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Corticosteroid and immunosuprressants in treatment of
immune-mediated neuromuscular diseases

Jee Young Kim

Department of Neurology, Seonam University College of Medicine, Myongji hospital

Immune-mediated neuromuscular disorders including chronic inflammatory demyelinating polyradiculoneuropathy, myasthenia
gravis, or inflammatory myopathy are difficult to treat since they have diverse immunopathological mechanisms and a wide clinical
spectrum. Corticosteroids have been widely used as a mainstay treatment for a long period of time. And various im-
munosuppressants inhibiting proliferation or activation of immune cells by different mechanisms are used as a monotherapy or a ste-
roid-sparing agent. Recently specific monoclonal antibodies targeting different immune cells have been introduced. Since not all
treatments have demonstrated their efficacy by large-scale, randomized controlled trials, and these immunosuppressants are asso-
ciated by various adverse effects, so careful and regular monitoring is necessary.
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1. Corticosteroid (CS)

CS= Al &t AH S 5 5 dghe] 2|50l glof
o] Holgtt, dSu-eat A Bl 37 deke-S
ejA|she] r A 2w of] G 9f 7k B | XIv EAkA ol
A, Cs= BolgAleh dgtete] BdAlE B/l Al
O o]gste] DNA Wiol Sl ez 2 Reld 2
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A g2 AAlshs s 5= 5 theksh
Fe i ik B2 [ A=t &
2}, 2 Awo) we} thEA Fofahet], wid
o 2H|2o|= AP BE Fo7IBS AW T35 Ao
FE ARSI, AL Fofsl= e 2eke] Zlgo] m=
A] g2 Aghol AR3taL, AW o 2 HAX S (pulse therapy)
£ sh= A= mEA Pk, 57 FA4 B HoR
o El= AdulslAg Asle] 27X g2 ARe-E)
Auba o 2= w2 def o] =gslr] flsf 8o s Azt
st H=tl, MGo] A5 G bl (25-75%) L8 =
Bl Ro|=A5E A - 3 = ool dr[For 4
o] efshd  Qlrke= A& vle] gk Y Bs Afol|A| drdatal
olofl thet Felg agint” dH o ngF me=LeE
(PD)Z 0.75-1 mg/kg/day Fi= 60-80 mg/day 850 2 o}
H13= 27] 2-657F FAsh= W ol Adaw=t, ob3ol
g7 Tkl HW 2] FolM AdHor AYgue
2| 2o|=9] o} Fr) ¥ Folx] Foldk PD| thAlE 7
A o7 Astal7]aL, &57de], AeEA| 942 PDE] A&
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GOy 2UZARH AZUN T2ETAHZOISO HAIHA
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)0 g of & ggolrt. ARG 29N 2g/kg S U 1}

st 2 1 W BYAL AYRE, 2 ALY A g
2 IAEF F 3) WG5S, 4) Lolgirtela] A<, 5)
A= 11 7750k = (_1_5'—5—] Eﬂﬁo

1) SF2AA = F(“fﬂz 54,4

12) 52 28] 9JoF Folu}.

2. Intravenous immunoglobulin (IVig)

IVige §92Q] SHoA L, F7|7F Fojdx v|a3 oF
Hakol QP FHoAE el g 2aA R AR
N2 2L A9t} A8 AsloAs 2gH 2o|mu EAw
=3t T8 a9 Eolon], MMNS 22 Fgtox=
A £ Ao SgHm e, A
FollA GBSY CIDP, 217333152 3K neuromuscular junc-

tion disorder), =4 +=H
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Z(inflammatory myopathy),

