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Monoclonal Antibody Therapies for Neuromyelitis Optica Spectrum Disorder

Woojun Kim, MD, PhD

Department of Neurology, Seoul St. Mary’s Hospital, The Catholic University of Korea, Seoul, Korea

Neuromyelitis optica spectrum disorder (NMOSD) is caused by antibodies that target the
aquaporin-4 (AQP4) water channel expressed on astrocytes. Specific antibody binding to AQP4
produces complement-dependent cytotoxicity, resulting in inflammation and demyelination.
New biologic treatments demonstrate high efficacy and good safety for patients with AQP4-
immunoglobulin G-positive NMOSD. They were eculizumab, an anti-complement C5 antibody,
satralizumab, an anti-interleukin-6 receptor antibody, and inebilizumab and rituximab,
which targets CD19 and CD20, respectively, causing depletion of B-cells. In this review, the
pathophysiology of NMOSD, the methodology and results of the recent studies examining

monoclonal antibody therapies, and the optimal therapeutic strategy for NMOSD were covered.
Journal of Multiple Sclerosis and Neuroimmunology 14(1):15-23, 2023
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AL Ho QB Aot Moz ET] Hzo] ETt? Aqua-
porin-4 (AQP4)+= " (blood-brain barrier, BBB)<]
T A E Hol A3 drtol| Y51 2 5]@] FHIGF

4+HE 2 (water channel) 82 gHk? AQP4o]| thst A9l
G

AQP4-immunoglobulin G (IgG)7} oAl 3of] AotshH &
A Al (complement system)2] 2487} AlZFE AL o] BA|A|
9] A4 Hk2- 2 o b | AR _L(anaphylatoxms) ikt ot

34E35} )| (membrane attack complex)2] AJ4d B 0] 2]t
MZALS fEFie® BA|2EE= NMOSDE] W ge]stollA] 3
AAXE (plasma cell)Q] 2T} A7kt AYAJ et ope} 3¢
Z(anti-inflammatory) BA|2Z

10 g2 AzbECe olE| 2716

Z+ NMOSD2] 12| 713d0]
O ZTHE (naive T-cell)]
E2THIZE17 (T-helper subtype 17,

Z(proinflammatory) ¥ Y935
7159 Evde 5ol Aot A
(interleukin-6, IL-6) A1 H{EH
A F83t g St IL-6=
oS A=l 2dEA
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TH17) M2 YHECE TH17 M9} IL-6= BMES AT A|
#(plasmablast) 2 £5HA17 AQP4-IgGE AYitalA Biek’ =
SHIL-6+= BBBY] £3HMdS 0] AQP4-IgG X SHSAHEEC]
FTFABA R Solz 4 Q=S SR NMOSD 8t =24
o] ZA5}= 2L} FAFLE A|EE A o] 7]|ojEHe) 0
NMOSD2] Hg]7|Ho] that E2-2 Aj 2L TAo| )3t 2| &
A 7S 3154 Azathioprine, mycophenolate mofetil
& 7384 WA A5 0] NMOSDS] A A5 14 5 AFE ]
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@228 (monoclonal antibody)+=
0 2 A3Fsto] AHo] WeXo] BHE =9
£ FEAY Al 4~ A, =
9] a1} oFE 7+ AT Akg _b}xhg.o] H| 1% &
of eI & 57 Aol tigh H2ELA
20199 eculizumab, 2020 meblhzumabJ—} satrahzumab
o] AQP4-IgG ¥3%1 /9Q1 NMOSD #ato| thigh Fofof] tsh
0= A1E9]ek=(Food and Drug Administration, FDA)2]
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o] F/dol A= NMOSDe] et 22l 2| 54|12 A=
HESIL, ob4] Sl A A] gb2 2AIE2 HofEt

O

)Jl
N
-
N
=
T
in
51
O
s

1 28

BMIZ XioH|

Rituximab

Rituximabe CD20& E& 0 2 3} Ax|2e} ol7to] 7]
e} E2gAoltt. CD20-2 tl/d< BAIAE 9 /g4 BAJEo|
A EFE ) AFAQl 20| CD20S BHelsh= BAIZ2] A
ZAPHAHapoptosis)E HAISITE Rituximabe CD20S &
Sk BA|aEo|| i3l el M Zuf7) Ml 25/ (antibody-de-
pendent cell-mediated cytotoxicity)2} EA| 2] EA| Z 54
(complement-dependent cytotoxicity) 2 F5F 3= SH "

