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Abstract

provides a revolutionary platform for developmental biology research, disease mechanism elucidation, and drug

Organoid technology, by faithfully recapitulating the structure and function of native organs,

screening. Recent breakthroughs, driven by the convergence of stem cell biology, biomedical engineering, and ar-
tificial intelligence, have significantly advanced this field. In drug discovery, patient-derived tumor organoids serve
as individualized predictive tools for precision oncology, while liver and heart organoids substantially enhance the
accuracy of drug safety assessment. Multi-organ chip systems further offer novel integrated platforms for evaluating
drug metabolism and toxicity. Global policy support has injected strong momentum into this technology, with regu-
latory agencies like the US FDA (Food and Drug Administration) and EMA (European Medicines Agency) actively
promoting the adoption of organoids in drug evaluation. China’s 14th Five-Year Plan also prioritizes organoids
as a key biotechnology. This review systematically outlines cutting-edge advances, translational applications, and
evolving regulatory landscapes of organoid technology. It highlights its pivotal role in reshaping drug development
paradigms and provides a forward-looking analysis of critical challenges—particularly standardization and scalable
cultivation—along with future prospects, aiming to deliver a comprehensive roadmap for academia and industry.

Keywords  organoids; drug discovery; precision medicine; regulatory science; standardization
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Table 1 Current status of representative organoid biobank development
RE FARE HI BEHE A E R ER SR
G2 eit) e
Published Organoid Tissue source Patient Types and numbers of ~ Key conclusion Reference
year bank type count organoids
2015 CRC Surgical resec- 20 Tumor organoid High-throughput drug screening confirmed  [55]
tion (n=20) that inter-lesional tumor heterogeneity
Paratumor organoid drives divergent drug sensitivities. TP53
(n=19) inactivation was validated as a mediator
of Nutlin-3a resistance, and BRAF-mutant
organoids exhibited variable sensitivity to
BRAF inhibitors
2018 BC Surgical resec- 155 Tumor organoid The first comprehensive organoid resource  [56]
tion (n=90) covering all breast-cancer subtypes and
demonstrate its value for drug screening
and personalized oncology
2020 Pediatric Surgical resec- 54 Wilms tumor organoid It reports the first systematic establishment  [57]
kidney tion (n=40) of pediatric renal cancer organoid models
tumors MRTK organoid (»=7) that faithfully capture the heterogeneous
RCC organoid (n=4) features of distinct subtypes, providing a
Rare kidney tumor critical tool for investigating pathogenesis
organoid (n=4) and developing personalized therapies for
Paratumor organoid childhood kidney tumors
(n=47)
2021 IPMN Surgical resec- 15 IPMN organoid (n=13)  IPMN organoids faithfully recapitulate the  [58]
tion Normal organoid histological and genomic characteristics of
(n=13) parental IPMN tumors, providing a robust
model for early detection and prevention
research
2022 SGT Surgical resec- 61 PA organoid (n=11) It is the first organoid biobank encompass-  [59]
tion BCA organoid (n=10) ing multiple subtypes of SGTs (salivary
ACC organoid (n=10) gland tumors), uncovered subtype-specific
MucoEC organoid biomarkers, and mapped the molecular
(n=6) evolutionary relationships among SGT
AciCC organoid (n=4)  subtypes
SDC organoid (n=4)
Paratumor organoid
(n=26)
2022 CRLM Surgical resec- 33 CRC organoid (n=31) This study establishes a comprehensive [61]
tion LM organoid (n=27) CRLM organoid biobank and demon-
strates—at multi-omic resolution—that
the platform captures both inter- and intra-
patient heterogeneity. /n vitro drug-re-
sponse data reveal that the derived PDOs
accurately predict FOLFOX/FOLFIRI
chemosensitivity and clinical outcomes,
underscoring the model’s potential for
precision oncology
2023 HNC Surgical resec- 228 SCC organoid (n=60) This study demonstrates that organoid [62]

tion
and biopsy

AC organoid (n=1)
LCC organoid (n=1)
MucoEC organoid

responses to adjuvant radiotherapy mirror
patients’ clinical outcomes, validates the
radiosensitizing effects of cisplatin/carbo-

(n=1) platin, and establishes organoids as “patient
AdCC organoid (n=1) avatars” for targeted-drug screening and
MyoEC organoid biomarker discovery

(n=1)

Paratumor organoid

(n=45)

Metastatic tumor
organoid (n=1)
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Published Organoid Tissue source Patient Types and numbers of ~ Key conclusion Reference
year bank type count organoids
2023 NEN Surgical resec- 27 LNET organoid (n=11)  This study demonstrates that lung NET [63]
tion and biopsy LCNEC organoid organoids are EGF-dependent, whereas

(n=6) NEN organoids are sensitive to NAD"-

SINET organoid (n=9)  metabolism inhibitors, thereby providing a
platform for drug screening and biomarker
validation in precision therapy of neuroen-
docrine neoplasms

