

Cortico-spinal
tract

Pseudo T

Peri V3-V4

Kim et al., 2011 https://doi.org/10.1177/1352458511404917




Brain MR

Pericallosal

Cervico-bulbar

Non-specific




Brain MR

Cloud-like enhancement

PS Ifo et al. 2009 https://doi.org/10.1002/ana.21753 °



https://doi.org/10.1002/ana.21753

Aread postfrema syndrome

Intractable nausea, vomiting
and/or hiccups > 48h

» Before (54%)or during an attack
« Sometimes isolated or inaugural
« Bulbar lesion (47%)

e Shosha ef al., 2018 https://doi.org/10.1212/WNL.0000000000006392 o



https://doi.org/10.1002/ana.21753

Area postrema syndrome

R. Hoftberger , Charcot meeting 2019, Baveno



Clinical evolution and prognosis

Initial presentation

 80% ON or LETM
* 4% ON + LETM (50% during follow-up)
o 12% area postrema syndrome

-

‘all’ relapsing untreated
Ethnicity ‘no’ progressive phase

Onset phenotype
Onset age |—> and AQP4 status

Disability
outcome

<— Time to maintenance therapy




Cumulative attack-free survival

Cumulative attack-free survival

0.8

0.9

Clinical evolution and prognosis

Serum GFAP and Neurofilament as disease severity and prognostic
biomarkers in patients with AQP4+ NMOSD

sGFAP
~Low (< 90 pg/ml)
~MHigh (> 90 pg/ml)

0.7
Adjusted HR (95%-Cl) = 11.6 (1.3 - 105.6), p = 0.03

0.6

0 365 730 1095 1460
Time since last relapse (days)
1.0

0.9

—

0.8
sNfL
~Low (<75th age-adjusted percentile)
~IHigh (>75th age-adjusted percentile)

0.7
Adjusted HR (95%-Cl) = 0.5 (0.05 - 5.9), p = 0.60

0.6

0 365 730 1095 1460

Time since last attack (days)

Correlation between dGFAP and dNFL

| AQP4-IgG+ MOG-IgG+
1 1

1004

501
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I5)
S
T

-80 40 0 40 80-80 -40 0 40 80
dNfL (pg/ml)

Schindler et al., 2021 https://doi.org/10.1186/s12974-021-02138-7
°




NMOSD Diagnostic Criterio

Table 1 - Neuromyelitis optica spectrum disorder (NMOSD): diagnosis in the presence or absence of aquaporin-4 (AQP4)

antibody.
NMOSD with AQP4 antibodies

NMOSD without AQP4 antibodies

At least one clinical manifestation of NMOSD (see below)

~80% AQP4 +

Clinical manifestations

At least two different clinical manifestations of NMOSD (at least one of
#], #2 or #3)

Optic neuritis/myelitis or area postrema syndrome

Magnetic resonance imaging (MRI) in accordance with clinical
manifestations |

1. Optic neuritis

2. Acute myelitis

3. Area postrema syndrome

4. Acute brainstem syndrome

5. Symptomatic narcolepsy

6. Symptomatic brain syndrome (ADEM/PRES) with MRI lesions

v

30-40% MOG +

New diagnostic criteria for NMOSD (Wingerchuck et al., 2015) [10]

Wingerchuk et al., 2015 https://doi.org/10.1212/WNL.0000000000001729

® Lietal, 2021 https://doi.org/ 10.1016/j.msard.2021.103030 ¢
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Myelin oligodendrocyte glycoprotein (MOG)

Myelin sheath

Surface = =

« SNC membrane protein

ROESRE S S, e == R . ==Y, S SR e

° @ Antigens resident in neurons

Mii godendr o @ Antigens resident in oligodendrocytes

 Localization:

@ Proteins encoded by foreign DNA

- extracellular surface of oligodendrocytes Nature Reviews | Nouroscience
- outermost lamellae of myelin sheat

« Function:

- adhesion receptor
- compaction/maintenance of myelin

e Hemmer et al., 2002 https://doi.org/10.1038/nrn784 ®
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Ant-MOG IgG detection
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e Waters et al., 2015 htips://doi.org/10.1212/NXI.0000000000000089
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Ant-MOG IgG and MS

A role of anti-MOG antibodies in MS?

