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Jinhee Kim, MD, Ha Young Shin, MD, PhD

Department of Neurology, Yonsei University College of Medicine, Seoul, Korea

Myasthenia gravis (MG) is an autoantibody-mediated neuromuscular junction disorder
characterized by fatigable muscle weakness. Mainstay therapies for MG include anti-

cholinesterase inhibitor, thymectomy, corticosteroids, and non-specific immunotherapy, such
as azathioprine, tacrolimus, mycophenolate mofetil, intravenous immunoglobulin, and plasma
exchange. These therapeutic methods have significantly improved MG treatment in recent
decades. However, there are still some patients with MG refractory to conventional treatments.
In addition, long-term use of corticosteroids and non-specific immunosuppressants can lead
to serious complications, including metabolic derangement, infections, malignancies, and
systemic organ dysfunction. Recently, new therapeutic agents have been developed based
on advancements in our understanding of the immunopathogenesis of MG. These agents are
more specific and have a more rapid effect compared with conventional treatments. This article

reviews novel therapeutic agents and their scientific basis.

Journal of Multiple Sclerosis and Neuroimmunology 14(1):34-43, 2023

Key Words: Myasthenia gravis; Complement inactivating agents; Autoimmune diseases; Biologi-

cal products; Neuromuscular junction

Received
April 29,2023

Revised
June 9,2023

Accepted
June 12,2023

1 ME

<(volun-

EXELE

S5 F25(myasthenia gravis, MG)2 42
tary muscle)?] 2 g} o] 2 o] 541 417
Zgho|m, opAd
@} muscle-specific tyrosine kinase (MuSK) 5 A74-43
A A S uto] Was]= Thaldo] oigh 2P A7 7 1

222148 (acetylcholine receptor, AChR)

Address for correspondence: Ha Young Shin, MD, PhD
Department of Neurology, Yonsei University College of Medicine,
50-1 Yonsei-ro, Seodaemun-gu, Seoul 03722, Korea

Tel: +82-2-2228-1600, Fax: +82-2-393-0705

E-mail: hayshin@yuhs.ac

34  Copyright (©2023 by Korean Society of Neuroimmunology

of] ZA| Axkel vhg FAuiziA P g
ated autoimmune disease)°|th’ F35TFE 5 S0
ef 2ol 5= YA S SlEiEA & 4 e FEolA]
T of2] x| 5RE0] %@3}”4*1 z| o=

OFY 2 0 2 YA} 2]Q]of] = XA} 0]
L SRS AFGES 19000 2R
o}
tion), OPME SO AEI RS a4
2AH|Zo|E, WA, 2|54 FFusts, HAF=ETEH
FAF50] EYEHA AFEEC] 1990 o] F &= 5% o5k
#AA5] Wropxrh** SEA|TF ob&l712] 10-15%9] S5 7S
S AR] A SHERE Aol Z 2] et

(antibody medi-

7|A127](mechanical ventila-
zﬂxﬂ SAEA < iE,]Zi


http://crossmark.crossref.org/dialog/?doi=10.59578/jmsni.2023.14.1.34&domain=pdf&date_stamp=2023-06-30

New Therapeutic Agents in Myasthenia Gravis

"Apoqjue aseuly| aUIS0JA3 d410ads-3|aSNW-13Ue ‘Gy-HSNA £4103da234 24 ‘UYD4 ‘9 ulingojSounwiwi

‘D3] ‘snosueindgns ‘S ‘uollelisiuiwpy Sniq pue pood ‘SN ‘Y4 ‘SNoudAe.ul ‘A| ‘SIABIS elUdyISBAW ‘DA ‘Apoqijue J03dadalu aul|oydjA}ade-1jue ‘Qy-yYydY ‘Apogijue |euojoouow ‘qyw

