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Abstract: In 2025, the global cell and gene therapy (CGT) field underwent a pivotal transformation, evolving from
technological exploration to large-scale industrial application through synergistic advancements in innovation, clinical
translation, and ecosystem construction. Technologically, high-fidelity gene editing tools including enhanced base editors
and prime editors with minimal off-target effects have significantly improved the precision and safety of genomic
manipulations, while next-generation delivery systems encompassing peptide-modified lipid nanoparticles, tissue-specific
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virus-like particles and engineered exosomes have achieved targeted and controllable delivery to previously inaccessible
organs such as the lung, retina and central nervous system. Concurrently, artificial intelligence (AI) and digital technologies
have been deeply integrated into the entire CGT value chain, where Al-driven models accelerate target discovery and
mRNA sequence optimization, digital twins enable real-time monitoring of cell manufacturing processes, and smart process
automation (SPA) enhances scalability and consistency of production to drastically reduce R&D cycles and costs.
Clinically, these technological breakthroughs have expanded the application boundaries of CGT from hematological
malignancies and rare diseases to solid tumors, chronic conditions, and neurodegenerative disorders. Milestone therapies
have emerged globally, including the first allogeneic iPSC-derived dopamine neuron therapy for Parkinson’s disease that
validates low immunogenicity in the central nervous system and the first Claudin18.2-targeted CAR-T therapy for gastric
cancer currently in pre-market review. Meanwhile, in vivo cell engineering represented by mRNA-LNP-based in situ CAR-
T generation has revolutionized treatment paradigms by eliminating complex ex vivo cell processing. Ecosystemically,
global regulatory frameworks have advanced progressively with the FDA introducing the "plausible mechanism pathway”
to expedite approval of rare disease therapies, while China has established a dual-track supervision system integrating
NMPA approval and health commission filing together with pilot zones to accelerate clinical translation. Payment models
have also achieved innovative breakthroughs, where value-based pricing, outcome-based reimbursement and multi-party
co-payment systems combining public health insurance, commercial insurance and pharmaceutical subsidies effectively
improve the accessibility of high-value therapies. Capital allocation has shifted toward differentiated pipelines that favor
solid tumor-focused modalities including TCR-T and CAR-M, in vivo editing technologies and rare disease therapies,
thereby driving industry consolidation through strategic mergers and acquisitions. This article systematically reviews the
landmark technological breakthroughs and ecological evolution of the CGT field in 2025, with specific focus on gene
editing, targeted delivery, Al integration, regulatory progress, payment innovation and capital empowerment. It further
analyzes how these advancements reshape global R&D pipelines, spawn transformative therapies and propel industrial
upgrading. Lingering challenges including solid tumor treatment bottlenecks, long-term safety concerns and production

standardization are discussed, along with forecasts of future trends and improved global accessibility through policy and
payment reforms.

Overall Situation of Global Cell and Gene Therapy

* Industry Scale: about 150 CGT products were marketed globally, with over 20
approved in China, driving the industry into a large-scale development stage.

* R&D Pipeline: Global CGT R&D has shifted from linear growth to structural
evolution, moving from homogeneous to clinically value-oriented layout.

* Regional Distribution: The U.S. and China dominate global CGT innovation, with
distinct advantages in different aspects to promote the industry’s development.

Gene Editing Delivery System

Large-fragment DNA
integration; precise and
efficient insertion; base

editing; prime editing;

safety of gene editing; the
integration of gene editing
technologies and stem
cells

Al and Digital Technology

Al-enabled disease
Organ and cell-specific mechanisms and discovery of
argeting technologies; in “ intervention targets; Al-
vivo in situ engineered enabled molecular and
vectors; bionic and therapeutic design; Digital
engineered novel vectors technologies drive the
manufacturing processes

Policy Innovation and Capital Empowerment build the CGT Industrial Ecology

Driven by the continuous improvement of the global regulatory system and the accelerated
innovation of payment models, the investment, financing and M&A logic in the CGT field
is deeply focused on clinical value and differentiated advantages.