1 0 ] — At-MOGo, Anti-MBP+
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Antibodies decting linear MOG epitopes in ELISAs are probably irrelevant!




Onset phenotypes

m French adult cohort =197 Sri Lankan cohort =126

Jurynczyk et al, Brain, 2017;140(12):3128 Cobo-Calvo et al, Neurol 2018:90 Senanayake et al, INNP 2019;0:1-3
Unilateral NMOS
ON Unilateral
ON
™ ON
ADEM/ Bilateral S
Brain ON » Bilateral ADEM
ON

Female: 49-57%

Relapsing: 41-43% at 24 months in incident cohorts
Ethnicity: no racial predominance




Age at onset and phenotypes

A Distribution of age at onset B Age at onset in distinct onset attack types

0.034 o~

0.02 1 1
& \,r"\ 0.021
z " on
& = 7 ™
5 \‘ 3 ON+TM
a]
0.014 i) - . | ADEW/ADEM-like
0.004 0.004
0 20 40 60 80 0 20 40 60 80
Age at onset Age at onset

e Jurynczk et al. 2017, https://doi.org/ 10.1093/brain/awx276 °
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Journa | of
LETTE R zii;(llﬁg{};leurosurgery

Prevalence and incidence of
neuromyelitis optica spectrum
disorder, aquaporin-4 antibody-
positive NMOSD and MOG
antibody-positive disease in
Oxfordshire, UK

Prevalence/million Incidence/million

s “
-

s O'Connell et al, 2020 http://dx.doi.org/10.1136/jnnp-2020-323158 °
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Acute Optigue Neuritis

Clinical presentation
« AQP4 and MOG-IgG: severe vision loss at nadir, pain or not

« MOG-IgG: Bilateral 37-44%, high risk of recurrence, steroid dependant

Fundoscopy
« MOG-IgG: Optic disc edema (80%)
« AQP4-IgG: Mild edema if present

Papilledema

e Chenetal, 2020 https://doi.org/10.1093/brain/awx276 °
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Acute Optigue Neuritis

MRI

AQP4-IgG: infracranial, chiasmal, opftic tract, longitudinal extention
« MOG-IgG: intra-orbital, perineuritic/orbital inflammation, longitudinal extention

e Deneveetal, 2019 https://doi.org/10.1016/j.neurad.2019.06.001 ®




Acute Optigue Neuritis

A B Bilateral
MR brain Il optic nerve
abnormalities involvement
21001 I No MRIbrain 1007 B o bilateral
Py abnormalities optic nerve
S E 80 involvement
g g
s 607 S 60
8 g
T 40+ ‘g 40
8 2
o &
a 204 & 204
0- 0-
MOG-ON AQP4-ON MS-ON MOG-ON AQP4-ON MS-ON
c n=19 (7/19) n=11 (9/11) n=13 (12/13) D n=19 (16/19) n=11 (9/11) n=13 (3/13)
- Optic nerve - Chiasmal
head swelling involvement
5?1 00 - 1 No optic nerve 5100 R || No chiasmal
- head swelling - involvement
2 8
§ 80 £ 80
8 g 59 névrites optiques MOG+
S 60 s 607
g @
g g
< 404 = 40+
g g
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50 patients
First NORB
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Chiasmatique
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Ramanathan et al., 2016
e https://doi.org/10.1177/1352458515593406
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Prévalence




Acute Transverse Myelitis

MRI
 AQP4-IgG

85% LETM
Cervical

Bright spoftty T2, Hypo T1

MOG-IgG

45% short lesions

Conus medullaris lesion
T2 hyperintense line
HHH Sigﬂ”

