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Abstract

Objective: To systematically explore the safety profile, recurrence risk factors and standardized
whole-course management strategies of CD19 CAR-T cell therapy in the treatment of multirefrac-
tory autoimmune hemolytic anemia (AIHA). Methods: A structured literature search was conducted
in PubMed, Embase, and Web of Science from database inception to June 2026. Medical Subject Head-
ings (MeSH) and free-text terms, including “autoimmune hemolytic anemia”, “AIHA”, “CD19 CAR-T”,
and “chimeric antigen receptor T cell”, were used in various combinations. In addition, the reference
lists of relevant review articles, clinical guidelines, and eligible studies were manually screened to
identify additional pertinent publications and ensure comprehensive literature coverage. Repre-
sentative evidence, including prospective clinical studies, case series, systematic reviews, meta-anal-
yses, and international guidelines, was selected and synthesized according to the scope of this re-
view. Conclusion: Current evidence from small-scale studies suggests that CD19 CAR-T cell therapy
has a manageable short-term safety profile in patients with multirefractory autoimmune hemo-
lytic anemia (AIHA). However, its long-term safety remains to be established. Moreover, the con-
ventional CAR-T toxicity assessment and management framework developed for patients with he-
matologic malignancies cannot be directly applied to AIHA because of the distinct pathophysiologi-
cal characteristics of this disease. Therefore, there is an urgent need to establish AIHA-specific strat-
egies for toxicity monitoring, risk stratification, early warning, and clinical intervention. Future large-
scale prospective studies with long-term follow-up are warranted to strengthen the evidence base
and further optimize individualized treatment strategies and standardized whole-course manage-
ment.
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1. 7

F B G2 1 V75 1 M 73 1M1 (autoimmune hemolytic anemia, AIHA)SE — 38 B LA G 8 i 52 25467 51 2 ) 3R 15
PEE B g s, H BRI B & NV B 40 5 A, PR AR RN R LR MR ) B S b
i, SR R T S RS L. AR B S U & SN FE . ATHA B 43 IR Bt A28 (warm
autoimmune hemolytic anemia, WAIHA). AHiA7% (cold autoimmune hemolytic anemia, CAIHA) i & 1,
iR PR 2] RN ATHA S350 1K) 60%~700%, 2 f & WL I AR AY[1] [2]. & 3CHZR-&1iE(Evans syn-
drome);& AIHA I EZRRREAY,  BL AIHA & I G2 P /MR 982> iE (immune thrombocytopenia, ITP) g =
BURHMIE, BAMRIETE. SRER. IR LKA R Z5R 1] AT 20 mE. FlZs
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BT AL G G A 75 S (B V) R 55 22 NG 18T TG VIR E K FRSAFAE R B R A i 8, @
I SCNZ EMEIARTE AIHA. IR KIATIS AR, P 5 5 AR 05 I & A AP R, 2 240 B B St
ML 75 AT e 15 S P s R S R [ 2] 3]

HRT, AIHA 2377 U5 LUOBE B B 20N 3ERT, & MR 2RiG)T EEAERIZ 5 B it il
A BRUIGR R BRI 29055 . AR ZBURFNIIRIR T AR — E R AR, BT A L) B B
P 2R R MRREORTT AT IR F RS B oI R A S B M) SRRk T B e g . AR R A R
PEEER RSN XK, R IR % B8 B 8 S S i 52« ST T2 i 10 37 B G B Y 7 S NI AR 5K ATHA
Tt 90 1) = B 7 ) [2]-[4]

CD19 i &4 JE 3244 T (chimeric antigen receptor T, CAR-T)ZH 367 38 idh 3 PR TR H A peids s 5 44
T 40, AR R RN SRR CD19 BHYE B 4, MIESKIRASUR T H F RS A4, SeHl
TIERGE, T T AR F R MENa T MR, S AR T AIHA SR 4L TR e T 1]
[5]-[7]. AR, 2T RS BTREEIR R 7T R G477, CD19 CAR-T ¥AJT W4 2 &R )T
RIBIHEVRTE AIHA B AU B RFSR B R . SULFRS, 5% CAR-T WRIT G BIm E kK, #i B
1L R4 (B-cell maturation antigen, BCMA) 4555 ) 40 2 16 7 SRIGE T 32 B0, vk — B4 s K22
2R ARAL TR BRI T T ), AR A AT RO 2 A AT A R B 2 1 PRUEAR B0HIE [ 1] [5]-[7] -

JRE CD19 CAR-T iRy MEATE AIHA T SIR H RAFIIG R R AT 5, (2 AIHA S35 13 2 AR 2R A
545 CAR-T J677 (ML B A E R 2 5, BUE B8 T Mm% vk iR 2 7 (1) CAR-T #14%
VAL K BRAR RAE AIHA S 0 3E F AT A et — P 3R IE[ 7] [8].

B, ZEMEIRTE AIHA B KL T8 M R RRE s IR, FAERa R FLRR M A &
RRE R TR T, B R IE AT G IR, ARG S 38 B ThRESZ Bt 18 MV I T B R4k 0 S
IS 2 B ThRE A% & T B, TTRERE— D52 CAR-T YA 7 o M 6o Bt R UL FRlVR 7 B B, DRI 75 i
M FAEAR . 355D R R PORES AN, MiBA CAR-T FEMEVEAG 1A R X AIHA FH GV AR bR X 2%
BB BT VPN AT B BR1] [8].