Key words: cell therapy; gene therapy; gene editing; delivery vector; development trend
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Figure 2 Annual trends of global cell and gene therapy pipelines (cumulative), 2016-2025

Data source: DXY Insight Database.
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Table 1 Distribution of product types in global cell and gene therapy clinical pipelines (as of December 2025)
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Data source: DXY Insight Database and official websites of National Drug Regulatory Authorities such as NMPA (China), FDA
(USA), EMA (Europe), PMDA (Japan), and MFDS (Republic of Korea).
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Figure 3 Global marketed cell and gene therapy products from 2016 to 2025 (as of the end of 2025)

Data Source: DXY Insight Database, and official websites of National Drug Regulatory Authorities such as NMPA (China), FDA

(USA), EMA (Europe), PMDA (Japan), and MFDS (Republic of Korea).
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Table 3 Cell and gene therapy products launched in 2025 (as of the end of 2025)
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Table 4 Cell and gene therapy products with marketing authorization applications submitted in 2025 (as of the
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Figure 4 Trends in key core technologies of the cell and gene therapy field
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1, fif PG B gt H AR 1% O U A5, M CGTIRYY
(I R TS b B AR AT At . R4 i 25440t
FEFTRSTIEGT AN R B o TAE B2 5 )
B DR A A E ST & T —FoBi BIRNA
AT EL (C>U) 4B T ELAMBER, 3 35 45 1 5 %1 K
SRADAR2IARNAZS G MBR IR R R 45 & 7 B,
TSI e B8 G ) (RIS, A5 AR D A i G i, A
CGTHUFE ML T He Il 2540 5 % A M RNAKS IR YT
JEB )RR T 2B Robert Langer A1 PAGE 1 &1
SRR AR I Cas9f H , ik T Cas9 FEHDNAZS
BHEEE AW T B B LA = indel 5512 1)
e P A AVPE, iEE S E e et b

TR K= BRE R AN B K45 1 BB & T —
Fofrvmn sk G o LA T 12 S5 R I RN AR T 2 i
TR IE S 5 2 SERtABE , i i3 U1 %] AD AR 461 551 fit
I X i 50 g ) 40 T, 7 4 S 4 3 T P 52
T AR ) J 2 BRI ] B O T R e o A
VINIBFEETE oy &

RN AR S T AR A MR [ 2m
Y RRIAYT RIS, S S B IR P HR A TR
FEAE . v ERL 2= BE S W BIF 5 BT F 4 55 T BAfE B
CRISPR/Cas 1 2iJEF 4 A H T CRO-CD7 CAR-
INK AL, 38 35 CD 7 i 53 A0 30 248 B 1) AR % 2%, 38 0ok
CXCR4iT F AR AN BB SR ™) %
= R 22 RKAE B B 43 97 55 A A & i o 2 1A 3 ok
CRISPR-Cas93 [F i i BRiPSCH 1 CD38JL (K] LA 34
SRANAAES , [ ACD19/BCMA B &5 CARFY 7
i FHRIC AR-NKANH, iy BhiPSCIA JC R FE A r S B
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22 BERSZMUSEEERBEHEICCTERNE

&R

B RGECGTIF IR B, otk BE
RO IR YT A (R G T H ( CARSIL P11 %)
T A 200 ) 3 8 RO S R W [ s S e 24 9 2 4
VE R T 321, 2 29 CGT 25 Wy i 25 M 1 DB R £
PUR, 3835 RGAFESE M M 22 G T R0RAC g )i
PR MELLRBA A P U A, S BCGTI T I
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MELLSEIUAR NTRTT , IS IR AR Ak, 202548, 34
T 7R G0 S R R S R e, MBS AR AR 1)
MRS TS 5 (5 AR R BE T R , A0 A
PR A REHERR IR TR T BT R FR A Y
B O MERE, HE B CGTYT vk NI AR S A i 87 (o 44
PRI TG Y, KRS T 25 i 2

TG, A5 A AR S e R 1 R, S
TIRITERATAY S ADRE MR . AL i85
PR B EORE HEB % , Ml IR G S 2 R ER I
CGTIRITHRMETRE, RN B sh it o BT 82 A
BAIBE A b s R AR  BATT 2% A IR ] 5 AL g o
(PIL )% 15 (PILOT) , 8 i 22 kA8 i S B m i)
(18 FF I 5 50 e 0 1, i D T e T A 2 il a5
TR IICGTEE S MERH 0T, AERTH T K2 F BRI A
KA BRI & 19 L PR 455 S 42 il 5 95 5 R 90K (MLu-
FVLP) , i i F i A UVRE SR 2 AR ) kB, 45 6
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fift T DMDRYICG Tk iz,

