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New strategies for the treatment of neurotoxic side effects in CAR-T cell therapy

LIU Zhaonan'?, HAN Weidong’, JIANG Jingting'* (1. Department of Tumor Biological Treatment, the Third Affiliated Hospital of So-
ochow University, Changzhou 213003, Jiangsu, China; 2. Institute of Cell Therapy, Soochow University, Changzhou 213003, Jiangsu,
China; 3. Institute of Basic Medicine, General Hospital of PLA, Beijing 100853, China)

[Abstract] Chimeric antigen receptor modified T (CAR-T) cell therapy is one of the important methods of tumor immunotherapy. The
targeting, killing, proliferation and persistence of CAR-T cells are significantly enhanced than that of conventional T cells. After contin-
uous improvement and evolution, CAR-T cell treatment has achieved excellent progress in hematological tumors and has received ex-
tensive attention. However, neurotoxicity arising from the treatment, also known as CAR-T cell relevant encephalopathy syndrome
(CRES), has affected its clinical application. Exploring the pathogenesis of CRES and high-risk factors, and finding appropriate strate-
gies is therefore critical for the prevention and treatment of CRES. Here, we take CD19-CAR-T cell treatment as example to review the
symptoms and pathogenesis of CRES, discuss high-risk factors as well as coping strategies, in an effort to provide a reference for clini-
cal treatment.
[Key words] chimeric antigen receptor modified T (CAR-T) cell; neurotoxicity; CAR-T cell relevant encephalopathy syndrome
(CRES); coping strategies
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EZES KRR EN, I AEHE
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TR EIET R EEAEF A T AL
T MEEFN A REREE G, o R T EERAN
A HREFWNMRIBIET 7% KA Z FDA
CTLO19 (& ¥ 4 : Kymriah) A2 3 £ /| Axicabtagene
Ciloleucel, & JH 4 % KTE-C19, (B # % :Yescarta)
FACAR-TF & LW e, AR A RETERLAT B
A2, K& [F B4R B CAR-T I /R A7
7 IE 7t 538 B A 24T, A CD19-CAR-T 4 6 77
EBARENFEAMEFFEHET E KKK,
AT, CAR-T 4 36 7 B s )R T s & & &l & fr 7
T, Bl ke A F B K% A 1E (cytokines re-
lease syndrome, CRS) . CAR-T 4 fft /8 % il )& 4% &
AE (CAR-T cell relevant encephalopathy syn-
drome , CRES) . fit 2 % i1 ¢ . H #0, % CRES 89 7 ##
H K IET CDIS-CAR-THME IE RFA R, A H#X
CAR-THfETTERETEME HFE R TIRE
B, X R 5 R ) K AL F LB R, T
I AR R AR TR X 5K e DL R Mk K =
HERKE. B, AXAH T CAR-T 41 fg #y # 1L
%, & = H T CRES B & Jw i K . & m AL & KR A
£ FL X R,

1 CAR-T4HpERYIELL

ik e 2557 & X & (single chain
variable fragment,scFv) 5 CD3 ¢ 4 i N 36 o1&
OB N EE, B EFTIREFELA,ET
20 M R Ak A FURE R, B CAR-T 40 B, B X RE 4
S MR A A BB LR, 1 B R R T 4E AR R 48 AR
FEM. REMEAN XA E L, K CAR-T 28 fE X 4
AR :%E— R CAR-T(scFvtfz T4 F#H2) 4 &
R fe, (B T AR E T &g

P, ELAR A R S4Bl BT B K % — R CAR-T 40 it
AT —ANE R B F (4 CD28) WY AL N 44 38, B F
FE K CAR-T 40 M0 72 1K 79 B9 77 7 B 18], (Rt LR 3k 3
W, R R, 2 W R B B IFN- v (IL-2
SHE T F ZRCAR-TAMME MW T 24 5 %
FEEMB(REYEEMBEARE FXERRERR),
m 4-1BB. 0X40.CD27 % ¥ % % 2 #| # 4 F (induc-
ible co-stimulatory molecule, ICOS) % ; 7 ik &
i, FURCAR-THETANT BHET, mah -
12 (interleukin-12, IL-12) F B, BEH #F 8 &
B H e Zafe, ANTTEZHNBEAERGHBEHRE W,
BRI hiE fl TR CAR-TH M K EERE &
CD19 #y CAR-T 40 Jif,, 2L A & M/ 8996 77 o+ 2 0 o Je A
. BT hBERAHE, HERAEENLANAFHRF
Ao IE A2 HEAT B 1] A 6] i 98 A X H0JR (tumor associ-
ated antigen,TAA) 89 CAR-T 28 f. 76 /7 524 FE 98 o4 I
JR 52 %, 8,4 ¥ 15 HER-2 (human epidermal growth
factor receptor 2, HER-2). & fE 4t J& (carcino-
embryonic antigen,CEA) . % & & (mucin 1,MUCI) .
*® B EKHETFZIK (epidermal growth factor re-
ceptor, EGFR) . 8] & & (mesothelin, MSLN) . c-Met
&b,

