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Liens d'intérêt

• À peu près tous les labos travaillant dans le domaine de la SEP et des 
neuropathies (boards, consulting, invitation congrès, symposia). La liste 
est longue et donc j'ai peur d'en oublier

• Pour plus de précision : https://www.transparence.sante.gouv.fr

https://eurosfordocs.fr/

21/01/2022
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https://www.transparence.sante.gouv.fr/
https://eurosfordocs.fr/


Quels sont les acteurs de la maladie auto-
immune ?
• Cellules T

• Macrophages

• Cellules B

• Auto-anticorps

• Complément

• Cytokines

• Autres ?

20
22

 ©
 26

èm
e J

ou
rné

es
 de

 la
 S

FNP, 
To

us
 dr

oit
s r

és
erv

és
 - T

ou
te 

rep
rod

uc
tio

n m
êm

e p
art

iel
le 

es
t in

ter
dit

e.

20
22

 ©
 26

èm
e J

ou
rné

es
 de

 la
 S

FNP, 
To

us
 dr

oit
s r

és
erv

és
 - T

ou
te 

rep
rod

uc
tio

n m
êm

e p
art

iel
le 

es
t in

ter
dit

e.

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 e.

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 e

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 es

t in
ter

dit
e.

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 e

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 e

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 e

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 e



Cibler les cellules T

• Rien de très nouveau…
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module sélectivement un signal 
clé de costimulation nécessaire à 
l'activation complète des 
lymphocytes T exprimant le CD28
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Cibler les cellules B
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Neys et al. Drugs 2021
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Myasthénie 

Brauner et al. Jama Neurol 2020

20
22

 ©
 26

èm
e J

ou
rné

es
 de

 la
 S

FNP, 
To

us
 dr

oit
s r

és
erv

és
 - T

ou
te 

rep
rod

uc
tio

n m
êm

e p
art

iel
le 

es
t in

ter
dit

e.

20
22

 ©
 26

èm
e J

ou
rné

es
 de

 la
 S

FNP, 
To

us
 dr

oit
s r

és
erv

és
 - T

ou
te 

rep
rod

uc
tio

n m
êm

e p
art

iel
le 

es
t in

ter
dit

e.

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 e.

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 e

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 es

t in
ter

dit
e.

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 e

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 e

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 e

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 e



Myasthénie 

Robeson et al. Jama Neurol 2016
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Molécule Type Voie d'administration
Stade de développement

dans la myasthénie

Molécules de déplétion des lymphocytes B

Inébilizumab (Viela Bio)1 Anticorps IgG4 monoclonal humanisé IV Phase 3 (en cours)

TAK-079 (Takeda)2,3 Anticorps IgG1 monoclonal entièrement 
humain

SC Phase 2 (en cours)

Inhibiteurs du FcRn

Efgartigimod (argenx)1,4 Fragment Fc d'anticorps IgG1 humain IV ou SC Phase 3 IV (publiée)11

Rozanolixizumab (UCB)5,6 Anticorps IgG4P monoclonal humanisé
anti-FcRn humain

IV ou SC Phase 3 (recruitment terminé)

Nipocalimab 
(Momenta)7,8

Anticorps IgG1 monoclonal anti-FcRn 
entièrement humain

IV Phase 2 (terminée)

Orilanolimab (Alexion)9

Anticorps IgG4 monoclonal humanisé, 
purifié par chromatographie d’affinité et 
désimmunisé

IV Phase 2 (en attente de lancement)

IMVT-1401 
(Immunovant)8,10

Anticorps IgG1 monoclonal entièrement 
humain

IV ou SC Phase 2 (terminée)

11

Molécules candidates développées pour la déplétion des auto-anticorps

FcRn, récepteur Fc néonatal ; IgG, immunoglobulines G ; IV, intraveineux ; SC, sous-cutané.
1. Huda R. Front Immunol. 2020;11:240. doi: 10.3389/fimmu.2020.00240. 2. Smithson G, et al. J Immun. 2017;198(1 Suppl). 3. ClinicalTrials.gov. Consulté le 26 février 2021. 
https://clinicaltrials.gov/ct2/show/NCT04159805. 4. Vaccaro C, et al. Nat Biotechnol. 2005;23:1283-1288. 5. ClinicalTrials.gov. Consulté le 26 février 2021. https://clinicaltrials.gov/ct2/show/NCT03971422. 6. Kiessling P, 
et al. Sci Transl Med. 2017;9:eaan1208. 7. Ling LE, et al. Clin Pharmacol Ther. 2019;105:1031-1039. 8. Habib AA. Neurol Rev.2020:34-36.(Supplément). 9. Blumberg L, et al. Sci Adv. 2019;5:eaax9586. 10. Collins J, et al. 
Neurology. 2019;92(15 Supplément). 11. Howard J.F Jr. Lancet Neurol. 2021 Jul;20(7):526-536.
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Querol et al. Neurol Neuroimmunol Neuroinflamm 2015, Martin-
Aguilar et al. Neurol Neuroimmunol Neuroinflamm 2021

Nodopathies auto-immunes
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Huda Front Immunol 2020

20
22

 ©
 26

èm
e J

ou
rné

es
 de

 la
 S

FNP, 
To

us
 dr

oit
s r

és
erv

és
 - T

ou
te 

rep
rod

uc
tio

n m
êm

e p
art

iel
le 

es
t in

ter
dit

e.