Bulobuo |ewy |ediulp ¢ aseyd

|ewsy |ediuld abie| d13eWR)SAS ou
‘payiodal ynsai jeliy eIl Z dseyd

Buiobuo ey |edulp ¢ aseyd
Buiobuo ey |eaiulp ¢ aseyd

syjuow 9 A1aAd 22U0 ‘Al

N
syoam z-T A1ans aduo g
syoam gz Alana 2ouo ‘Al

DIN dAIsod qy-HSNIA 40 qV-4YdY

S aAisod

qV-MSNIA 10 Q-4YDV A1o1oeujoy

OIA Pazi|elauan)
OIA Pazijelauan)

uons|dap
1192 g aAnisod 6TAD

uons|dsp
1192 g aAnisod 0zdd

JoMqyu uyd4
JoMqyul uyd4

qvuw

qvw
gqyw paziuewnH

qvw 196 paziuewny

qewnzijigau]

qewxnyy

qewipoyeg

qewljedodiN

pariodal ynsai el [ed1uld € aseyd Apfeem ‘DS DIN 2AINISOd QY-5SNIA 0 qv-3UdVY J0)gIYul UYd4  qyw yOB] pazivewny  qewnzixjjouezoy
1961

panoidde vad Apoam Al DA 2AlIsod qv-yydv J0JQIYUI UYd4  UBWNY JO Ulewop 4 powisiJes)3

pa1iodal }nsas [el} [ed1ul € aseyd Ajiep ‘s OIA dA13Isod Qy-yydv Joyqiyul qsd ‘sD apndad d1phdone uejdoon|iz
panoadde ya4 SY99M g AISAS 90UO ‘A| DI 2A13Isod Qy-yydv Jouquyur gD qyw paziuewnH qewnzijnaey

panoidde ya4 syeam g Alane aduo ‘A DA SAINSOd qy-¥ YDV Alojoel)oy Jouqgiyur gD qyw paziuewnH gewnzind3

uonessiuiwpe
9DUSPIAS JUaLIND) uoles1Ipur uol3oe JO WSIUBYDIDIA 2IN12N13S bnig

JO [eAJSIUI pUB 3INOY

& or SR T o
5 N R O = U
ooy ® O
S gy R Noow oor
ﬂ% R do Noo
TR Wzﬁe_uc,ﬁﬂ
T o o U T o
o 3 B o T W
o= T /o No p-
o) mn T o ) om) T
Me UT o
oy _mm/o q_c ° g W
= m_wa:l_eﬂnqg_
o X Dot N N
vl o Hh i
o o zoPL?__._.LoD
© No Ja_‘_%_ﬂrﬂo_x_oe
U e LN
Kbl =R T &
MR o R e oo
N Noogy N W N TR
X0 Nlo jo & T ﬂaﬂlmﬂﬂl
a_aﬂumogemeﬂﬂmﬂﬂ
M Zo o XDy
N E&TWBE TIaJDNTH
T T N X o Mo <

HA|(innate immune system)
a

2
5
tExJ
XL
g L
bni
g 2 4
8 4 9
=X
B & 1+
= S
W 3 = o
T
— H o

T 5

Fof Al
A2 (phagocyte)

A5

(membrane attack complex, MAC)E 3

€

Al (pathogen)2] Al

A7 sk

d|(pathogen)&

£ Soto] eln
oPg B8

dl(acetylcholine receptor antibody,

O}-x

[e1

WO 2 Q8
n_mo,_mQGMmL
W 228
2O o
Mo g oty
4o B+ g
(R i
WL]DI g”ﬂﬁ
R
PyrzpR
Haﬂmn_ﬂedﬂ_
ol B = g I
Nosp m = 7o
L B
m_u\m/ot._tgu
_,t.wAC/.b]
o 5§ o< &
Mo B 2 & o
o 2 2 S O
2 9 =

® Ew T
MWc._ol.,]r
E.___O
el
EEpEm
< S v wonp

SIAeJS eluayjseAw 1oy saidedayjounwiw] [SAOU JO AJewwng T a|qeL

e W k<
UTe_l_ﬂ\_t
&me o =
o.|DA11.11;|10_|
WERE®
ST
IA
mﬂa%mﬁmg
DNH._‘OIO#EO_H
c T N X0 o
22 ™ Ko
oL Tk T & W
T o9y = o
2ok O 3
;OLXH_ ]JL
T or O 2 o
"o O T o
my ® o muel
ZI_NLNEE,_O_“_@E
- m 3
mﬂwo%%mo
o h e Nk
= _I_IDT7
S o LR
S x g Mo pp
£ 2 No
E No & H ®

<

Gl
o
ol
No
T
A
rJ
NJo
No
o)
5

o] fA=Ik"

g 7

Nlo
=T o
E o
g8
ig®
E o o
=0
R H
__oo_._._o
E.tz_o&wE
BwS .
ul
@Eﬁmm
T No We
ﬂz*oﬂw.ﬂ
S F oo
= oop
1 B N ©
2 b
: o Tl K
Emﬁj_ﬂmueh
@E_eﬂ_x
o B W
~ 8 T ook

Eculizumab

Al
]

13

b
i
o

~
G

o

o

Aol 5o o
(humanized monoclonal antibody)= EA4| A4 24|

O
T

Eculizumab

L
.

