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Abstract

Chimeric antigen receptor T-cell therapy (CAR-T) has achieved breakthrough efficacy in relapsed
or refractory B-cell malignancies and multiple myeloma, marking the advent of the “living drug” era
in cancer treatment. However, compared with hematological malignancies, the clinical translation of
CAR-T therapy in solid tumors remains challenging. Solid tumors are not simply aggregates of malig-
nant cells, but rather complex ecosystems composed of tumor cells, stromal cells, abnormal vascula-
ture, immunosuppressive cells, metabolites, and cytokines. Antigen heterogeneity, insufficient T-cell
infiltration, immunosuppressive tumor microenvironment, T-cell exhaustion, physical barriers within
solid tumors, and on-target/off-tumor toxicity are key factors limiting the therapeutic efficacy of CAR-
T cells in solid tumors. In recent years, CLDN18.2-targeted CAR-T therapy has demonstrated posi-
tive results in arandomized phase II trial for advanced gastric or gastroesophageal junction cancer,
representing an important clinical breakthrough in the field of solid tumor CAR-T therapy. Mean-
while, increasing progress has been made in CAR-T strategies targeting GD2, B7-H3, EGFRvVIII, IL13Ra2,
GPC3, MSLN, HER2, and other tumor-associated antigens. In parallel, engineering strategies such as lo-
coregional delivery, dual- or multi-targeted CAR-T cells, logic-gated CAR-T cells, armored CAR-T cells,
universal CAR-T cells, and in vivo-generated CAR-T cells are reshaping the developmental landscape
of this field. This review summarizes recent clinical breakthroughs, target selection, therapeutic
barriers, engineering optimization strategies, and future translational directions of CAR-T therapy
for solid tumors, with the aim of providing a reference for further research and clinical develop-
ment of cellular immunotherapy in solid tumors.
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1. 5]

CAR-T 47 V5 () HE AR JELB , 2 0 e DR AR R T 20 i 25 A8 1R a1 e AH Q0 S R i 5 52 44
TSRS LS T RS2 A0 MHC 5k 2 B, B4R FE R 4i . B CD19 CAR-T fE121%
TR E AT Y M S IRR E 0 B IR RN 58 K B 4 AR bk E R R A B 35T A AR, CAR-T & S 56
ERESE IR E RIGTT, IFEAE BCMA S 1n] 22 % 1 i 8898 vh gk — e ] 1 67 e [1]-[6]

AN, IR R B R S A R R B SR . e T, MR R IR R g B R
CAR-T 21 Bt NAK PN J5 5075 55 5 I Rg 40 e s T SR BEAR — PR 8 . 800 L A B “eR &,
CAR-T 4iljfu iy e ZRA MR AL, SR JERENMIRA L, FAEGEA . BRTE. B FRA B A G h) if PR 858
FFREEH . XN Rt R a2k,

B2 2026 ERTE, O3 ETTH CAR-T /7 dh B EA 4 7E CD19 I BCMA FHC MR R SR, 5K
PR CAR-T A T~ AR 2 1) SC BRI PR B VB AR B B [ 7] #EIX — 5t , CLDN18.2 CAR-T, JUJ
#& satricabtagene autoleucel (satri-cel/CTOALTEREIH B A B B S & m P ln KRR, EFRENR
Xo B FARZE “N—MVIUES 7, MR EIRAE LR CAR-T BEATLX A 7t Hh s H bR e v 97 5
PR TCHE A AR 2, AR L T — AN mT 7 18 1 3 AR AR [8]-[10]

2. CAR-T AT NIMAMEERSAE: RIS SILEE

M CAR-T V89T DI SZAE LU LA G EEAiE 2 b, 55—, CD19 Al BCMA 55 il HA AH XS
THWE R, BARSIE AL B ARG AN SR 4H LA DG S R, (RS AT B e sk E BB AR Bt
YL T ). 5, MR AN A T A BRI LS, CAR-T 4 2R 5 B i #e 41
Milo 3=, MR AR CAR-T § 380 /) #4545 S ae it A Jel i s i Ml , - DTG A 280R 25 1 5 3 4
PERHE[3]-[6].

ST MIAS A o SEAASR /D BRI “ BRI, 2RO AR MR m R, B A
SURRIL” o XK — AN AEW BT A B CAR-T MR, RGMHIE, (HMBATREHAHL. 5
#1 HER2 CAR-T /= H # M AR IREEWT 713, SEARE CAR-T Afig HB R i f ) Asmises, i L 2ire
IT R0 2 A 2 AR B SRS 4 P [11]

UbAh, SRS N AR B v, A R BRI R A 2 A [R— OB AR R X S ], e
JRRIEHATREA—E. CAR-T¥BIT )G, R PITESURFRIA T r] AR B R B, A THE K. Hh)
YL, B CAR-T RSB P & F G “FT1380— 30y, (HATATHE” MRS,

3. CLDN18.2 CAR-T: SE{FE CAR-T lsKRBHIAEMAE
3.1. CLDN18.2 {EJa &b & Py sl m O = = B R

CLDN18.2 &% % & 8 1 claudin 18 1 B RF B A k. IEH 500, CLDN18.2 EZE ST
BRI b b i, AL TR B R T, PR CAR-T 20t #ful; MifE B, B aELEEN
it R SR R ARSI R AL A # ZK LA CLDN18.2 Bhi TR Al g i, syt
MR YT 8 5 [12] [13].