HWR, ZHERTE AIHA B KR i fodie, S5 mA I 0 R s . Pt B
RAE AR, BT FEiE— D R AR G RS SR SR T B . Rk, BEARS I S . Bk O A A SR
B VEAE RIZIN CAR-T VRIT TG S A S HAA R, DL AL B AT 0 I S KRR VA [1] [9]. BEAh, ik
FEE A2 USRS 2 2iyT, BRI R B E, CAR-T JRYT Ja FRal I 40 M s /b |
SR G P2 g AR SR [ A AR P BEHE— D R0, DRI 5 o0 0L 2 e b S5 R DGR A R B A
SEPL AR BRI YE T T 7] [10] .

LR TNA, B BEROA SRR 4L A7 B 1K 75 K 4l (long-lived plasma cells, LLPCs) il it 2 5 H &
iR = i B R, Hirh BCMA 244 LLPCs 3G I E T, W52 457 AIHA J AL G ia sy
(B B AE R A [1] [11]. SbAh, Hurtof & LEMER T AIHA KR SCISE A R 5 B2 CAR-T JR7T,
T LB g RG AR TE AR, A E i FE B R Sz AR KR B S AT REAS F T R
PUAT 32 B B R SR L CAR-T B IR I B B SR W 7F L2 [ 5 Sy M s v 1903 FH
THER Z FE M AEYE AR AR VT 7040 75 30— 25 FF B [12] [13]

g5 LRATR, 1BV A CE B0 A L S AR DGR R . BEAE 2 4R e e i V6T DL L R
PRAEFIEE SZE N ER, LR T ZEMERTE AIHA B8 5 24500 SRR A . XLk 5 a] G2
CAR-T JJ7 JG B 2 AR I BBl TT WA B TR 5K, A 3 5 a0 0 P e g 58 5 e XU D f R A B S s
TIHAFAE— B Z 5. Ik, H Al ST M 0% P 7 1) CAR-T BEMEVRAl o I A5 AR R 7E ATHA
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SR T E A B IRAE, R L O UREEIG R FT, B T RS I RS VA R R
JHRTuAL A B SR g [1] [8] [13] [14].

BT, ASCRHABUR SRR T, 1B 2R R EH N AMESSCER ) B F, &45 CD19 CAR-T i6
ST 2 EAEVATE AIHA B2 VERHIE. FESERe 3 OO B SRR, I 45 & DA T e o0 i 4T dE J=
BRI AR KT A, UABASH CAR-T JAI7 AIHA B IR 2 A . RS 745 % g SRR iR (5% .

2. ZENEHE
KT R

ALFR N RGA M 4738 (Narrative Review) . 4T & 45 CD19 #k & PR 21K T (CAR-T)4H 6 )7 £ B Ak
YA E B G 1 I I 77 1 (autoimmune hemolytic anemia, AIHA) B 723k, #:%& PubMed. Embase &
Web of Science ## &, £ Z PR EFE 42 2026 45 6 H . KA E A5 A B g5 & 17 TR R,
FERRIAERHE “autoimmune hemolytic anemia” “AIHA” “CD19 CAR-T” “chimeric antigen receptor
Tcell” %, [FRAMFRATRAHRLER . FHFRTE R LI STHRI 2% S0k, DA & STk R 72 4

WRAE AR PR T R, i BAA AR RTIE MR IR RBE T B RS RGLHA. Meta 74 S [H br
TR S ERIEAT SR G 2 T A48

3. CD19 CAR-T igafr S EMER AIHA IR = MHHIE

IR, ZOURBIRY] FHIRREE R RGL5A % CD19 CAR-T 697 2 HMEG 1% AIHA 124 1%
BT TSR . AR, STk e e R, ARFMFURPESEN N, EEARFEMS
RAREANG, HBT AIHA EE R 55 MBS MR S AR, H S ERE K& BRI I
PSR RANG TR — B FL[5] [7]. Hd, 2026 FRET CHrootk =EFAE) MATIEET M 11 2 =
HMEVETE AIHA B35, HPOrBEYT 12.2 A, 3Ridst 67 BRI AR R 4, BARBIEREEONIRF, RIE
FHFMAETI A YEE S, A CAR-T IRIT AIHA MG IR 22 tE$e it 7 EBEYE[5]. stst, [H]HE PR
SRR 2 (ASH)HIE 1) — T 22 HrLo i 51 3R 41 (2 U ) N 8 Bl MEVR 1t ATHA i3, 45 575 4d7R CD19
CAR-T ¥5J7 MR 21 R4, ARMELRNEST AU T4 ™ H 2 e FHAF[5]