Dubey et al., 2019 https://doi.org/10.1001/jamaneurol.2018.4053




Patterns

Cerebral involvement

Example

Frequency

Lesions involving midline
structures and deep grey
matter

Supratentorial white matter
lesions

Cortical gray matter lesions

Diencephalon, pontine,
medulla oblongata

Corpus callosum

Middle cerebral peduncles
Peri-third ventricle area
Thalamus

Basal ganglia

Juxtacortical white matter
Periventricular deep white
matter

Juxtaventricular white matter
Internal capsule

Both cortical gray matter and
juxtacortical white matter
Lesions confined to cortical
gray matter

31.4% (11/35)

28.5% (10/35)
25.7% (9/35)
25.7% (9/35)
17.1% (6/35)
11.4% (4/35)
68.5% (24/35)
48.5% (17/35)

37.1% (13/35)
20% (7/35)
42.8% (15/35)

14.3% (5/35)

Fluffy ADEM-like lesions

Cortical/juxta-cortical lesions

Middle cerebral peduncles lesions

Li et al.,

2020

®  hitps://doi.org/10.1016/i.msard.2020.102167




Cortical
ADEM / disease +
brainste eizures

™
Long and
Short

ON
Unilateral and
Bilateral

2015
NMOSD

1

5-20% onset
19-32% at FU

e J. Palace, Charcot meeting 2019, Baveno



Cerebrospinal fluid findings

=
;

Qugs

e
g 8%

-
o

Intrathecal IgG production and CSF-restricted
oligoclonal IgG bands, a hallmark of MS, were
absent in almost 90% of samples (N=100).

T
“

The MRZ reaction, the most specific laboratory
marker of MS known so far, was absent in
100% (N=62).

Units Total cohort
MRZ reaction (M+R, M+Z, R+Z or M+R+Z)  patients 0/48 (0%)
MRZ reaction (M+R, M+Z, R+Z or M+R+Z) samples 0/62 (0%)

Al measle virus (M) samples 2/61 (3.3%)
Al rubella virus (R) samples 1/52 (1.9%)
Al varizella zoster virus (Z) samples 3/76 (3.9%)

° Jarius et al., 2020 hitps://doi.org/10.1186/s512974-020-01824-2




Cerebrospinal fluid findings

Multiple sclerosis

Serum
anti-AQP4 Ab
Anti-MOG Ab

CSF
Moderate pleiocytosis (lympho)
OCB ~ 80%
MRZ reaction ~ 78%

Neuromyelitis optica MOGAD

Serum Serum
anti-AQP4 Ab anti-AQP4 Ab
Anti-MOG Ab Anti-MOG Ab

CSF CSF
Frequent pleiocytosis Frequent pleiocytosis
(lympho/neutro) (lympho/neutro)
OCB ~ 28% OCB ~ 6-13%

MRZ reaction ~ 1-2 % MRZ reaction ~ 1-2%

e Weberetal., 2018 https://doi.org/10.1177/1756286418762083
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Clinical evolution and prognosis

Cumulative probability of remaining relapse-free in Cumulative probability of remaining relapse-free in
patients diagnosed after the onset attack patients diagnosed after different onset attack
™
3 8 ADEM
-é 8 ON+TM
& & 0
® —— ® : ON
‘ ;Monfhs Months
Strata ON ™ ON+TM ADEM

80% relapses are ON

e Jurynczk et al. 2017, https://doi.org/ 10.1093/brain/awx276 °
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MOG-IgG titer

MOG-IgG titer

Clinical evolution and prognosis

«  Monophasic or relapsing (44-84%)

« The risk of relapse is associated with longitudinally persistent MOG-IgG

seropositiviy
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® Oliveira et al., 2019 hitps://doi.org/10.1177/13524585188115%97

MOG-IgG titer

MOG-IgG titer
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Clinical evolution and prognosis
« Severity of attack at nadir similar for both MOG- and and AQP4-IgG

« Betterrecovery in MOG-IgG patient

A Recovery from distinct onset attack types B Recovery from onset attack in age groups
i n=50 n=35 n=9 n=23 n=46 0od @220 =102 _ n=58
_HE
80 4

