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Abstract: Chimeric antigen receptor T cell (CAR-T) therapy has greatly changed the prospects of cancer treatment. Cytokines
release syndrome (CRS) is a severe systemic inflammatory response caused by pathological immune system activation, and is also
the most common and lethal toxicity during CAR-T cell therapy. At present, the mechanism of CRS has not been fully clarified.
Preclinical test models mainly include xenograft mouse model, syngeneic mouse model, transgenic mouse model, humanized mouse
model and non-human primate animal model. Due to species differences and the lack of in vita cell models, preclinical prediction the
risk of CAR-T cell causes CRS is still an urgent problem. This paper reviewed the relevant guidelines and regulations, mechanisms
and preclinical safety evaluation methods and models of CRS in order to provide new ideas for preclinical safety evaluation
strategies of CAR-T cell therapy products.
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Table 2 US regulations and guidelines for CAR-T cell therapy products and their safety evaluation
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Table 3 European Union regulations and guidelines for CAR-T cell therapy products and their safety evaluation

I1EY% 4 RATHLH SR AT I} 1]
A 211 (EC) No 1394/2007 KR 2= R 2 2007 4
54 2001/83/EC BRI 2= FHE F5 2 2001 4

85 ) N ARGH R S 24 7 i 46 7 EMA 2008 4

AT i B DI L 1 2 b 0 5 R I PR AR PR 7 1T 98 7 EMA 2020 4

2 CRSHIEFRILHIAAZR

CAR-T 4t f ¥ 97 7= i 5 2 CRS FIAL I i A 52
A | B, CRS ™ 8 72 B 5 iR 47407 bk B2 44 i FE
v 12 % DA o CAR-T 85 8 F 5%, A R 2R A ) CAR-T
7| L R R R [ 7 B AR FE AN [
2.1 CRSHEZERN LA K AR EF

FZAINE . B RE L 7E CAR-T 40 /e 51 & ) CRS
HOREEE/ER . O B R U CAR-T 40 i B0
J&i » B JBCTFN-y TNF-a Fi7 20 S - 5 W55 40 it 42 V& 7
Al (GM-CSF) %5 48 i [l ¥ ] 55 42 0d B 4t i
5 W3 40 A R B TL-1.1L-6 Je NO, 1 — 25 3 CAR-T
Y A, 12 13F CAR-T 24 g 43 06 40 Mo 1R 5, 2 j I I 5t
PEI, 51 20 B DR JRG , AL A H R A A I s 55
FER o 45 F TL-6 B TL-1 52 44 BH W7 551) w388 3 A1 5] Bl
I /D LI A R I N O, 3R 1T 9 82 CRS. b4k, B
Wik 20 i 5 CAR-T 48 fitd 7] 38 i+ CD40 5 CD40L 1£ i
IR P FA B b R AR A AR L X PR B 2 i
CRS™Y . FUAZ AN 32 B4 A7 AE TL-6 AN TL-1, H IL-1
EC IL-6 f 7= AR I 0] 56 5L . TL-1 RE %45 5 IL-6 Al Al
WEVEIL-6R 7= A2 o SR IL-6 F5 9177, T 9855 B BH
Wr CRS , {H TG %8 5 CAR-T 4 g 55 — ™ & 2 4 4F H
R 28 75 1, T BEL W TL-1 % b 28 75 1 A CRS #4522
fRAVE . A AE CRS KAE R BB A% &
EAER . NN A] P A JORE KT TL-6. CRS B
I3 P RS AR E I ML AR B AT 2 (Ang-2) I
I 1 A9 TR T (VWD KT T, YR 40 s 4k
Sl MM T RE RS & CRSH E B LRI —, H Y
CAR-TAH L 5l EE P & M IAH ¢ . 1L-6 2
CRS 1 G B A F (1 — Bl {2 2 4B J R 1, 72 % M =
PEIOE VR ) K PEE AR . POl P AR (1 IL-6
e f% 5 5 R JUE &% 4 i 7= 2 C B85 (CRP) - IfiL
ANBR A RER AMA R S A EE . IL-6 B Bk E]
By ol & g W 1, S B E B . IL-6387]
T T U A% 4 A R Y 2H 2 R B TL-6- T 9 TL-
6R AW O N B A, BT IL-6. 1L-8 \MCP-1,
H 5 21 5 g S5 O WD 0 -1, A 1 I % K e 7