—_
o
Ton

W

C501

o
-

fete 2|2 oF&o|th Eculizumab
o] C57} C5a9} CsbE ZakA UHolal: Zig

N

o}, mahA]

okl
.

35

Journal of Multiple Sclerosis and Neuroimmunology Vol. 14, No. 1,2023



C5a0] 3t AZH LSS flo] AT, Csb7h 2 AL
_/J\_?)_ ]_L].o ACC] &4do] mxﬂﬂr,} o] Oh‘jiﬁiﬂuﬂmx}ﬂ-

& Ft(hemolytic uremic syndrome)2]
A BA 2 1A SIkgron Y 2] ol = of ol 4FA]
(aquaporin 4 antibody) ¥/ A4 24AHFAEH (neuro-
myelitis optica spectrum disorder)2] 2| 84| Z = 4918 @
ket
AChR-Ab ¥/d =8/ $ST7T A 12582 T2
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oL, I = HE= mf 1424kt F 265271 1,200 mge FoIst
Ik A=} g7t A ;QI 265 F Myasthenia Gravis Activity
of Daily Living (MG-ADL) 42| ®Z}ofjAl= F-2fet dxt
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Sk ¥ Eoko] I3t eculizumab T} ¢ 71 740 & Fofo]
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Ravulizumab®?] 3/ 94418 CHAMPION AChR-Ab
P ST A 175 S Vo = Al o, A5
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ArHE uhgo 2 2022\ 49 1= FDA 5912 whoket™

Zilucoplan

Zilucoplan G5l Zesh= E4d= A 157119] ofbn| At
O & F/dH Fae|gE] = (macrocyclic peptide)o|t 2AFF
o] 3.5 kDa.2 2 TZ-&gAo] Hlsto] A=I5] Ral eaprp AA
=2 njstFAeto] FeFsttt™ Zilucoplane of2] ofr|izito] 11
25 o]F1L Qlo] F+2A 0 & QP Ao] 1 C5efl ofs kAl A4
etth= §40] 1o, C59] 23 & 2k Zwnt ofu2t Csb
7} Ceoll 2ot A= vhe F 712 2H871:4E 7HATE™ &
T3/ A& RAISES] 27 2|9l o, 2397 2] AChR-Ab
P Bt 2 siglek 2| 8tofA] 12523t vl ziluco-
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Efgartigimod+= FcRnell thdh 13t o] =5 AA1H
human IgG12] Fc domainolt}. WiQ1/d IgGel| B]sl FcRnatte]
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Journal of Multiple Sclerosis and Neuroimmunology Vol. 14,No. 1,2023 37



2/ FELFEZS TRt 389(23%)°] 1tk AChR-Ab 273
#H} % 68 MuSK 34 4deleich Efgartigimod ok

ofl = 847 f{oftoll= 8310l HIEIRIT). Efgartigimod=* T
JAH= vl 10 mg kg efgartigimod S & W] xHef] AJ2iZAL
/ol uhet 24 8% olife] 7H4S
A ] Zpele] ok wHERE 4= QI{th AChR-Ab ¥ 22t
oA X5 AR} 4527 7kt MG-ADL A7} 24 ot &
22} v g (YAt F4)o] giektol vls f-2lstAl =3ttt 9
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kY 2 AChR-Ab E= MuSK-Ab ¥4 24 S527Y
T SR} 200782 tl o2 gt 34 A MycarinGe] 227}
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mjolFALR Foliotom 2|5 A2 43Y & & 2| St B 9
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o &
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U= I7HE Gl HEEFAR, DF [gG $4IE 85% FHAA
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Aot HIFo] tigh 191E YAHEE e 2 E AIAIE
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A= )
A 3 Aol K3 Folet

>

BMIZL EX X|Z(therapy targeting B cell)

BA| = TH|EL ] &S ot 7]2BA|E (memory B cells),
P A3 (plasmablast), FZAE (plasma cell) 2 235ttt
P L} FH A E= A E TS0l BHlE S5 Y
S A AP IFA S o5 FEA|E e} FHEA| oA A
’g=lo] 2H|=H whetA BAEE F55FEHS EH I &
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Rituximab
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