P 75 1

% 797 24% § Recovery

E 60 - 35% 8 239, Poor

s 24% 67% 5 o Moderate

g 50 g, 50

.E 40 4 A% g S

8 o Full

[ QO

& 304| 60% 59% s 57%

25 1
= 44% 449%, 48%
36%
- 26% || 200
04 04
ot o e (0,20] 120:45;%5 (45,82]
u‘c\\a“‘a\ g\\a“"‘ e s\n°““h 0“”‘“ ppEW poe Age at onset attack

e Jurynczk et al. 2017, https://doi.org/ 10.1093/brain/awx276 °
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Clinical evolution and prognosis

* Maqjority of disability is from onset attack

Permanent bladder dysfunction (20%)
Bowel dysfunction (20%)
Erectile dysfunction (45% of 3 with TM at onset)

28 months

Y EDSS 2 6.0
bilateral visual loss < 6/36

20% AQP4-Abs
2.7% MOG-Abs (16% unilateral)

25% AQP4-Abs
5.3% MOG-Abs

e Jurynczk et al. 2017, https://doi.org/10.1093/brain/awx276
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Are anti-MOG antibodies pathogenic?
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Histopathology

Confluent demyelination

GFAP o
Complement deposits in

macrophages (MS pattern Il)

Cortical demyelination

AQP-4 No oligodencrocytes loss

No astrocytopathy
No AQP4 loss

Nogo A
No MOG loss

° Weber et al., 2018 https://doi.org/10.1177/17562864187 62083 °
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Histological comparison

MOG ab* NMO MS
Kadnig Spadaro Jarius Wang Kortvelyessy Di Pauli et al.104
etal.% et al.103 etal.?? etal.? etal.%? 1 case,
1case,2 1case 1 case 1 case MOG and
biopsies Case1 Case2 AqQp-4ab*
Confluent + + + + + + + + +
demyelination
Inflammation + + + + + + + + +
(T cells,
macrophages)
Eosinophils - - - n.r. - - n.r. + -
Complement in + + + n.r + + - +
macrophages Lesions were In pattern Il
not actively not in pattern
demyelinating | or pattern Il
lesions
Perivascular - - - n.r - - + + -
complement Optic chiasm, not
deposition cerebrum
Astrocytopathy - - - - - - + + -
Optic chiasm, not
cerebrum
AQP-4 loss - - - n.r - - + + -
Optic chiasm, not Sl So—
cerebrum
Oligodendrocyte - - - n.r + - - + -
loss

Weber et al., 2018 htips://doi.org/10.1177/17562864187 62083
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Controversies

Controversies in Multiple Sclerosis

MOG-antibody-associated disease is different e
from MS and NMOSD and should be Dsnsstonss
considered as a distinct disease entity — Yes Al e stdlnes

sagepub.com/journals-
permissions

Maria Isabel Leite and Douglas Kazutoshi Sato

MOG-antibody-associated disease is different
from MS and NMO and should be considered

as a distinct disease entity — No

Alvaro Cobo-Calvo"= and Romain Marignier



Recommandation on MOG antibody fesfing

Clinical syndrome suggestive of inflammatory demyelinating CNS disease plus radiological aspect
compatible with demyelination

Monophasic or relapsing

Bilateral ON / Recurrent ON
LETM / STM
ADEM / Brainstem

I And at least one of the following ... I

Clinical Findings

* Simultaneous bilateral
Acute ON

* High ON frequency or
disease mainly
characterized by
recurrent ON

* Severe visual deficit
during or after acute ON
* Severe or frequent
myelitis

*Permanent sphincter or
erectile dysfunction after
myelitis

* CS dependence

Histopathology

Primary
demyelination +
intralesional
complement
deposits

(MS Il pattern)

® Jarius et al., 2018 https://doi.org/10.1186/s12974-018-1144-2 ®




Therapeutic approach: anti AQP4-IgG

As early as possible

Acute treatment Preventive therapies

Azathioprine/Mycophenolate
IV Cortficosteroids (5 days, 1g/day) Rituximab

+ Plasma exchanges (6 to 9) Ciclophosphamide/Mitoxantrone

Potentially harmful

IFN
Natalizumab
Fingolimod
Alemtuzumab
Glatiramer acetate




Safety and efficacy of rituximab in neuromyelitis optica
spectrum disorders (RIN-1 study): a multicentre,
randomised, double-blind, placebo-controlled trial

