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Challenges and Future Perspectives in Viral Vector Gene Therapy
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Abstract Gene therapy, particularly AAV-mediated gene therapy, represents a promising new therapeu-
tic modality that offers patients treatment possibilities beyond the reach of conventional drugs. Its well-defined
therapeutic targets, clear mechanism-of-action, and the unique advantage of “one-time treatment with long-term
efficacy” make gene therapy especially compelling. After half a century of research and development, the field has
not only made qualitative leaps in clinical safety and efficacy but also achieved milestone breakthroughs in com-
mercialization. China’s gene therapy field has entered a period of rapid growth, driven by global scientific progress,
strong market potential, robust capital investment, and supportive policies. However, challenges remain in the de-
velopment and commercialization of gene therapy products. In response to this situation, this paper systematically
analyzes the core issues faced by AAV gene therapy in scientific mechanisms, clinical translation, and commercial
application, proposes corresponding strategies and future development directions, and finally offers recommenda-

tions for the sustainable development of the gene therapy field in China.
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Data were sourced from ClinicalTrials.gov. Only clinical trials currently active and recruiting were included. Data cutoff date: May 31, 2026.
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Fig.1 Global landscape of gene therapy clinical trials
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Table 1 Approved gene therapy drugs in China and overseas

Bk /BN HEAE LTI HrR (A BT3RO0 ERMIE T AR FRIEBICRAL B %00)
Drug name Approval date Price (million USD) Indication Viral vector Annual sales (million USD)
2022 2023 2024
Gendicine 2003.10 0.02 /year HNSC AdV N/A N/A N/A
Glybera 2012.10 1 LPLD AAV1 N/A N/A N/A
Imlygic 2015.10 0.065 Metastatic mela- HSV1 N/A N/A N/A
noma
Luxturna 2017.12 0.425 /eye RPE65-associated ~ AAV2 56 20 21
LCA
Zolgensma 2019.05 2.1 SMA AAV9 1300 1210 1214
Libmeldy 2020.12 3.8 MLD Lenti 18.8 20 25
Zynteglo 2022.08 2.8 B-thalassemia Lenti 3.6 17.1% 36
Skysona 2022.09 3 ALD Lenti N/A 12.4 15
Hemgenix 2022.11 3.5 Hemophilia B AAV5 N/A 11 70%
Adstiladrin 2022.12 0.24 /year Bladder cancer AdV N/A N/A 77
(NMIBC)
Vyjuvek 2023.05 0.63 /year DEB HSV1 N/A 51 291
Roctavian 2023.06 2.9 Hemophilia A AAVS N/A 3.5 17
Elevidys 2023.06 32 DMD AAVRh74 N/A 200 821
Casgevy 2023.12 22 Sickle cell N/A N/A N/A 10
disease/B-thalas-
semia
Lyfgenia 2023.12 3.1 Sickle cell disease ~ N/A N/A N/A 7
Beqvez 2024.04 3.5 Hemophilia B AAVRh74 N/A N/A 0
Kebilidi 2024.11 3.75 AADC deficiency  AAV2 N/A N/A N/A
BBM-H901 2025.04 0.56 Hemophilia B AAV843 N/A N/A N/A
Zevaskyn 2025.05 3.1 RDEB RVV N/A 51 291
Otarmeni 2026.04 Free OTOF-related AAV1 (dual N/A N/A N/A

hearing loss vector)
AADC: 55 [ L-RE SRR IR PR Z E; AAVL. AAV2. AAVS. AAVO. AAVRh74. AAVS43: RHISCHG 2 A A M5 AL AdV: B 2; ALD: ¥ I
JRING 1 BUE SR AN BUE; DEB: 7R AN R BTV 2R B AR A, DMD: At ERUE R A RUE; HNSC: Sk BARAN LS, HSV 1. SAiZTE1; LCA:
HEAH IRAE R 52, LPLD: 5 8 A Mg My ok Z i, MLD: 53 4RI (1578 77 A5 RE; RDEB: R 77 A R ARG IR BAAMAE; RVV: BT 1
TR EE; SMA: B REVENIZEA0E; N/AATEH; est: 5o
AADC: aromatic L-amino acid decarboxylase; AAV1, AAV2, AAVS, AAV9, AAVRh74, AAV843: adeno-associated virus, different serotypes; AdV: ad-
enovirus; ALD: adrenoleukodystrophy; DEB: dystrophic epidermolysis bullosa; DMD: Duchenne muscular dystrophy; HNSC: head and neck squamous