20 B R TR 2 A Ik (cytokine release syndrome, CRS)J& CD19 CAR-T 1477 £ E VA TE H & St iE
I T AL (ATHA) J5 5 LRI A A RS, (BIA T T iR, R 7 o i A 30 % 1 o e £ 2
FHXH AR - 2026 = [F PR BB S5 & B2 3T R oeds 22 R 25 ) IR IRTIE DT S9N 11 6 2 Sk ia 1t
AIHA 323, 9 IHIL CRS, KA 81.8%, 2y 1~2 R424E, Jo 3 KM Lh FHEEE CRS Jifil. CRS
HAZIFLEI (A 4 d, GXIESCRRATT IR e ik, AR EIARTT A OCIE T BOR 1 FE FIUR 22 AP E AR [5].
AT IR 2024 5[5 B M 2 24 AR 2 9% 55 0O 7T 50 51 450 HITF, 8 52k & b 7 BB 1~2 4% CRS, 4
XSPRETFT 76 282, 7o 3 B LL L CRS. 1RITAHRIE TS5 LB PE[5]. 2026 4F (RMD Open) TIIKH]
RALFR G Z I CAR-T VAT MEVA VE B £ S 2 i Im R 2, UE S H & S % NFERE AR 22 Ve mT 4%, CRS
DL 1~2 Ze8RE N F, HEEE CRS (3 )F N, i NBFRRERHE S R R GV M 8 A2 e X[ 7]
HHT, CRS HIEW. 4040 J i P A PRl HERE BAT o X T 1~2 G h 2 CRS, B LA# V) e A=
AARME . R BAAE TR B E DIRE SRR RPAEVR T N 3 X T RF Sk g sl bk B 6 R0E [ i, m]
KT IL-6 ZARTEDURIFCER BPTIAIT: KT > 3 %% CRS SRITER TR T RUR R, WIHERZ G A h
KR AT P, IR RG4S T B IR AR B SCRRAYT, AR FE IR B IR T 22 A 1 [15].

J&YLZ CD19 CAR-T AR YT 5 EEMIRIT AR IF AORE, 722 B XEVA 1t B £ S e PRI MR 33 1 A8
HROU L A RN 2 . 2026 HE R R T CRT SeRg 22 PR 2 20 D) I RTHEPERT 72 1 11 61 2 S AEE 1 AIHA
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BE T BEF IR 15 RIBRGAE A R, B iE&ess o 3 M UL N FF, KRR 4 0% UL FERE
AL EUR A CIET:, $7x CD19 CAR-T 67 Bk B A B sk g 22 4 1% [5] . 2026 4 (RMD Open) &
R — DR SO N B G F R AT CAR-TEIT /G 3N H N, DARPIRIE Gy . Fe bk e A SR e 42
W IR A T, R R A R AR [5]. AIHA BE BN A Z R BN A, — T, CAR-
T VRITJG T 50 B A MU FEE AR AP ER & (A IURE, 3§ I 5 8k A — 7T, 2 HUEEEHZ CAR-T
YRYT T AN I S B R R 2 B A H At e 2 ) BREATIEYT R R, B S DR S B,
T RGeS [7] [10]. PR, CAR-T ¥R97 FGST IR 45 & B BRAR IR T 5. BEfl S BORAS SR G e
R R T R ARG RS PEAS , ISR I R S E Bk A /KPS R A A A S I . 0 FAETERF S A
PARRER R [ L B B YL 835, AT AR IR RS D045 T ik S e BREE EL (IVIG) B ARG YT s Al 456
RGP T« 3 i 2 M W B PR GIR YT, DA G A DG AORE I R AR R, R i S s T
WA, $ém CAR-T iGIT K 22 41 [10].

o 25 250 T A S5 e 22 F5 M 45 S 1iF (immune effector cell-associated neurotoxicity syndrome, ICANS)/ 2
CAR-T JJ7 I H B A EAH R T IE 2 —, HIVA IR, HAE CD19 CAR-T ¥RJ7 2 HAMEIGIE AIHA H3
IR ARG, 2026 SE kKT ook =244 E) IIRTHEMERT L3Ry N 11 61 2 SR AIHA &
AL LHIEE KA L ICANS, AMER| 2 29 K UL B @it fiil, WARRAR RS B, WK
i 88 P B A 22 R G T RORE , B AN E AL B S R AR R, R BR ARAS RR 4E JE 18EE[5] - 2026 4 (RMD Open)
) — T 7 7 ICANS SRR AR ZRIAK, ZHOGHIRIN 1 HigEMEiErE, ™E ICANS BONF I,
PR H B 5% B E %2 CAR-T BT G M5 SR nT 4% 7]. BT B B s = &6 AIHA #3% CAR-T
YRITAHOC ICANS (W& T HEFa R, IS 3BT I R S EH bR CAR-T 67 AHCEE PR BRI
FEYE 7 AR N aE 48 R G IR S ARTE NI, 455 ICE W sl S TS E Thae, BN 52N MRI Z55214%
SR A, DAV IRAA SR X TR ICANS, DU IS FUGRE RGN 3 XF T & & ICANS,
N B 25 T W8 B TUBERIR T, JFAR PRI SR TN 45 ) P e S EE MR P SR R A SRR i, DAt
P FEPE RIS, PRGBS RS IF RO I R AR (8]

Bk CRS. ICANS S GLa5 5 WIRTT #HOA R FEAF4, AIHA 8% CAR-T IGIT ek il LA 7+ 5
SRR AR S HARA R . 2026 4 CHroets 224 8) HEMATIEER i, 1 #lEE K AE
3 S A KN 40 B R 5 TV 3 735 12 (immune effector cell-associated hematotoxicity, ICAHT), % 1 &% T
CAR-T i&IT )5 9 R R AL R &, SRV XNTRE SCRRGTT 5 3 e A 9 il AR 2 HAth A 42
FERAR ORI AR T ™ A )R V[5] .