WO, 51 B I Th 68 R 55 5 B0 HOME A Py
at020)  TFN-y A f 3 A6 6 T 40 B A0 fof g 40 i 7 2,
ik L0 R P A B e Y A A AR T B A i
FE b R RN fE CAR-T 40 g [l i a7 ik FEvpr, T
ST e 0 fieb 988 44T PR K B R R TFN-y 2 filh % CRS 1 &
Ji& WO W 20 5 At G 40 i, 51 RS R A Sk
% GRKERER . CAR-T 41 il 3k N AK Y, B i GM-
CSF, ] B i 40 e« B M4 B v Ak 3 5 . @it
GM-CSF & [A] 2k 3% 5l & v A0 44 [ A GM-CSF, )l
A9/ [ 200 PR A 8 28 43 9 1 TL-6 \ IL-8  FRL A% 41 i
AR 1, AT RE— 25 CRSP7,
2.2 BRERT CRS B9 M

it Jeg 67 a7 R S AR R A PR A T e AR
fE bR CRS ™ EAZE, HMB AT =5
CRS YRR FE . 30 H DA e 41 i £ 1 o i
SR A FH A SE Ak, 40 A2 T AR FL R (1 (GSDMD AT 7,
GSDM i i i % 4 A BR] - 0 4 928 3 14 400 ot A2 3
P RIS AR E . IR AR A T S
5 ) GSDM & A B AR . ot 7o Rk B, g
YA T REE 5 T AR 2L AE IV, 25 CRS K
A d AR . CAR-T 4t v] Bl ik 9 Fh ik 42 51 40 i
FETT, BETBOMURL G B W0 0 20 B 1) 21 e R 41 3 1))
{2 FL & 1 ECGSDME) 3RS JEUMURL i A, B 1224 1
LR (1 B(GSDMB) 5 S8 40 g £ 1, Jievya 400 i
TR BB e R AlE 1 U1 E B A
GSDME , fi 1 5 105 £ fifa 6 75 2400 i IR 7, 51k 4 & %6
JiE ) M. . GSDME J7¥Z A7 15 T I & 4 i 9
GSDMB =+ Z1E {4 1k 18 b Bz 4 21 e 477 A i osg b %
ik AN e R R SRS A JE I 25 A
F K 4y T 1 X (DAMPs) B8 5 44 A7 ¢ 23 7 1
L (PAMPs) , 22 - Jit 24 IR i A B /1 1) AL GSDM
BRSO AR T A M R . T AR A R A
1493 AH 5% 23 - 40 v 1T #2 F BR E B1 (HMGBD .
ATP %6 7] DL 3 W 41 R Focan B R 7, 51 S 9 2
4T L AL S Th e B, K CF I R IR T R RE )k
FAth 41 B ER S8 AR T, ik — 5 W0 B 4 R s, B



$F46% FE3H 2023F3 8 %K"‘iﬂ'{ﬁti Drug Evaluation Research

Vol. 46 No.3 March 2023 < 473 -

JS TG P A1 A, i R B O R g B AR R
B fuf B 5 51 k2 CRS, IR 7 G5 i 9Rg bb S A8 o 2%
o L CRSP,

2.3 CAR-T fHREL5H%T CRS RS2

CRSHIM™HEEEERR T 5EMIE AL, i
CAR-T Yl fB 45 #9746 5% . CAR-T 41 g () b 988 bt J& o
15 A5 5 M8k ® T CAR-T 44 Mg B iz fL
VPRI B HIRE Y. ALK RIS B K T3
Tn, P ed 4m M AR TG 22 RETBCE R A 1, BOE B
Wt 41 LR i 8 SR A IR 7 TR 5 M9 AS ), CAR-T 48
i =10 J 51k CRS (1) & 25 B 18] J 3 PR A BT 22 57
AH b3 ) 305k A CD28 1 CAR-T 4 g, L s oy
4-1BB [ CAR-T 4 g ¥6 77 J5 51 &2 () CRS I [A] 55 e
H CRS#PEH 55, IhAl, CAR-T4HAE M4, 2477 =B
22520 CRS [ 7™ A2 B2, (H Bk = BH 1 1) 77 - IO
9‘%/%[33310
24 ‘AREFERER.HE Y ERRX CRS 8
20