A2 EF T (stiff-person syndrome) SOl = I G307} ¢
Z=%°

Vige] 2871732 getatA] ok, theat 22 o2 %
|718E 2t A 02 IEHAL Uk 1) vekgk i Sol4
(idiotypic)/ &7 EE-0] & (anti-idiotypic) 37} o] WA 2l
ANASS TIA7IAL 2 AP FAIEe] A Takdd 2
h= AL a3ty " 2) BA o] Atsle] BA9) 7% o
Ay, gl FH L3 (membranolytic attack com-
plex) FAE PIL"" 3) WA 2R B} IAAE
(macrophage) ] Fcy =8-A12] Fe Jol d3lste] g5 2
AGYRE-5 w78z Alsnk-go] Sx1==r, ojuf oA/}
4 Fey S8A1e) BAFE Aol nje} 2% Welikgol
ARG FeyRl 9} FeyRIe) E30] S7)shd E21218
= ZZA)7)= v FeyRile] ¥3lo] Z7lshd 22)7)%53}
A -A ZE A o] A HLE. ™ 4) Afo] E7}) (cytokine)
3} B2EE7}(adhesion molecule) 2] AL 7o) RE H °3HH
7Hg SAEA Ak dovle v Fagh s 3
o], Vg AW 2 A Q] A-ellx] &=l vl st /‘}O]
BRI Fatal o] 224 T EE S JAsAY &
FEEE 27l Aoz vyt

e} 22 ohekst 7S B3l Ivige WA rde s
L EE OoFe A8ES ARkt 29 Holal gt
o] olue} FoHE HluA Fhdain 77 Fojolx=
A ]] FARgo] ek 934 o] Atk SWo| & sht
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A1 400 mg/kg/day 2 5L
=), FHZoll= A 9 AEw %]
ME 1g/kg/day® 293t Fofehs W=

Bzkg-o u|w3z Aulsle, 10% B|ete] Shajox FE2kgo|
HEb 0.8 I 555 ] N
S8 Aol Fo] B3, 03, TRE, 7l BBl
A 1A S 8 sdl, o2 3% 3083
5 ol FA3 o] AU AR Bk 58 Al
A 7 ]%O] At At 28] AR SAtollx = w2
e FASFE AL sjok ek, 1 o) Fop % vl w
& s 94Jo] 204} A1 4 9tk Ak Ratgow
EHEF, AAAF, B A28 5o dHAAF A9
7, —‘%?f Hm%‘, IRk, A1gt o g=tE k- (IgA
U= 7B, B APA =B A (acute re-
nal tubular necrosis) =o| e 4 9o v 2 o] st F

o2 qs}

l'.‘l

AR RS H2 A AA

HAAAA| o] 7|3 Foke o dgtolnt 713531 e] 9
S Fket7] wizell, o] =ol#d 7Fs3t
92 Yehle 71 2o 5o g X838 Ao nighz
sict, gl olfst HAAAES dEos TR AL
ZH|2o]|=9] 888 Folx=(steroid-sparing effect) kA=
FoHh 3] S-S v} 2ok 1) DNA 9} RNA
42 9JA|3]= azathioprine (AZA), mycophenolate mofe-
til (MyM), methotrexate (MTX), cyclophosphamide (CP), 2)
TAIES] & AAI8H= cyclosporine A (CyA), tacrolimus
(FK506), 3) ©LE-234]¢] rituximab (RTM), alemtuzumab

= 11
Fo= BRI 4 g

1. Azathioprine (AZA)

T ZFAZ AEF719] FA71(GDHSE DNAE 43
sh= s713Hs SAste] EistA| F2lsh= TA RS} BAIE<]
Z2jo] A > v sl A Hste] o2 Arbw
Azl de] ARg-EaL It} AFolle S0mg/day= A2}