2026 KT (Med) BI—FIRBIHR & dE— 2w 17 & H G RN 1 2 AR TE AIHA B
% CD19 CAR-T 697 2 VTR, AR R ABEIIGIR B AL TP IER[16]. W 47 & it %
FAEIATE AIHA B, [R5 4 /N %D iE (immune thrombocytopenia, 1TP) & 3t fif g £ 4 1ik (an-
tiphospholipid syndrome, APS), J& -5 & XU B2 I e RS 4 i I B Aol . J% %% CD19 CAR-T 6
IT Jei AR A AU R 78 B A5 1 (CRS) B 8 RS A AR S 46 M 23 A AE(ICANS) S5 88 CAR-T K
B, IR B W T v SRR e VAR e, [RTIRE R EI AR R e g S B T e K e R L B
g HA G, MRFEEPE S A M AT B S REAE K B e SR T A OC, R I IR UE A PR kR
W B CAR-T 697 EL#25]2[16].

HAAERIZ, HAET AIHA B85 CD19 CAR-T JAJT 5 M 5 0%k s B e — 2 &
o MATFIER, AIHA B CRS [ ICANS SRR AL, ZHONETEE, TG, KR ami
WD K B Y i 2 508 e e B MR T K I I [5]-[8] [10] [15]. 4R, H1F H BT AIHA AHSCHT e REAS B4
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/N, HLRZ 5 T T IR R (0 B IR T, I 2 R R EORVR T (R L, HIBTE AR E ML A
I R 2 AT it — 2D .

5#:5% CD19 CAR-T 1697 WM g B A b, 2 SEMEVEPE B 5 G 2 M v 1 P 3T ML (ATHA) B 35
W BEAKYNSEE L RS BeE . i SCRE K BE A 2 4R G i A T A A R Y . Xk
BRI RAE A AT RERZ M CAR-T AU N 438 L by Tl S FREERT (8], 38 AT RECUR YR ITAH K FE IR
AR IR I . 8T, HATR T AIHA BN RHIE S CAR-T JRIT 2 eV RIS R I A+ A
R, B AR EZRIE T HLRIBE T ARG PR %2 & HoAth B 5 a2 CAR-T WAL IR UEYE, MiEh=
EExf AIHA B E RS0 50, PRI R S & ik — 2B 38 1E[1] [5]-[8].

Yo, MR RS AORE IR T BE LI CAR-T JAIT o M 4 S B [ B Ve VR4S« 22 B XTGP AIHA
B KW ED MM SLMIR, AT AR AR AT R R RRERN TR, Mo BEiens
IR L R A ) B AN (R R T 2% B T REAZAR[1] [3] [9]. _EIRFERIIRAS AT BEFAR B S BT IhREAE 4%, OF
N R 96 T A K A S R S . eAh, CAR-T VAT G BRI R # . RIE TR bR T R B 5 o i 30
BURYLAEAE —E ES, W T A RS S AE(CRS) S S W B . BRIk, VAT 97 )20 v
MAREY) FAEKFE AR IIRE, J-5 R E R A 5 4n e ya 7 Ssom i ASTCT BV Subn L & i1,
PETF CAR-T HHOCERMEF I 2K [8] [15].

R, K% S R A ki BT R — DI AT I B R At . 2R AR T AIHA B
K AT 20 P 4 I 2T B /K, S B A S 38 Jon [ o 2 ARy IfiL A 5 I RRE IRV, 3 AT 3
BRd B O REEIRE (L] [9] [14]. CAENEM IR, CAR-T IGIT 5 LM 5 BTt =y e
A g BEAE S I S B BT 3G o5, TIEAE CAR-T 4l B8 PE[16]. K, 7F CAR-T 877 R N 78 /01T
fREA IS . SR FKF R E R AR T RE, FRE BRI ISR S A I, DARR AT A OO R F 4
SENRETT, FERASCRRIR YT HEBE[14] [16].

IeAh, BRI S HH 6 TT T RERZ I CAR-T 897 J5 1 Syl B SRR . 2 BEXEETE AIHA &
KSR R UM R . R B A S S R YR YT, K S ) 2 R ] 5 U S )
REAZA0, FF AT RE I IR SRR PR ER BE (A ISE . B 4HM I 8 GBI R e ) A2 XU [3] [5] [7] [10]. ERARH
BT B = B BEIE HEIE W BE A S RE IR TT BENE SEIA CAR-T AP 14 2K K ik A R 4ERT 7], {HEU A CAR-
T KIIBE YT iR, S B RS 5B XS K 2 a3 UM O, BRI BR AR Va7 56 8 A2 P A
ARG 73 2 ) B 2 S R 2 [8] [10] [17].