CRS ™ HE RS M R FIHE MM A LR, 1
T Al CAR-T 4H g ¥ 97 51 & CRS W 0t 5t , i i xf
PBMC 1) DNA # IL-6.IL-10+ IFN-y. TGF-B1. TNF-
o 5 4 i DR 7 1 35 TR A 3R AT 40 BT, TL-6 3[R A oAy
—-174G/C; IL-10 F% K B! 2 -1082G. -819C. -592C;
TGF-B1 % AR 10T, 25G, 3X 3 Fh 4 g I8 1 1) 5 (A
A 5 5 v 1 A8 P R - K SF-AE OK T TIFN-y 5 TNF-a
(1) SRR SRR Tk A 5 #E CAR-T 41
PR A v T, AR R A T AT AR A B
DAAE IR B FH (AL 72 A2 B CAR-T 4H A 1 4 2 S
Ik UL 200 6375 o 155 40 W RE B2 T CAR-T 28 g [l 5y = (1)
AR ). WHIC RN, A A YT S IS H IL-15
KT, W IL-15 52 T4 A K I 7, BE e (e 3E T
Y1 Jf 3 Ak 18 B I3 TL-15 /K °F 55 CAR-T #y v AL A
J BB PO B SR OGP . CAR-T 4H i 2 =
4%, AT REIY I CRS [/ EHF2 R .

H AT 204 CAR-T 4i f 45 i B 5 P TR &
69T S5 SRS AT CAR-T 4 My J7 58 22 446 28, Bl
Wik 22 A T 00 5 2 Bk R & T CAR-T 41 fate
IE A, 34 BT 4 T 25 T 4 B DR 1 3 B R0 L 40 U A
51 771 LAY 2D T 200 16 355 1 R 48 i ER] 7B 7%, 4n See/Tck
8k 757 L CDK 7 BEL W 7714
3 IGFRBIREMITEN AR

R4 CDE T~ 2021 45 M A 1) 24 ) 4. 92 JiR v A
FEARTE T E YL E , 0T G 55 K241, e 8
(I PR AT VP4 75 2285 BT A RT A A P R A bk

36 KA L RIPE 55 R 20 Ak P 3k AT 25 1 06 AT 44 4k
R0 25 LR AT 20 P DR A A
3.1 KRR

TE W R B AR A P 22 A VEATE S, o o F /s R
NPT, L FE S A RS AR T P R /N BRI S | [
RN i =R ST AN W I NS/ AR N i D
BB AL AL, JE N RK BB A 2 AR B R 254
i FH B I R A B AR
3.1 R R R AR G B N A
R T P S B D RRAR T, AT A CAR-T 4l AR K9
PR AL R U R, H R T CAR-T 40 M 1 24 3%
VP H AT, 8/ B R AR AR N NSG
B, NSG /N B A 26 K M 4o 758 Th e 32 4 11 FF BB e R
Jo /I B (NODD 5 7™ B I A 922 R e /) B (SCID) 2%
Ak — 20 A0 IL-2 5244 y B SR SRAF I, Bk = 38 B
MRS RG, BT M B4R NKAMAE AR .
TEIXAN LI R g, vl DLAERR LI 2] CAR-T 20 1)
S5, iR () H0 ) BT IR SR AR (H T R RS
[PIERBE , LA A TEV2 B CRS 51 S 1 e IRV
3.2 [FUE/NERBEAL  [RDUR /N BRRE 2 Ry fo g2 i
BN AL, R IA B R AR DS BT R (TAAD , B far BRI
Jify8g , B T AIF 70 BRUE CAR-T 200 i i) #08 i) 75 1k B it
AEEEPE. Hilh T e Z 1, MIE CAR-T4E S A
T CAR-T 4 B 7E A& P A7 35 B R AS A /N BR A R 4¢
5 NG ZEWAFAEIR K Z R, /N RN 1) CRS 4
A5 AR A 1R CRS 7E 40 A B8 7 i 288 | I B2 ] L ik
g B 1] 55 5 T A BT A ), HL RS/ RO R AN A,
BRSO N AR A BTN o
3.1.3 EEEEPRUNRAER SR/ R,
B DR/ RS [ B LA e BE IR S R 40, TR R
4 ARt Dy BRCUR A M, T A R DR /DS BROBE R SRR N
TAA, ] 347 CAR-T 20 Hd 19 R 2 56 E BF 75 (POC)
5 HH TP 22 e R I A AR, FL 0 B e N
CAR-T Yl ) 2 4= o habh, A M [H] B i Je 47 it
HREANR R AF LRGSR SGER, W
BALB/c /)M i 51 1A Rae-1 & [1 UL ) pan-NKG2D-it
A&, BALB/c /]y BRI T 48 g f4 4 Dy e 4 EE C57BL/6 T
S B v, 2445 T HUNKG2D () CAR-T 4 VA 97 5
bt C57BL/6 /N SRBEVE S B B2 BREE NN TAA %
DR 4, 320 T A B DRI R B T/ BR A 9% R G I ) 3
. A HF R N CD347 i i T 4 i/ 1 4H 2
i (HPSCs) #& 1 A\ Kk N\ T4 i Al - .GM-CSF . IL-
3 = H I NSG /N AT, 5 N EAL B NSG /) BUAH
BU Ao % B R B PR, B 2 AL 4 R R B



