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Lymphomas Triggered by the U.S. FDA’s Boxed Warning
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Abstract Objective: In April 2024, the U.S. Food and Drug Administration (FDA) officially required all
approved CAR-T therapeutic products to add a boxed warning, alerting patients and prescribers about the
potential T-Cell malignancy risk post-treatment. This announcement has drawn global attention and made
CAR-T safety a research priority. This minireview retrospected the boxed warning issuance and reviewed the
latest progress on CAR-T-induced secondary primary tumors (especially T-Cell lymphomas). Methods: Based
on the current understanding of CAR-T products, the study conducted a systematic review of the literature
related to CAR-T therapy and secondary primary tumors, including T-Cell lymphomas, by searching public
databases. The study also reviewed relevant announcements on the FDA website and other publicly available

information sources to summarize the chronology of this event and the latest research progress. Results and
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Conclusion: By examining the clinical evidence between CAR-T therapy and secondary primary tumors,

including T-Cell lymphomas, the study analyzed the potential mechanisms, and discussed how to coordinate

within the area to reduce the secondary primary tumor risk, aiming to advance CAR-T optimization and offer

safer and more effective cancer treatment options for the patients.
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TEAR) 5 505(0)@d) ARk, R CAE LT
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CD19 CAR-T iR¥7 1y B34 e i 335 CAR 1Y CD4+
TCL I8 1 BB FIET M, 48T s 3 Y
JRE AR AR FPAE A =48 DU CAR 53R DL ) 554
ADL AR AR, F sk AT iR, R4S
P IXIAF e T, 3L R sh PRk B E T
LR X B 1 5% S K P RSN TCL A H 8
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Jriks e TCL ™ 8 AU U, i 5 FR¥%5Z CAR-T
BITH B F T E 4 B CAR FakFHPER TCL, H.
KIETEE ET Y 6 3K CAR-T 1677 7= & i 17 7E
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HAS I Z R IR ) U AR T, SRS B A T
BYRfT, — HAH R IR I B IS 45 A 7 R
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Medicine ) ( ek 22 22kl ) OCP R,
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2.1 CAR-T BT aHI =R g & 4 %

PERTE A 20 BT F2sid SCRe il T ff
FH CAR=TIRYT 7= i H B R e e v, 020 272
RS RN B, BT CAR-THH TR
IGIT, B R Y LL B AE 15% LA L
2020 4, Cordeiro %5 38 B T 86 1] 4% 5% CAR-T A
TRE MK RS, ZBHAM 13 4] (15%)
R R Mo, R R AL S K R . MDS., B bk
. MM 25 P R 4F, Cappell 55 42 18 43 i) &
£ CAR-T iY77 5 R BABE T &2 8L 7 4] (16.3% )
WO R R, LIS AT A M. R, BRAaR
Jo AR SR, AEAAE L 1 AR AR PR HE S 1)
CAR PBH 4 7 & BY5 2021 4E, Chong 25 4R 38 T 38
] CAR-T J7 3L BB W) S FEBE T &5 R, KM H P
6 B (16% ) H I WK Mg, AL 55 E /DN 40 i il 9
(NSLCL ), AML. MDS. Ai%|HRdE. MaEm .
B 2 BF 5 B0 (0 FR B 8 CAR-T 7 ¥E (0 1% FH R #2
FERBEA B AT PR H 0 e & AR
PRBEAR, FeBE TCL 1 HBISEATE 0.1% LATF .
n, AE— T4 %0 [ CD19 CAR-T JA J7 B 41 i
PR E A H E MR (B Cell Acute Lymphoblastic
Leukemia, B—ALL) ¥R FEH, 32151 420
BLEFFERA LI 70 (1.7%) KA K E
PERPIR, RFEIRE . WA . Ba R, H
AR B g R0 3 8 R b [ B O v A BE RS
AE BF 58 §7 0> ( The Center for International Blood and
Marrow Transplant Research, CIBMTR ) e R
7N, 11345 i) CAR-T J/Y7 /& 4.3% W3 ki
o, HH R TCL AL 3 6] (0.03% )™M, 7348 K 2%
FESERFZT TR0 SE TG 724 13252 CAR-T IR YT Y
FHA 1) (0.14% ) HEE TCL®, Bt4h, FAERS
ARG G5 30000 1] CAR-T I 77 A H 3 VIR
520 4] (0.067% ) ¥ TCL, Al W, 18 A5
A R B2 CAR-T AT e BB kM, 4
HJE TCL AIHERM A o
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Br, OB MR R U7 B A AR . DL e 2
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(NCT00085930 ) H, X 8 fii] # # K ik 10 4E L |
(4 Bt U A 2 B R g P40, 2025 4R ), SR 5
AR T il e 3T i —