BeJn, BRIHRESEH BANDCHEARETR AT RE AL CAR-T JAIT 22 A EITBE N &R . #89r AIHA HE 177
FRIHRETCHE . B R S EAE RIS s, X B PRI 35 AT R dE— 20 S Ml I 40 RS 2 Sl ThE,  FEsfmisk e &
MR 55 FEAE AR [2] [3] [9]. H A& T HEEARS 2 55200 CAR-T UMLK N 730 G 5 g KT 2k v
ZETIUHA, BA AIHA ARG RIS IR AR AT RGL M [5]. ARAN 75 4 & FAAR 2 S S e 2= s il ik
— 5 1] A IR B E CAR-T 16 T HHIIPE T, ATHA F 7 58 IIURSHE A0 USSP A 7 R AR LN

ZE LFTIR, AIHA B RRR R T 5 AE &R CAR-T VRIT % &M E BN K, HH i< IEdE
A BERIE T /NEEATIFE . WU A A B £ G293 T ¢ R T] 42 48 [3] [5] [8]. AR RLANGE FBlVA T7 A
B I, AR A AR . i e R4 o % ) B B R R AR A S AR E, SR T
AIHA B IR B R, JE— RS CAR-T 4ifud 142 2%, B i Ed R L KEi
EDE R, AN M T A 4 R A B SR (LA IE A 415 [5] [8] [17]-

4.CD19 CAR-T T RERELZNRERER. BENSZH%RIATT REE
BiE CD19 & HiLE 2k T (CAR-T)ZM A IT 2 B ya 1% B 5 % 1% ¥ I 1% 3 1 (autoimmune
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hemolytic anemia, AIHA) Il RN AW R, Bl Bk CUBON RN B KT 8 B B ) . 3T 40K,
FH ST FUIBMT H I RTT ROPPAN 40 B 28 S e L) A s B I FR R R, R R 20 J2 7 R 2
AMEAIRTTIREE TR ST T A [5]-[7]. Horb, IR R T CGHioehg 22280 MnTIEvEst A DUIESE
1 CD19 CAR-T ¥97 Z BALIAIE AIHA (I IRTT R, 145G K IHBE U7 Bz G 5 s MU VR 7 F5 1) i = 3t
WREHAT THIE 8, RERHUEIE S T B RAKHE[5] -

DA IR, CAR-T AT GBI E K IR — R I3, 1l RE 25k B & NP B 40/, K
FFHK AN (long-lived plasma cells, LLPCS)FF 44718« 741 G e A G 5 ol oA 1 B 90 45 22 ] 2R 3 [ 1
(25 S 1] [5] [7]- 64 240 s RNA il 2 (single-cell RNA sequencing, ScRNA-seq) . B 4l il 52 14 (B-cell receptor,
BCR)Il /755 2 H =R R R R, o 5 R B3 I 7 Ja A7 el A I 281 B P i 52 3 v M ) S B 2 8
FREOEAGH) T 200, SR Fra e iud v it 2 55 8 RO [1] [7]. 2R1f0, H AT FaR R0 3 ZERIET-HL
HIWETE R IFEARIG PRS2, iR = i 452 e 38 M B R RE AT RE PRI FU ) B ARAIE, AN [F) AIHA AR T
FLAAH ) 1 S 2 o SEATL 1) S 2 R AR TR o WS, DR A LA B A7 e 2 S mT S 1 52 R XU T A 7

TR BTN, B BE A R 877 B 1) BCMA F1E LLPCs T RESE CD19 CAR-T 1697 Ja i
ORI E BN Z —[1] [7]. HT LLPCs il AN RIABLE L CD19, LRk B 4 p Pt 5 (B-cell
maturation antigen, BCMA), [X A #k8 CD19 CAR-T 4iffIi& R, IR SumtE A B hiik, Mgt
PR [L] [T X —HLHIA SO AR 7 0T 5 ORI AL T BRIk, tNJF KT BCMA 1%
HERTT SRS B E 1 JERE[1] [18]. {EERMZ, HAT LLPC Fr8f7ih £ ZARHE Sy LB, =
T S BE VE R 2 SR R P A R R HEUE S R AR TR B R, U AEAF AIHA TR
VERA T — 2D 5T

BT FRMLE], BCMA SE VAT ZWT BN CAR-T 1697 5 5 & H 5 (1 B B ROk Mg . Shi 25 4)3E 2 41
CD19 CAR-T 497 5 H K [ AIHA 23 4252 BCMA/CD3 XU S M B ik CM336 1477 Jm R SR A3 505 221,
[ B A0 I B 4 R S S A B D,y BCMA R [EGA TR L T W IR R R [11]. Ak, AHSCHE
FIN, BCMA S H A i6)7 4 Bk — 5%k CD19 CAR-T #E LA % 1) LLPCs, Mk /b 80 4 E 5 it
WRREE =, KBRS AR [RI[1] [18]. BR AP AL AL, B LRI PRAHIE L ] REZ A CAR-T JR9T J5
KT k. A ARSR, B2 L mbliasr . KMk, JLE&EDERE LS I
H B e 5 P05 S R 3R PT RE 5 5  R BCRUYT ARO OG [ 7] [8] [14] [16]. Herbr, K S0%an i, w] e 3a i 5 M 4
PEIRAS BB ™ B R E R B CAR-T VYT R MIGIREE R, (H H AT B Z 5% AIHA B3 1) E B3
[14]. BEAh, Korte S&4iRiE 1 14 FF AIHA. Gt i /M iE K i i 45 & E B35 #5%2 CD19 CAR-T
BIT R R ER AR, (AT H ATER SORIE TN RIRTE,  vASBedE b AW & HoAth B & e Mg 2
T ST 2R fE e R R [16]