© 474 - $F46% FE3H 2023F38 ‘ﬁﬁ‘#ﬁﬁt % Drug Evaluation Research

Vol. 46 No.3 March 2023

Z >,

3.4 NUEAL/N RBERL  d g v G s kB RO A
N G 8 4 0 A e R e mT R AR N TR AR /N B
B B R A N YRR, 45 T AR CAR-T 41, 78
— R FREAHANERE RS . HSPCs & H T1
N4/ B, 745 T NSG /D Bl CAR-T i # 14
HSPC 4H i 7T F £ i 200 Jit 0 bk £ 400 i, 48 1 bl 1 5k
Z R, TR B IATRE. B, 5 AR
RERFE EE N JE Ak /N RS T B B2 4 551 R B8 AH 1L
(IR 5%, B I e Jif 8 (19 S o 2, T B 4 b W 5% I PR
730, BAE— B FE R RN AR Y CRS 1 s 2 M
315 FEARKEIGWHER JEANRKEIHMHE
B4 2 F T CAR-T 40 B I R BT SE 48 A, B T R K
FENW5 N B e BE [FR 14, L Re 8 4 40l CAR-T
HRTE AR 28l 2 255 B B 2R R 7R AT
M e 9% AR G 23 M R0 I R 8 A B0 Ar 28 M 7 T 3R B
IRAERHE . (AR HA) BA — S0 8 Rl A B 1R
PR, T HL AN g 5 4 BN A& 9 CRS 1 K A2 K
J& , 540 TGN1412 5% W 221 BiF 5t 3% BH £ B A /e
T ) CD4 R BLiC A2 T 4 f #R ik = CD28 ik 7] fig
S TGN1412 K AE T CRS (1 3 R,

H ATk, A — Fhsh PR AL e 56 6 - BN
9% R G5 MR A 5, 3 5 AR A CRS 7E 41
PR IR 7 o 2% 3k W () 7 B P S 5 T S A AE AN
[F) P2 P A 22 7 o I R AT T 000 CRS 1)k Py A5 Y
T8 2 W 1A 2R B s AR N R A R 3 ) B A B
HBAR/IN
32 RIMRE

M4 CDE T~ 2021 4 A A7 1 € 25 40 B 2 i e At
TR T W) A48t R AN A i BN A
I 5 % 48 A A0 P40 40 P i A4 R0 48 g TR 1 ) R
JEC, PR — E R BRI AR S O O R . 4k
PRI &5 SR 9 [T PRI A A8 B P &5 SR R LSRR
TR IR IR 22 45 XU« CRA J&1E 784> % R 2 W80 55
FE FI B SRl b, 78 A4 20 PPk i 14 245 9 175 i 4
e D] T8 A LI 5 A I DR T 22 A PR VP A ) B 24

SR AT PR AT B = B 2 1 4R A8 O
CAR-T 4B yA Y7 77 5 175 3 CRS 4l A 8 . N IR
ST B B S/ R Y PN BRI R L BT AR 45 SR AN RE 52
4 2 W24 0 P T AR A 0 R L S R Ak, 1B N DR 4 i
TR G T S PR 1 b 22 S M e, 7 — s R
FE BoRAh T R E 2 = 5 BN S AR B 6V 8 4
PR N A A P28 A o R P e e, ELEE i R &R AT

