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[ Abstract ] Tumor organoids, derived from tumor tissues, are three-dimensional structures created in vitro to mimic in vivo tumor
growth. They possess comparable genetic lineage and pathological characteristics to the original tumor, making them a promising
research platform for studying tumor biology. In recent years, significant advancements in techniques such as microfluidics, cell co-
culture and vascularization have greatly promoted the development of Organ-on-a-Chip (OoC) and expanded the applications of
tumor organoid models in both basic and clinical translational research. These advancements include leveraging tumor organoid
models to investigate drug resistance mechanisms, perform drug screening, and facilitate clinical trials of precisional therapy.
However, current organoid models still face several limitations, including the instability of cell culture quality, low cost-effectiveness,
and the inability to accurately replicate the complex tumor microenvironment and spatial structures. Further research is needed to
overcome these technical bottlenecks and improve the application of organoid models in cancer research, thereby further enhancing
the depth of tumor research. This review summarized the development history and latest progress of tumor organoids. In terms of the
latest applications of tumor organoids, this article reviewed disease modeling, research and development of innovative tumor drugs,
and their application in personalized treatment. It also summarized the recent clinical researches of organoids; In addition, this review

provided a detailed introduction to the technological progress of tumor organoids, including the development of novel culture devices,

B—1EH. H% (ORCID: 0000-0003-2946-9921 ) ,
SEEEHS: BRI (ORCID: 0009-0002-8914-3173 ) ,
yaogang@nsfc.gov.cn,

IWFsE 5L, FREEI.
WP 5T, A RRERIE G R B e Bl A SR B LA MR AL U H 24, E-mail:

=1
H
=1
H



764

B R 5 WELSSHAIRSES

simulation of tumor microenvironment, and induction of angiogenesis. In summary, this review explored the latest developments,

defects and future directions in the research of tumor organoids, aiming to provide reference for the study of tumor organoids.

[ Key words ] Organoid; Organ-on-a-chip; Malignant tumor
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Fig.1 Timeline for the development of organoid

EHS: Engelbreth-Holm-Swarm; 3D: Three dimensions; TME: Tumor microenvironment.
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Fig. 2 Trends of clinical trials including organoids

A: The number of trials including organoids registered in ClinicalTrials.gov and EU Clinical Trials Register over recent years; B: The number of trials
including organoids with different histological types. Only the top seven items were illustrated; C: Proportions of the observational and interventional
trials including organoids. D-E: The illustration of the registration years (D) and histological types (E) of the interventional trials.
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Tab.1 Summary of organoid-guided interventional trials

Registration

Identifiers Histology year

Drug (s) Status Results/goals

- Colorectal cancer Unknown A 87-drug panel Completed This trial enrolled 28 patients and
33 . .

successfully established 19 organoids,
out of which 15 were utilized for drug
screening. One patient underwent
treatment based on the drug sensitivity
results of the organoid and showed partial
remission after 3 months of evaluation

2014-003811-13  Colorectal cancer 2014 Palbociclib, axitinib, selumetinib, Completed This trial enrolled 54 patients and
3 gefitinib successfully established 31 organoids, of
which 25 were utilized for drug screening.
Out of the 25 organoids, 19 received drug
sensitivity results. Based on these results,
6 patients underwent treatment; however,
none of them showed any efficacy