HAT, CAR-T BTG R EH Mk Z 5 — b BLRNS . S5 A DA IRIRIT 7 B R &%, XT
SR B TSR R AL S BRI DL A HEN K B R MR L5 VP S, ISR CD19 CAR-T AT
BCMA 8 [A) ¥4 7 B 55T J5 sh4% G S s A T [7] [8] [11]. {HAARIERZ, BCMA #E e T At — ik
B S SR UM R B, AT e IR SRR A PP R B 1 IfORE SRS RS, BRI AT 7E 32 i KR iR R 5
YERF g% DI RE 2 (RIS, AT ARG PRAE 70 75 22 3 A e ) e B[ 7] [8] [10]

zi LATA, HAEIT CD19 CAR-T JA T L EMEVATE AIHA B R ALH KR AL T A e # Be. Bl
AUFHEIE/N, LLPC FRELA7iG. S0 B GUMIERE. RREFeion A o e oA e B T e L A S S5 50% 52
K, i BCMA SRR T 4T 5 R AU RS dEse Boa T 3 4t T8l SR80,  H BT A SGUESE ) £ 2ok
BRI T B R ARG, KT R 24t K AR 1R YT A 1 5 = w5 R R A0 U = R4 <
Fro RRMFIFRZ L. KA. KBV RTIEMEDT A, B DR AIHA TR F R RLE,

DOI: 10.12677/acm.2026.1683009 2198 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1683009

ST IR R R R R, E00AL CAR-T J97 i i K094 3 4w [1] [5]-[8] [11] [14] [18].
5. BEHERE

CD19 #k & i 5244 T(CAR-T)4H AT N 2 EMEE T B B S y% 1tV P T ML (ATHA) R (L 18 367
W, IR E G e v Mo AR E BB . BRI T CAR-T ¥R AIHA I ARIESE 32 kR T
AFERE T, HURRSRE AR ZE R, H, WIUAKER T (New England Journal of Medicine) fHiTHE
PRI PRI 75 4 B ATIEE 58 S ms B R 78, 9 CAR-T 1697 AIHA 17 Z0R 22 vt 1 5 T 58 194K
W[5]: REGLHAF Meta 7 M ist— 034 T OUE W FC 45 51, (B EERADZ 9N NI TOREAR B3/ 505 5
PERISEIAL6] [7]; BbAh, H AT S EE IR TG R 51 RS & AR, HEREZ TR
TEAEST SORR IR TT SR WS, TSR S XA FR[11] [16] [18]. Bk, MBI T CAR-T ¥JT7 AIHA K%
K aE A N E TR L, DU IEYE 2 B CD19 CAR-T IR JT REMS (658 7> 2 E Ak i T AIHA B8 RG22 1.,
AR A VR, WRYT A RS DL 1~2 040 PR T BRI 5 A AiE (CRS) Rz v B K ey &=, % CRS.
G P28 35 N A0 L AH DG 28 B PE SR B AE(ICANS) SR TT FHORBE TN /D WL, 37813697 B B IR R T 47
PR AV [5]-[7]. SR, HBTHSCHE TSR REAR RN, ZONREIRE . AIEAF I R 51 J SR a1
WEFC, B BEALT BB 78 B K ARE U5 icdh , R LI 26 T Ho7 o 22 &M 1 451810 )8 0120 I RE SR
HAR YT R o 22 e VAT e i — P ERAIE[5]-[7] [14] [16].

BT IR pLE], HON L R R R TR R R AR 2R 0 I B YR 7 SRS S A T B AR HR 1] [11] [18].
SR, H AT T2 R MUH] AR RS AT R Y T ST 70 HE I K A PR A IR PR V2%, Bk = 3 488t 28 W ) B
KAEA G RBFFE (1 B SCRE, AN AIHA AL 75 BAT AN [F) (19 52 R AU ST RN AS TR i A B g
[R] I Al i X 2 37 AT S B R RS TN AR, B T v v 07 % B T B AN CAR-T 397 W3R 2 O A BE[1] [6]
[7]-

EEXF CAR-T 1697 Ja B R 38, 5T 5 MU (RS HETR 7 328 B8 (B 72 7 1n) . 14K, CD19 CAR-
T & BCMA BR[EEYT T BHRIT SRS EAN RO S TSGR, NEREFHREE T H R EsIT
BR[11] [18]. AT, H FTAHSGUEE A 3 R TR R 1, iR T Il & NI R K7 2 sk
Z R R UE L UG SRR IEAh, B CAR-T 67 M AVERAKIY K, Wi i — 0 R K G FF
SEVEAR PP ER B IR 55 S A DG IR O RS, FEAE R m K R iR 2 5 A e e Th Rk 2 IR ISP 467, A7)
e ARG PRAJE 78 75 B2 2 55 533 1 1) 8] [10] [17]-