PR, R LR RL NS T CAR-T 37 247 b F I PR %
N A RS L AIFRES T ERAf-CAR-T
Y11 A - Fof 98 411 A7 40 it A% 78 B 400 CAR-T 40 it 375 5 41
i R 7 R T, 4 W 40 B i N CAR-T 4t i 55 i Jgg &
ML IRk &, SR B T I R R BIEW T,
15 e A I 4 R AL 9 7 AR CRS AH G 41 Ji R 1 o
45 TFN-y Fi1A B i B CAR-T 41 i IFN-y, ELIE 41 i
WA TS o ZAE R AR — B R LR
CRS 7745, PFAd7 BH W7 — A =5 22 M 4 i BX] -7~ %F CRS
15

o 44t A 28 D A, — e g5y ) 2 A Y i K 2 A Y
7E CRS I At A #8 7 HEAE . WAL M i &=
49 Fh 20 PR DR - PR BB S BRI T VSRR R R
BEAU = B 43 AT B 9 240 M TR 1 £ 28 Ak, o0 2 P
DKL - BEL U 551 (1) 7B FH o 75 OU4RE S PR P AR 1) CRS HF 52
H BT 3 K X 40 B R R D A I SR T 40
CD3- YU S 11 70 - Jir 8 40 B BT 5 3 431 5% f 1) 9
W [F) i 5 G AN [R] Jieogg 5 20 24540 1) CRS KUK 3347
PRA L,

[l R T = VAN i Yt A N
T AL G5 10 2 8% B B 7R 7 0, B 903 B U 65 R
Jo, BRAF N S AT 55 5%, A [R] 3R 45 1% )5 48
JJRs 2 ge By, 5 5 CAR-T 40 g 3t 1% 95 A b ik e e
CAR-T 4t ffa 1 ¥ T7 R, BORT 35 AT 248 B IR -7 A 0 >k
T CRS™ . 1 HAS[R] T~ 4% 4t (1) 2D 48 f i 7Y , %
B EAE A I G, T R LR A 4%
FAT A 5 2F e 92 24 o B2 43 20 20 B B, G 33 PR 90 3
Bilf R T = Lo
4 B

CAR-T 4136 7 7 dt 2 H i AR ¥ 7 4 )

& CAR-T 40 JL76 97 7= S 78 LR S i 198 97
b A DD, AR AR I PR 8 2R R H P LY
B VEAE F 0 CRS.  [R] h 4x R 4% [ A iy e gk w5 3
FHOCHE 5 J5 ) B SR, F 90 N D3 DA% T %of G sk
175k, Wkt CAR S50 i e & TF 50 et 45 24
F RS DLJR AR B )R A B PE . CAR-T 4G I7 7™
W 7E I R B 06 ZBURE 3 ICH S6.ICH S8 (254 % J&
PERF TR H AR T 5 ) &5 Fi T S X 25405 &< CRS
) RS BEAT A% PF A . H AT A T CAR-T 41 A
1) CRS KU 3 B A Y AR AY , G455 S5 b 8 Al B 8
B3 /I BRABEIRY | [ 5 /N RS ZRY L A SEE IR /) RRUABE AR L N U
/N R BRI N R KRR . (AT Fh &
ZE SV AR BUAS B8 S8 AL PR Y CRS B it



$F46% FE3H 2023F3 8 %K"‘iﬂ'{ﬁti Drug Evaluation Research

Vol. 46 No.3 March 2023 < 475 -

i, AR S (i PR A7 AE PR AR . 7R 4h CRA
FEVEAl CRS [ 8 515, {H B AT = s i i 4 4
FAEAY FH T CAR-T 4 ML VA 7 77 b AN B s 1 T
CAR-T 4t fi 25 ¥4 M8 47 ff J2 25 28 L CAR-T 48 i 771
B A J% R B 25 7 T I AS 1R B 2 3 R CRS 1 2% 5+
6 B A T8 I PR BT VR4 CRS B K44 P 44 Rk
6 &5 45 1) BH 25 1 S S RFAE S TR A& T B H B AS
RSN, 8 AN BSOS PR I R R 0 48 A, Ay il
e R XU 3 e 2 (1 22 2 (4 , oM I PR 36 45 24 1%
B AT R IR B PR LR} 2 IR

MEHRR AL FARAELENEFR

SE

[1] Haslauer T, Greil R, Zaborsky N, et al. CAR T-Cell
therapy in hematological malignancies [J]. Int J Mol Sci,
2021, 22(16). doi: 10.3390/ijms22168996.