R AR A TR s 2R AR B, A T
ORI T AR a2 2 AR i L oy
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I PASCRAR SRR AT Rk 25 BRI AT
HE Bl Al B IE T AR Sh S 7 R P AR
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JEMETANA , 72 IR AL/ N S SR T B CAR-T
AR PRI R R M A — B B
WAAT 042 P AR B 045 2E 9 3 o LN P2 AACKE 4
CD19 CARAYmMRNA = 5508 3% 2 NIRRT, 7 XfE
AT RGMELT B B B RN R CAR-T”,
XA R AE T mRNA-LNPRIIA N CAR- TR M) T
PEHEATRY A RIG FRRIFE 2 Rl R R B 2
B B PRI g A AT J8 1 Bk i A S T8 R 48
TR N CAR-TIR YT 2 & 1 iR I I RAF 9%, 2R
FH T AR T2 KESO-TO 1, 7E 49 52 K MEIR %
HHSEER100% % WZE AR, B URIIE S8 08 B 2R A e N
TR A B CAR-TAR L AT 754414

T A4S TR HT R A4, ik R
SRt TR AR YR A S TR T AR e, AREfE
G O R T S TR AL G , AN
B ARSE I  BCGTIRI Y N 5 . AN IR

Y R SR A0 AT A 2l i, A I e S vk 5 A 21 %
B, 4 TR SGE 5 T o — T i
DURHE R 22 2B A2 5 i e B I V280452 1A A
& BJEMT-Cas12a T F2fb /M bA i 1% R 40, LIAESS
AL I FLCRISPR-Cas 12a /4 0 [ 156 2% , i 1o
Z S AL R EI ML 448 HIV-1RK #EDNA , 76 2
M AS v J 0 20 R T R 5 feys B AL e -
ARG T PR A B A AR RTSE B
SR REURL (VLP) SEAF “ TCHRE PR 41 3% A5 XU AT 5 1l
Feleads "R, oA 3 PR e T L5 AR 7 1 7
kAR R SRR B Tl R A R B
ENVLPE +Z 4838 2 4% 0T 28 28 1A S 90 T 2 i G
BRI 2 A 7 SRR T 40 A B 35 A% P 0 I s
/N AR o i PR b A i
2.3 AISHFUEARBECCTREHELE

AVEBUFH AN HCGTSE It he T2, B
AN EAEGE DI TR e Ak (R i 5T 2R <ot
KR GRS A%, RIEHETCE RIS, &
FERERSCHEERA . ANTHEESBTFIE AR
JEBE , IR CGTAU A oy B 2 36 R4 i 1%
G2 A, AR ] — A DLBR SR )y AR T
N RSEEEE S Sl N L R e EA RS i ¢ i W

FEMF A Wit , AU TR BB AL I 5 & B 73
SRR . ATIRZHCGTIAR YT SRS i & BL S ML
il AT , 2t 2 A R G 5 AR Y L, S
010 v A RO S5 D BB AR . 95 Rl 2 T R LR
IR AE O (MSKCC) Mg 24 211 22 A A 5 bR A 2
T2ABE (MIT) PR AR )22 5256 % T & KR R
o2 R S 2 2 B (SynPro TX) i 454 g
2 P i B 1 B A VR S 2 T A T S
BT BUd 25 Wb IRV A 0 v S B 0 ff e T A% 58
RES LT RCRAL AN AT s R RE B BRI I
T MERE T S AN R 2 3 1 X A AR S AT AT
K I RE AH OG5 4 Ak B0 1) HL AR 2 ST HE 42
(CANDIT) , M| FH B R TR a8 B AR 3G UE T AL
A A 5 PRK A B LAE 1755 e 4 it Ak b i VE
R ATTIIN 225 B IR () S W R SRR IR 42
HET