NMOSDOIIA] rituximab®] 2fdt W] E1k= th4=2] 74
32| (open-label), HItHZ (uncontrolled), ¥ (observa-
tional) A7LolAl SHEACLY & 73252 FAHAQP4-IgG
B 747%) 5 T = St 2971 Aol ot meREA] At
rituximab Q%2 A2 S (annualized relapse rate) 2t 2
%P%XJOH”EHE.E(eXpanded disability status scale, EDSS)

45 242} 1,573 0.57 FHTE 16-80412) AQP4-IgG YA
NMOSD #A4HE tldo.2 3 7-29] thx A2l RIN-194],
7259] AL 717 Z=oF QJokt Bk} 191 = 7Eﬂ(37%)o] S
743 B, rituximab £t 199 FollA= ARkt 2Pt
AcHgroup difference, 36.8%; 95% confidence interval
[CI], 12.3-65.5)." o] AFLoja= HE @ 2k 27} 249H7]
w0 rituximab Q. & QIgh 3] ZhA éE*QPBL = 3l
th Rituximab®] 3= RIN-12] k4] 7 A

(extension study)Q] RIN-20j4 = &Q1g] &’iﬂr.lg A=
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7k 20.571192] i 717t 52t 0.035/91H (person-year)°]
A0, ol= RIN-1 A19] floktoilx] BH 0.321/Q1d0] H]

aff f2J5kA| Wtk

NMOSD 1ol A rituximab] 2282 3 #] ¢k Ho|ck
NMOSD 22} 51,5427 0] Zhoigt 36712] Atol] Tt |
A ALl A rituximab & FARE-2 AEH 0 = AnlsiALt
Zz_]—z 91013:1 ZLZX4E] ‘2

=2 1=

B 22 (adverse events, AE)

2 of

5228 (serious adverse events, SAE)S] v]-&2 7}
28.57%%} 5.66%3AC} FAF e B8 5 87] 7Y, vl
7] 7ol 27} 27.01%, 17.36%, 4.76%%1L, AFg-2 0.17%%ck
169799] A tie 2 o S B A @E 71 320
2t 84, 9] 11510 A& rituximab FolwolA 5 1gG &
T7F Ak 4giom, AlgG (hypo-IgG)2) Rz 41901 23l
ot} 28U A8 5 ZEE-2 A A= 0T 1gGe Ak
4 Rz S7tet whedo] il ’HH, 3.5(H e 1-5.81 )
Fofdk2 TP sHE (multiple sclerosis,
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ZAA rituximab&

MS) 2111882 V0.2 oF 3] e Atolb= 2 9
F7} IgG A5k =F Atolol] JHTAVE Qe 2o 2 Yeht
rituximab @ = QI [gG 42| Aot Tl 7Hd 21F 71l