RE ART ARV #E7R T CD19 CAR-T ¥49T AIHA e s s, (BN A ZAMEEH—5
TR BRI . B, AIHA BERITEH B I E 23 /)% R ohe ik R B AR T R4k
IBORIE . RGVERALRE S HoAth B B 0% L B A E PR H 2, HAT B B . OfF
AIHA FTREHERF FORETT G I B 20 M FEs [ fo % AT T AP ISR, 1 5 R K KRG LR M2
ANAN RIS 1D G2 B A R P REAEAE S T 1, (AR B OB IR RR SR AR TR XU B A G 2 T 52 11
HENL, A S A SR e I B A IBE U HE— P B B [5]-[7]. HLk, BB CAR-T 697 5 K] B 4k
SARPIFRER R MUAEEAT 52 B 5GTE, AIHA B 2 75 N 57 DX 1) T ML 308 P e 28 P i ke S e e 3K
FEAWVIC)MA B ARIR YT SHEnE , B8 S 3 BB AL VA T7 L2t (8] f A5 Zibnite, H Al R g — 3L
KRKAVEEE R BERE . RREERE AP R RS Zh A B, DATE PR XU 1 R
8 ek B B AR T [8] [10] [17]. k4R, XtF CD19 CAR-T )7 5 E R &4, BCMA SLHIE)T OBt
— MG RS FH T 770 B 4008 AL FE8E 7, BCMA BREVATT A il — B R R 8Ar s 1 K 75
WANMI(LLPCs), NE K EEFLAH IR ROa T &5 AW, Fom T TRE AL & A O 8 b e DA R 2
@A AR e B3 1 R 7 BT T SR ATk = AT RS PR IR AL 3 Re . Rk Rt —DE &R, 1
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B, WK

I B AR 7 K BERCA I T, N7 S IR VR A A RS TS AR A AN A A i 7 s
[1] [11] [18].

e, HAT AIHA AHSCHE TS AT BUNEARTTIEMEDT T W6 R 5 KA SN T, M8z 2
KIBE D B . PRI, ARRBIMSEAF AIHA TR RES G I, REPAL e s 122, KK
Qe B SR, FFESL AIHA RE R I XS 70 IR R FAA R, D9 CAR-T 67T FIRS HE R $R L 5
e B R IE = 2 E 9 [5]-[8]

A B
AW FERNBORNELRA, SO BATFRRIIGRIETT . 23001 b & 5 0REE HEAT B A AN 5 0 B

B8, RITRBMOLIG ARG« ARARI X AT HkE, A REERAER, THeHEE R aH
.

SE K

[1] Costa, A., Mulas, O., Mereu, A.M., Schintu, M., Greco, M. and Caocci, G. (2025) Beneath the Surface in Autoimmune
Hemolytic anemia: Pathogenetic Networks, Therapeutic Advancements and Open Questions. Frontiers in Immunology,
16, Article ID: 1624667. https://doi.org/10.3389/fimmu.2025.1624667

[2] Hill, Q.A., Stamps, R., Massey, E., Grainger, J.D., Provan, D. and Hill, A. (2017) The Diagnosis and Management of
Primary Autoimmune Haemolytic anaemia. British Journal of Haematology, 176, 395-411.
https://doi.org/10.1111/bjh.14478

[3] Jager, U., Barcellini, W., Broome, C.M., Gertz, M.A., Hill, A., Hill, Q.A., et al. (2020) Diagnosis and Treatment of
Autoimmune Hemolytic anemia in Adults: Recommendations from the First International Consensus Meeting. Blood
Reviews, 41, Article 100648. https://doi.org/10.1016/j.blre.2019.100648

[4] Barcellini, W. and Fattizzo, B. (2025) Management of Autoimmune Hemolytic anemia. Hematology, 2025, 305-311.
https://doi.org/10.1182/hematology.2025000719

[5] Li, R, Pan, H., Zhang, L., Ma, J., Li, W., Gao, Z., et al. (2026) CD19 CAR T-Cell Therapy for Autoimmune Hemolytic
Anemia. New England Journal of Medicine, 394, 253-267. https://doi.org/10.1056/nejmoa2509820

[6] Wong, H.J., Lee, AR.Y.B., Yap, Q.V,, Chan, E., Schett, G. and Tay, S.H. (2026) Chimeric Antigen Receptor-Based
Cellular Therapy in Autoimmune Diseases: A Systematic Review and Meta-Analysis of Clinical, Serological and Safety
Outcomes. Autoimmunity Reviews, 25, Article 104090. https://doi.org/10.1016/j.autrev.2026.104090

[7] Santosa, A.and Tan, T.C. (2026) CAR-T Cell Therapy for Treatment-Refractory Rheumatic Autoimmune Diseases: A
Systematic Review of Clinical Outcomes and Safety Profiles. RMD Open, 12, e006417.
https://doi.org/10.1136/rmdopen-2025-006417