CLDN18.2 (R FIRe/E T LA JLai: Ho—, 75 BRI Bl b Rk bl i s K=, IER 44
FIAMXTRR; H=, Ol CLDN18.2 Hyi. XPi. ADC Al CAR-T %52 F ¥y NI IR 7T, 3
HIZEE AT B e B 25T R 7S . 3T CAR-T ki, CLDN18.2 JtH& & B S 5L 45
BT B ER 5.
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3.2. CT041/satri-cel R HAIGEKLZE R

CT041/satri-cel sZ#[7] CLDN18.2 i 5 1A CAR-T 4lffi = 5. 2022 4 Nature Medicine $&i& 7 | ¥+ H#A
457N, CLDN18.2 CAR-T fEBEME 2 4inyT RIMIHA RS, JUH R B s B R H T ) %
L R 26 RN I5 725 11 % [8] - 2024 AETEHTIN) | WHRA L5 Rt — 359 K T REARS, g9 7 4 5%t CLDN18.2
CAR-T 697 B it iR vl AT M 145 0 [9]

5V 23898 CAR-T WH7L RS BTE N RBUNMEAR | HIAE, satri-cel 173 AT HZ W E M T BEHL
XFHRIGAE . 2025 4F CT041-ST-01 WFFtiiE, satri-cel F-FBEAE 2 /D WLk IA7T ¥ CLDN18.2 [ 14 i 31
BB AE B, M EAERRT RE KT EALF, AL PFS £ 3.25 M H vs 177 A
H, HEREARAFSEBA[10]. MNAKTEUER, XA PFS A RAFRIK; (HHE L8 CAR-T Ji sk
&, B AMRSCEER . BUAE UL CAR-T 76 SZA0R AN 58 e AN, 1 A2 75 e 0k ik
SRR X ABERIEYT &

3.3. CLDN18.2 CAR-T {EfRARAY a8

CLDN18.2 CAR-T HRINE 5 HAE KL M @ D4 ik, 156, CLDN18.2 RiAMMArHET T4 —,
PTG PHEEBIME . H-score. FRRI4H i BH P Ll 2%, R RIS I b v 7T i B R M N AR 2%
fifFe. Hk, CLDN18.2 fEIEH BRI IA RiL, 75 BB HEREREE. =, BEEHET
PRI . B FRIRAS 25 MR fuar ey KRN SORE IR B, IX BB TR I P B2 CAR-T 973 J7 R0F1 %
E g

[Altt, CLDN18.2 CAR-T A RIMZ L @HARZ “HRAMR” , MRS IS ERE. 3
FrA . Hed, R Em s Rl —R4ERR T ? REBE R A S sl P A k25 ek
J s SRR 2R 5 2 S 5 vl DU Jdk 72 ) S 2 e BEOE A CAR-T IR R 7 IR 28 o] BB 15 Gk SR IR N o

4, SRl CAR-T SRR
4.1. hIRHZRGME: BB ETRERNFIS

106 P52 I 988 2 S AR 9RE CAR-T B FU 3T 47 SRk R e DRI 77 1) 22— o JR o BRZAH B YR AR i 1 v 4R R R B
BRI, TR BUT B SRR VR T RO A PR o R T A B R R SR e A, &R
Gie5 74 CAR-T MELAFR A HE NS AL, [RIMIN & P 3 P e s Py g 0 8 026 oy B SR S o

EGFRVII 2557 BE4H HujRg 28 LR R, (R SR S o PR o, BB 1m) 25 5 th I Bt JL 16 3% « 2024 4 NEIM
HRIE ) CARV3-TEAM-E g4 AR EM: CAR-T 4IIRAUIR A EGFRVII, I8 43 Wh#E [ BF 4= A EGFR )
T AT, MRS B Bt [14]. S RAEARERDN, (HE4) B HOE S 2 N,
PR “CAR-T + R oA Piis it o+ e vh A 88 v IR 598 e o 12k

GD2 CAR-T 7E H3K27M FRAZ iR M 28 i Joi g vh . B B AR AR (B 5 . GD2 fE R MIE h s ki,
B I PR AT 9 $ 7 i BRI 3 Y 328 126 GD2 CAR-T B 5 R S B, AHA SR JOE /A A F s 2% fe 2 JX 63
B IS I[15]. B7-H3 CAR-T MIYEJLEAFH 4 DIPG &3y it s B = WA Z5iE I 1 471, &6
o BE AR, REVIRE I P — P IR E[16].