thefal s 271 A7) = estct Rituximabe 44

4] Zof] B
2 QB 710 & 0] 77Tk Rituximabg Fo¥HS NMOSD

X MSE 7R QAR E g0 2 3 F9H RFE Aol
QAo efolol et L 8 7ol Wiygol vls) 27t

5}A) okgrchs
Rituximab-2 NMOSDel| thst 71 &
UAITE rituximab | &5 W= S5 5 5= A
qu2627 A 9le 2= CD2 % He
IgG A/ A RAES] oA ATl B
7} Feap-84 574221 FCGR3A2] %X 7] TFEl(polymor-
phism),** rituximabell tigt g 4 So] AUk
NMOSD‘HW rituximab®] #|%] E°4 U2 o2 =]
=
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mg/m’, T A0 2 1 g 23] o) o] S ThfSh YA
wfet §A] 257} o] ZojRIk™ A FEo] A)7|= 67 HE o=
s, D CD19+ BAIRE S| 7141 (6-851H) ZHA &
E5) AA5 4= ek & BAIE thAl CD27+ 712 BAE(memo-
ry B cell)2] ZHAIZ7}F AIRFE| QLo H | B d ol THlA| Lo A] A3
2 59 0.05%, °1F 0.1%S 7|F0 & Sk 7|BAIE 7|5t
r1tux1mab Fol= 7RISt A8 E Fofl +4 Fojge Y
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Inebilizumab
Inebilizumab-& CD19°]| thgt Q17+s} [gGl ©HE-E7A|0]
th. CD19+= BAIE o] 'Heart Ad<:0] 27]9F £7] T AtolojlA]
CD20%c} o W2 #9]e] BAIE f3oli] Frasch” wheb
CD20& A0 2 o= TZF2FA|} &2, inebilizumaba
pro-B TAe} PARA| 2 TA|S] BMEZE B4 0 & 511 of=
O W2 Hejo] BA|aE 124-S fHSeh Inebilizumab2 H| S
A7 JF, vy g aidy b w27 P o] et
ZH2 BA| 2 A Mg S 2| 5ol AFg-=lo] gk
N-MOmentum $-++= 7219 0|54 glof 54 2/307]
A=, 2307 2] NMOSD 227} inebilizumab A Eo
(174%) == QJoF (5670l F-2H9= BT &% AQP4-
IgG 9d FAH= 2137(92.6%)01 21, 285=0] F2k5} 7|7F
o] |4 19| ZY=AIA%Y 7I7ko] ZIP=|{ct. F2H13} 7]
7+ &%k inebilizumab-2 9|2kl H]s]] NMOSD A Yd=
73% ()8 [hazard ratio, HR], 0.272; 95% CI, 0.150-0.496),
Zolf oFs} 9132 63% (HR, 0.370; 95% CI, 0.185-0.739) 4
AZH: Inebilizumab Foiwt 252 Fof 89 $HE {2
S BA|E 4= A4S BRI o] FARR|S} 77F EQtol| = 54
%21tk N-Momentum El|o]E{9] RIZHE A2 ajjdko] %o
AP -7, At o] A ol Hre, *1F x| ol B AW At
ofl TAglo] ojekLo] ulaf et oj&lo] QJmw] T oggpﬂ 7F
A2EUS-S HoFTE* 44 o)A} inebilizumab &
75782] AQP4-1gG ¥/ BAE tiide = gt *}%—‘ﬂrﬁ 7%4
13%(17.3%)0114 18712] Aol 2HQlE]2111(0.0528]/919), 7 &
5] 215 A sfol] 1271, o]F 3ol 274, 11 T3 3ol 2719] A
| BAg5to] 212 A 5f| o] %ol inebilizumabe] E37}F 57131
& ARSI ol = X5 43 5RF P A 0 = fA|E]
Itk CD20 78 BHIE o] 1z-2 F4H9) oz
= Q) 7ofl TAIge] inebilizumab o 2 x| ZHRS- Skajof|A]
49 o/ FAI=| ATk
N-MOmentum ¥Lol|A], AER} SAE= 22}

o

712k 53¢ g

Finebilizumab

Folat 22k 72969} 5%, 1ot 2Rk 73%69F 9960l A1
ABSHATE™ 7HYEA] 717 59F & 1] AFgAZE QAT fiok
9] 3t A= NMOSD Aol oJgt &5 77 0 2 Aggict
Inebilizumab Folit &A= Q1 599 54144 715
HHo g Apgstalon, Shagh 1Tk o] Fojx|7] ektont
FapA] Ao 2= G4 S 44 (acute disseminating
encephalomyelitis), HZ1329] NMOSD i, xlsjct=4
a2 F (progressive multifocal leukoencephalopathy,
PML) 5-0] Z3=|]c}®
Inebilizumabel] thet N-Momentum 7-2] &3k} ok
/d AF50] AFSEAol A inebilizumab ©]739] rituximab &
o] oR= gito|| PEFS FA] FAUTE® 0| rituximab |
5 92 g5 ATEEES 714 078014 inebili-
zumab X85 Y= 59 0.082 74A31or, o= rituximab
|25 W] FUH 2RpE9] ATAE 0.1027 Bl
Fofilh= St AES AEe 7] et &
o]% inebilizumab& Fofth= &t Ad-S 3sh 2= o
HE e 2 inebilizumabe] rituximab |57} Aujigh
rpo A GRS AlAKSHTE o] Hofl rituximabS Fogt
2 Ao] Q=172 7R} F 278(12%)2 inebilizumabat
Axlo] G4 X85 Q2 o= SAEE FE M, 31(18%)
9] 7 IAtol| M AZFeEAL 353 o)/l 7ol EA¥sHRILY. o
F T Eo| A Aot 712] 72 'HAYSkA] kot
Inebilizumab (Uplizna®)& 2020 0]= FDA ZHE
AQP4-TgG A 4491 NMOSD EHxtol] thgh 2| 84| 2 51kt
t}. Uplizna®of] tht 2% g Hojl= A Taikg, Azut2
2EAYZ 0 7k o Z/KRE 7reT} Zslo] Ajagst 2l