MasayukiTahara, Tomoko Oeda, Kazumasa Okada, Takao Kiriyama, Kazuhide Ochi, Hirofumi Maruyama, Hikoaki Fukaura, Kyoichi Nomura,
Yuko Shimizu, Masahiro Mori, Ichiro Nakashima, Tatsuro Misu, Atsushi Umemura, Kenji Yamamoto, Hideyuki Sawada

38 AQP4+ patients

Rituximab (375 mg/m?2) IV
every week for 4 weeks

then 6-month interval dosing
(1000 mg every 2 weeks)

Tahara et al.,

100

S

<]

&

g

5

=

E

g 50+ ! Steroid tapering period*

g :

5 :

S i

8 + —— Rituximab

§ i —— Placebo .

o i Group difference 36-8%, 95% Cl 12-3-65.5; log-rank p=0-0058 i
0 Il I | | I I | | ;

0 8 16 24 32 40 48 56 64 72

Number at risk
(number censored)
Rituximab 19 (0)
Placebo 19 (0)

Time after randomisation (weeks)

19(0) 19(0) 18(1) 18(0) 17(1) 16(1) 16(0) 16(0) 16(-)
19(0) 17(0) 17(0) 17(0) 15(0) 14(0) 13(0) 13(0) 12(-)

2020 https://doi.org/10.1016/S1474-4422(20)30066 °




Therapeutic approach: anti AQP4-IgG

Tolerance induction | ['""“”"°3“lpp'ess'°" ] (B-cell mAb: Anti-CD20, CD19)
Naive cD 4;“TH .167 T-cell help
» polariz
Tcel T cell
TcR Plasmablast

“AQP4 peptide Tocilizumab
MHC-1 i Satralizumab

Bevacizumab i
Anti-AQP4

P
‘{ (9G1) A{Plasma exchange)

Terminal complement
3— activation

Cell lysis
Chemotaxis

Neutrophils '———{ Sivelestat

)

Eosinophils """ Cetirizine

)

tetramer / : Aquaporumab I
‘ ;wmmhwlar :::4“23
Astrocyte AQP4 aggregate
A(\ EAAT2 down-regulation
7 Nonlytic astrocyte activation
Weinshenker et al. 2017 https://doi.org/10.1014/j.mayocp.2016.12.014 Y
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Therapeutic approach: anti AQP4-IgG

The NEW ENGLAND ORIGINAL ARTICLE
JOURNAL of MEDICINE . . . .. .
Trial of Satralizumab in Neuromyelitis Optica Spectrum
ORIGINAL ARTICLE Disorder
ECUlizumab in Aquaporin-4_POSitive Neuromyelitis Optica Takashi Yamamura, M.D., Ph.D., Ingo Kleiter, M.D., Kazuo Fujihara, M.D., Ph.D., Jacqueline Palace, D.M., Benjamin
Spectrum Disorder Greenberg, M.D., Beata Zakrzewska-Pniewska, M.D., Ph.D., Francesco Patti, M.D., Ching-Piao Tsai, M.D., Albert Saiz,

M.D., Ph.D., Hayato Yamazaki, M.D., Ph.D., Yuichi Kawata, Ph.D., Padraig Wright, M.D., Ph.D., et al.

Sean J. Pittock, M.D., Achim Berthele, M.D., Kazuo Fujihara, M.D., Ho Jin Kim, M.D., Ph.D., Michael Levy, M.D., Ph.D.,
Jacqueline Palace, D.M., Ichiro Nakashima, M.D., Murat Terzi, M.D., Natalia Totolyan, M.D., Shanthi Viswanathan,
M.R.C.P,, Kai-Chen Wang, M.D., Ph.D., Amy Pace, Sc.D., et al.