XA RGN CAR-T HIE/RTE T . SEAAJ CAR-T A— & AR BRI 4 B B KA 2. BB 0
LB R ERIRIE AT MR, T AT BEEE & A CAR-T Al .

4.2. GPC3 CAR-T 5F4apasE
GPC3 fEfT 4 rh 2RIk, MEZEUIESE A AR P RIEBAL, R KBNS CAR-T K=
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ER A, R E R GPC3 CAR-T B — @t Mmptgystt, HAMTIUNER. FEEEY S
FERFREAL . TTKE R S 32 FIE 24 RE TS 5, IXSeHal BE )59 CAR-T Thft. Ak GPC3 CAR-T nJfig
FEASREIBIT . PUE ERIATT « FusZ i A s 055 sl A Q1 25 Y8 SR ms e & FH [17].

4.3. MSLN CAR-T 5ERiREE . P&, BRE

MSLN 7 5RO S | 100 FEE ) 5 988 R 7 fitides o v 0k, & SEAA98 CAR-T B LRI #E pi 2 —
MSLN CAR-T [ 2 22 ] A & 35 B, AR RRZHZUR “i” . K “W7 o SRHERAME T, Bkt
i ARG AT 4EAHA . TGF-. MDSC HIJMYR AH G EU R 4 gt [5) b Bl it S e 4k B e, Al CAR-T 4 i
BV AE 385 P BT, AR M 78 7 A AR (18] [19].

[Altk, MSLN CAR-T ARG S THERE ., WRHEE. TGF-A . CXCR &EMWH T LIEHEUS
PREIEEC A . HRKH CAR-T “REphit2:” , MORAEEHR.

4.4, HER2, B7-H3 R H ;T SCA-EE0 =

HER2 R FLMME . B, Ml PRS2 PSR i B 2280 0, (Hl T IERASUR/KFRIL, HER2
CAR-T &4tk —H &% KE. Kk HER2 CAR-T i BKIEM 1% . 24 HF55. mRNA B £isok
Jr s 4 24 R AR XU [11] [20]

B7-H3 72 F s A L3 MR vp I8, SRR IR . wh & BRI . 5 R 507 I HAT T
R T). Htegip—EE i AHLL, B7-H3 MR RFRIAE R, HOTHRIAE, HIEEHIURKFERE
FIBE S ALY BE R 2, TR B ANEUN 2 A MEVE AL [16] [21].

5. SC{&9H CAR-T T2 FREV < EBHLE
5.1. FiEREM: ST{EE CAR-T HE—Ek

SRR CAR-T R LG Rl 2 — & P S P o Jifed 4 AR 55 Rl — b ik BN i, T2 AF
TERRIE . IRREMBAME T E. CAR-T AT 5, S APHMEANRbiErR, B4R LAY 1, AT
JE% . IX R A4 B HE AU CAR-T £E SR AR ME ™ £ 4% CD19 CAR-T ARFEIRIM#¢ A M «

fifp PRI — ) L 77 ) B HE U A CAR-T. H X CAR-T. OR [] CAR-T. AND [] CAR-T. NOT []
CAR-T LLEESERMY BB IRIT . B EGFRVIIIEGFR. GD2/B7-H3. HER2/IL13Ra2 S & 144E
ANTRIREFE b AA T L o R S o P PRI 7

5.2. BEAFE: CAR-T#HAE, A LR G

CAR-T I6¥7 SEARRIH) 5 — DN BLSE R 2 “BIA TH,” « R IE . SR, BOERE. MR B &
Je DA A R 7R TE , #2x IR CAR-T SHARHEN MR AZ O X 38 3K A il REFE BRI« J2 5T B 4 P Jo A AT
LR .

AR SRR (¥ S A5 L CAR-T ik CXCR2. CXCR3. CCR2b %&b K732 44, BUEE & 0T
VR R . PUMLEAE BOR T R OSGE R o A8 e e N S o SR BRIk o — M BE ELER I AN, JCHLE
TR S P A R s B A T A

53. EMBIRNIFE: BIE “FEF" K5

SRR OA B 70T T 0 CAR-T ThEeIR &, %6 TGF-4. IL-10. R, FLER. K% . ROS.
Treg. MDSC. M2 BUEREANAL . S AH G R AT 4E 4 DL &2 PD-L1 S5 ki A pi 1, X UL R 3 2 {F CAR-
T ARG TE A L . A IOAE T M. AQIHE N R T2 8 e [22]-[24].
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JITEA, SRS CAR-T AN AL T 4ifdmidt Lot se . s il, R EFAN R =14 K3
SR BENMORE L EMORBLE R ORIFRREER AT o AR IR TR ST

5.4. Ri{EIS T HEEFESR

SRR AL TR AR T o LIRS v o i 4 R G o A0 R 5 4 9, 38 CAR-
T 4l E AN A2 » KIIPURRIEE 25 S PD-1. TIM-3. LAG-3. TOX. NR4A Z:4E55 <51 Ll
fif CAR-T ZHLIZH R LN ThRE, AR I s 2R . SR ICIZRER T L R ke o AH G e (R
AL R, AT RERGE CAR-T REAE[25].