FEATF 57 R IR, AT AR SRy B 5 TR
AT L I A R SRk i M RE , B JICGT
IBITRCR SR ERRCE T, il R h
L HRBR e 8f 2 o2 T BA T & i RiboDecode HESE
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AN TN, T2 B2 A R RIASE A A AR 1R i
(Ribo-seq) Zdi 2 2, Al BT 4 A A0 U S A
il e LIPS0 B PR ROR 5 mRN AR E 1 1 XU
PAE) ) #E &R 24 David BakerF1X1J5 i 41 BAF]
FHAE W T8 BERFdiffusion T 4 AF JHE 7]
PMHC-1E & Wi 24 8 11 T, ixX S8 1 BT Rg i A 1
TR 9 240 0 3R TR 1 e S D, S CAR-TAF 07
VEIT KA TR HrHAR K Le Cong[AIBAIT
KT —HFETRKIEF BB iRIK R G CRISPR-
GPT, AT YR 1 SE BCRISPR AR GEE £ | SLH0 K] |
] SERNA (gRNA ) B Bk 7 AUk 4 | S0 5848
5 Rt B B A TAT, S BE A e S
SRR A TR BT,

FEAE 7 5 B v, B AR 3K Bl ) i AR
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PAIER N (10T ) B 7284 A RE A2 A a4k (smart
process automation, SPA ) AZ.Co B9« Tl 4.0 B IE
TERMACGTHil1E o 3t 76 A P A8 H i AR AR 38
BFICERE T 22800, I A0 S e A= ) ) R O S o o i
PR A 2R AR AR, AT DUSE I A s 7 e
HO AR R Y S AL B 5 A M AR . O
LT T 77 f FRAR T HER M) 25 5, A B R T
T DA AR Z 7 i [ 1 4 2E R B AEE
IR ZR , i 7 1 WA R ORI T 4 5T
BB AR R I . BRI g B R K2
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FE R it ik RS ATS B AL 4 R A B
fig , FHES CGTYT 1 VB AR SEMEE 1] i AR 2L, 5%
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R R KGR SR , 138K R G A B Pk e AT
b, WAES AT A 1) B = 30 e 9 R AR 25 4 1 i
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e AR RO FH 5

3 KEBHEBIVRRIECGTIGRREWL

20 if0 55 5 DRR T I DR e Ak A S HUAS S, S 1A
SR T B PR R I A ZEORIE L, B Sk
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PRARSE DR G 38 FH A 35 PR i 5 04k s 36 i 140
WEREAR , b AR 2457 5 “RRYA T 587 N SE 36 2 5 )
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3.1 SEEEAFFIBNIGREE L YR EA
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RO A ERARIECAR-T i et . T ERN 25
) Claudin18.24 [[] CAR- T4 ML 14T 254 — &7 B 3
O BTSRRI 1 g/ 4 A A T
15 R R, T B2 CTO4 IR T I IR 1 v for
SR 2 BREZ H 4.0 H#£F+130%.
YT T RS £ M FDAR T 2k B e by ik
(RMAT) %E4% , H-F20254F6 H [n] 7 [ [ 5 24 W Jey 4
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HPVHFFPETCR-TYF :SCG 142, 7E {5 [E FaAR20254F
ESMO K2\ 1 I RES S - 744 5 M alihl o b
HPVAH ICHEAE 85 1 H MR 4 /N e 4 i 2R 1k
100% 257,

CAR-M /I8 9 75 S5 B T 7 1k SRR T 7 U r 28
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7 VR T I AR R 560 45 R R L ARSI £ B CT-
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SRR EIRIT RS AR B R, HE 2R
G20 PR EE R R AR RS 1 al,3-2 3L
W T il 5 DR A AR 0803 B A A TR R 25
NDV-GT, i% 2441 B GE L1 98 145 1 i it A S0 e
MIARFE, REWTE TAM A5 | & R G e )N, B
JIL VIR + B g2 ™ (R R AR 8OR, , R IR 25 (4 B
MR T At

32 ERREBREFRIREERTHFERE

R DR G e R S BRI T S8, R o DL 3
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AR JC R 22 B2 A BN R e BRI AR B 3
) B R AR 7 I PR BLSR , 144 B A 2 0k R Tl e
A U1 (CPS1) = A 19 22 LKIW A . i%9E
9 R T LR GRS B LR R AN130 71 43 2
— AGGIRITHMELLRE S5 . WS BA T X R L
IFERQ335XHIET 14X W IE P 52748 | FF & IR 40 K
TR 3 325 11 R W R4 B 2 L 7 1, DA & B3R T AR
Femte ™ H 28 ik ZE M E s L h b B R Al
BAKIF 2 114 4k i L LAY s DL 32 BRIB 7 259
GC30LIEHI A T WG IR EHE , IR TR A
PP E D REME R Mk o A B T (GAA) , 350 i 0
WS BB WU 17 , S8R % Ge B A7 VA JC Ik 238
i B () R B, NEJ M2 35 RIS TR 2 58
“ Big D 7 40 ) T LR 120

