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Abstract

Autoimmune encephalitis is a disease of the central nervous system mediated by an autoimmune
response, and early initiation of immunotherapy has been shown to improve clinical outcomes and
reduce its recurrence. Inmunotherapy includes first-line therapy, second-line therapy, escalation
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therapy, add-on therapy, and long-term maintenance therapy. First-line treatment includes intra-
venous glucocorticoids, intravenous immunoglobulin, and plasma exchange, or a combination in
more severe cases. In nonresponsive cases, second-line immunotherapy such as rituximab or cyc-
lophosphamide can be used. However, a minority of patients still do not respond to it, making it a
major clinical challenge and a therapeutic strategy controversial. Three approaches have been pro-
posed for the treatment of refractory autoimmune encephalitis, including (1) Cytokine-based drugs:
tocilizumab, low-dose IL-2, basiliximab, anakinra, and tofacitinib; (2) Plasma cell depleting agents:
bortezomib and daratumumab; (3) Drugs that target intrathecal immune cells or can cross the
blood-brain barrier: intrathecal methotrexate, natalizumab. Most evidence for the efficacy of these
agents comes from case report series, and few high-quality randomized controlled clinical studies
have been reported. Therefore, the current research progress of immunotherapy for refractory au-
toimmune encephalitis is reviewed.
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1. 518

AR, BB WIS AT (2R 20 ROGHHT BY I R R SRR, B B T8 i 8 5 350 AR 4 42 5
KA [1]. H B e N R 3 IR R INAT — € AP ARG PR, 0 15 7™ HIN AT e & A S8 i A 1]
H 1T AE 55 L5 2 o5 BT A B 28 53 4611 1) 10%~20%, LAHT NMDAR i %8 55 % WL, 20 5 AE Ji 91l 1) 54%~80%
[2]. FHHIFAG S 6 yT CAIE B AT DASSGE Im PR 45 R IF 8D Ho R K [3] [4]. IX M BT AE AR ML 5 5
X U MR T BT R R BUR MEPUA R O¢, B0 HE 040 i P9 o B IR PR TR I T BB 2
RERLFEA K[5] [6] [7]. ATLARREiRIT AR N E . iy e —2Rib)r M= &ia)r, THgs
BIT, ISR YT LA AR AR K ARVRIT[8]. F A S /0 A XS R S va T T I B IR B, RIS s
#H, JERUAREERY E. RESRZ X RET T L, RO AMEEE B & R tEmi % . e
X HETE P B B S 2 G R IR A IR , HIRIT T RWAAE— B RS, KA RiRE, Bt
Z R AL R R 7S, AN F R HLRIRTAE B T AERIGIT 7%, &0 Tk, HArdh 7 =F
BT, Bl (1) ETARE Y. SRR, GER IL-2. BRSSP BB E S AEs s
JEs (2) FAMMAEGT: MK INEARRYT; (3) BRI Py G B i s RE I L I BE BRI 25 4
VRS NS L A ER B hT. BT LA SORX = FR ST B2 AT I8 —Hlik .