5.5. HBVETER ZHIGARRG]: MBI HILSEEE CAR-T

SRS CAR-T MZMARILR, J7TRAMEEE IR —HoR R, 2R, B HSRE,
Y8 24 PR A AN S B AR SO L R T 45 5 . HER2 CAR-T M B # s BoR,  BIs 8 /e o oh s 2
K, A OREIEH A GUAAEAUK-RIL, AT RIS K Blar tE on-target/off-tumor oM [11]. [AItL, Sk/R%EF CAR-
T FHEMIEFHLRIEE ., AR FIEE ., ZeF M%) . EGFRVIIICAR-T iGTE
R IR REAT IR 7 0 PR, DU 7 B — SR8 5t DS o e i 5 e @ A B e 0 f] » ¥697 )5 EGFRVINT 3R
LR, FHfE PD-L1. IDOL Hil Treg S5 5 G50 [14]. J5 L0 T N4 ) 280 f B 55 JR S0 sk FH AR
BEE .

6. TIRLHILRRE
6.1 WERFMSIS CAR-T

B & CAR-T AL AT 7 o6 70 B KPR kiR . OR 11T AT CAR-T HIME — 1 g B AT
BoE, EAPUR TSR AR AND [T EE SR [FI R AN UR A 7R s, B A R e R e
PEL PR IE W 41803, BB CAR. W CAR. 414 CAR Al synNotch RG34 )& T-1% 77 v () B4 R M 2%
[26].

6.2. %&H CAR-T

FeH CAR-T j2fa7EE 4t CAR il FXIINANME T bR 7 JLdls 7. Gk 25 o BH s
SPGBt IL-12, 1L-15. 1L-18 25 H CAR-T nl$f5% T 40y B AP AP RO s Bk f ik
TGF-B % A&5Y TGF-p trap A #k#it TGF-B /- 1 Sz il ;  PD-1 iRk sl 3 ilhHit PD-1 HUdAFE 73 I 2 Ml
A R [27].

{H2EH CAR-T AR R AT o 4 Mo PF R FB0 3 T e I CRS. #4148 23 1% B 3 2H 23 98 RE 42473
R, AKok3EH CAR-T W E “nl4u8i8” A “ s Rl ” /2 4 B e B T e fibh .,

6.3. BEBiEE CAR-T

JRy BRI IE W] S MR AL CAR-T IRZ, A AR 4s By B R MR GEsg 1. IR #5 . R
JEEPA RIS P AT Bk DX S v S5 B A AR ASR R o MR CAR-T B L 2 o, /AR IEIA RE s Se T I
i BERR,  JEAE PR SR S T S I B [14]-[16]. X T 15 R L A% 0 O B I s e A%, RN CAR-T
MRS
6.4. REFXEFEMNRBE

SCAAJE CAR-T LA EML 2 ax & WARIS 515 38 caspase-9 %471k EGFRt iEFRAr%E . mRNA
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BEI CAR FRIA | IK3E A1 77 CAR BeitLh & NOT [ 144 CAR. S5 F1 iz U H B 2, [ A& 2EHM 7] CAR
A BER A IEH HSURRIEPUR, 1038 FE BSR4 BT CAR-T 554k i) R 591 i yeg v e ik 4 o [28]

65. IBAA CAR-T SHMER CAR-T: AMBIEIEERTALAT
R E TR CART Tl T AIMLRAE . (RONGE Sy 4. FREAI S, S5 AR, LR

A E R . BEVRTT S IR G A SR AT . 6T R R R R A MR I SR R, IR A S
TR s VR T . Rk, @A CAR-T RPN A pl CAR-T #A e = CAR-T 1] K (1) H 2 5[]
[29].

A CAR-T F 2RI T FEAEF 5L iPSC, Hbr2 Sl “ I be b ” LpFl i #5508 . HEORBR 2 A
s 3 RIF AR of T 4HH0 CAR-T, BT/ TRAC/TCR £k GVHD XU:, F£i—5 i B2M. CIITA
B HLA #H2% T LA/ 15 i b iPSC KR CAR-T al @i b dEALAI M2, (HA ML . K%
PR E SO MBS TR AU o T 4HH. NKT 40 A CAR-NK ZiHi Xl GVHD KU HEUE, g T3
TR MIRIT IR R . HFEIRHUI R GVHD. s, BRI, Qetk . mNFRFATEA L
MEGHELZR . XSRS, O R REME b &% inl @, HEANRE B S R = i RIEA 2 A
G AN IR BT o

A B CAR-T WA BBk AR SIS iR, i B . IR 9K R B A i 1k R4, H
PR B E R CAR BRI IE R T 400, MH 4N CAR-T 4ifid. B SR KEmfmmk. —4
/& MRNA-LNP &5 G R GG R Rk )5 30, ATy, AR AR 57— M B RN, AAV 4t
BRR B CRISPR RGN T WA R ;S gm R nE, IR HEREARIE, (HFEEHH{ARE. B
MR R 2 22 . 2026 TFARN E R LR FE 4R, T GHMOARE 7 10 33 508 0 JE A A B AT BOR e AL
W7o