2  CAR-T 40p8;8F7 8 CRES

2.1 CRES#) R A H N

CAR-THfie T X B F AR LM EE RN, &
% LM Z CRS, M CRES &8 — A& AR EHY, &
B CRSHEREL THRMN A T EENEXFHIE
IT J& FT GE # ;T H5 0 T B BN CRS ] 1L-6 % K
FL A Tocilizumab™ ™ s 4 ik & 205677 G 4
TR E . T B CRES i5 1Al 72 £ A e R B
H I H & & (k1) ,CRES BL AR 4 CAR-T 40 fi 76 )7 T 2
o E R R B A F . CRES I HY P (oA A 4
CAR-T 48 i 4y vE 5 85 4~5 K, 7 LL 5 CRS [ B &% 4,
7 EH R E IR K A, CRESH K &
BRI, £ ZUMA-1iR56  ,64% B B & H I T B & %
MW ERREH, 2% B AR REGRINHEE
MW, CRESEE AR EFEATHEN, LTELE
® B CAR-T 4 i 7= & T 5 , £ ZUMA— 1., JULIET A0
TRANSCEND i % % , 4+ 7| £ Jil axicaptagene cilo—
leucel. tisagenlecleucel. lisocaptagene mara—
leucel W77 B, H 31%. 12% Fu Ty B E X £ 3R K
PL_E CRES™™ '™, [ £ & CRES B £ m L& .t & &
Z AR R B & T RAE R K e X T HL A
JYCRESEHEEMWE X,
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#1 CD19-CAR-T #ffi& 7 + &% CRES MllE R iX 36
>, 257 > A
Je Tt (A5 7;—25)}; I PR IR PUSLIETYi ) L3 E| Iﬁiﬁf% SR
DLBCL(111 %) 64.0 VRV RIEAEEHEIE S 1.Tocilizumab 26T PD, R ORR(82.0) [13]
G 2. [ o 2 [l CR(54.0)
DLBCL(7 ) 86.0 M EERVEHE BRSN 5 1.Tocilizumab+)% 1 %4EF DLT, &34 CR(57.0) [10]
B RO EL LN e s 2T fi# PR(14.0)
e 2. FRIRIT
B-NHL (3241 28.0 (sNT) BT 4 o 5 5 B0 L 5 15 P R M K& N ORR(63.0) [7]
15 3% B 95 « B0 1 A CR(33.3)
it} PR(28.0)
ML (22 %) 55.0 (sNT) B 5 B hg, MIREBM AR 1 Tocilizumab — Z&fif ORR(73.3) [16]
El 2. J37 i S e CR(55.0)
3. 3T PR(18.0)
ALLC15%1) 333 ERMEAMIE ZEAARRE 1. Tocilizumab AR CR(80.0) [17]
P AL LI R Y (4 B8 mg/kg)
TR LIRS Lyl « ot 2. 7 J5 2H% T
JE LR K 3. HEERE
B-ALL (43 1) 49.0  AlPRAER 1.Tocilizumab S CR(93.3) [18]
2. J S [ e
B-ALL(30 1) 50.0 (sNT) k- VEMZThAER 42 B 1.Tocilizumab LFIBET:, A 22 HHEE AR [19]
PR R AR IRBCE ML N 2. B R (93.3)
= aiilh 3.ICU B4
CLL(24 51 333 RIEK LR SRR s, RGE ORR(71.0) [20]
2.ICU i
DLBCL.CLL #1 333 JBYERELEEERE JUIFE 1. Tocilizumab 146 SNT R 25385 42 CR(53.3) [5]
P TR R (15 £ e PR(26.6)
B SD(13.3)
B-ALL.NHL fll 40.0  K¥EK 1.Tocilizumab+/% 1 4|3E T 6 IZET [21]
CLLU133 %) JoT 2 [ Pt

