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Physiopathologie



La sclérose en plaques
est une 

maladie inflammatoire
démyélinisante et

neurodégénérative

Inflammation

Démyelinisation

Lésions axonale



Primaire progressive

Secondairement progressive

Récurrente / Rémittente

Formes clinique de la SEP

85%

15%

Variable env. 30-40% des formes RR



Quand est-ce que la maladie débute ?

MRI, magnetic resonance imaging
Adapted from Hersh C, Fox R. 2014. Available from: 

http://www.clevelandclinicmeded.com/medicalpubs/diseasemanagement/neurology/multiple_sclerosis
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Brain volume

Disease burden

MRI activity

Clinical disability

http://www.clevelandclinicmeded.com/medicalpubs/diseasemanagement/neurology/multiple_sclerosis


Clinique / diagnostic



Diagnostic de la SEP

3 points:

Dissémination spatiale

Dissémination temporelle

Pas d’autres causes

Clinique

Et/ou IRM +++

LCR



Le diagnostic de la SEP

Thompson et al.,Lancet Neurol 2018; Marrie RA et al Neurology 2005;65:1066-1070

Evolution conceptuelle

Médiane pour le diagnostic (2018) < 6 mois



Evolution



Prise en charge thérapeutique
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Deciding an appropriate treatment sequence 
requires a growing number of considerations

…with changing treatment goals



What is an appropriate treatment target 
and regular monitoring plan?

CSF, cerebrospinal fluid; NEDA, no evidence of disease activity; NfL, neurofilament light.
1. Wattjes MP, Rovira A, & Miller D. Nat Rev Neurol 2015;11: 597–606; 2. Smith 

AL, et al. Neurotherapeutics 2017;14:952-960.

Can we do better?Is this enough? Is this achievable?
NEDA-3 NEDA-5Clinically stable

orRelapses Disability

Relapses

Disability

Lesions

+

+

Relapses

Disability

Lesions

Atrophy

NfL

+

+

+

+

MRI as minimum:
MRI essential for monitoring disease 

progression1

Treat-to-Target
30-50% of patients receiving high 
efficacy therapies achieve NEDA2

Slowing progression
Would achieving NEDA-5 slow 

progression?



Traiter tôt…



Brown JWL et al. JAMA. 2019 Jan 15;321(2):175-187



Traiter tôt…et efficacement…



Brown JWL et al. JAMA. 2019 Jan 15;321(2):175-187



Intensification progressive vs traitement intensif d’emblée : 
impact sur le handicap dans la SEP-RR - Registre Italien

Estimation semestrielle de l’EDSS

ECTRIMS-ACTRIMS 2020 - Laffaldano P, abstr. PS01.04
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Année 1
0,1 (0,01-0,19)
p = 0,03

Année 5
0,3 (0,07-0,53)
p = 0,009

Année 10
0,67 (0,31-1,03)
p = 0,0003

Intensif d’emblée



Autres diagnostics



Neuromyelitis optica

Devic E. 1894

Gault F. Thèse, Lyon, 1895



NMO-IgG /anti-Aquaporine4

Lennon et al, 2005

NMO-IgG AQP4      merge

Lennon et al., 2004;2005





NMOSD criteria 2015
(Wingerchuck et al., Neurology)

AQP-4 +
• At least one symptome of the NMOSD

• ON

• Myelitis

• Brainstem

• ADEM/PRES

• Narcolepsy

AQP-4 –
• 2 symptoms with « positive » MRI

• ON (normal MRI)

• Myelitis (extended lesion)

• Brainstem (strategic lesions)







Relapsing
NMO 

AQP4 +  

AQP4 –
NMO

(20-40%)

NMO spectrum  
AQP4 +

NMO 
associated 

with 
Systemic 
diseases

Monophasic 
NMO 



MOGAD 
(pathologies associées aux anticorps anti-MOG)



Anti-MOG antibodies





Sato et al., 2014



RION : Natural history (10 years)

12% 5-10%

29%

The Natural History of Recurrent ON
Pirko et al. Arch Neurol 2004
Benoilid et al. Mult Scl J 2013