20
22

 ©
 26

èm
e J

ou
rné

es
 de

 la
 S

FNP, 
To

us
 dr

oit
s r

és
erv

és
 - T

ou
te 

rep
rod

uc
tio

n m
êm

e p
art

iel
le 

es
t in

ter
dit

e.

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 e.

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 e

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 es

t in
ter

dit
e.

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 e

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 e

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 e

20
22

 ©
 26

èm
e J

ou
rn

ée
s d

e l
a S

FNP. 
To

us
 dr

oit
s r

és
er

vé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 e



Neys et al. Drugs 2021

BTK plays a major role in 
immune response and is a key 
mediator of B cell receptor 
(BCR) and Fc receptor 
signaling. BCR signaling is also 
involved with B cell activation 
and leads to chemotaxis, 
differentiation, and trafficking 

Développement des BTKi
Maladies prolifératives
Maladies auto-immunes20
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Tocilizumab (anti-IL6R) et myosites

Li et al. Front Pharmacol 2021
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Farmakidis et al. Muscle Nerve 2019
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Molécule Type Développement dans les 
maladies neuromusculaires

Efgartigimod Portion Fc d'IgG1 mutée PIDC 
Myasthénie

Rozanolixizumab Ac monoclonal (IgG4) PIDC
Myasthénie

Nipocalimab Ac monoclonal (IgG1) Myasthénie

Antogonistes du FcRn en développement dans les 
maladies neuromusculaires
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Howard et al. Lancet Neurol 2021

Efgartigimod
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Échanges plasmatiques et immunoadsorption
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Immunoadsorption ciblée sur l'antigène

Immunoadsorption :
Retirer IgG, IgM…

Antigen specific
immunoadsorption :
Retirer sélectivement un 
anticorps

Lazaridis et al. J Neuroimmunol 2020

Théoriquement applicable à n'importe 
quelle maladie à auto-anticorp
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Abstract Human and animal studies on antibody-mediated neuropathy implicate com-
plement in pathogenesis. In animal models complement inhibition is therapeutically bene-
ficial. The monoclonal antibody, eculizumab (Solirisä, Alexion Pharmaceuticals, Cheshire,
CT), prevents cleavage of C5 and thus inhibits terminal complement activation. In an open
label study, 13 multifocal motor neuropathy patients received eculizumab for 14 weeks, 10
of whom were concomitantly receiving intravenous immunoglobulin. The primary outcome
was safety of eculizumab, and the secondary outcomes included change in intravenous
immunoglobulin (IVIg) dosing frequency, performance, and electrophysiological parame-
ters. Adverse events were minor during the study. Nine of 10 patients on IVIg maintenance
continued to require IVIg. IVIg dosing interval was not different between the run-in and the
treatment period. There were improvements in patient-rated subjective scores and selected
clinical and electrophysiological measurements. Overall, a small treatment effect occurred
in some patients that appeared supplementary to and independent of the IVIg treatment
effect, and occurred more frequently in patients with higher baseline motor function.

Key words: clinical trial, complement, intravenous immunoglobulin, membrane attack
complex, multifocal motor neuropathy, therapy

Introduction

Intravenous immunoglobulin (IVIg) remains the
only therapeutic option in multifocal motor neuropa-
thy (MMN); however, its effects are temporary and
weakness slowly progresses despite regular therapy
(Terenghi et al., 2004). No other immunomodulatory
therapies have shown enough benefit to be routinely
recommended alone or as an adjunct to IVIg.

Pre-clinical research has demonstrated that the
pathogenic effect of anti-GM1 antibodies, found in up
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to 80% of MMN cases, is complement mediated,

and inhibition of complement factors prevents nerve

damage (Santoro et al., 1992; van Schaik et al., 1995;

Goodyear et al., 1999; Yuki et al., 2001;O’Hanlon et al.,

2003; Halstead et al., 2004; Greenshields et al., 2009).

The monoclonal antibody eculizumab (Solirisä) binds

and neutralises human complement factor C5 prevent-

ing terminal complement activation and membrane

lysis via membrane attack complex (MAC) (Rother

et al., 2007).

The safety and efficacy of eculizumab in

complement-mediated disorders have been shown in

clinical trials of patients with paroxysmal nocturnal

haemoglobinuria (Hillmen et al., 2006). However,

eculizumab has yet to be trialed in any puta-

tively MAC-dependent neurological disorders, and its
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Molécule Cible Type Développement dans les 
maladies neuromusculaires

Eculizumab C5 Ac monoclonal SGB 
Myasthénie

Ravulizumab C5 Ac monoclonal Myasthénie

Zilucoplan C5 Peptide synthétique Myasthénie

ARGX-117 C2 Ac monoclonal NMM

Inhibiteurs du complément en développement dans les 
maladies neuromusculaires
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Farmakidis et al. Muscle Nerve 2019
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2 exemples pour conclure
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Verschuuren et al. Lancet Neurol 2022