[8] Brudno, J.N. and Kochenderfer, J.N. (2024) Current Understanding and Management of CAR T Cell-Associated Toxic-
ities. Nature Reviews Clinical Oncology, 21, 501-521. https://doi.org/10.1038/s41571-024-00903-0
[9] Berentsen, S. and Barcellini, W. (2021) Autoimmune Hemolytic anemias. New England Journal of Medicine, 385, 1407-
1419. https://doi.org/10.1056/nejmra2033982
[10] Hill, J.A. and Seo, S.K. (2020) How I Prevent Infections in Patients Receiving CD19-Targeted Chimeric Antigen Re-
ceptor T Cells for B-Cell Malignancies. Blood, 136, 925-935. https://doi.org/10.1182/blood.2019004000
[11] Kuipers, M.T. and Kersten, M.J. (2025) CD19-Directed Chimeric Antigen Receptor T-Cell Therapy: What Can We
Learn from the Haematologist? Lupus Science & Medicine, 12, e001157. https://doi.org/10.1136/lupus-2024-001157

[12] Mahadeo, K.M., Khazal, S.J., Abdel-Azim, H., Fitzgerald, J.C., Taraseviciute, A., Bollard, C.M, et al. (2019) Manage-
ment Guidelines for Paediatric Patients Receiving Chimeric Antigen Receptor T Cell Therapy. Nature Reviews Clinical
Oncology, 16, 45-63. https://doi.org/10.1038/s41571-018-0075-2

[13] Shalabi, H., Gust, J., Taraseviciute, A., Wolters, P.L., Leahy, A.B., Sandi, C., et al. (2021) Beyond the Storm—Subacute
Toxicities and Late Effects in Children Receiving CAR T Cells. Nature Reviews Clinical Oncology, 18, 363-378.
https://doi.org/10.1038/s41571-020-00456-y

[14] Alhomoud, M. and Rejeski, K. (2024) Navigating the Prognostic Role of Transfusions after CAR-T. Blood Advances, 8,
1570-1572. https://doi.org/10.1182/bloodadvances.2024012583

[15] Lee, D.W., Santomasso, B.D., Locke, F.L., Ghobadi, A., Turtle, C.J., Brudno, J.N., et al. (2019) ASTCT Consensus

DOI: 10.12677/acm.2026.1683009 2200 Il R 125 23k i


https://doi.org/10.12677/acm.2026.1683009
https://doi.org/10.3389/fimmu.2025.1624667
https://doi.org/10.1111/bjh.14478
https://doi.org/10.1016/j.blre.2019.100648
https://doi.org/10.1182/hematology.2025000719
https://doi.org/10.1056/nejmoa2509820
https://doi.org/10.1016/j.autrev.2026.104090
https://doi.org/10.1136/rmdopen-2025-006417
https://doi.org/10.1038/s41571-024-00903-0
https://doi.org/10.1056/nejmra2033982
https://doi.org/10.1182/blood.2019004000
https://doi.org/10.1136/lupus-2024-001157
https://doi.org/10.1038/s41571-018-0075-2
https://doi.org/10.1038/s41571-020-00456-y
https://doi.org/10.1182/bloodadvances.2024012583

B 5ath, W

Grading for Cytokine Release Syndrome and Neurologic Toxicity Associated with Immune Effector Cells. Biology of
Blood and Marrow Transplantation, 25, 625-638. https://doi.org/10.1016/j.bbmt.2018.12.758

[16] Korte, I.K., Kharboutli, S., Vélkl, S., Heberling, L., Scholz, J.K., Pfeiffer, H., et al. (2026) CD19 CAR-T Therapy In-
duces Remission in Refractory Autoimmune Hemolytic anemia with ITP and Antiphospholipid Syndrome. Med, 7, Ar-
ticle 101075. https://doi.org/10.1016/j.medj.2026.101075

[17] Hayden, P., Gagelmann, N. and Snowden, J. (2022) Long-Term Follow-Up and Late Effects. In: Kroger, N., Gribben,
J., Chabannon, C., et al., Eds., The EBMT/EHA CAR-T Cell Handbook, Springer International Publishing, 183-187.
https://doi.org/10.1007/978-3-030-94353-0_36

[18] Zhang, L., Gao, Z., Pan, H., Li, R., Fang, L., Li, W., et al. (2025) BCMA-Targeted T-Cell Engager for Autoimmune
Hemolytic anemia after CD19 CAR T-Cell Therapy. New England Journal of Medicine, 392, 2282-2284.
https://doi.org/10.1056/nejmc2502297

DOI: 10.12677/acm.2026.1683009 2201 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1683009
https://doi.org/10.1016/j.bbmt.2018.12.758
https://doi.org/10.1016/j.medj.2026.101075
https://doi.org/10.1007/978-3-030-94353-0_36
https://doi.org/10.1056/nejmc2502297

	CD19 CAR-T治疗多重难治自身免疫性溶血性贫血的安全性特征、危险因素及管理策略研究进展
	摘  要
	关键词
	Research Progress on the Safety Characteristics, Risk Factors, and Management Strategies of CD19 CAR‑T Therapy for Multi‑Refractory Autoimmune Hemolytic Anemia
	Abstract
	Keywords
	1. 前言
	2. 资料与方法
	检索策略

	3. CD19 CAR-T治疗多重难治AIHA的安全性特征
	4. CD19 CAR-T治疗后疾病复发的危险因素、潜在机制及挽救治疗策略
	5. 总结与展望
	声  明
	参考文献