Normal brain MRI

Transverse myelitis

ANA +

Chest CT scan, 

Salivary gland biopsy

OCB +

Few Brain MRI lesion

AID

MS

RION cohort before MOG

Normal work up : 50%

1/3 MOG-antibodies



Main cohorts on MOG-Ab 

Jurynczyk et al., 2018, Kaneko et al;, 2017,  Cobo-Calvo et al.2018, 

Studies n
Age 

at onset
Sex ratio 

F/M
Initial presentation

CSF + 
(OCB)

Evolution

Jurynczyk et al. 252 30 y 57%

18 % : myelitis
55 % : ON
9 % : NMO

12% > AQP-4

Kaneko et al. 259 26 y 52,1
ON > NMO > Myelitis

ND > AQP-4

Cobo-Calvo et al. 197 36 y 49,2
22 % : myelitis

60 % : ON
15 % : NMO

5,7 % > AQP-4



Canadian cohort : 263 children

32 %

68 %

85 %

53 % 47 %

15 %

Status anti-MOG

Age ≥ 11 yAge < 11 y

Positive

(n = 83)

Negative

(n = 180)

Positive

(n = 64)

Négative

(n = 109)

Negative

(n = 71)

Positive

(n = 19)

MOG+
(n = 83)

MOG-
(n = 180)

p

Sex (F) 45 (54 %) 88 (49 %) 0,43

Sex (M) 38 (46 %) 92 (51 %) 0,43

Age at first 
symptoms
(y)

7.34
(4,91 - 10,58)

12.38
(7,92 - 14,42)

< 0,0001

ECTRIMS 2018 – Fadda G, abstr. 65



Prevalence of MOG antibodies in multiple sclerosis: a multicentre

cross-sectional study

Lyon/Strasbourg cohort
Features

Total MS cohort

N=686

Female, n (%) 499 (72.7)

Age at MS onset, y median (range)

28.5 (3.32-77.8)

Age at sampling, y median (range) 42.3 (17-83)

Caucasian, n (%)

Magrebian

African

Asiatic

Hispanic

553 (80.6)

122 (17.8)

5 (0.7)

5 (0.7)

1 (0.2)

Type of MS, n (%)

Clinically isolated syndrome

Relapse remitting

Secondary progressive

Primary progressive 

35 (5.1)

422 (61.5)

132 (19.2)

97 (14.1)

Disease duration at sampling, y median (range) 11.4 (0-45.6)

Relapse 30 days before sampling, n (%) 50 (7.3)

I.V or oral MTP 30 days before sampling, n (%) 46 (6.7)

Long-term treatment 30 days before sampling, n (%)

aImmunosuppressants

bMS disease modifying drugs

441 (64.3)

29 (6.6)

412 (93.4)

MOG-Ab-positive patients, n (%) 2 (0.29)

Specificity = 99.7%

Cobo-Calvo et al. Neurol Neuroimmunol
Neuroinflamm. 2019 Dec 13;7(2):e649



Therapeutical approach 



Acute phase

High dose of IV corticosteroids :

• 3-10 g during a week (which interval between 2 courses ?)

• Oral corticosteroids : 1mg/kg/day during one month

frequently suggested with a progressive decrease

Plasma exchange :

Weishenker et al. Ann Neurol., 1999

IVIg :

Elsone et al. Mult Sclerosis, 2013 



NMOSD (AQP4+) 



OFF-LABEL
THERAPIES WITH 

RANDOMIZED DATA

• Rituximab

• Mycophenolate mofetil

• Azathioprine

• Corticosteroids

• Eculizumab

• Inebilizumab

• Satralizumab

Traitement de fond

3 études de phase III dans les 5 dernières années !!!



D’après Verkman et al. Brain Pathology, 
2013;23:684

Eculizumab

Inebilizumab*

Satralizumab*

*Hors AMM



Pittock SJ et al. Eculizumab in aquaporin-4-positive neuromyelitis optica spectrum disorder. N Engl J Med. 2019;381(7):614-625 
Cree BAC et al. Inebilizumab for the treatment of neuromyelitis optica spectrum disorder (N-MOmentum): a double-blind, randomised placebo-controlled phase 2/3 trial. Lancet. 2019;394(10206):1352-1363. 
Traboulsee A et al. Safety and efficacy of satralizumab monotherapy in neuromyelitis optica spectrum disorder: a randomised, double-blind, multicentre, placebo-controlled phase 3 trial. Lancet Neurol. 2020;19(5):402-412. • 24. 
Yamamura T et al. Trial of satralizumab in neuromyelitis optica spectrum disorder. N Engl J Med. 2019;381(22):2114-2124. 