2.ICU W

FRPCRBER” AP FETHAXHRFRANT 2 EFWEARE N, DLBCL: 3B M AB A A M B ;ALL: 24K E A G0
37 ;CLL: 18 Mtk B 40 L & M s NHL: FE 8 3 40tk B8 ML: Bk B NT: 2 F 0 sNT: P E M A F M CR: A PR 34 4%
f#,SD: AL s PD: e it B DLT: A E 48 % &F 1 ORR: Z WL & i R

2.2 CRES #9 & £ #u4]

CRES ‘& ¥ [ CRS % 4 , 1€ CRES #7 & % #L#| 5 CRS
A~ o GOFSHTEYN %" /2 H sz fo o WA 2|, % H K &
# (& 4 CRES o B & fu A& 4 CRS Wy B ) Z [ 1y 1
FHRE FEFEDEZ R, CRES B A Jh bkl
REAEZNF, AFFRHE R SR (central ner-
vous system,CNS) A & 40 A v& fb . o i J# [ 77 Bt [=
BRCAR-THMEZEN S NSARNFR2FH. 7
Sb, B R R I 7E & AKCF 1L-6 F2 IL-15 5 CAR-T 48
MBITENTEMEFEA XY, FHik, Bl —#&
NN CRESH A A& 54 FH N 82| AMA K.
22.1 CNS W & 20 f 7& fofo i o JRIE h REFE 8% CNS

P 28 B TE & CRES B9 JE o [ &Y, GUST &V
REIN, ERETEWZERNBH RN AR LT
P . E 4 i 5 Uk F i B R (blood brain
barrier,BBB) B &M I E W F A EAINF , HF
A A T B UE CAR-T 28 FEL AT, R 0 77 8 9 X 28 L VE AL Y
EXZRHEAEGHHEERRNL. A4, 554
AKFAE B, CRES & 2 fist 9K (CSF) & & & K -F# % &
Ty, X & BE H K 4 7 7 BBB U BLIR . R 4B A
B ABBB S &M E EF E KL AR T
(@4 IFN- v 0 INF-«a ) % # 2| CSF & , B F 4 W
JE 28 R0 S R 28 B U AL B R AR 3T, R 6 CRES B & A &
222 CAR-T# M EBH 1 CNSHL  CSF F 4 |
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2| CAR-T 4 g >919%27 | % B CAR-T 4 i, 7] % & CNS.
WA, TR RCSFERERMA, HEFMEEHEN
CARTHHHBEEATE T AR AEWNEEENE
o2 ST, TORRE 48 ™ 48 5 7 — AL # % CAR-T
HMIEITHALL REFH R, RN EREZFANEAR
T4, T K% 2 ) ALL 48 i 25 CAR-T 40 i . A A,
DAVILA S W B 2L 0, E X £ W4 &M B4 B CSF
&K & I CAR-T 48 fiL . TITOV 4 4\ 4 CRES ¥y % 4 7]
Bt 5 CAR-T 0 iR A B ECNS LB i se W H T
%o 124 ik, & 5 CRES 8\ %034 & JB T %2 15 CD19
iR 3, S CRES Tl E 5 CDI9 N &5 B R e & B A
*. EWIAIEHE &P CNS # 74 CD19™, B 1 gk HE
B CAR-T 48 Jig % CNS o ¥[ g & 1A ¥ 15 90 R Wy IE % 4
MH EEEEIER .