2. BT HRETHZY
2.1 FETRER

FERR PR —Fh NI AT PR, SRR IL-6 MR REPUA, TR IL-6 IS 55 S, 1L-6
25 T WA B bk C 0B o2 S 8 1) B LA PR o FE R B BT 2 F TR 2 i 72 1 AR 50
B AE B 2 SR 5 0 ML £ AR S (1 R v RS T s KT RR[9]. — =30t AR 1R
FIBR G FPEXS 1L-6 1) 53 5 —Fh B Sg BESTAR) AERL I 22 A B 28 1 2R 00 PP K DD A% [10]. £ — T 7E[11]
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G MLIEHURBIPE(60 #1). T NMDAR (26 411). LGI1 (3 ) AN P 85 (.2 ) BRI 4 o, SRat 2H AR T
Xof BRI & (BLAEHS2 R 2% 8 B U BN B 52 — ER e Va7 (W AR ), SRR BR SR LR 7 E BRI (] A
BIFRIGIRE R, Het R mRs W4 SR, fEfHJE —IRBEVI o, ES24 BBk By 0T M B T 60%M B
MRs < 2, M52 R %5 IR T BN — E i T 1 mRs < 2 [ LU 435 8 22%F1 20%. Fit LA
I T WA A 2 BRI T R IUE 1N H W REFRERRHURTT . X, FRERRPiH
RIE I = 2 T R R R (2 10%), ST 1 B E ), (HEA RIS . M — T
TH1 NMDAR i % S5 B AL [12], SCRR 0 T WG Uk . Wl TR . #Riki g e sk . A
T RAGURIFRER BT A T AL 1E 1A A WSS BEEER SRS OA T I B A B RIIG IR G .
i DLAF DRI FH A b MR AR s /D PR B B U o 7 SR S8 A1 5 IR0 (E0 46 5 BE K A SR AR DG 1 B &
PEPERRZAE AR 5 R R G BT DA K 5 4 S M R A DG IR 3R 5 R R A B g ) (1 LR i
RIS PE A BT ™ B B 2 5, FEER B BRI 1) G Wi [13] o 7EFRZFEER BT AT HEIT I
2 5t CASPR2 i 98 6 A1 1 51471 GADG5 il #¢ £ 5 vt WL ¢ 3k HRFEE I R S S, FF AT HUAAR I 2
FA %A [14] [15] [16].

2.2, RFIEM IL-2/EBF| &8

IL-2 XFF I3 T 0 sitt T 4oty — 2 iR ER, 5 eI4esl E% MThas, 12 Mmaotee
AR 5ROV T 20AEEE, JEATPE T 40 AAEes BUE B, BRI 1L-2 AT DAYEAS IR M
T AR AIE L N B MR F TR T 4i[17]. 75 —TEFE 10 653 (4 615t NMDAR i 78 5% 1 6
51 1t 375 B 44 g 48 B ) B (R 78 b, P T /N IL-2 2 R IESHGYT, PGS RN 4 SR I8]
EIXZ R, B BH OS2 7 RZE Ry LR biaIT. 4552 6 pIEHmEa e, H
HRZHAEZR DA G A A e . HEWERIRD KA, B3R A 1) APk gn b (1 41).
BT DM TR 00 1L-2 W] BEXTHETE M B Gy PR il 98 55358 — 2 T 2880 16— DA ik S B2 R B (— Pt
XF IL-2 5248 o BE R FR T BEBUA) YR IT T GAD65 AH I S 78 B3 BRI e [19], ESE | BRI Fdn]
CABHWT AR T A0H 5 S0 S e A, AT Xt as 2 7967 il 28 R

2.3. FMPEHER

B S 1 2 — A IL-1 SZARFE PR, el S IL-1 (S NCR R AEVE R, IL-1 7E4% B 480 W Hp
L TR . BT A 2R A R R VRS 25 Q2 R AT RGBT 2 R I R R
H B JOE RPN 7 1 451 LB R (M VA PRI FR SRS SRR AE (9 375 DA B P R 2l 28 R v, Y5
e Ja— BT A 2R S AN AR ER B T I, FELERE T ORI N R4 1% [20] o 75 SRR HICHE Mo 5 i 8
BF AR B SGE, EAE 1 fE IR B B g G 5 Tk A 15 BIE S [21] [22]. BB R A
HL NMDAR i 4 Fmk i sh B 8 b th k47 7 03, 2L /N B 00 A AR R R [23]. fE&IB)T
(/I BRI R VB GEE (24~48 /NI JE) I, 142 0B BT esess [N /0 e S5 40 P R 2 T R Ji 4 386 A= (1 b
WO T . (EZEHT NMDAR fiKi 48 5 i R 45 BIHIE 52

24. FEEBER
JAK Wl 1 A1 3 BEfTT 1 BUf0 2 BT R, LR AN RIEZARRE. XEEEE R4 O iRk
FCIR R R AN, MG RENSIE N M BE RS . E— T 8 Il B T A [24], HHT NMDAR fixi 4 2