2024 CD Biopsy 54 CD organoid (n=34) Multi-omics analysis identified two [64]
molecular subtypes—immunodeficiency-
infection and stress-induced senescence—
fibrosis—and drug screening confirmed
subtype-specific therapeutic responses, of-
fering a novel precision-medicine strategy
for Crohn’s disease

2024 PLC Surgical resec- 144 Tumor organoid Pharmacogenomic screening established [65]

tion (n=399) a gene-expression signature panel that

Normal organoid predicts responses to four clinical drugs

(n=12) and revealed that c-Jun drives lenvatinib
resistance via JNK and p-catenin signaling

2025 Bladder Surgical resec- 56 NMIBC organoid This study establishes the world’s first [66]

cancer tion (n=28) Asian-patient-derived bladder cancer or-

MIBC organoid (n=5)  ganoid biobank and demonstrates, through

Metastatic adenocarci-  drug screening, heterogeneous chemo-

noma organoid (n=2) sensitivity and targeted-agent responses

Inverted papilloma among BC-PDOs. By leveraging BC-

organoid (n=1) PDOs to reconstruct the tumor microen-
vironment, it shows that EZH2 inhibition
up-regulates MHC-I expression and
enhances T-cell cytotoxicity, providing a
pivotal platform for personalized therapy
and immuno-oncology research in bladder
cancer

2025 CNS Co-culture of 313 CNS tumor organoid This study demonstrates that patient- [67]

tumor iPSC-derived (n=292) derived tumor explants cultured within
cerebral organ- Brain metastasis iPSC-derived cerebral organoids ac-
oids and surgi- organoid (n=21) curately predict individual-specific drug
cal resection responses

2025 ™M Surgical resec- 47 IM organoid (n=28) This study elucidates the pathogenic [68]

tion Normal gastric organ- mechanisms and progression characteris-

oid (n=42) tics of IM, laying the groundwork for un-
derstanding the molecular basis of gastric
precancerous lesions and for developing
early intervention strategies

2025 SCLC Surgical resec- 33 SCLC tumor organoid  This study refines the molecular classifica-  [69]

tion (n=3) (n=40) tion of SCLC, defines the signal-addiction
Autopsy (n=2) mechanisms of distinct subtypes, and
Bronchoscopic establishes the biological foundation for

biopsy (17=26)
Pleural effusion
(n=9)
Pericardial ef-
fusion (n=1)
Sputum (n=10)
CTCs (n=86)

subtype-specific therapies
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Published Organoid Tissue source Patient Types and numbers of  Key conclusion Reference
year bank type count organoids
2025 HNC Surgical resec- 16 Tumor organoid This study establishes the first organoid [70]
tion (n=15) biobank encompassing the major subtypes

Paratumor organoid of head and neck cancer and through
(n=3) functional assays, elucidates the distinct
roles of TP53 and HPV in tumor growth
and radiotherapy response
CRC: &5 EMfe; BC: FUEME; MRTK: ' HEBPERESOUAERT R, RCC: B AN, IPMN: 47 W FL IR R, SGT: MW HRAT R PA: 27
PEIRET; BCA: J:i Al B0 ACC: IRFEZEMENE; AciCC: R4, SDC: MR S8, CRLM: 45 B i #; LM: F¥6H; HNC: Sk3tw;
SCC: IR AN AC: ia; LOC: RANNDSE; MucoEC: Bk K M AACC: IRFEZEMESE; MyoEC: JIL_L K J; NEN: #1428 Py 43V fl8T; LNET: Jif
FREE 23R LONEC: Jifi Rt A 28 ) 73 W Jes s SINET: /N £e 9 733 iR ; CD: 5 % B8 s PLC: JEUK P NMIBC: AR MUZRIE PEB
Wese; MIBC: WUZIZAAPE B BEE; CNS: ik sh 28 R 455 iPSC: 15 S 2 B T-4TML; IM: itk
CRC: colorectal cancer; BC: breast cancer; MRTK: malignant rhabdoid tumours of the kidney; RCC: renal cell carcinomas; IPMN: intraductal papillary

mucinous neoplasm; SGT: salivary gland tumor; PA: pleomorphic adenoma; BCA: basal cell adenoma; ACC: adenoid cystic carcinoma; AciCC: acinic
cell carcinoma; SDC: salivary duct carcinoma; CRLM: colorectal cancer liver metastasis; LM: liver metastasis; HNC: head and neck cancer; SCC:
squamous cell carcinoma; AC: adenocarcinoma; LCC: large cell carcinoma; MucoEC: mucoepidermoid carcinoma; AdCC: adenoid cystic carcinoma;
MyoEC: myoepithelial carcinoma; NEN: neuroendocrine neoplasm; LNET: lung neuroendocrine tumor; LCNEC: lung large-cell neuroendocrine car-
cinoma; SINET: small intestine neuroendocrine tumor; CD: Crohn’s disease; PLC: primary liver cancer; NMIBC: non-muscle invasive bladder cancer;

MIBC: muscle-invasive bladder cancer; CNS: central nervous system; iPSC: induced pluripotent stem cells; IM: intestinal metaplasia.
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