P& % b N

T F i R 52 4K oo ( Folate Receptor o, FRa)
) CAR-T I697 51 S8 1 I RS0, 1 B S 7E
CAR-T [l f5 129 KiZ2Wr it AML, {HH R AEA
HS Ay H CAR-T 4 g% 53 B,

2.3 MmEMEEEER CAR-T BT EH TCL &
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MHTE LAY CAR-T 3697 7= 5l ol s 1 J2
BB H T4, TCL 774 577 e At i) e B
T, EHEIEER CHIAER CAR-TIRIT S 1
TCL 9 14 M), gk 1 iR,

HI 2 B4 MG ARAFFE ( ACTRN12617001579381 )
TR B TCL 9. B4 A os, Hohiw 40
Mo #5 47 JAK3 V7221 5875 J TH L3z & B3 (T
Cell Receptor Gene 8, TCRB) HrafEdHE, HnTE
IBYT T C AR B ERT AR o pe 1,

a9 3 HiaE >k A 9% MRS # 4 2023 4FAF 2
(I BT % B E 2 Cilta—Cel MR IR B34
TR B 54 O fit (Complete Response, CR ), {HAE
W iE s H, WREEEFEA TR CAR+ IR 41,
THIHIAZA (T Cell Receptor, TCR) MI/¥ %31 CAR
FLN & S7E PBX2HEH ) 3 - AEEIF X ( Untranslated
Regions, UTR ), WGS % i} TET2 % 4%, PTPRB2
W, NFKB2 Jaf s, e E o Al i AE AR o
i JAK3 278 . WFGEIE SRR A 5 A AE X RS T 40
JEFT CAR JEH G SATENE A7 1E, {2 PBX2 J&[H
AR CAR 3407 45 TCL #ER IR AW, Tk
HEBRAH A

9 1) 4 H 92 [ 2% 3% K 2% Marco Ruella A A $i
B, BEHEZ CAR-TIRYT)E 3 1 H AR,
it NSLCL, 78 B 51 ik 2 BT ZME T 40 i ik
98 (PTCL), HE[m I JF & 8 TCL W AEFEREA 1Y
JAK3 Z27%, AP TCL Hrid kit TCRy PR i HE J
WAL (0.005% ) B CAR FHAEIER BV,

W 5 AEHE5Z Cilta—Cel 1397 ) HIEREME CD4+
TCL, {Hf THe= 0 5w 28, 8 &L
Wi+ A8z, S & B TCL i ff
7E CAR FHMEZEER, WGS 437 & RAE SSU72 KA ()
W F XAFTER I i AL, [RIB ARSI A b
JAAHDCIAR R P gk 1 s,

Joa 161 6 P 3T AR R S AE o0 iRE BT, 21
5] EB %% # ( Epstein-Barr Virus, EBV ) BHP: /Y 9K
1 PE K B A0k 9% (DLBCL) M, % Axi-

zhgysh



REZE 202548 H $£39% £ 8H

923

Cel 16Y7 5 62 RIL T2 ME TCL, HL40 ML Fy &
IR W IR R A T 54T DNMT3A FN TET2 5875,
{EHARAGIE] CAR JEAR A, SCHRFH T e Bk i
75 &) TCL.

il 7 2K 2 2025 A ARG — T 2 v i [l
RS P B E SN T — T R 22 Ny
TR E R I IRYT 5 %8R CD19 CAR-T
GBI MG RIS, EVRIT S 29 1 AR R S fa) A2 P
K 4i B bk B 983 ( Anaplastic Large Cell Lymphoma,
ALCL ), B35 5ME i 1 AR 7K S 1) CAR JE [,
RGN ) B A5 57 17 o

g 151 8 P Tk [ [] UF = B 2 2 sl 0152 A BA 3
T PO A — 0 ) CD19 Al CD20 Ay XUEE 5+
PE CAR-T IR AR FE A A bk L 19 1 3000 PR i 3
H, BESZIR YT I 48 1) BB R 3 ] (6.25% )

T, Hod 2 0 AML, 190k EBV+ FOZR
B TCL, ¥7TEIRYT G 8 MH B2, Ak H
CAR B 5E[H, AFFTIN N 3 491 R g ¥4 5 fii 1 A
CAR-T {RJ7 b JE K

9 151] 9~14 & i AN [ A BAHZAE 1) TCL g 31 0+,
KEAEM ] Cilta—Cel 3657 J5 HV B, BF X B33 R JIE
JLTERSE MM, A5 A X AT 65 MM 763697 )5
Sy I R R A o

ZEA AT 1R TCL R IR 1E T LR B, (1
CAR-T &7 i tH ¥ TCL iy & LU &, #H
IR (> 50 %), TCL H IR — 1497 5
2AHE VAR, R BERAT R CAR+ ik
FlCAR BRI, JFfEBE TET2 . JAK3 55 Z2 Xk
R4y, BREIBHERR A9, — A TCL 19
ME CAR-T IGITH — A