S abn, F2Rgo] globd ATl somgHd SEFetod]
Z—Smg/kg/ day2 frAstH, A= fApe] Al uhet
150-200mg/day 2 F-eFslt} E-o]ekEuk-3-(idosyncratic re-
action) & & 9F 15-20002] FkA}ol|x] FofA| U ZHE] 250]
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=2 PN WA F Jlov], 270 FH
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(CBC), 715574k, obdebAl 5215 AAlste] Sheletes
3lt}. Thiopurine methyl transferase (TPMT) AH o] U=
FAte] 7 AZAS 8] tiAke = glo] A8 dAlEt
T e Al IS fiEE 5 o B T4
Al TPMTS] 5128 SIS A} £ F 6125 A
o= AZAS] R UERA] 8o, 3 a3t
Rt o7 o] o] ZIRte] Hastug, o] 7|3 o) A
SR} kL A SHehA] s v, o a3
£ FopA & 6-247) Qo] ALfol mekgie) P

ol S Sade] ehd 4 gle)! 1 9le) Hgow
s

2. Mycophenolate mofetil (MMF)

Aeix oz 79 Jde AAleke] THIES} BAZS] 52
& AE " e wedAlAldl vle) 711k Fofllw
Z-g-o] AL jekol ?—8— Aoz 7@‘3&%, 2 AE g
A= MGOlA Xb]
1= e 2B e B Sl 1 Zol
Rt 77} R S 2o } 3;4%1; wejs) & %
AT, 701872 1000 mge 31 28] FeFshe, 19 3000
mg7}A| S 4 gl ke BRI ZelA Aok
o) I}, FH Hgo v WHYE, 1ABF, IFW

X

73, A AETE Fol B 5 3o, F71H 2= CBCot
kBt AALE Aldste] el gt} =8 HET
TS PA gz -] S (progressive multifocal

leukoencephalopathy, PML), ¢}/d&3le] Hxgog B

o o g,

3. Methotrexate (MTX)

Arke] AAAZA BnF obdsle] FubE]aTh gL
Uh2 A7hH g de] AR E AL glon, A5 45
WFolA 2E|Eol = §oe Foli oAl /b Eb A}
5= Ao Aot M EE gk w) Eoubo l A=

"'xoéu_]

32
=
3

AL glo, 7P EsAlE A 3759t ATl @A 7.5
mg & AFShH=t], A5 7.5 mg 12A13F ﬁﬂi 3o

2 U] Fobshvl, 1) 2.5 mgd 1| SF] 157
Aol 13] & 20-25 mgS Bk ). A71ZF MIXE
oh s e Wl 1 mgd) wFET AT
o] A 7+aA] H & 3interstitial lung disease)<

%A 2SSl Abgol Agta 1 9

off o 4
R
= 4>

F2g0 2= U, A S, NEFAS, a4
P, A, 154, o dgol M 4 ek AzA
B} g3t waA e g £ o wE X5 59-2 Ao
oF & wj MTXE 31ef8) & & gleh. MTX oA} o] F 24
Al7F Zof] leucovorin recues FoFshH MTX ] F2H8-8 =

2 % gl

4. Cyclophosphamide (CP)
CPi= DNA9| Fopdel| 47|15 Eol= 43} A=
7P¢ 78 AdAAl o shfolct ! Ao FEwel F
op ol whe} FUFAh AT R TRt 5 ek, UnkA e
2 FAA FoA7E AaEm Alek 32488 Fo|aal B
7 A==, dhdol 13] 0.5-1mg/m o2 671 €1 A
o2 PRI E84 WEAS dEl] HsiA] Fo Aol
SRS FRFFS ok s, EsHAl HAEhE 24l TEE
Zol7] $l8f FEAE Fofsh=

R,
= 0, T, RS, 5

< ) RokslwE Fic) ' e ‘%i?—’?zlﬂ 1500-2000°]3}7}
27 S, FETE 100001817} H4] 92 JuiFa) &
of] 7R, 1044, 1444, 2144 ANHAES AJP3}aL FoF
S A8 Tty @ G@7he A AAE 25 At !