%1, $T GADG5 fii 5 1 5], HEHI /D> A B 2 AR SCBOR 16, S BUIARIATE 4 6. BrAT SBE R
SACEE IR AR 2 TR B RBHURTT, IR THRERI P SRR BT (— AP
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JENBE IR 7 B BRPT)BE IL-2 IR YT . Jorp 2 B S8 A R I RNE(L B 3 v M i B 4% 58 5 1 B R mRS
PFor A CASE P43 2 25 FRAK s 1 451 5 B i /> 5% 5 Jof 200 W 2 1 O AR AR DG R0 R M YR MR PR SRS FR 3
R LR AE), 3 PIEH MO SR, JEARAHR—PHEME, 3 FIURMNARS. KT R50H
A BERYT RO A A . HEIME R AT W, AR PR R b . 78 2 BT 5T,
HH LT o R A [25]

3. IREMBAFEIRT
3.1. #REEXK

26S H BRI K2 16T 2 R e B BRI 259, eI AR BOA KA R4 AL 26]. X T B
G BV 2 S, RAPE RN, AR A FRIE CD20, Fir AR & sy A A . )
R 2B IRV K B WA, (HRANREH KRN, P DR AF IR RE R - W B0 vk B S i,
MITEGR[27]. WK QOB et B S S evb o, B0 R SePE 2 BEARE [ 28] AL B8 2 1 2R
PRIR[11]o B8 Ve oK mT LA S bk I 6 B0 B RS T A6 9T o X B S e A, B KT LR A
28 T-5T NMDAR Jisi K 5, i 2 5 ZEA I (A AL FORE W57 o5 i)™ B AR i ], LK Pt CASPR2
fibi 5 R [29] [30]o AE LR BIRIE . HRUEARF AL (A LR . A 228 BT, IL-2 SRR 1)
R PR FAI B ook [31] [32] [33], i3 1 ket o B0 Ve oK COgiilk B mT ATH BT )22 35 B AN i
REPUIAR T IS AR[32] o SR8 R 2 Bt RS 1 B B VK 097 2 (B — TRTIE PR 7, Seiedl 5 RiA
I A% L SEBABAR LY, R ETIE WA 5 A2 K R0 2 A5 D S M [34] o 32X AT A8 7 PR D A 8 A/ K X i A f5
BEESEA IR, 1 H K2 HBUEE A mR R NMDAR Sifk, M2 ia A RKEER. A
RGLFRIE, 7EME K A% 2 4S8 11 (1~6 N 1) A7 55.2% 1000 AL T IR i . B3 &
(s, ol R SE RANSZ B BRI (520, E 52 2N HT NMDAR H A 46 B AR AR YT 5 L5
JE R BRI RZM[35] . 37.9%(1 3 tHEL 1 BV, Foep g2 BE P Bk L, ORI B E R/ E ]
I T — AN A IR 2 AR 5 B [35] o

3.2. BEAREM

IR AR EYUE R CD38 MM TE PR, 2 Th)T 2 K IEH BER[36]. S5 MhIRAHFE254)
HLL, CD38 fESKAMMIAN T kR4 FRAY K TIA R AR RPUEAE R AL . BEAh, TATR AP HERE
{75 35 AL J 5 RS [ 37 o A TR IV 3 B R AT ARIE , A4 1 451 5T CASPR2 Jii 8 f8 4 [29]41 2 5T NMDAR
iR B [38] [39]. RAEAHAEGE, —ABEVIRTERIRB9], H—HEHESCESEE, HEiRT)E 18
AN HARPIRIER] T 58 A [38]. [EATERRRE, 1IEE T BAVENORE, Ron HmTResgin 1 /&g
ARG [29] 0 o5 — T AEVR 1k 1 B S MR B AL R IR ], B4 2 il470 CASPR2 i ¢ /5, 1
#1470 NMDAR i 98 35, 2 Bl AR R AL TN 2 H38 [40] Fr A X L8 (83 2 BT 9 32 3 M2 8 Stia T
Horpr 1 0 3032 W B VoK T . R 2 Bt CASPR2 fii & & Bl JS 48T, (HIA T A TR YT 5
fEFgiss . MEE EBGHEAT/NEAN A, IARIE DN NN AREHGTT . ImRECEEF 1 2~4 R,
EAEFTENFLTHE >2/40MH. 2T HANEN, 4/6 FEEA KL, 15 1 C RMNMEATHREALH.
BEAh, 75 AR DT S S R R AR A AR R R 1 IUAE 7T e 2 (A T8 R ST R T 2. fEXER T
B S e BRI R T, IR TE ARG S L3S AU DT 5 DA 3 #eh 20 22 B R P R B, R W]
FAE TGS AI R R DT T A — € RIRCR[12]. A #R)E, CD38 FHEM T Sk E4m A 5 28540 T ik
B ABAEIR T JE iR, IR HO X PR A AT VR
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4. SH3TEEP R A4 RSk A8 T I X 5 FE RO 254
4.1. EHF SR RIGK