cell carcinoma; HSV1: herpes simplex virus 1; LCA: Leber congenital amaurosis; LPLD: lipoprotein lipase deficiency; MLD: metachromatic leukodys-
trophy; RDEB: recessive dystrophic epidermolysis bullosa; RVV: recombinant vaccinia virus; SMA: spinal muscular atrophy; N/A: not applicable; est:

estimated.
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Fig.2 Overview of registered gene therapy clinical trials in China
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Table 2 AAV gene therapy clinical trials that were terminated or suspended and the reasons therefor
2 AATR AL & VAIE I R B e R 5% I 1] s
Drug name Company Indication Clinical stage  Clinical hold date Hold reason
RGX-111 and RGX-121 Regenxbio MPS I and MPS 11 Phase 1/2 2026.01 Safety
CAP-002 Capsida biotherapeutics STXBP1 encephalopathy Phase 1/2a 2025.09 Safety
SRP-9004 Sarepta therapeutics LGMD type 2D/R3 Phase 1 2025.07 Safety
RP-A501 Rocket Danon disease Phase 2 2025.05 Safety
Botaretigene sparoparvovec Johnson&Johnson XLRP Phase 3 2025.05 Efficacy
NGN-401 Neurogene Rett syndrome Phase 1/2 2024.11 Safety
Fordadistrogene movaparvovec Pfizer DMD Phase 3 2024.06 Efficacy/safety
4D-125 4DMT XLRP Phase 1/2 2024 Undisclosed
4D-110 4DMT CHM Phase 1/2 2024 Undisclosed
4D-710 4DMT CF lung disease Phase 1/2 2024 Undisclosed
GTO005 Novartis GA Phase 2 2023.09 Efficacy
RGX-381 Regenxbio Batten disease Phase 1/2 2023.08 Financial
GALGT Sarepta DMD Phase 1/2 2023 Undisclosed
GNT 0004 Genthon DMD Phase 3 2023 Undisclosed
4D-310 4DMT Fabry Phase 1/2 2023.01 Safety
AGTC-402 AGTC ACHM-A Phase 2 2022.08 Efficacy
AGTC-401 AGTC ACHM-B Phase 2 2022.07 Efficacy
HMI-102 Homology medicines PKU Phase 1/2 2022.02 Safety
LB-001 LogicBio therapeutics Methylmalonic acidemia Phase 1/2 2022.02 Safety
AT132 Astellas X-MTM Phase 2/3 2021.09 Safety
Timrepigene emparvovec Biogen Choroideremia Phase 3 2021.06 Efficacy
Cotoretigene toliparvovec Biogen XLRP Phase 2/3 2021.05 Efficacy
ADVM-022 Adverum biotechnologies = DME Phase 2 2021.04 Safety
NBIb-1817 (VY-AADC) Voyager/neurocrine PD Phase 2 2021.02 Safety
LYS-SAF302 Lysogene MPS IIIA Phase 2/3 2020.06 Safety
AAV-hRS1 AGTC/biogen XLRS Phase 2 2020 Efficacy
SGT-001 Solid Bio DMD Phase 1/2 2019.11 Safety/efficacy
AAV-sFlt01 Sanofi nAMD Phase 2 2015.07 Efficacy

ACHM: 2= f41; CHM: Jolk&% L, DMD: A+ IRNUE 74 RIE; LGMD:

B IVE FRAS RAE; MPS: R 2 BEIEAAE; nAMD: A4 I8 1 AR e A

AL B BALYE; PD: W5 2% B ; PKU: KPR BRI XLRP: XGZEBHL R B (0 248 1k, XLRS: XGEBHLM IRES ZUE; X-MTM: XGEGILE WU .
ACHM: achromatopsia; CHM: choroideremia; DMD: Duchenne muscular dystrophy; LGMD: limb-girdle muscular dystrophy; MPS: mucopolysac-

charidosis; nAMD: neovascular age-related macular degeneration; PD: Parkinson’s disease; PKU: phenylketonuria; XLRP: X-linked retinitis pigmen-

tosa; XLRS: X-linked retinoschisis; X-MTM: X-linked myotubular myopathy.
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