£ 1 CAR-TBFSE =) T 20 B IEH BB R B4
i BE K CAR-T TR CAR+ 5 CAR-T
el .. CAR-TY¥7EE: : . AN, FL R AR N
= 0 MR JAYTRG R ] K a Ak
1 Blood, 67% DLBCL {kJ7,  PeggyBac— TCL 3 \/ DMRTBI, PIGA oAl fE 2
2021M B HSCT  Modified Anti— ™A LINC01435 . ¥ DA
CD19 CAR-T COLS8AI %5 24 4~ S5
A=
2 Blood, 31% B-ALL HSCT  PeggyBac— TCL 12 N/ LOCI07985043. HARiE Al fE 2
202114 Modified Anti— MH BACH? 5 4 M5, HE O B AR
CD20 CAR-T [l
3 Blood, 51% KM KRiE  Cilta—Cel TCL 5  PBX23UTR TET2. PTPRB2. TG HE
202397 Bk NH NFKB2. JAK3 PBX2
Al
4 NatMed, 64% BCL 4bJ7, % Axi—Cel NSLCL 3 / KK JAK3 Te 5 HEBR
20247 Bk PEIRTT & PTCL 1™/ PSS
5 NEJM, 71% MM {kJ7 Cilta—Cel TCL 5 N SSU721FX4E  KRAS. MYB. Tw[fEh T
2024 e A CBLB, Ll sl
CDKN24 .
ATM . PMSI,
HGF. MET,
NOTCH3 .
JAG2,CXCLS.
STATI . STAT4
6 NEJM, 59% EBV+ {bJ7 Axi—Cel TCL 2 x Ak TET2, TG H %M
20242 4Pk DLBCL ™A DNMT3A Kotk
7 NatMed, 48%  CLL Ibrutinib Humanized ALCL 12V R KARIE JG B A
2025 Bk Anti-CD19 A etk
zhgysh

iaaceuica iz QAT



924 FEZHE 202545688 $£39% £8H
xR

i BE Kk CAR-T TR I CAR+ 5 CAR-T
REIRE v CAR-TYTIL . . AN, FEH 5 AR .

=2 B BE IBITED JEAL W] A " - R

8 Blood, 60% EBV+ A  Anti CD19/ TCL 8 x  AKIRIE ARAfE TJoAH e
2025"  KIRiE DLBCL CD20 CAR- A~ H

531 T(Prizlon—Cell)

9 NatMed, 63% MM fbJ7 Cilta—Cel PTCL 9 N/ ZGPAT. KPNA4 % TET2, CHEK?2. 40
202511 B ~H FHEBNETIX. PRRSL, JAKI

10 NatMed, 73 % DLBCL fbJ7, % Tisagenlecleucel TCL 34/ PLAAT4 W& TIX PLAAT4 B A A
20251 Ak REVAIT, (Tisa=Cel ) E3ks

HSCT

11 NEJM, 51% MM 4{kJ7, Cilta—Cel PTCL 5 \/ PBX23 UTR TET2. JAK3 "] G4 #H
20251 Bk ASCT ~H PSS

12 NEJM, 73% MM f{bJ7, Cilta—Cel PTCL 16 N/ ARIDIA N TIX TET2. ARIDIA 7] 645 #H
20259 Ak ASCT “MH PSS

13 Blood, 50% MM f{bJ7 Cilta—Cel TCL 2 N RRiE SH2B3 R A AH
2024 Bk “NH Pk

14 NEJM, 72% MM 4bJ7, Cilta—Cel TCL 2 N/ TP53, TANGO2 TP53. SOCSI. T REA #
2025%1 Ak ASCT A DNMT3A FE

FE: CLLAS PR ANM A 0 s HSCT. St i 2048 ;  ASCT. | M3t i T2 iAo A

3 BEHEVNHSXKEEER
3.1 FHEHEMNEBESNE

HIIAR SCID-X1 YL AT S v o 3 s
5T K B2 8 FH 1 30 e SR 2 AR R 6 31 R
HLMO2 FER TP TS, 30O i A DG i S
PRSI A MBS IEG] . St L
) CAR=T IRY7 ™ i F2 B30 1 185 B ARl 25 3R A5
HLIERZH SR T BEREALAE & 275 T 5L 4] DNA
AFAE R R 0098 2 DR 0 1o D S DR g XU . ol
Shah 45 84 75 F8 8 P14 119 el I8 40 B R AR vk H
CAR LA CBL HH N FIX, SEGCHEY
AE Sy S diam M AR 1 TR TCL R B rh, A
Zik 9 BB H AR TREA O, e
BBV I R S A BT AT LN R, AL,
REAEAY CAR-T 77 il g5 thid it CAR F4 5L
AN AN L R AL, S B A0k 2R3k CAR 1
Jed A L A BUAR YT AU Il ),