T I 40 M B A AR RS AL, 0 T L AR
IRIE AR, 20254F 11 H , Hppg K2 A = B
A5 AT BA SR FH 23 5 PR 280 S 5 PR i ot T 2 L RS A
R A7 18 B S Pk B IR 1L 2T 25 11 JRRE (PNH) £
% BT 2ERAFFIRIEPNH B RSt 4 5. %7
BAT Tz 56 5 DT e " HEAAAR S, 76 A5 0% JE K DT L 1)
FGAMATRET WK IR AL AR AL
PrHES 73, SeBl T I R A0, S
IR B 5 LR R B A1 B S8 i A K i A1) %) =2 R
A NE T 20 M PRk I PRI, 2 58 R G
GhredEh ik TH” 3 IE R IDSH F 2
PR AT AHAZ N, 5K A I 9 =28 4275 53 2 LR
5545 (Oliver Chu) BLE A #2373 WA T L R 7 ik
fyEs— AP,

FEDVARIT 25 b, A W IR YT T A
FHETE . 202548, 2R LR 25 W) i S S RV
VR 2R B 7t v sl A PR S B B
F BB WA T8 . 20254F4 ), i (R EL

B 2R AT PR w2 R I8 MRk P 283 S ARt
T, 332 FE A R ) I A B RIIA YT 259 .
2025 4 11 H GBI T B9 Zolgensmaii 3E [EIFDA L
W REE NAE , TR 28 UL L H /DM
BN R L= A0 8, (o ke > HE
— 0] TR A AT B R S R B AT
o 20254F 11 H BRI S AE BRI B N 245 50 2% B4
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61> H K U L4547 WASHEEH 9848 1y Wiskott-AldrichZs
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RIS EIRN
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SRk R A AR YRAE A FHCRISPR/Cas9
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2R IMEIRTE R G LLBERAE (SLE) (AL 61 .
W45 SRR, TyU 1941 fg 7 SLEYR YT H ml SEEHR
TR I R 2% i, (R B P S B I PR 22 4
P X — R A A S E R IR TERE T 408
LR 202548 DR A Bl Bl B 2 Wl 7 T 3
ii-E-Ai {&F} (Mary E. Brunkow) .31 f f-Hr AT /R
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B2, LIRS M THE Treg 20 i K FoAE AN & S s i
ZH SR E T R B, HAT, Tregdi it &
MG PRI Ak i SR B Bz, An R PR R 27 3 11 7 S A
BATF & 17— i DAASONE T 40 e v 350 A i D B AR E Pt
Jir AR S Treg 4 M R8T 51k (S/F-iTregdi R ) , IF 50
WE T AR SRR MBI I B S s 40 Ly 7 v
R R A Ak 133-36)
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19 4 i 25 00 B A 2 T R A 0 2% 48.4% , 22T
IRFP R B AR 61.9% , HLZ2 R A /R I PEA 2 6 1
OrBERRTEEY . SUESE RIS (Jun Takahashi)
A AAFF T 28R S RIPSCATAE Z B RE M 42
FHAA L (iPSC-DANS ) V&7 I 4 #R0 O /LU I PR 1
¥, WFFEIESE T iPSC-DANSTE s 5 e iX #fi 22 2
G5 B S R JEME AL | S S5 A FH R 4l i 7 2
BT SR PRIESE Y . LAY S R RIREE R
EHE, SEXS411VESHR (IPSCHTAE 22 [ B RE 1 28 iy
PRAIA ) JA 7 T R P 4 AR a 1 T I PR U 461 2
FHAH ., B IRIEAD/PD 2025 K43\ A Bl 284 4%
AFEH T Trontinemab , £ 1b/2all]3{55:3.6 mg/kgifl
a2 81 % 1) KB PR TR R B 1 R 2 1 L
I R tau B AR R SR AR AR B R,
HLIERFE SR FM AR S R A RAE T 5% 140
20254F S ) ST PRI
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TE A BRI A AR PR 5838 SO s €15
XU SRSl T, CGTAU % Rl 9% 15 O W 12 8 T 4 i
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41 EHREEFRABETE