SAE, B CAR-T ffvk “SRfGM. MR L7 MR, RWNAR CAR-T ik “Re s ki R4 i
#7 B AR CAR-T FLIERIME fUUIFE T RESHEANMRE . FRELAFIE . KRG HER Al it Rk
AT, R FERARE 2 S0 B eIk, JRIEsE M g &k
*o

7. REMETE

CAR-T AH BRI T H A5 40 M P 7B U S E(CRS) 428 2550 S 24 Ff AH e 1 22 3 1 22 S 1E (ICANS) o
M FREVE G MR ARLE AR IEC-HS FE & RORELR G AIE DL K 2k R PR i gg X2 [30] [31]. 4k
J8 CAR-T i T &AM IR I pSUAH OC 1E o L A, 18 4 B P 2 4% i 2 1k o PR B PR AT A h 22 R 5 S0E -

CRS Vijefui Witk z —, FE5H CAR-T ¥4, Bis fufr. J0E K 1RO A%/ B g s
K, ASTCT 73k & 8N CRS A ICANS VFAG 1) B EEARAE[30] . BE4k, FDA CLE K CD19 Fl BCMA il
] 44 CAR-T F= i N4k 2 T 4 A e g A O R AE R, R EWCRE HE2 KA R [32] . BARZE R
FEEG O BT MR CAR-T P2 &, (B SRR CAR-T FFR AR A IR o

XTSRS CAR-T IRPRHIE 7t , 22 4% BN A R 31 BB 3 ik P B . BB AURIADE . IE R A ZIRIE. iR
g RADIRZA . BSE IR, BRAEVRIT . EIRIRERE I YL ER N AN XS Al o e B . IR
S R, AR AR ZE, A B s BH R SR

8. RFKAM: M “FRinbpELAEI" ER “EERHEES”
RS CAR-T MR, ARATREAS R B A R A 0, T B b R R s Lt
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i, FIALLR L7 HHEE

s AT T 2RI A S TR R R AN SR FE A EAEMALIS
R BRI R W R S MR AN . RO IE R AL BT S R I Xt e A .

¥, HEZ) CAR-T SR oA T Wil & . AHEHL PD-1/PD-L1. #1 TGF-B. $1 VEGF. ¥R .
BT KFIEAT . FA) CAF 8 TAM 25, SRS CAR-T F5EE “IFEg” , % “4bfiin” .

B2, MRATRITRINL. M2 iR T ORISR S BN AT B AN R, B T A EE . MR
Ffiie RIS, K2 CAR-T IR M, RRATRE . 4ERpiGIT . RIGHUNEE LS
BRECH A B

VU, SR AR PER AT R . SRR RE AT 2 A 114, CAR-T PR LR & 22 & JF 6, R
I BRI B AL o

B, FFATEERD) CAR Wit M F k. Al i HLAREEIE . g, 4 a4
S, WRIRES R R B M2, T BIIRE RS0 A T off-tumor KL FIf AL CAR 4544, HIXFE T HH
REAE AR, SR AT 75 A% SE A B0 UE AR PR N30 A
9. B4

ICN=A

SEARIR CAR-T VRITA D1 T KRS, (HiL R IE/E R ILEIER 0 &Mk R 5% . CLDN18.2 CAR-T
FENG ] 5 g B 6 45 G R A BEA L HEBH PSS IR, SIS CAR-T JFARIRA RIS, T2 2 AU
FRSHERORE SR . AR ERETRIE . IR TR VO A A ) e A, SRR, R
JAiBiEE CAR-T. GD2/B7-H3/EGFRVIII S55E fifff 7, DASCRH CAR-T. #4R[ 145 CAR-T. 1A ik
WA CAR-T Ik J&, IEEAW T 5498 CAR-T Iyl 5.

MAKE, LR CAR-T FIZC HARARL R “fH s T 480”21k CAR-T RefE &
B A AR BT B FREAE . SRR iR . VB, SEMOE CAR-T EIEZ MR ZE— 4
RTINS, EREICH S, 4UM. FOAEE. Mk Sl Ak, Wl GeE N MBS

SE

[1] Rosa, R, Liu,J., Lu, C., Abou-el-Enein, M., Murad, J.P. and Priceman, S.J. (2026) Current State of CAR-T Cell Thera-
pies for Solid Tumors. Med, 7, Article ID: 101028. https://doi.org/10.1016/j.medj.2026.101028

[2] Zzhang, Z., Cui, D., Wang, H., Wu, L. and Liu, X. (2026) Unleashing CAR-T Potential in Solid Tumors: Overcoming
Intrinsic and Extrinsic Hurdles to Improve Therapy. Cancer Immunology, Immunotherapy, 75, Article No. 37.
https://doi.org/10.1007/s00262-025-04278-8