NCTO05842187 Pancreatic 2023 Various clinically approved drugs Recruiting This trial will use organoid models to guide
cancer/gastric the precision treatment of metastatic
cancer pancreatic cancer and gastric cancer
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Identifiers Histology Reg;setarlarttlon Drug (s) Status Results/goals
NCT04931394 Pancreatic cancer 2021 Gemcitabine, 5-fluorouracil, Recruiting This trial will use organoid models to guide
paclitaxel, oxaliplatin, the adjuvant chemotherapy of pancreatic
irinotecan cancer
NCTO04931381 Pancreatic cancer 2021 Gemcitabine, 5-fluorouracil, Recruiting This trial will use organoid models to guide
paclitaxel, oxaliplatin, the chemotherapy of advanced pancreatic
irinotecan cancer
NCT06102824 Breast cancer 2023 Taxane, anthracycline, Recruiting This trial will use organoid models to guide
S-fluorouracil, gemcitabine, the treatment of advanced breast cancer
vinorelbine, eribulin, utidelone,
carboplatin, sacituzumab
govitecan, and trastuzumab
deruxtecan
NCT06268652 Breast cancer 2024 Personalized drug library Recruiting This trial will compare the efficacy of
contains 55 drugs approved by organoid-guided personalized treatment
the FDA with the treatment of physician’ s choice
in breast cancer
NCTO05832398 Colorectal cancer 2023 Oxaliplatin, irinotecan, Recruiting This trial will use organoid models to guide
5-fluorouracil the precise chemotherapy of colorectal
cancer
NCT05177432 Breast cancer 2021 10-12 anti-cancer drugs Recruiting This trial will use organoid models
to develop a quadratic phenotypic
optimization platform (QPOP) to guide
the treatment of breast cancer
NCTO05669586 Lung cancer 2023 Unknown Recruiting This trial will use organoid models to guide
the precise treatment of refractory non-
small cell lung cancer
NCTO05813509 Ovarian cancer 2022 10 potential clinical therapeutic =~ Recruiting This trial will use organoid models to guide
drugs the personalized treatment of ovarian cancer
NCT06246630 Pancreatic 2024 Various clinically approved drugs Not yet This trial will use organoid models to guide
neuroendocrine recruiting the treatment of pancreatic neuroendocrine
tumor tumors
NCT05024734 Bladder cancer 2022 Epirubicin, mitomycin, Recruiting This trial will use organoid models to guide
gemcitabine, docetaxel the treatment of non-muscle invasive
bladder cancers
NCT06077591  Solid tumors 2024 Unknown Not yet This trial will use organoid models and
recruiting next-generating sequencing to guide the
treatment of advanced and inoperable
solid tumors
NCT05352165 Colorectal cancer 2023 Oxaliplatin, irinotecan, Not yet This trial will compare the efficacy
S-fluorouracil recruiting of organoid-guided neoadjuvant
chemotherapy with traditional neoadjuvant
chemotherapy regimens in advanced
colorectal cancer
NCT05378048 Abdominal 2022 Unknown Withdrawn This trial will compare the efficacy of
tumors organoid-guided personalized treatment

with traditional treatment strategies in
advanced and inoperable abdominal tumors




