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INTRODUCTION

o Cellular Immunotherapy has evolved * THIS STUDY AIMS TO PRESENT A * An extensive literature search was carried
as a highly successful cancer COMPREHENSIVE OVERVIEW OF THE out in the following electronic databases:
treatment approach in recent years. MOST RECENT ADVANCEMENTS FROM PubMed, ScienceDirect and Google Scholar.
The technique requires genetically 2021 TO 2025, CONCENTRATING ON The search involved articles that were
altering T cells, the immune system's TECHNOLOGICAL BREAKTHROUGHS, published since January 2020 up to
defense cells, such that they can NEW ANTIGEN TARGETS, AND November 2025, combining a set of
identify and target tumor. COMBINATION APPROACHES keywords and Medical Subject Headings

\_ - ) RN (MeSH) terms. )

ADVANCED CAR-T CELL INNOVATIONS

CAR-T Cell S O Precision & Safety: Logic-Gated Enhanced Efficacy: Cytkiones
receptor (CAR) & Armored CAR-T & Combinations
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Improved Persistence: Targetable Delivery: Local
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CHALLENGES OF CAR-T CELL THERAPY
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ot ¥ /03 MAJOR CLINICAL TRIALS: SOLID TUMOR DIRECTED CAR-T THERAPY
CTid] (CLDN1E.2) [127] Phase 1l RCT; 2% ws. 3.25vs. 63%wvs. MR Median O5: 7.92 vs, 5.49
Poor Trafficring & CAR T-cell Exhustion NCTO4581473 4% 1.77mo  25% Mo
Intratumal Infilration & Limited Persistence GD2-CAR T; high-risk [128]  Phase I1I; NCTO3373007  66% MR NR NR CR 37-40%; 5-year OS
@ neuroblasioma 42. 7%
ola : ; PD-L1 CART [129]  Preclinical MNAA A N/A MNA  Tumor cradication demon
. {5.::3 @ strated in intracranial GB
. h o g0, maodels
s B8 GD2-CAR T; HIK2TM-DMG [61] Phase I; NCTO4196413 NR NR NR MR Neurologic improvement
911 patients
EGFR/ILI3Ra2 CART [130]  Phase I; NCTO5168423 8% 1.9mo  62% NR Intrathecal delivery pro-
duced rapid tumor regres:
On-Target/OH-Tumer Toxicity Manufacturing, Scalabillity & CDI33-CART [131]  Phase 11 4.8% 6.8 mo 71.5% NR Median OS: 12 mo
& Safety lssues e BNT211 (CLDN6+CARVac)  [132]  Phase UIl; NCTO4503278 45%  NR*  74%  NR  G-month PFS: 42%¢
s — J_ t h ag _— MSLN-CAR T+PD-1 [133] Phase |; NCTO2414269 MR MR NR MR Median O5: 23.9 mo
s ™ ,, & @Y 85 e P-PSMA-101 [134] Phase l: NCTO4283071  NRf  NR NR NR  PSAreduction observed i
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e ADVANCES IN CANCER TREATMENT. CAR T CELLS FIGHT SOLID
TUMORS [INTERNET]. [CITED 2025 OCT 29]. AVAILABLE FROM:
HTTPS://WWW.FRAUNHOFER.DE/EN/PRESS/RESEARCH-
NEWS/2025/SEPTEMBER-2025/CAR-T-CELLS-FIGHT-SOLID-
TUMORS.HTML

e CAR T-CELLS THERAPIES. ..CAP [INTERNET]. [CITED 2025 OCT 29].
AVAILABLE FROM: HTTPS://WWW.CAP.ORG/MEMBER-
RESOURCES/ARTICLES/CAR-T-CELLS-THERAPIES-OPPORTUNITIES-
AND-CHALLENGES

e BRUDNO JN, MAUS MV, HINRICHS CS. CAR T CELLS AND T-CELL
THERAPIES FOR CANCER: A TRANSLATIONAL SCIENCE REVIEW.
JAMA. 2024;332(22):1924-35.10.1001. /JJAMA.2024.19462 PUBMED
PMID: 39495525.

e ARTICLE CAS PUBMED PUBMED CENTRAL GOOGLE SCHOLAR
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FUTURE PERSPECTIVES ON EMERGING ALTERNATE THERAPIES

e EMERGING CELLULAR TREATMENTS SUCH AS CAR-NK CELLS, CARMACROPHAGES, AND
TCR-ENGINEERED T CELLS OFFER ALTERNATE OPTIONS TO CIRCUMVENT THE LIMITATIONS
OF CAR T-CELLS IN SOLID TUMORS.

CONCLUSION

e NEXT-GENERATION CAR DESIGNS, AI-DRIVEN DESIGN ALGORITHMS, AND THE CREATION OF ALTERNATIVE
CELLULARTHERAPIES ALL POINT TO A BRIGHT FUTURE. WHEN THESE MULTIDISCIPLINARY ADVANCEMENTS COME
TOGETHER,THE FULL THERAPEUTIC POTENTIAL OF CAR T-CELLS WILL BE UNLOCKED, BRINGING SOLID
TUMORIMMUNOTHERAPY CLOSER TO CONSISTENT CLINICAL SUCCESS.



https://www.fraunhofer.de/en/press/research-news/2025/september-2025/car-t-cells-fight-solid-tumors.html
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https://www.cap.org/member-resources/articles/car-t-cells-therapies-opportunities-and-challenges
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https://doi.org/10.1001%2Fjama.2024.19462
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BB2cXisl2gsrjM
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=39495525
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11808657
http://scholar.google.com/scholar_lookup?&title=CAR%20T%20Cells%20and%20T-Cell%20Therapies%20for%20Cancer%3A%20A%20Translational%20Science%20Review&journal=JAMA&doi=10.1001%2Fjama.2024.19462&volume=332&issue=22&pages=1924-35&publication_year=2024&author=Brudno%2CJN&author=Maus%2CMV&author=Hinrichs%2CCS
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