[3] Han, M., Lou, J., Pan, M., Xu, S., Jiang, X. and Jing, W. (2026) Engineering Immune Cells for Next-Generation Thera-
pies. Journal of Controlled Release, 395, Article ID: 115012. https://doi.org/10.1016/j.jconrel.2026.115012

[4] Qi,C., Liu, C., Peng, Z., Zhang, Y., Wei, J., Qiu, W., et al. (2025) Claudin-18 Isoform 2-Specific CAR T-Cell Therapy
(Satri-Cel) versus Treatment of Physician’s Choice for Previously Treated Advanced Gastric or Gastro-Oesophageal
Junction Cancer (CT041-ST-01): A Randomised, Open-Label, Phase 2 Trial. The Lancet, 405, 2049-2060.
https://doi.ora/10.1016/s0140-6736(25)00860-8

[5] Qi,C, Liu,C., Gong,J.,Liu, D.,Wang, X., Zhang, P., et al. (2024) Claudin18.2-Specific CAR T Cells in Gastrointestinal
Cancers: Phase 1 Trial Final Results. Nature Medicine, 30, 2224-2234. https://doi.org/10.1038/s41591-024-03037-z

[6] Nakayama, I., Qi, C., Chen, Y., Nakamura, Y., Shen, L. and Shitara, K. (2024) Claudin 18.2 as a Novel Therapeutic
Target. Nature Reviews Clinical Oncology, 21, 354-369. https://doi.org/10.1038/s41571-024-00874-2

[71 Fan, X,, Zhang, W., Liao, Q., Song, Y., Wei, Z. and Liu, G. (2026) The Landscape of Clinical Trials for Claudin18.2-
Positive Gastric Cancer. American Journal of Clinical Oncology. https://doi.org/10.1097/c0c.0000000000001307

[8] Birocchi, F., Almazan, A.J., Parker, A., Bouffard, A.A., Goncalves, S., Kelly, C., et al. (2025) On-Target Off-Tumor
Toxicity of Claudin18.2-Directed CAR-T Cells in Preclinical Models. Nature Communications, 16, Article No. 9650.

DOI: 10.12677/acm.2026.1672662 1436 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1672662
https://doi.org/10.1016/j.medj.2026.101028
https://doi.org/10.1007/s00262-025-04278-8
https://doi.org/10.1016/j.jconrel.2026.115012
https://doi.org/10.1016/s0140-6736(25)00860-8
https://doi.org/10.1038/s41591-024-03037-z
https://doi.org/10.1038/s41571-024-00874-2
https://doi.org/10.1097/coc.0000000000001307

Tk &

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

https://doi.org/10.1038/541467-025-61858-z

Shitara, K., Xu, R., Ajani, J.A., Moran, D., Guerrero, A., Li, R., et al. (2024) Global Prevalence of Claudin 18 Isoform
2 in Tumors of Patients with Locally Advanced Unresectable or Metastatic Gastric or Gastroesophageal Junction Ade-
nocarcinoma. Gastric Cancer, 27, 1058-1068. https://doi.org/10.1007/s10120-024-01518-1

Inamoto, R., Takahashi, N. and Yamada, Y. (2023) Claudin18.2 in Advanced Gastric Cancer. Cancers, 15, Article 5742.
https://doi.org/10.3390/cancers15245742

Zhong, G., Zhang, X., Zhao, R., Guo, Z., Wang, C., Yu, C., et al. (2025) The High Efficacy of Claudin18.2-Targeted
CAR-T Cell Therapy in Advanced Pancreatic Cancer with an Antibody-Dependent Safety Strategy. Molecular Therapy,
33, 2778-2788. https://doi.org/10.1016/].ymthe.2025.01.012

Ma, M., Liu, C., Jiang, L., Liu, D., Zhang, P., Tao, M., et al. (2025) Exploring the Therapeutic Efficacy Difference in
Claudin18.2-Targeted Cell Therapy Revealed by Single-Cell Sequencing. iScience, 28, Article ID: 111768.
https://doi.org/10.1016/j.isci.2025.111768

Du, S., Zhang, Y., Hao, R., Qiu, L., Li, C., Li, Y., et al. (2025) Preclinical Development and a Case Report of a Nano-
body-Based CLDN18.2 CAR-T IMCO002 with Reduced On-Target Off-Tumor Toxicity. Molecular Cancer Therapeutics,
25, 701-716. https://doi.org/10.1158/1535-7163.mct-25-0171

Choi, B.D., Gerstner, E.R., Frigault, M.J., Leick, M.B., Mount, C.W., Balaj, L., et al. (2024) Intraventricular CARv3-
TEAM-E T Cells in Recurrent Glioblastoma. New England Journal of Medicine, 390, 1290-1298.
https://doi.org/10.1056/nejmoa2314390

Brown, C.E., Hibbard, J.C., Alizadeh, D., Blanchard, M.S., Natri, H.M., Wang, D., et al. (2024) Author Correction:
Locoregional Delivery of 1I-13Ra2-Targeting CAR-T Cells in Recurrent High-Grade Glioma: A Phase 1 Trial. Nature
Medicine, 30, 1501-1501. https://doi.org/10.1038/s41591-024-02928-5