= Ooua [e]
PML Eﬂ)oﬂ thet A7t Z3HE Qi) Uplizna®s 248 91
Oéﬁok% nE alenz O]’*—‘T‘—Oﬂﬂ]

3} rituximab2 £

phzn =
21 UW”P okS Fojik & 67H9éJ mjole 6]—% Zo] 2
c}. ofEs Ayl Al live-attenuated VaCCH’Ie)O]L]' A live
vaccine)2 2| & Fojl= HE3A] o= Zlo] 2o &
T A& 45 Zo] ZZafjoF Skt

IL-6 $=2#|(IL-6 receptor, IL-6R) 2AX|X|

Tocilizumab

Tocilizumab-& IL-6ROll Tt Q175 [gGl HEE3Ach
I1-62 ST 9 FHT 542 B Zhs Alo|ErlQlo R 4
94 2 Agte o 2 Zaj5tn] BAEE FANEZ EaHA|
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stal, o] &2 Ao He-2 A|ghch

Tocilizumab ZJHEo] 9 15}E07}F NMOSD Aol A
AS A7)0 ol g SHAZtHE SelE et el
1 (case series)Z} JTEH® 7HGHEA), TF7 |8, F2HQ) 2/ AT
%I TANGO +llA] tocilizumab-2 azathioprinext H| s}
o] S -FofoHA| ZAAIFALE A7 F5 A7 Aol
AJE}A] 932 BHA= tocilizumab SOl 568 = 5078(89%),
azathioprine £t 525 F 29(56%)°ATHHR, 0.188;
95% CI, 0.076-0.463). 3 W& 2j&7kx] 2] 7H4 9A] azathio-
prinetr} tocilizumabwtollA AATtocilizumabt 67,25
interquartile range [IQR], 47.9-77.9; azathioprinew- 38.05;
IQR, 23.6-64.9). Tocilizumab-2 rituximabS- H]£3 Ch2 %
S7F Aufigt Algt NMOSDe| tisiAl e a0l Qlth= $5F4]
AL K 1 9T}

TANGO Lol A SAE= azathioprinew(9/59, 15.3%) 2}
tocilizumab-(5/59, 8.5%)°lIA1 B WL Tocilizumabt 598
% 58(8%)llA SAE(MSE HE, o], Z2HIH T, =
=8, H5A)7HERem, 1 F ARG @k= gigitk Tocili-
zumabw2} azathioprinew-oilA] 22} 3t 7§l o] Apgto] Ay
Flom, Qe 717t A4 R0 & Qg o Ftaky} AlZkeh
o2 BE B8 ofgt 712 ohd 70 2 k| glrE®

Z|- 2 ALofal= NMOSD 2ol thst tocilizumab
TjspFoj(HFoll whet 1-2520kt} 162 mg) = W Eof (4520t
8 mg/kg) THa EtHQl Zo 2 Bkt

¢

Satralizumab

Satralizumab-2- IL-6Rl| that Q17F} [gG2 TE-E3A0]
o}, A7 1< (antibody recycling technology)ol] -8
o], tocilizumabell BI5 71 1715 Zheth®

A3/ At SAkuraSkyollA= NMOSDoflA] 74 o]
AA|(@zathioprine, mycophenolate mofetil, corticosteroid)2]
58 oFA|=A] satralizumab TSIFAKQ, 2, 45 9 0% 45t}
120 mg)e] &te} P/ At 12-744|2] AtS0]
Zojlon 839 & 558(66.2%)0l4 AQP4-IgG YAdoIch
AQP4-IgG Y3 E2t F satralizumab+* 279 F 39(11%), A
OF - 287 & 127(43%)°llA] Alidko] WMYITHHR, 0.21; 95%