@* ® Inebilizumab for the treatment of neuromyelitis optica
~ spectrum disorder (N-MOmentum): a double-blind,
randomised placebo-controlled phase 2/3 trial

Bruce A C Cree, Jeffrey L Bennett, Ho Jin Kim, Brian G Weinshenker, Sean J Pittock, Dean M Wingerchuk, Kazuo Fujihara, Friedemann Paul,
Gary R Cutter, Romain Marignier, Ari ] Green, Orhan Aktas, Hans-Peter Hartung, Fred D Lublin, Jorn Drappa, Gerard Barron, Soraya Madani,

o ECUliZUmOb: MAB OgOinST C5 John N Ratchford, Dewei She, Daniel Cimbora, Eliezer Katz, on behalf of the N-MOmentum study investigators*
« |nebilizumab: MAB against CD19
« Satralizumab: MAB against ILé

All 3 freatments are highly effective in preventing attacks
In 2/3 studies including AQP4+/AQP4- , effect primarily seen in AQP4+



Therapeutic approach: anti AQP4-IgG

As early as possible

Acute treatment Preventive therapies

Azathioprine/Mycophenolate

IV Cortficosteroids (5 days, 1g/day) Rituximab
+ Plasma exchanges (6 to 9) Ciclophosphamide/Mitoxantrone
Potentially harmful Siirclil?unrinaabb
: izu
: Inebilizumab
Tocilizumab
IFN :
Natalizumab Aécgugg.orunr?gcbb
Fingolimod vaclzy
NJOH C1 inhibitor

Alemtuzumab
Glatiramer acetate




‘herapeutic approach: anti MOG-IgG

Diagnosis of MOGAD
i.e. suggestive CNS demyelinating event and positive MOG-IgG

l

Treatment of acute attack

l

IV methylprednisolone =" Plasma exchange
e.g. 19 for 3-5 days Lack of e.g. 5 cycles
| response
1
1
1
! :

Disease-modifying treatment

| Benefit—risk evaluation®

v v

Oral prednisolone Oral prednisolone
with prolonged tapering with prolonged tapering
e.g. over severalweeks . . . .
,,,,,,,,,,,,,,,,,, PLUS *Benefit—risk evaluation based on prognostic
l S e i factors for relapse and/or disability:
eg. ; : . ) . .
__ oh patient’s age, previous disease course, present
pepia - clinical syndrome or MOG-IgG persistency.
l OR
Benefit-
risk Anti-CD20 monoclonal
eval* antibody
Relapse - 5 e.g. rituximab

Hegen et al., 2020 https://doi.org/10.1177/1756286420945135 ¢
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Therapeutic approach: anti MOG-IgG

Maintenance Immunotherapy

Disease activity of patients with MOG-IgG associated disorder on maintenance immunotherapy

A. Azathioprine

3
14
69

1
7

2
29
1"
70
59
35
24
18

6

Patient ID

277

10
64
54
48
36

| 1stline

| 2nd line

| 3rdline

o | | I
|

Patient ID

-50 -25 0 25 50
1stline
2nd line

i e | 3rd line
| . | 4th line
.

-50 =25 0 25 50

B. Mycophenolate mofetil

53
21
15

1stline
2nd line
| 3rd line
| 4th line

-50 -25 0 25 50

G Time (months) | 2nd e
| 3rd line

| 4th line

-50 -25 0I 25 50

Treatment % of patients
with relapse, ARR

MMF

/4%, 0.67

Azathioprine 59%, 0.2

Rifuximal
IVIG

e Chen et al., 2020 https://doi.org/10.1212/WNL.0000000000009758

61%. 0.2
20%, 0
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Therapeutic approach: anti MOG-IgG

29 AQP4-Ab 79% 1° line 16 MOG-Ab (5 monophasic) 69% 1° line
24% relapsed mean FU 38 months 38% relapsed mean FU 19 months
AQP4-Ab e > MOG-Ab oo R
§ § > ))
: {5

5 3 1 1 3

a5 - 10 5 0
15 5 5 Years to rituximab

Years to rituximab

92% relapses CD27+ > 0.05% (12/13) 20% relapses CD27+ > 0.05% (2/10)

Durozard et al., 2020 https://doi.org/10.1002/anqa.25648 o
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Therapeutic approach: anti MOG-IgG