Monje, M., Mahdi, J., Majzner, R., Yeom, K.W., Schultz, L.M., Richards, R.M., et al. (2025) Intravenous and Intracranial
GD2-CAR T Cells for H3K27M* Diffuse Midline Gliomas. Nature, 637, 708-715.
https://doi.org/10.1038/s41586-024-08171-9

Vitanza, N.A., Ronsley, R., Choe, M., Seidel, K., Huang, W., Rawlings-Rhea, S.D., et al. (2025) Intracerebroventricular
B7-H3-Targeting CAR T Cells for Diffuse Intrinsic Pontine Glioma: A Phase 1 Trial. Nature Medicine, 31, 861-868.
https://doi.org/10.1038/s41591-024-03451-3

Vitanza, N.A., Wilson, A.L., Huang, W., Seidel, K., Brown, C., Gustafson, J.A., et al. (2023) Intraventricular B7-H3
CART Cells for Diffuse Intrinsic Pontine Glioma: Preliminary First-in-Human Bioactivity and Safety. Cancer Discovery,
13, 114-131. https://doi.org/10.1158/2159-8290.cd-22-0750

Song, E.Z., Timpanaro, A., Meechan, M., Elena-Sanchez, L., Li, L.Z., Jamet, S., et al. (2025) Engineered CXCR3-A
Expression Enhances B7-H3-Targeting CAR T Cell Migration and Efficacy against Diffuse Intrinsic Pontine Glioma.
Nature Communications, 16, Article No. 9914. https://doi.org/10.1038/s41467-025-64861-6

Hegde, M., Joseph, S.K., Pashankar, F., DeRenzo, C., Sanber, K., Navai, S., et al. (2020) Tumor Response and Endog-
enous Immune Reactivity after Administration of HER2 CAR T Cells in a Child with Metastatic Rhabdomyosarcoma.
Nature Communications, 11, Article No. 3549. https://doi.org/10.1038/s41467-020-17175-8

Majzner, R.G., Theruvath, J.L., Nellan, A., Heitzeneder, S., Cui, Y., Mount, CW., et al. (2019) CAR T Cells Targeting
B7-H3, a Pan-Cancer Antigen, Demonstrate Potent Preclinical Activity against Pediatric Solid Tumors and Brain Tumors.
Clinical Cancer Research, 25, 2560-2574. https://doi.org/10.1158/1078-0432.ccr-18-0432

Li, N., Rodriguez, J.L., Yin, Y., Logun, M.T., Zhang, L., Yu, S., et al. (2024) Armored Bicistronic CAR T Cells with
Dominant-Negative TGF-f Receptor Il to Overcome Resistance in Glioblastoma. Molecular Therapy, 32, 3522-3538.
https://doi.org/10.1016/j.ymthe.2024.07.020

Nguyen, R., Doubrovina, E., Mousset, C.M., Jin, B.Y., Okada, R., Zhang, X., et al. (2024) Cooperative Armoring of
CARand TCR T Cells by T Cell-Restricted IL15 and IL21 Universally Enhances Solid Tumor Efficacy. Clinical Cancer
Research, 30, 1555-1566. https://doi.org/10.1158/1078-0432.ccr-23-1872

Du, B., Qin, J, Lin, B., Zhang, J., Li, D. and Liu, M. (2025) CAR-T Therapy in Solid Tumors. Cancer Cell, 43, 665-
679. https://doi.org/10.1016/j.ccell.2025.03.019

Escobar, G., Berger, T.R. and Maus, M.V. (2025) CAR-T Cells in Solid Tumors: Challenges and Breakthroughs. Cell
Reports Medicine, 6, Article ID: 102353. https://doi.org/10.1016/j.xcrm.2025.102353

Arora, S., Sethi, P., Banerjee, A., Akanda, M.K.M., Abd El Hafeez, M.S., Mehjabin, S., et al. (2026) Chimeric Antigen
Receptor T-Cell Therapy for Solid Tumors: A Review of the Intricate Mechanisms and Potential Strategies. International
Immunopharmacology, 168, Article ID: 115838. https://doi.org/10.1016/j.intimp.2025.115838

Li, W., Zhao, D., Chen, M. and Yan, X. (2025) Emerging Advances in CAR-T Therapy for Solid Tumors: Latest Clinical
Trial Updates from 2025 ASCO Annual Meeting. Journal of Hematology & Oncology, 18, Article No. 104.
https://doi.org/10.1186/s13045-025-01760-9