CI, 0.06-0.75).
I TF2 A34F 93191 SAkuraStars NMOSD 240l A sa-
tralizumab T5FFEAF Y 2| 20} 9JokS- v)w ™ Satral-
izumab+* 639, |ft 3270I3 0, F 955 5 648(67.4%)
of|A] AQP4-IgG ¥/doIAtt. AQPA-IgG U/ B4t 5 satrali-
zumab FOIT 417 Z 97 (2296)011A, ek 235 F- 139(57%)°ll
A Aol dASHITHHR, 0.26; 95% CI, 0.11-0.63).
Satralizumab®] 47| &= SAkuraSky<} SAkuraStar
Ate] ZHER] ArolA] SHEJACE™ F 111782] AQP4-
IgG F/d EAP} 259l om(SAkuraSky 49, SAkuraStar
62), satralizumab o] 77| F7Hk2 SAkuraSkyollA] 44
(IQR, 0.1-7.09), SAkuraStarollA 4.08(IQR, 0.1-6.0%1)0]31
t}. Satralizumab& 5 £ el AT T5 A7
o] AZHEE-2 SAkuraSkyellA4 0.12 (95% CI, 0.08-0.18),
SAkuraStarollA 0.08 (95% CI, 0.05-0.13)2 H]<=5}ick &
T A2 2 192578 A glo] Al gk SAkuraSkyell
A1 71%, SAkuraStarollA 73%R a1, A2k AEHEDSS &
47} 2 ol T7h = ™A @2 SAk= SAkuraSkyollA]
91%, SAkuraStarolA] 90%%itt. SAkuraSky 2&ke] 90%,
SAkuraStar #}2] 86%01|4] EDSS ofsl7| Xlaiw]A] &kofch.
SAkuraSky 172} SAkuraStar Aol A] o
T Y o] SAESH AES] WY E-2 H|5tla, &5t 9l
2 oIl o, satralizumabell oJs < 1Eol 57131
£ 7L JACEP T o] 7|4 QA EAol|A]

AES] ¥ E-2 SAkuraSky A9t SAkuraStar Aol A

m
i
ol

o

7}

e

10.4/1001E2} 10.9/1001H0] it Satralizumab o 7
U AT A2t 7] B E-2 o] ST 7170} vl &Stk
t}. Satralizumab F2-8-0 2 QIgF APgrolu} oppFHEA A=
HPgeEA] QFoket

Satralizumab (Enspryng®) 4191 AQP4-IgG 93 NMOSD
2hate] x|zl sl 20209 1= FDAS] 591 RISt En-
spryng” Fojoll 2J5) 74, £5] B 2hgolut Ao apgdst
5 Azt A8AY 4= Qe 7
=9It 2 AuARe 2= Tha 4 2L 55 A4, o
S50l Qck ofEatAyul oL Al Z4E-2 | & Fo

HILER] @01, Hoj & 2| AJRL 45 o] AlsfoF St

=1
H

fr e
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Eculizumab

Eculizumab-2 B4 /3221 C50l| that 174} 1gG2/1gG4-
S HEZEGAZ, C57F C5a2t C5hE L& 218 Bherh™™
C5at 423t 3}5-pQlE2 (chemoattractant) 2 S5+
EJstr]7H, Cobe ML oA Bt 859l C5b-9
7} e AS 2AS ot B3 A2 A|zahE oashe
£ gt} Eculizumab-2 WAMJoR FE A A 1 2 (paroxysmal
R R N R

nocturnal haemoglobinuria)¥} B4 g

d

(haemolytic uremic syndrome)°il thsf &Ik 2fAc*

PREVENT 7137, 7219] o4 91of thx ARd-AIE
A [time-to-event study])ollA+= AQP4-IgG ¥/d NMOSD
22} 14390] eculizumab A Eo7(96) 2 Yk (47)
of| F2t9] v =]l HAAAA| B-8-Fol= 518, Ec-
ulizumabwt & 3%(3%), H1°F 5 2075(43%)ollA] Ao &
AIZITHHR, 0.06; 95% CI, 0.02-0.20).>* 0] A= 2k Shxj7}
247g0] = wi7}x] XaYst= 710 2 Al ot eculizumab
o g3} F-5isto] 237 A & 27] FREUE PREVENT
A AFEEA I} R AATLo) A= eculizumabS
T o hrE 339 - 96%7t 19252 A2 ok ot
A, eculizumab THE-Fo7} 717k A Wiz]of] &apAole)
£ A& AARRITE