International survey on treatment of MOGAD by neurologist (52 experts)
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° Whittham et al., 2020 https://doi.org/10.1007/s00415-020-10026-y °




Case report 1

Male, 29 year-old /Caucasian

No particular medical or family history

May 2017
- severe headache and bilateral periorbital pain
- nausea and vomiting

- rapidly followed by a severe bilateral visual loss (left eye > right eye)

Neurological and general examination: normal



* Brain scan: normal
 Lumbar puncture with ICP measurement: 23 cmH,0
«  Ophthalmologic examination: - bilateral papillary edema (Left >> Right)

- severe visual loss (VA: R 3/10 and L NLP)

," ' Epaisseur RNFL
wm 0D --- 0S

TEMP SuUP NAS INF TEMP



« Treatment with acetazolamid 500 mg t.i.d

... but worsening of right VA to LP within 24 hours

« Decision to start IV steroids despite rather high ICP (1g/d 5 days)

followed by oral steroids with tapering regimen (8 mg/d)

= rapid improvement of right VA to 10/10 but no change in the left eye



 Brain MRI

Severe bilateral opftic neuritis with papillary oedema and sensibility to steroids



CSF: 3 WBC, normal protein and glucose levels, a few OCB, negative culture and

common PCRs
Serum: ANA 1/160 (no characterisation), RF -, ACE -, normal lymphocytic typing

Negative serology for CMV, EBV, VZV, HBV, HCV, Borrelia, HIV, Syphilis, Toxoplasma

and Bartonella; Negative Quantiferon®
Spinal cord MRI: normal (including conus)
PET CT: normal

MOG/AQP4 IgG testing?



How to freat ?

« |V corticosteroids (1g/d 5 days)

« PLEX + oral prednisolone tapering + oral IS



Visual acuity

PLEX + IV CS
‘ From May to November 2017
10,
2 relapses of left ON despite
@ VA left eye «  Mycophenolate mofetil 1g b.i.d
® VAright eye « Oral prednisolone from 4 to 8
‘ ON relapse S mg/d

Each relapse occurs after steroids
tapering or interruption

) <\ s s
v\éb\ v\& v\\’g\ u\'\’\'\ v\\"\'



@ VAleft eye _ _ o
Visual acuity gJW Rituximab
® VAright eye
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From November 2017 to December 2019 ... while treated with Rituximab

« At least 3 optic neuritis relapses . 2 in the right eye, 1 bilateral

- Despite 4-8 mg prednisolone daily

- Despite circulating B CD19+ were uncountable

« Significant bilateral OCT atrophy (RNFL and GCL)

« Yearly brain and spinal cord MRI still unremarkable

« MOGIgGI still positive ...



Case report 2

Female, 26 year-old /African
No particular medical or family history (minor beta thalassemiaq)

January 2021
- intractable hiccups and vomiting for a week with diffuse abdominal pain
- pyrexia
- mesenteric cystic lymphangioma

- pulmonary embolism

CSF analysis: 198 WBC (lymphocytes), normal protein and glucose levels, no OCB,

negative culture and common PCRs

AAN SSA + 1/320



« Brain MRI (8/03/21)

FLAIR




« She developped a right upper limb paresia (distal> proximal)

AQP4 IgG+




« Normal ophthalmologic examination

RNFL Thickness
pm — (D === 05 OD Sectors 0S Sectors

7 93 Dil’giELl?.:ia 88
952 .

a8 a0 o
; a8

p4
TEMP =UP MAS IMF TEMP
& OD pm | OS5 pm
Diversified:
Dlstnbuhon of Normals Average GCL +IPL Thickness 89 90

—-NA /, B2 1% Minimum GCL + IPL Thickness a7 g6
RN F L OD Horizontal B-Scan BScan: 74 OS Horizontal B-Scan BScan: 66
Quadrants




How to freat ?