5. Cyclosporine A (CyA)

A E A o] 54 chil d ol Agtate] ZArd AsdES o
A= CyA € FK506S 7]4o] #-AKH, CyA = cyclo-
philindl] FK506-2 FK506-Z23chl doj] Ag}bsict ! TA| 2]
7150l T8k IL-2 9 1 9] thl o] S Hdshe A
T ASHAES A THE S8 Al d9a7}

£ vehfi=dl, o2 WA o 237 A Wekdel

P SR oA T2 AR E ! A Lol 4-6 mg/kg/day S
23] vpro] Fefsln, o] % 3-4 mg/kg/day ©|3t= Folatal
2ok g B0 &3 57} 100-150 ng/mLE FA|EHE = 5
o QPRI AzZART WEA Yeh s Aow °‘E%?<4
ATE. ©F 35% o] o] AL elM FA-8-0 2 FokeAlE
Eq 0}'7“ Q.‘:Eﬂ GQOLJ,]_ }\]E/\—]o] 7]- %—_g_?‘sl- ._,_Z(_]—_g_o]tt],
19 vz AA, olEulE Az Wy So] ubgel 2= gl
o} S50 ZHgske] 21, wkat, §z), 7helg ]

HZ(leukoencephalopathy) & e = Qlo] Fo|= &
gk Y 2752 Fo 2 BUEH ok &b, vz
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6. Tacrolimus (FK506)

FK506-2 CyASh fiA1EE 7148 7hA ), BE MGEAIE
WoR 9 A mupt gl Aow wEEn
3-5 mg/day 8F2 2 Fokaln] CyAd| vlal Al5Ado] ©slA|
ik, A 9§57 Bgo] 1 Faske] Folg 8
st} CyAT) nlFA &, Cytochrome p450 TIAIEFAS A
A B OFE FEAgo] FolE sk gt

7. Rituximab (RTM)

RIME Al/F 7]vlel @dEE28A(chimeric mono-
clonal antibody)E BAM|3E2] FA|x} CD209dl| Eo]Zog 2
ate] dxd N oA BAES A AT A7k
4 BAEE 5olHog 437| whtol A7 =ghe]
2z o] gEar ot M &3] 375 mg/m' O 2 15mch
FARl Z 43]E Fofebn], Unba o2 T2 WA A o
FI7} gl Aol AR akgo 2= ANEY, FA
o} FAHste] 04, &, T=2at, WA, SAF S 0] e
= e, o213k H2-8-2 paramacetol, 35| ~EFTA],
2E| 20|22 M Aste] oued 5= glek. ! RTM} e Tl
SEIAE FAY B, Jero]# = HAAKreplication) & &
Ash= A A Y(humoral immunity)2] #8F= PMLe] Y

B 5 Qome Folg age !

o

8. Alemtuzumab

g% Az 2] CD523 ol AFshs SIS EIAR BA
Eo} THIES AA3] HarA MR EAE e e =,
A PEprkag Qg 7)skide) el Sk
A5l £8-5h= U CIDP $1Akek IBM $batollA] &347} 9}
£ 0w Busgey 2

References

1. Bansal VK, Meriggioli MN, Immunotherapy in the treatment

In: Katirji B,
Kaminski HJ, Ruff RL, Neuromuscular disorders in clinical
practice 2™ ed, New York: Springer, 2014;341-362.

2. Boumpas DT, Chrousos GP, Wilder RL, Cupps TR, Balow
JE. Glucocorticoid therapy for immune-mediated diseases:

of autoimmune neuromuscular diseases.

20164 CHstMAusts| M

10

11.

12,

13.

14,

15,

16.

17.

18.

19.

basic and clinical correlates, Ann Intern Med 1993;119:1198-1208,

. Hoffmann S, Kohler S, Ziegler A, Meisel A. Glucocorticoids

in myasthenia gravis — if, when, how, and how much? Acta
Neurol Scand 2014;130:211-221,

. Dalakas MC. Pharmocologic concerns of corticosteroids in

the treatment of patients with immune-related neuro-
muscular diseases. Neurol Clin 1990;8:93-118.