MRPEIAE LRI,y 30077 SR B R v A (o
] TR B IL A AFE SR ERIX I, AAE TG TR
SR L PR ol R s S R A mT R o (L SEBRI AAG
Bt R S R AR A B T BO A R 11 EL A1)

t & % b e

WA, 0 Jadlowsky 25X} 38 Tl R Le (1) 783 £
Jifea B NS R e I Pl e A LA O
B BEAE A A SR B R S B AR R DR B 2
RIS TR LS IS L. 2018 4T, Fraietta ZF3RIE T
1 ] CAR-T JRY7 - FERITE T 5 A1 P9 9 20 B A7)
SRALTFIERRRAS, WP 7R CAR JEBHAHA T 41 i
TET2 I & i S8 CAR-T sefam sy, +5
SEAPAE T RERN U L, insext CAR-T IGY7
O S iRy I B | P i S IV T 2 A
B, AT DL R s AL, T R Y & A X
B, PREREE LA,
32 RERESEREWL

TEHi 1 CAR-TIRYT Ja, Ao B vl fg I A=
LA A B8 IT 8 e e 3 s b, kT 34
A e bR . LR R A R R R A R
H, WIATE CAR FEHIH A CBL FEK S ECGH B
ok M, W R R A TA N EAE, k1
PR (4 TCL s 5] 6 FA) 40 ] 3 1 T 40 i 2 J A
WA AE DNMT3A4 BE[H 1Y R882C R AF M TET2 F:[H
) L1212VEs*15TCL 2848, CAR=T 7= il ifil 45 Al 4k
TG TT 2 R b v R A R R L e (L
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97.9% ), WA IE R vERERS M AEH] 30 T TCL
M7= DR, RO 35 v e 1 i I T AR S DAl
CAR-T JAJ7 J5 WU I B 2248 45, % 1 Frid i TCL
o] 4 (7 TCR 43 BU P rh il 2 B0 1 —A- o L2y
20% LR TERE P,

i R W ( Lineage Switch, LS) A9 AE FH A
R, I — T4 XF 420 1) )L 2 K 75 4F B-ALL
AW Z PG RIS Y R, 3% R e
1] CD19 CAR-T iGIT 5 B R M ek B i 7.4%,
HAH KMT24 5k i 30055 14 5 g FE 50
I AR MR AT SR, H R A 1) B R A
3.3 BEREZXRSETESENHEIER

WRIEREAE 2R, 85 A SRS S ) M
() B DIARSER, WRTArA, CAR-TIRYT A HEL
TCL B E LA N, lH WA (>50%),
AL R AT Z R0, BRI A A A
BLAE IS 2 P8, xS RAE O R bR & 2R 1Y
mfE NBE. A, ARG R A R, CAR-T 7™
ZHTRGIRYT, ZEHEEE A 25
S DNA #5EEIRTY Cnkefesl . iy ),
O ARG E Mk W 1. 4, EBV PR
T PEIN R GRS K T 20 MR v] RE B R ik —
W K A Blin, 2 1 FTRAY TCL 9% 1 6 it
Kith T EBV B, WFFE A IE 2 B IR R
o FH A Sl ) BOLR N EBV B0 7,

4 B HhERE{K CAR-T f7ix H I Xk
988 B IXUBS:

BT FRAT, 78 CAR-TIRITJEMsc i T
£ 45 TCL 78 P9 Y 22 Rl — 0 s 45 ™ 3R ) F 1,
(BTGB R FI IR BIRHE, SIE5T IR AR
WA T I, AN S E A CAR-T 3497 7
Al P AT AE RS, , (RS R o s e . 3
T E PR G O 1 50 B, FDA STt 2R B JF
G EHTPEAE CAR-T JA77 580 UM A AH 56 XU
e 1,

TE FDA £XF CAR-T 1RY7 7™ i Y R HEZ R B A
Jei, FRE MR TG . ATFRGE B, R
FE 2024 AFA) 38 [ 25 WEH0 Tk O 4120 py 240k &
FWHTE NS CAR-T ¥3Y7 330 M i Bcdis
RIEFR, #E 2024 AEW TR E MM B b R
) AR 0.02%, AR CAR-T G775
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R4k K M T A0 AR R . R S SR I R
bRz T TCL, {ERFEE N & ES CAR-T
WBIFARB TOM e B, gt i, RN NEA
CAR-T JRY7 7™ i & AE 7 i B B 13 v B A THUXL
W, EAEIRER, JOU oG AR

T X R IR R ) e TCL i & AT g, 24
AR N DL SEAE S 7R N 2L, nss 2y e, A
PR T fE . AR UG, AR DU AT
St 25 A L G WU R BEfb i, 4 R AE
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