[2] Lu J, Jiang G. The journey of CAR-T therapy in
hematological malignancies [J]. Mol Cancer, 2022, 21(1):
194. doi: 10.1186/s12943-022-01663-0.

[3] Xu X J, Tang Y M. Cytokine release syndrome in cancer
immunotherapy ~ with  chimeric
engineered T cells [J]. Cancer Lett, 2014, 343(2):
172-178.

[4] Lee D W, Gardner R, Porter D L, et al. Current concepts

antigen  receptor

in the diagnosis and management of cytokine release
syndrome [J]. Blood, 2014, 124(2): 188-195.

[5] Hay K A. Cytokine release syndrome and neurotoxicity
after CD19 chimeric antigen receptor-modified (CAR-) T
cell therapy [J]. Br J Haematol, 2018, 183(3): 364-374.

[6] Goodyear M. Learning from the TGN1412 trial [J]. BMJ,
2006, 332(7543): 677-678.

[7] Chou C K, Turtle C J. Insight into mechanisms associated
with cytokine release syndrome and neurotoxicity after
CD19 CAR-T cell immunotherapy [J]. Bone Marrow
Transplant, 2019, 54(Suppl 2): 780-784.

[8] Maude S L, Laetsch T W, Buechner J, et al.
Tisagenlecleucel in children and young adults with B-cell
lymphoblastic leukemia [J]. N Engl J Med, 2018, 378(5):
439-448.

[9] Schuster S J, Maziarz R T, Rusch E S, et al. Grading and
management of cytokine release syndrome in patients
treated with tisagenlecleucel in the JULIET trial [J].
Blood Adv, 2020, 4(7): 1432-1439.

[10] Westin J R, Kersten M J, Salles G, et al. Efficacy and
safety of CD19-directed CAR-T cell therapies in patients
with relapsed/refractory aggressive B-cell lymphomas:

Observations from the JULIET, ZUMA-1, and

TRANSCEND trials [J]. Am J Hematol, 2021, 96(10):
1295-1312.

[11] Neelapu S S, Locke F L, Bartlett N L, et al. Axicabtagene
ciloleucel CAR T-cell therapy in refractory large B-Cell
lymphoma [J]. N Engl J Med, 2017, 377(26): 2531-2544.

[12] [EZ DA 2 . ALY 2 B ORI PRS2 B2 2% 1 (AE SR

& UL F4) [EB/OL]. (2019-02-26) [2022-11-10]. http://
www.nhc. gov.cn/yzygj/s7659/201902/024ddc242c24212
abc42aa8 b539584d.shtml.
National Health Commission of the People' s Republic of
China. Regulations on Clinical Application of New
biomedical Technology (exposure draft) [EB/OL]. (2019-
02-26) [2022-11-10]. http://www.nhc.gov.cn/yzygj/s7659/
201902/0f24ddc242c24212abc42aa8b539584d.shtml.

[13] B R T A2 RH NG T I AT 5T 4t N A 32 7
HGRAT)(LE 3K 7 WL AH) [EB/OL]. (2019-03-29)[2022-11-
10]. http://www.nhc. gov.cn/qjjys/pqt/201903/01134dee9c
5a46 61a0b5351bd8a04822.shtml.

National Health Commission of the People' s Republic of
China. Measures for the Administration of Clinical
Research, Transformation and Application of Somatic
Cell Therapy (to try out) (exposure draft) [EB/OL].
(2019-03-29) [2022-11-10]. http://www.nhc. gov.cn/qjjys/
pqt/201903/01134dee9c5a4661a0b5351bd8a04822.shtml.

[14] B 224 b B 8 R . 4y o7 7 W T S S P AN R

& & [EB/OL]. (2017-12-22)[2022-11-10]. https:/www.
nmpa. gov. cn/directory/web/nmpa/xxgk/ggtg/qtggtg/
20171222145101557.html.
National Medical Products Administration. Technical
guidance for research and evaluation of cell therapy
products. [EB/OL]. (2017-12-22) [2022-11-10]. https:/
www.nmpa. gov.cn/directory/web/nmpa/xxgk/ggtg/qtggte/
20171222145101557.html.