DOI: 10.12677/acm.2026.1672662 1437 Il R 125 23k i


https://doi.org/10.12677/acm.2026.1672662
https://doi.org/10.1038/s41467-025-61858-z
https://doi.org/10.1007/s10120-024-01518-1
https://doi.org/10.3390/cancers15245742
https://doi.org/10.1016/j.ymthe.2025.01.012
https://doi.org/10.1016/j.isci.2025.111768
https://doi.org/10.1158/1535-7163.mct-25-0171
https://doi.org/10.1056/nejmoa2314390
https://doi.org/10.1038/s41591-024-02928-5
https://doi.org/10.1038/s41586-024-08171-9
https://doi.org/10.1038/s41591-024-03451-3
https://doi.org/10.1158/2159-8290.cd-22-0750
https://doi.org/10.1038/s41467-025-64861-6
https://doi.org/10.1038/s41467-020-17175-8
https://doi.org/10.1158/1078-0432.ccr-18-0432
https://doi.org/10.1016/j.ymthe.2024.07.020
https://doi.org/10.1158/1078-0432.ccr-23-1872
https://doi.org/10.1016/j.ccell.2025.03.019
https://doi.org/10.1016/j.xcrm.2025.102353
https://doi.org/10.1016/j.intimp.2025.115838
https://doi.org/10.1186/s13045-025-01760-9

Tk &

(28]

[29]

[30]

[31]

[32]

Sanomachi, T., Katsuya, Y., Nakatsura, T. and Koyama, T. (2025) Next-Generation CAR-T and TCR-T Cell Therapies
for Solid Tumors: Innovations, Challenges, and Global Development Trends. Cancers, 17, Article 1945.
https://doi.org/10.3390/cancers17121945

Li, J., Liu, C., Zhang, P., Shen, L. and Qi, C. (2025) Optimizing CAR T Cell Therapy for Solid Tumours: A Clinical
Perspective. Nature Reviews Clinical Oncology, 22, 953-968. https://doi.org/10.1038/s41571-025-01075-1

Misawa, K., Bhat, H., Adusumilli, P.S. and Hou, Z. (2025) Combinational CAR T-Cell Therapy for Solid Tumors: Reg-
uisites, Rationales, and Trials. Pharmacology & Therapeutics, 266, Article ID: 108763.
https://doi.org/10.1016/j.pharmthera.2024.108763

Uslu, U., Castelli, S. and June, C.H. (2024) CAR T Cell Combination Therapies to Treat Cancer. Cancer Cell, 42, 1319-
1325. https://doi.org/10.1016/j.ccell.2024.07.002

Shirzadian, M., Moori, S., Rabbani, R. and Rahbarizadeh, F. (2025) Synnotch CAR-T Cell, When Synthetic Biology and
Immunology Meet Again. Frontiers in Immunology, 16, Article 1545270. https://doi.org/10.3389/fimmu.2025.1545270

DOI: 10.12677/acm.2026.1672662 1438 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1672662
https://doi.org/10.3390/cancers17121945
https://doi.org/10.1038/s41571-025-01075-1
https://doi.org/10.1016/j.pharmthera.2024.108763
https://doi.org/10.1016/j.ccell.2024.07.002
https://doi.org/10.3389/fimmu.2025.1545270

	实体瘤CAR-T治疗的临床突破与工程化优化：从CLDN18.2胃癌到肿瘤微环境重塑的研究进展
	摘  要
	关键词
	Clinical Breakthroughs and Engineering Optimization of CAR-T Cell Therapy for Solid Tumors: Advances from CLDN18.2-Targeted Therapy in Gastric Cancer to Tumor Microenvironment Remodeling
	Abstract
	Keywords
	1. 引言
	2. CAR-T治疗从血液肿瘤走向实体瘤：成功经验与现实落差
	3. CLDN18.2 CAR-T：实体瘤CAR-T临床突破的代表性方向
	3.1. CLDN18.2作为消化道肿瘤靶点的生物学基础
	3.2. CT041/satri-cel早期临床结果
	3.3. CLDN18.2 CAR-T仍需解决的问题

	4. 其他实体瘤CAR-T靶点研究进展
	4.1. 中枢神经系统肿瘤：局部递送带来的新机会
	4.2. GPC3 CAR-T与肝细胞癌
	4.3. MSLN CAR-T与胰腺癌、卵巢癌、间皮瘤
	4.4. HER2、B7-H3及其他泛实体瘤靶点

	5. 实体瘤CAR-T疗效受限的关键机制
	5.1. 抗原异质性：实体瘤CAR-T的第一道坎
	5.2. 浸润不足：CAR-T进不去，谈不上杀伤
	5.3. 免疫抑制微环境：真正“卡脖子”的地方
	5.4. 代谢压力与T细胞耗竭
	5.5. 典型失败或受挫临床案例：从教训中优化实体瘤CAR-T

	6. 工程化优化策略
	6.1. 双靶点和多靶点CAR-T
	6.2. 装甲CAR-T
	6.3. 局部递送CAR-T
	6.4. 安全开关与亲和力调控
	6.5. 通用型CAR-T与体内生成CAR-T：从个体化制备走向平台化治疗

	7. 安全性管理
	8. 未来方向：从“杀伤肿瘤细胞”走向“重塑肿瘤生态”
	9. 总结
	参考文献