« 9 PLEX
« |V corticosteroids (10 days 1g/d)
« Rituximab: Week 1 and 2: 375 mg/m?2 = Covid19 = 1g



Case report 3

« Female, 62 year-old /Caucasian
* No relevant medical history

« Treatment: cardioaspirin (prophylactic), HRT

June 2012

Left ON



Severe left VA loss ( “hand motion”), normal fundus, no OCT

available

Slow recovery after |V corticosteroids (VA 8,5/10 after 5 months)
Negative serology and autoimmune screening; AQP4 IgG -
Normal CSF / No OCB

PET CT: normal

Spinal cord MRI: normal



 Brain MRI, June 2012




June 2012 March 2013

Left ON  Right ON

« Painful visual loss in right eye

« VA:R1/10 and L 8/10

 Prompt recovery after IV corticosteroids (VA 10/10 R and 8/10 L)
« Negative serology and autoimmune screening (no AQP4 retest)
« PET CT (total body): normal

« Brain MRI : Right ON



June 2012 March 2013 June 2017

Left ON Right ON Acute brainstem syndrome

« Diplopia (internuclear ophthalmoplegia) and dysarthria for 4 days
« Cerbellarsigns (right upper limb dysmetria and ataxia)

 Dysphagia



T1 Gadolinium

’,

Brain MRI, June 2017




- PET CT (total body): normal
- Cardiac workup (holter and echocardiography): normal

- Spinal cord MRI: normal

- Negative serology and autoimmune screening; AQP4 IgG - ; MOG IgGT —
- CSF. 0 WBC, protein level 200 mg/L, no OCB, negative PCRs and culture



T1 Gd+

July 2017 after 10 PLEX August 2017 mycophenolate mofetil 1g b.i.d initiation



June 2012

March 2013

Left ON

Right ON

June 2017

May 2018

Acute
brainstem
syndrome

- Right hemiparesis and hemihypoesthesia

Cortical lesion



Brain MRI, May 2018




- PET CT (total body): hypermetabolism at the periphery of the parietal lesion
- Spinal cord MRI: normal

- Serology and autoimmune screening negative; AQP4 IgG - ; MOG IgGT -

- CSF:. negative cytology, protein level 750 mg/L, no OCB, negative culture
and PCRs

- Prompt recovery of sensorimotor deficit after IV corticosteroids

- Decision to switch from oral IS to Rituximab: first course in June (1000mg

two weeks apart, repeated every six months)

... but further clinical deterioration



Brain MRI, July 2018




August 2018 September 2018 October 2018



June 2012

March 2013

Left ON

Right ON

June 2017

Acute
brainstem
syndrome

May 2018 || February 2021
| I
Cortical Cortical
lesion lesion

- While she is sfill treated with Rituximab (since May 2018), remaining

sensitivo-motor symptoms on right foot subacutly worsened

- Neurological examination shows a severe proprioceptive ataxia




Brain MRI, February 2021
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- PET CT (total body): normal
- Spinal cord MRI: normal

- Negative serology and autoimmune screening (AAN 1/80
without characterization); negative antineurones screening;
AQP4 I1gG - ; MOG IgG-

- CSF: 0 WBC, protein level 1045 mg/L, no OCB, negative PCRs

and culture

- Peripheral blood lymphocyte typing: 0% B lymphocyte

= Start Tocilizumab 8 mg/kg every 4 weeks



Acta Neurologica Belgica
https://doi.org/10.1007/513760-021-01712-3

ORIGINAL ARTICLE »')

Check for
updates

Comparative study of AQP4-NMOSD, MOGAD and seronegative
NMOSD: a single-center Belgian cohort

Soléne Dauby'2® . Dominique Dive' - Laurence Lutteri* . Cécile Andris® - Isabelle Hansen' - Pierre Maquet'2( .
Emilie Lommers'2®
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Conclusion

Anti-AQP4 & anti-MOG associated diseases

Rare diseases

Different physiopathology

Common clinical features but MOGAD phenotype is beyond NMOSD
Relasping/monophasic condition but no progression

Severe clinical deficit during attack = early and effective treatment to prevent relapse is

the key to prevent irreversible disability
Therapeutic approach: prospective randomized controlled studies needed!
May fulfill MS diagnostic criteria (especially MOGAD) but atypical presentation!

Be carefulll



Conclusion

Mulfiple
sclerosis

AQP4 IgG+