[15] FRZR&EPEHA 0. 40 RZEERTHEAES

JE ). [EB/OL]. (2021-03-29)[2022-11-10]. https://www.
cde. org. cn/main/news/viewInfoCommon/a0908879d6c54
c7318f08 81611b51122.
Center for Drug Evaluation, NMPA. Technical guidelines
for drug immunogenicity research [EB/OL]. (2021-03-29)
[2022-11-10]. https://www. cde. org. cn/main/news/vie
wInfoCommon/a0908879d6¢54¢7318f0881611b51122.

[16] w5, FEH, G H, 55 . CAR-T 4 MR YT 7= it R 4%
A I BIF E K AR W PR BIF 8 25 08 [0, oh [ 2
2018, 32(6): 829-852.
Meng S F, Huo Y, Hou T Tet al. Study on quality control
of CAR T cell therapy products and considerations in
non-clinical studies [J]. J Chin Med, 2018, 32(6):
829-852.

[17] United States Congress. Public Health Service Act [EB/



- 476 -

$F46% FE3H 2023F38 %X"‘i‘ﬁ'{ﬁt % Drug Evaluation Research

Vol. 46 No.3 March 2023

(18]

[21]

[22]

(23]

[24]

(25]

[26]

[27]

[28]

OL]. (1944-06) [2022-11-10]. https://ww w. law. cornell.
edu/topn/public_health_service act.

European Parliament and Council. Directive 2001/83/EC
[EB/OL]. (2001-11)[2022-11- 10]. https://eur-lex. europa.
eu/legal-content/EN/ALL/?uri=CELEX%3A32001L0083.
European Parliament and Council. Regulation (EC) No
1394/2007 [EB/OL]. (2007-11) [2022 -11-10]. https://
www.legislation.gov.uk/eur/2007/1394/chapter/2.

US Food And Drug Administration.
Assessment of Investigational Cellular and Gene Therapy
Products [EB/OL]. (2013-11)[2022-11-10]. https://www.
fda.

documents/preclinical-assessment-investigational-cellu

Preclinical

gov/regulatory-information/search-fda-guidance-

lar-and-gene-therapy-products.

US Food And Drug Administration. Considerations for
the Development of Chimeric Antigen Receptor (CAR) T
Cell Products [EB/OL]. (2022-03) [2022-11-10]. https://
ww w. fda. gov/regulatory-information/search-fda-gui
dancedocuments/considerations-development-chimeric-
antigen-receptor-car-t-cell products.

European Medicines Agency. Guideline on human cell-
based medicinal products [EB/OL]. (2008-03) [2022-11-
10]. https://www. ema. europa. eu/en/human-cell-based-
medicinal-products-scientific-guideline.

European Medicines Agency. Guideline on quality, non-
clinical and clinical aspects of medicinal products
containing genetically modified cells [EB/OL]. (2020-11)
[2022-11-10]. https://www.ema.europa.eu/en/quality-non-
clinical-clinical-aspects-medicinal-products-containing-
genetically-modified-cells.

Giavridis T, Van Der Stegen S J C, Eyquem J, et al. CAR
T cell-induced cytokine release syndrome is mediated by
macrophages and abated by IL-1 blockade [J]. Nat Med,
2018, 24(6): 731-738.

Norelli M, Camisa B, Barbiera G, et al. Monocyte-
derived IL-1 and IL-6 are differentially required for
cytokine-release syndrome and neurotoxicity due to CAR
T cells [J]. Nat Med, 2018, 24(6): 739-748.

Tanaka T, Narazaki M, Kishimoto T. Immunotherapeutic
implications of IL-6 blockade for cytokine storm [J].
Immunotherapy, 2016, 8(8): 959-970.

Sachdeva M, Duchateau P, Depil S, et al. Granulocyte-
macrophage colony-stimulating factor inactivation in
CAR T-cells prevents monocyte-dependent release of key
cytokine release syndrome mediators [J]. J Biol Chem,
2019, 294(14): 5430-5437.

Liu Y, Fang Y, Chen X, et al. Gasdermin E-mediated
target cell pyroptosis by CAR T cells triggers cytokine
release syndrome [J]. Sci Immunol, 2020, doi: 10.1126/

[29]

[31]

(32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

sciimmun ol.aax7969.