.Kraker J, Zivkovi¢ SA. Autoimmune neuromuscular dis-

orders. Curr Neuropharmacol 2011;9:400-408,

. Donofrio PD, Berger A, Brannagan TH 3rd, Bromberg MB,

Howard JF, Latov N et al, Consensus statement: the use of
intravenous immunoglobulin in the treatment of neuro-
muscular conditions report of the AANEM ad hoc com-
mittee., Muscle Nerve 2009;40: 890-900.

. Dalakas MC. Intravenous immunoglobulin in autoimmune

neuromuscular disease, JAMA 2004;291:2367-2375.

. Dalakas MC. Mechanisms of action of IVIg and therapeutic

considerations in the treatment of acute and chronic demye-
linating neuropathies. Neurology 2002;59: S13-S21.

. Liinemann JD, Quast I, Dalakas MC. Efficacy of intravenous

immunoglobulin in neurological diseases. Neurotherapeu-
tics 2016;13:34-40,

. Kim JY, Park KD, Richman DP. Treatment of Myasthenia

Gravis Based on Its Immunopathogenesis. J Clin Neurol
2011;7:173-183.

Slanar O, Chalupnd P, Novotny A, Bortlik M, Krska Z, Lukéas
M. Fatal myelotoxicity after azathioprine treatment.
Nucleosides Nucleotides Nucleic Acids 2008;27:661-665.
Skeie GO, Apostolski S, Evoli A, Gilhus NE, Illa I, Harms L
et al. Guidelines for treatment of autoimmune neuromuscular
transmission disorders, Eur J Neurol 2010;17:893-902,

Hehir MK, Burns TM, Alpers J, Conaway MR, Sawa M,
Sanders DB, in AChR-anti-
body-positive myasthenia gravis: outcomes in 102 patients.
Muscle Nerve 2010;41:593-598,

Engelen W, Verpooten GA, Van der Planken M, Helbert MF,
Bosmans JL, De Broe ME. Four cases of red blood cell apla-

Mycophenolate  mofetil

sia in association with the use of mycophenolate mofetil in
renal transplant patients, Clin Nephrol 2003;60:119-124,

Neff RT, Hurst FP, Falta EM, Bohen EM, Lentine KL,
Dharnidharka VR, et al. Progressive multifocal leukoence-
phalopathy and use of mycophenolate mofetil after kidney
transplantation, 7ransplantation 2008;86:1474-1478.

Sanders DB, Evoli A, Immunosuppressive therapies in myas-
thenia gravis., Autoimmunity 2010;43:428-435.

Palmer BF, Toto RD. Severe neurologic toxicity induced by
Cyclosporine A in three renal transplant patients. Am J
Kidney Dis 1991;18:116-121.

Groen PC, Aksamit AJ, Rakela J et al. Central nervous sys-
tem toxicity after liver transplantation. N Engl/ ] Med
1987;317:861-866.

Konishi T, Yoshiyama Y, Takamori M, Yagi K, Mukai E,
Saida T, et al, Clinical study of FK506 in patients with myas-

37



thenia gravis, Muscle Nerve 2003;28:570-574. hnan A et al, Alemtuzumab in the treatment of IVIG-de-
20. Ponseti JM, Gamez J, Azem J, LOpez-Cano M, Vilallonga R, pendent chronic inflammatory demyelinating polyneuropathy.

Armengol M. Tacrolimus for myasthenia gravis: a clinical J Neurol 2010;257: 913919,

study of 212 patients. Ann N Y Acad Sci 2008;1132:254-263. 23, Dalakas MC, Rakocevic G, Schmidt J, Salajegheh M, McElroy
21. Gorson KC. An update on the management of chronic in- B, Harris-Love MO et al, Effect of Alemtuzumab (CAMPATH

flammatory demyelinating polyneuropathy. 7her Adv Neurol 1-H) in patients with inclusion-body myositis. Brain,

Disord 2012;5:359-373, 2009;132:1536-1544,

22, Marsh E, Hirst C, Llewelyn J, Cossburn M, Reilly M, Kris-

38 2016 CHertANtee| M8 Seuls

—