PREVENT
Eculizumab 

(Anti-C5)

N-MOmentum
Inebilizumab
(Anti-CD19)

SAkuraSky
Satralizumab

(Anti-IL6R)

SAkuraStar
Satralizumab

(Anti-IL6R)

Subjects (n) 143 230 83 95

Serostatus AQP4+ only AQP4+/- AQP4+/- AQP4+/-

Placebo arm Background IST allowed Placebo only Background IST allowed Placebo Only

Relapse reduction

Overall NA 73% 62% 55%

AQP4+ 94.2% 77.3% 79% 74% 

Relapse free (48 weeks, 
AQP4+)

Overall 97.9% 

NA

91.5% 82.9%

Placebo only 63.2% 59.9% 55.4%

Relapse free (96 weeks, 
AQP4+)

Overall 96.4%

NA

91.5% 76.5%

Placebo only 51.9% 53.3% 41.1%



Hors 
AMM



MOGAD 



Tocilizumab et MOGAD 

Cas 1 Cas 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8 Patient 9 Patient 10

Sexe/âge (ans) au diagnostic Femme/11 Femme/25 Homme/46 Femme/31 Femme/20 Homme/59 Homme/20 Homme/47 Femme/24 Femme/31

Race/ethnie Hispanique Caucasienne NR NR NR NR NR Caucasienne Caucasienne Caucasienne

Présentation clinique initiale

Tronc cérébral 

+LETM, 

LETM, recON

Bilat

ON+Tronc

cérébral 

+LETM, 

recON

NR NR NR

Tronc cérébral 

+myélite 

courte, recON

bilatON, LETM, 

myélite 

courte, ON

NR NR recTM, ON

Phénotype clinique final NMOSD NMOSD NMOSD NMOSD NMOSD NMOSD NMOSD NMOSD NMOSD NR

Durée de la maladie (ans) 9 10 6 4 2 ~ 6,5 1 7 4 11

Traitements avant le TCZ
RTX, daily

PRED

AZT, RTX, 

IVIG, PRED
RTX RTX RTX

PRED, NAT, 

RTX, CP
RTX

PRED, RTX, 

MMF, BEL
AZT IFN-b, RTX

Indication de mise sous TCZ
Activité 

de la maladie
Effets 2nd

Activité 

de la maladie, 

neutropénie

Activité 

de la maladie, 

neutropénie

Activité 

de la maladie

Activité 

de la maladie

Activité 

de la maladie

Activité 

de la maladie

Activité 

de la maladie

Activité 

de la maladie

Durée de suivi sous TCZ (mois) 26 8 21 29 5 54 24 65 44 12

TOC forms IV IV IV puis SC IV puis SC IV IV IV SC SC IV

TOC dose
8 

mg/kg/mois
8 mg/kg/mois

8 mg/kg/mois, 

162 mg/sem.

8 mg/kg/mois, 

162 mg/sem.
8 mg/kg/mois 8 mg/kg/mois 8 mg/kg/mois

162 mg/

1-2 sem.

162 mg/

1-2 sem.
NR

TAP pré TCZ
1,33 

(sur 6 ans)

1,56 

(sur 9 ans)

1 

(sur 2 ans)

1 

(sur 2 ans)

1 

(sur 2 ans)

~ 5 

(sur 2 ans)

4 

(sur 1 ans)

0,71 

(sur 7 ans)

1,50 

(sur 4 ans)

0,40 

(sur 10 ans)

TAP sous TCZ 0 0 0 0 0 0 0 0 0 0

Effets 2nd TCZ dyslipidémie dyslipidémie
Infections 

dentaires
dyslipidémie None NR None dyslipidémie None NR

Hors AMM : AAN 2021 – Elsbernd P, abstr. P2.050



Autres diagnostics différentiels

• Sd de Gougerot-Sjögren

• Lupus

• Behçet

• Sarcoïdose

• Signes différents / critères diag. / PL +++



Merci pour votre attention