2.3 CRES# 3 R[4 H %

CRES i % & I 4 9 & M i m , &7 I AE R
EAERANRE IEEREM ST X B, L HER
FRER B REM FE B KIE EEMEDR
gelonastoe0nl - FE g gy CRES (2 %) 4 W B & 1E .
BN RKE R RN EE S L AR
g Ak fip o0 16002028500 B8 90 Al CRES JE K , B R
SzmxwmARE £, E— £2E L7 8 CRES
B K At R,

HRONEA, MEFERNEESRFEAT .
& 4% 9 CRS LL & IFNc . INFa.IL-1 #v IL-6 % %40 f [
W RBHER. A 3BRRUNLMEFEREE &
FA1 CRS (SCRS) . 7R 8 1 i & 79 % 1 &5 14 & B9 4% i o
B REHINIL-6 R EEREUR N ERESEE
4 & B R AR A, B CAR-T 8 fL M v 7 8 fn v 92
EHHEER FELT M EERNRNG. £ T
CRS #1 CRES #y [l B & 7 F & &', 4 M CRES ¥ & &
B CRS 5| & B, 1€ 1t J5 CRES F[ gt 2 M4 5 4 B .

fb & 18 AT 40 B I T B vE A AT Y R
TN EERNTERE, \Tiig R4
HFrEmEeTRERARAENESR. BEl,BF
BRI TR A 5 KR T E AR AT &
At GOFSHTEYN 48 4% W, CAR-T 40 B ¥ vE /5 /i
3 d Y B Tt A B TR B KU B A
Z &M MSKCCHFMHEHA , B H B X L E LR F
KR E G TN A AT R, B A D
WK T <60x10°/L k- 24 21 248 B 41 2 & 9K & >33. 2%
Fo T A 5 0k i (4 20 B >5%) 4%, BB A 95% HY & &
M T0% B 4% 71

3 CRES HJRI 3T 5B

El B, Bz % CRES B0 5o = A W 2K : — K & H B

SEEERRENTG RS T —RREAAEWEE
M BT R E R KA R R,
3.1 kR %

B0 B T A AR R A DL e B AT
FH1 T, & CAR-T 40 A8 0 vE w0 b7 LA P& K B g 7
T, BV CAR-T A i E R EF 7R I M A &K%
WY& 4. BT CRES 5 i & # CAR-T 20 fe 9 & 14 8 7k
g kB B Uk O CAR-T 48 B & B LB T BT
S5 BB, B LR (K CAR-T 48 J 3 2 71 & & & 36
THRM, WEFEURWAEAEEEH XA B CRS
EEMX®, HRFH 5 CAR-TH Y HH K,
WIS R THCRS T £—EBE LRI WE &
ER:GF
3.2 #hBCREE

ECAR-THRE F R M E R7RHER7ER, 5
EFEFEEK ER LN E D CAR-T &
R AT B M. XA CAR-T 41 jE B4 & e R
AT T AT B RV E H, o & E # EGER
(tEGFR) ™ =%, RQRS (7] [ B 4 4 CD34 #1 CD20 ¥ 1 %
£ir) B0, H 3 4 M M 7t VT | 96 T LR (cetux—
imab B rituximab) & . REWI, Y EFH X
R, BT RAEN TR AMERE T RE RS K
Bk, ZXTEWH R, FLFHERIEIT HET
BRERBTRAEREETEREEAREA,

33 k%

Tocilizumab & — f# 41 IL-6 & & B # 7% & 1K,
THEBREREASHEFRECARTHREHIA WK
Ao K JEAE R, T R R A XK EE RS
T EERETY, RE tocilizumab 7] % # CRS,{E
XA E MW E R R T E R, B A, TITOV
Z 90 ¥, tocilizumab &4 F % CNS, R ¥ & 44 fn
CSF & IL-6 Wy K F, AT F B CRESH # & ; 5 to-
cilizumab #8 K , 4 IL-6 7| siltuximab 7~ & % fu CSF
F ot IL-6 ACFNY, R E T &, HAE A
A

RERBAMEIHNERER-ZHERMEHR
it A2 MSKCC #f %8 | BA "% #y 2 T o7 1 36 4iF BA < CRS &
RS T IL-15 %8, 3677 7 £ F i A H 1L-1
H anakinra & 4 7 2 £ % CRS fu # £ & #£ . GUST
SZUWEH T F X I, anakinra ¥ & T CRS fn 1 £ &
M, REREKEHFERNE, WA INSEEERS
Ang2/Angl H. 2 /-5 #9 BBB i 1% 4 3 i Ad %, H b, 7]
#—FEEZIE T Ang2/Angl bt 925 F HLH], DLEA
1k 2|76 97 CRES 9 L R o X 2 % I 4 7 % CAR-T 40 i
HAhZ ENE JTREE 2 AW CAR-T M MR E £
iR,
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