Zhou Z, He H, Wang K, et al. Granzyme A from
GSDMB to
pyroptosis in target cells [J]. Science, 2020, doi: 10.1126/

cytotoxic lymphocytes cleaves trigger
science.aaz7548.

Deng T, Tang C, Zhang G, et al. DAMPs released by
pyroptotic cells as major contributors and therapeutic
targets for CAR-T-related toxicities [J]. Cell Death Dis,
2021, 12(1): 129.

Hay K A, Hanafi L A, Li D, et al. Kinetics and
biomarkers of severe cytokine release syndrome after
CD19 chimeric antigen receptor-modified T-cell therapy
[J]. Blood, 2017, 130(21): 2295-2306.

Wang Z, Han W. Biomarkers of cytokine release
syndrome and neurotoxicity related to CAR-T cell
therapy [J]. Biomark Res, 2018, doi: 10.1186/s40364-
018-0116-0.

Siegler E L, Kenderian S S. Neurotoxicity and cytokine
release syndrome after chimeric antigen receptor T cell
therapy: Insights into mechanisms and novel therapies
[J]. Front 2020, doi: 10.3389/
fimmu.2020.01973.

Morgan R A, Yang J C, Kitano M, et al. Case report of a

Immunol,

serious adverse event following the administration of T
cells transduced with a chimeric antigen receptor
recognizing ERBB2 [J]. Mol Ther, 2010, 18(4): 843-851.
Turtle C J, Hay K A, Hanafi L A, et al. Durable molecular
remissions in chronic lymphocytic leukemia treated with
CD19-specific chimeric antigen receptor-modified T cells
after failure of ibrutinib [J]. J Clin Oncol, 2017, 35(26):
3010-3020.

Diaconu I, Ballard B, Zhang M, et al. Inducible caspase-9
selectively modulates the toxicities of CD19-specific
chimeric antigen receptor-modified T cells [J]. Mol Ther,
2017, 25(3): 580-592.

Leclercq G, Haegel H, Schneider A, et al. Src/lck
inhibitor dasatinib reversibly switches off cytokine
release and T cell cytotoxicity following stimulation with
T cell bispecific antibodies [J]. J Immunother Cancer,
2021, doi: 10.1136/jitc-2021-002582.

Wei Y, Li C, Bian H, et al. Targeting CDK7 suppresses
super enhancer-linked inflammatory genes and alleviates
CAR T cell-induced cytokine release syndrome [J]. Mol
Cancer, 2021, 20(1): 5.

Vanseggelen H, Hammill J A, Dvorkin-Gheva A, et al. T
cells engineered with chimeric antigen receptors targeting
NKG2D ligands display lethal toxicity in mice [J]. Mol
Ther, 2015, 23(10): 1600-1610.

Siegler E L, Wang P. Preclinical models in chimeric



$F46% FE3H 2023F3 8 %K"‘i‘-'[ﬁti Drug Evaluation Research

Vol. 46 No.3 March 2023 - 477 -

[41]

[42]

antigen receptor-engineered T-cell therapy [J]. Hum Gene
Ther, 2018, 29(5): 534-546.

Eastwood D, Findlay L, Poole S, et al. Monoclonal
antibody TGN1412 trial failure explained by species
differences in CD28 expression on CD4" effector
memory T-cells [J]. Br J Pharmacol, 2010, 161(3):
512-526.

Bailey S R, Vatsa S, Larson R C, et al. Blockade or
deletion of IFNy reduces macrophage activation without
compromising CAR T-cell function in hematologic

malignancies [J]. Blood Cancer Discov, 2022, 3(2):

[43]

[44]

[45]

136-153.

Yiu H H, Graham A L, Stengel R F. Dynamics of a
cytokine storm [J]. PLoS One, 2012, 7(10): e45027.

Chen X, Kamperschroer C, Wong G, et al. A modeling
framework to characterize cytokine release upon T-cell-
engaging bispecific antibody treatment: Methodology and
opportunities [J]. Clin Transl Sci, 2019, 12(6): 600-608.
Jacob F, Salinas R D, Zhang D Y, et al. A patient-derived
glioblastoma organoid model and biobank recapitulates
inter- and intra-tumoral heterogeneity [J]. Cell, 2020, 180
(1): 188-204.e122.

[Frtesmit  Firsk]