PrUs AR R FrEsE 3 , AT EUg e e g1t
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(FDA) & A =4y CGT W& RAN e m %, 48 (H
T A B AR B AT R A bR R I R
(Expedited Programs for Regenerative Medicine
Therapies for Serious Conditions) ) { 7E/INIAR AFE
RHEFT CGT 7= il RIS B 81 % 11 (Innovative
Designs for Clinical Trials of Cellular and Gene
Therapy Products in Small Populations) ) {CGT j=
i (189 L T 22 A PR R ORI K 46 75 1% (Methods
and Approaches for Capturing Post-Approval Safety
and Efficacy Data on Cellular and Gene Therapy
Products) ) , WH T G056 b5 e U =4~ SC B3R
T A 11, CGT SUk B8 & i
MaTr 3. 20254F 117 FDAIESHEH 4B
ML F2" (plausible mechanism pathway ) Wi HESL

IAMESR R GE AR AR I RS B4, 72

VEEET AW L& 3 A0 VR P B IR S 5
A R SO R (RIS SR DB 28 B
BT i, BAOUSEIE AT Sean s DL 4
S, XM RIHTORIRFRAR T EHIL CGT yrikny
e PR T IR, by i 75 AR TG J7 8 1) 28 i R85 o
RBIRIENAYT AR 20254F3 A, BRI 24 545 BER)
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B2 T — P HECGT™ i 1 AR ™ 5 il i it
e, oL R B A A R T i e, AR
20244 BT ( FAR BE 24 211 (Act on the Safety
of Regenerative Medicine) ) 202545 H 1IF0A4L,
PE— 2P AN IE PR SAZ IR A OCE AR A MR
Bl B XURS: 2 4 5 A fe , IR0 200 5 B R A Y 7
L P E SR TIPR A o CR g AR AL R B A (it
P BE 27 A e R A Wy ) 2 22 4 (R Bk (Act on the
Safety and Support of Advanced Regenerative
Medicine and Advanced Biopharmaceuticals) ) 2025
AE2H IEAAERL, FLVRAL Tl RIS B B S iR 7
PR (A 5L PRNRT PR ) A B B R 5
AR T PIRIRST , i 20254F2 H A 112K 1
BEANZ BBl i e P4 B~ SR

11 240 it 55 L PR Y T U B T MBI RSk 3
7R A RGN . 20254F9 |, 1845 Bt i GE
if (AR 2E R AR I PRI FE RN R Ay FH A 2
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TR, AR XU Fh 2 0 TLA R A 1L, v XU il ¢
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PR SEIERT T 2y W AERESR, o AR
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ARG ATIE B T4, sk i £b B 5% WL AH E CG T Y
Py b kR, gE— 2P YL 36 B AE CG TR H AR
K ey b L A AT A AT ST L, R 5 | 4k
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o, BEREA RO I 7= i (1) 2 4 PE 5 i — B0k, b
FIRKAAR + CGT AEAR AL AL 7™ i IR R
T3 TG AR (0 25 AR AR . HAR il [ 38 2 XL
B P4 3 B O R AU W 5 1, 30 e P A XU
Oy ARIE AT A AR, 7E R AR R T s
T¥] F) [ B, BB HE 2l C G THE AR 1 I PR 7% b ; 5 1 [+

R, 3o S o] 0T 194 [ i PR o B ) XU AP A5 RE L =
ST SRR I T I oKk . FREICGTIR
PR ok [ 5 22 T 7 v T A IR Yl e e
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PRAL IS H PR R AR B IRl i 28T R R
AR, BEW B CAR-TAE AR A S bn i, 5k
K] G 05 S5 T B R 101 B WA s ], S ok by % I
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Table 5 2024 Sales performance of representative cell and gene therapies

il 22K g A FeAl 20244F 4 BEHT ({2.5570)
1 Yescarta Kite Pharma CD19¥L[n] R CAR-TH iy 7 5 15.70
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