770 B ® 5 WBLSBHAWRSEE
#1 (%)
Identifiers Histology Reg;setarlarttlon Drug (s) Status Results/goals
NCT04279509  Solid tumors 2019 S-fluorouracil, carboplatin, Unknown This trial will use organoid models to
cyclophosphamide, docetaxel, conduct high-throughput drug screening
doxorubicin, gemcitabine, to guide the chemotherapy of refractory
irinotecan, oxaliplatin, paclitaxel, solid tumors
vinorelbine, etoposide,
ifosfamide, methotrexate,
pemetrexed and topotecan
NCT05267912  Any cancer type 2022 A panel of drugs (chemotherapy, Recruiting This trial is a multi-center study evaluating
hormonal therapy, targeted the feasibility of using organoid models to
therapy) guide the precision treatment of multiple
advanced tumors
NCTO04450706 Breast cancer 2021 Unknown Recruiting This trial will use organoid models to guide
the precision treatment of metastatic
breast cancers
NCT06057298  Colorectal cancer 2021 Oxaliplatin, mitomycin Recruiting This trial will use organoid models to
guide the hyperthermic introperitoneal
chemotherapy of colorectal cancers with
peritoneal metastasis
NCTO04842006 Colorectal cancer 2021 Capecitabine, oxaliplatin Recruiting This trial will use organoid models to guide
the neoadjuvant and adjuvant therapy of
colorectal cancer
NCT05725200 Colorectal cancer 2022 Alectinib, cetuximab, crizotinib, Recruiting This trial will use organoid models to guide
dasatinib, everolimus, the precision treatment of metastatic
encorafenib, gemcitabine, colorectal cancer
idelalisib, larotrectinib,
methotrexate, palbociclib,
panobinostat, pembrolizumab,
petrozumab, trastuzumab,
talazoparib, venetoclax
NCTO05464082 Breast cancer 2023 Unknown Recruiting This trial will use organoid models to guide
the precision treatment of metastatic
triple-negative breast cancers
NCT03778814 Lung cancer/ 2018 Engineering TCR-T cells Recruiting This trial will use organoid models to guide
solid tumors the TCR-T immunotherapy of lung cancers
and other solid tumors
NCT05429684 Breast cancer 2021 Trastuzumab, pertuzumab, nab Recruiting This trial will use organoid models to guide
paclitaxel, pyrotinib, capecitabine, the precision treatment of refractory HER2-
T-DM1, everolimus, CDK4/6 positive breast cancers
inhibitor, aromatase-Inhibitors,
anti-PD-1 monoclonal antibody
NCT05381038  Solid tumors 2022 Azacitidine, docetaxel, paclitaxel, Not yet This trial will use organoid models to
irinotecan recruiting develop a QPOP and CURATE.AI, which
will guide the personalized combinatory
therapy with azacytidine in solid tumors.
NCTO06227065 Bladder cancer 2024 Epirubicin, mitomycin, Not yet This trial will use organoid models to guide
gemcitabine, docetaxel recruiting the precise neoadjuvant chemotherapy of
low-grade non-muscle invasive bladder
cancers
NCT05432518  Glioblastoma 2023 Afatinib, dasatinib, palbociclib,  Recruiting This trial will use organoid models to guide

everolimus, olaparib

the treatment of refractory glioblastoma




(¥ @ZER L) 2024455345581 771
F1(4)
Identifiers Histology Reg;set;?tlon Drug (s) Status Results/goals

NCT05473923 Glioma 2022 Unknown Recruiting This trial will use organoid models to guide
the precision treatment of refractory high-
grade glioma

NCTO05532397 Astrocytoma 2023 Unknown Recruiting This trial will use organoid models to guide
the combinatory therapy of refractory
high-grade astrocytoma

2020-003395-41 Colorectal cancer 2020 Alectinib, crizotinib, dasatinib, Recruiting This trial will use organoid models to guide

everolimus, gemcitabine,
idelalisib, larotrectinib,

the personalized therapy of colorectal
cancers

methotrexate, palbociclib,
panobinostat, pembrolizumab,
pertuzumab, trastuzumab,

talazoparib, venetoclax,
cetuximab, encorafinib

This review surveyed the https://clinicaltrials.gov and https://www.clinicaltrialsregister.eu in March 11, 2024. The searching key words were

“organoid AND cancer” ,

“organoids AND cancer” or ‘“organ-on-a-chip AND cancer” . Afterwards, we manually checked each clinical

trial labeled as "interventional" to confirm whether it was a organoid-based prospective clinical trial. FDA: Food and drug administration; QPOP:
Quadratic phenotypic optimization platform; TCR-T: T cell receptor-engineered T cell; CDK: Cyclin-dependent kinases; T-DM1: Trastuzumab
emtansine; PD-1: Programmed death 1; HER2: Human epidermal growth factor receptor 2; CURATE.AI: An appropriate dosing strategy over time.
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Fig.3 Organoid culture and new technologies

A: The culture process of organoid: isolation, culture, passage, and cryopreservation; B-D: New technologies in the field of organoid included
microfluidics and organ-on-a-chip (B), simulating tumor microenvironment (C) and organoid vascularization (D).
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