Eculizumab (Soliris®)-2 AQP4-IgG 4/d<Q! AJ°l NMOSD
At thieh 2| 24 2 20198 Bl= FDAS] 591 RIQLTE Ecu-
lizumab2 BAAE Xpehobr| wiZoll 42t} 7 steat
gf|2]oHencapsulated bacteria)2] 749 Y¢S =21t PRE-
VENT $dollAl= X5 Al A Neisseria meningitidis©ll T
HiA1S oI5t AL, N. meningitidis 4 H2 BI1E]A] o

CF. ZHR¥3EA] At 717F B2t eculizumabt azathioprine
S & Fofk2 321 §F jo] Hl4s-§(pulmonary empyema)
O 2 AFYRICE PREVENT A7Hef 71 73] Atof|A] Azt
SHrd o) &2 flofwtol Hs) eculizumab THE-Fof ko]l
A EHE Eculizumab-2 YAl (immunosurveil-
lance)7} fAI=] AL, Z-gAR o] whEn, 7} 2|&ETh= 4
7o) o, 25 mir} AJH o7} 8 95kl Hl-go] k= T

o] et

Ravulizumab
Ravulizumab-2 eculizumab |5 4749] £ F7A|
7171 93l Al FAITE” Eculizumab} B w51 o

ro

v 772 n, i o = G711 A gl vlal Ag
%7)0=Z(early endosome)ol| ] of whe] g8t of=
A7+ HAHEE]A| Shof 7S 4u AgA7| B2 Fof 74
852 AGAIZILE” Ravulizumab-2 2018¢ W&AJoRHE
A kZol oisl Stk

2| B 3 7HREA] o7 |3 5HCHAMPION-NMOSD)
£ AQP4-IgG /g NMOSD S tdo 2 Z1sith” Rav-
ulizumab ool 585, |ektol] 477g0] v =gl oM,
9|oF+0 2= PREVENT -ollA] HHE|H f]oF-2e] to]
EZ O 2 #8390tk Ravulizumab FofwtollA= 814291
9k Ado] TAYSEA] eFfAL, flefatollAt= 46.931d <920
o] ghatof| A Atho] YR 2| 5of HedE SAER 41k
w W@, S H, HE 5ol Ao, oSSR &
2 718 il APE B 1 E)R] ekoket Ravulizumab £
o
=]

ok

2

% WS Fofvke Bhxtol| A N. meningitidis 40l 271
R, B S5-F glo] A1EEQIT Rt e HlE2

eculizumaboi| 412} B]£=3ict

A& A

NMOSD2] 714 A ofy of
Tk NMOSD7} Azt 41745k Aég fdehs
wzol, £5] AQP4-IgG /8% SAtollAl= A ¥R
o]% A|A| glo] X &5 Al&tst= Zlo] HAET ob]
SR oAl 2] ARgo] Ak o] 7] wiZol x| &
7] QlofiA] @A Arge] Ao uet s
85tk 115, 591, oMol AZek AP 2+
SF A} BEdslo] 9lgo] B EQIrk® HA
Sk 7|7bo] thisiA = o2 2Fef A QIA] ehAlvt X9
FollA M| |5 ST & AEE0] 77.5-82% =
7¥eiith= Aakg aefd off, 4 5oke] A[&AQ
2JafjoF ghrf%

NMOSDe]| thgh 12+ 2| 84 2= TF- 2 (rituximab,
AQP4-IgG ¥/d &Atell thsliAl= eculizumab, inebilizum-
ab, satralizumab)7} #H|AI=|Act” Ti9FC 2 azathioprine©]
L} mycophenolate mofetil(3 3-67§€7t 47 28| 20| = ¥
&Fofet dA)2 ol 4= Qi AQP4-IgG 73 At Hiish
Al tocilizumab £ E 12T 4= Qo). A Fojol = £
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