Myasthénie
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inactivity-induced muscle wasting, and possibly improve 
fatigue in neuromuscular diseases.24 Exercise appears to be 
safe for patients.24 Moderate to high intensity aerobic 
training and progressive resistance training are feasible for 
most patients with mild myasthenia gravis, and maximal 
strength and functional capacity improve with progressive 
resistance training.25–27

Human immunoglobulin 
Immunomodulation therapy with intravenous 
immunoglobulin for myasthenia gravis is useful in 
myasthenic crises,28 as preoperative preparation in patients 
with inadequate disease control,29 and for treatment of 
exacerbations of symptoms.6,30,31 Intravenous immuno-
globulin has shown clinical improvement on specific 
myasthenia gravis muscle fatigue scales within a similar 
timeframe as plasmapheresis.32 The usual treatment 
consists of a total dose of 2 g/kg administered over the 
course of 2–5 days. Improvement generally starts in the 
first few weeks after treatment has commenced, and lasts 
4–8 weeks.

Chronic immunoglobulin therapy, including with 
subcutaneous immunoglobulin, has shown safety and 
e cacy in clinical practice in reducing myasthenia gravis 
impairments, improving overall myasthenia gravis status, 
reducing the dose of immunosuppressant agents, such as 
corticosteroids, and reducing the dose of acetylchol-
inesterase inhibitors.33 This clinical experience supports 
the use of subcutaneous immuno globulin as a main-
tenance therapy, and chronic intra venous immuno globulin 
or subcutaneous immuno  globulin can be considered in 
patients with refractory myasthenia gravis,6 although a 
prospective controlled double-blind clinical trial is needed.

Plasmapheresis 
Plasmapheresis includes plasma exchange, double 
filtration plasmapheresis, and immunoadsorption plasma-
pheresis. Due to loss of albumins, double filtration 
plasmapheresis is not used as frequently as immuno-
adsorption plasmapheresis. The number of exchanges and 
the volume of plasma to be exchanged has not been 
established. A typical schedule consists of five sessions 
on alternate days. International consensus guidelines 
recommend plasma exchange as a short-term treatment in 
patients with life-threatening weakness and before surgery. 
When other treatments are ine ective, chronic plasma 
exchange might be considered in refractory myasthenia 
gravis.6 German guidelines support immunoadsorption 
plasmapheresis for myasthenia gravis crisis and as main-
tenance therapy for patients with refractory myasthenia 
gravis.34 In Japan, intravenous immuno globulin and 
plasma pheresis are used for treatment of disease 
exacerbations, treatment of myasthenic crisis, induction 
therapy, and as maintenance therapy.35,36

Plasma exchange rapidly lowers all immunoglobulins, 
including acetylcholine receptor antibodies, and levels 
of most immunoglobulins remain low for about 3 weeks.37 

To maintain long-term remission, additional immuno-
suppressive treatments are often needed. Plasma 
exchange is safe and generally well tolerated in patients 
with myasthenia gravis.38 The e ectiveness of plasma-
pheresis and intravenous immuno globulin are 
comparable,32,39,40 as are improvements in quality of life 
with the two approaches;41 safety was not a specified 
outcome measure.

Figure 2: Treatment and time-to-onset of clinical effect
The new (recently introduced treatments or therapies that are still being tested in clinical trials) and current drugs in 
the upper part of the figure are treatments that have a short-term onset of clinical effect, whereas the new and 
current drugs in the lower part are therapies with a long-term onset of clinical effect. Drugs in bold indicate positive 
results in a controlled clinical trial. Except for amifampridine, all trials have been done with patients with acetylcholine 
receptor antibody-positive myasthenia gravis. The diagram in the middle shows the stages of the immune response 
at which the different groups of drugs have their effect. See appendix for more details on the drugs mentioned here.

New

Current 

Eculizumab
Ravulizumab
Zilucoplan
Efgartigimod
Rozanolixizumab
Nipocalimab

Treatment with short-term onset of clinical effect (hours to weeks)

Treatment with long-term onset of clinical effect (1–6 months)

Intravenous 
immunoglobulin
Plasmapheresis

Pyridostigmine
Amifampridine

Thymectomy and 
chemotherapy for 
small cell lung cancer 

Corticosteroids
Azathioprine
Mycophenolate mofetil
Methotrexate
Ciclosporin
Tacrolimus
Cyclophosphamide

Current 

Stem cell 
transplantation

Rituximab
Inebilizumab
Belimumab
Leflunomide
CK-2017357
Abatacept
Iscalimab (CFZ 533)
Bortezomib
Descartes-08
TAK-079
Tocilizumab
Pixantrone

New

Tumour
(eg, small cell lung cancer)
or thymoma

Thymus 
dysfunction

Antigen 
presenting
cell

T cell

B cell

Genetic factors
(eg, HLA)

External factors
(eg, infections)

Verschuuren et al. Lancet Neurol 2022, Gilhus N Engl J Med 2016

Stratégie d'amont vs stratégie d'aval
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Hu et al. Autoimmunity Rev 2022

Approches thérapeutiques 
potentielles pour la PIDC
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