VR AL 32 ZER MM BRI & i, BN 25 Re A E A i Be A B ik, B 5 s
PER/N, (H F ISR 7E A SR PN (B B TR Z2[41). BAR GRS T 5 % e M 4 1 &AL, 2
A P YA S R4 TR 5 DA AL AT A T SR V5 2 o 8 P 3 S5 PR UG RA FR 7 23K L R TR A9 R i R — e v v
PEHT NMDAR Jixi 4 5235 I 78 Hh 453 3] 1 5R4IF[42] [43] [44] [45] [46]. K2 HURE 1Y g 78 1 5 5 S G
WAE 2 B 13 RZ AN BE INGE[44]. B — S8 RF 40 7 iR ek [42] [45]. FREEMIPTAAmR
TR RESGE, (HAESE P50 5 a2 P [46] . 7EIX et 5t i A7 SR RIME I E, (H
B S SRS 5 B (AR R B 00, PTREHA LA UREER L RN A A BRI [47]

4.2. ARfbZkEn

A ZR T odpl HEE FORBHWT P22 R g8 R AR s B, JE W T T 2 R APERE AL AE[48]. 8
o, AAZREHR 1 FIHT HU AP G0 2 [491R1 1 BIFE R SZHaE Gl VR TT (9 BN ht . 53
R 1 BRI TR BR B T) S B o 2 A PR AP B 1 LA A i 96 1) S8 [S0145 2% At BR B BLIR T
PUHU MHSREI B R ER SRR 2 WIRIR[S1]Ha AR, IE 4 BIIAZ MR 3 . A T =T
ARG 3 GLEE RS, 1 FUEERESGE. BANE, BhEkppises Dwke, EIFA T
Htiay Ty k. BB il KA RS0, EARERZTEE T, RE TR RTE K
AT BEAT IR 2 L -

4.3. EAHTHIGRRIE

STE 2N 28 AP F e i S AR IS I s =, T H., IEQRT IR RI, UEHE S AR T
AERERTFT . RAERIE KRR T —Wk T4 LGILVCASPR2 fiki 48 H s kit 5 43 3R A 1 (R B AL P 156,
{EREA B /N R MEVR T 1 B 2 1 i 28 X0 () — A E PRI R 3£ [52] [53]. KT -£kIAYT, EXTINGUISH
RIE(NCT04372615) & — T 2 HIWF7C[54], iPAh$L CD19 Hpuif 2 FIBK EHLIEHT NMDAR Jii 48 Ff 197 %% £/
ZHRER P LIFER CD19 B, CD20 MRS R AN AN, S ) RS2 AT — BB AR 34
AN, PiETA L Fo ZAIE R ERAGTH 11 R (NCT04875975) H AT IE/EFAZET LGIL i B, IXUeiE
AT el NI S, — DUEIEHUAA TR B PUC R BT B B e M A R
()2 L AL RS H A1 IEAEH 55 B8 8 R PP Al B 42 K 197 % (NCT03993262) [55] .

5. B4

XEFAEAYE E B BTN R B, R ARBIRTT BE RTINS FRATTRT AR
L Ria T, AT XA R R 1500 5 BEHUCR O B2 (KVR T 18 . (HLUA_ERIZ890ia 7 KHCR B TR 251,
R e U A BRI I BT R — R SEH TRk, BT DARGZ S B DL =259, A B RExs MEvaTE B
B G B M % B BRI T RS2, Y REMEE . U2k B Tl B S SR G, #
J& T BB T, ARRFTREAT B 2 (R e el RRIG T T XA VE B B S R 4 85, R BERRATTRE PR
T MSEAA MR R BE RIS MEIE T B SR VE AN 6 B AE AT RN Z5 W, b AT KA
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