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Abstract

Background: Immunotherapy, an approach using the immune system to combat Cancers, has faced
challenges with traditional models that do not fully represent the tumor's immune microenvironment (TIME).
The limitations of conventional cancer drug testing on 2D cultures are being addressed by modern techniques
that enable the growth of biopsy-derived cancer cells in 3D structures. More representative models, like
patient-derived organoids (PDOs), fill this gap. These organoids can mimic the tumor environment, aiding in
developing personalized immunotherapy strategies. This scoping review aimed to comprehensively assess
the potential of PDOs in developing and personalizing cancer immunotherapy.

Materials and methods: Data were extracted from relevant articles by searching databases. Search terms
included "Organoid", "patient-derived organoid”, "cancer" and "immunotherapy".

Results: Based on the reviewed articles, PDOs facilitate research in adoptive cellular therapy, including the
use of tumor-infiltrating lymphocytes, natural killer cells, and chimeric antigen receptor-T cell therapies.
Organoids are presently employed as investigative instruments to assess the efficacy of diverse
immunotherapeutic strategies. This utilization could aid in uncovering immune evasion mechanisms and
elucidate the intricate intercommunication between tumor cells and immune cells, providing a deeper
understanding of cancer immunotherapy.

Conclusion: PDOs accurately replicate tumor characteristics, including histology, genetic diversity, and
microenvironments, which are vital for predicting immunotherapy efficacy in patients. They enhance the
evaluation of treatment strategies, allowing scientists to test various immunotherapy agents and identify the
best therapy for a specific tumor.
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Cancer Type Origin of Organoid Immunotherapy Key Findings Reference
Cells Method
1 Colorectal Cancer (CRC) Surgically resected Drug testing with PDOs maintain histological and genomic [a]
tumor tissues and chemotherapeutics (5- characteristics of parental tumors, reveal
adjacent normal FU, oxaliplatin, inter- and intratumoral heterogeneity in
biopsies irinotecan) and targeted drug response, and are effective for
agents (e.g., gefitinib) preclinical drug testing.
2 Metastatic colorectal Patient-derived Chemotherapy PDOs from metastatic gastrointestinal [12]
cancer (MCRC), metastatic ~ biopsies from: Liver (paclitaxel, 5- cancers successfully replicated patient
gastroesophageal cancer metastases, Pelvic FU/cisplatin, TAS-102) responses to various drugs with high
(mGOC), and metastatic metastases, and Targeted therapies predictive value (100% sensitivity, 93%
cholangiocarcinoma Peritoneal (regorafenib, cetuximab, specificity), while maintaining the
metastases, Nodal lapatinib) original tumors' molecular and
metastases histological characteristics, suggesting
their potential as reliable preclinical
models for personalizing cancer
treatment.
3 Mismatch repair-deficient Autologous tumor Co-culture of peripheral  Platform enriches tumor-reactive T cells [17]
colorectal cancer and non- organoids blood lymphocytes that do not recognize healthy organoids
small-cell lung cancer (PBMCs) and tumor or tissue, allowing assessment of T-cell-
organoids mediated tumor killing efficiency.
4 Non-small cell lung cancer ~ PDOs derived from Anti-PD-1/PD-L1 PDOs successfully preserved tumor- [18]
(NSCLC), clear cell renal surgically resected immune checkpoint infiltrating lymphocytes (TILs) and
carcinoma (ccRCC), primary and blockade using allowed their activation and expansion
melanoma, bladder metastatic tumors nivolumab. Also in response to anti-PD-1 therapy.
urothelial carcinoma representing diverse included FACS-based Functional recapitulation of PD-1-
histologies. assessments of T-cell dependent immune checkpoint
Tumor tissues were profiles and cytokine responses, including increased TIL
prepared using the induction after treatment. cytotoxicity markers (IFNG, PRF1,
air-liquid interface GZMB) within a 7-day timeframe.
(ALI) organoid Concordance between the T-cell
method. receptor (TCR) repertoire of fresh
tumors and PDOs was demonstrated,
supporting their use in personalized
immunotherapy testing.
5 Not specified Patient-derived Air-liquid interface PDOs retain immune cells, accurately [19]
tumor organoids (ALI) method with co- preserve original tumor TCR spectrum,
(PDOs) culture of primary tumor  and recapitulate PD-1/PD-L1-dependent
epithelia and endogenous immune checkpoints, facilitating
immune cells (T, B, NK, personalized immunotherapy testing.
macrophages)
6 Cervical cancer Patient-derived Co-culture of y3 T cells Healthy cervical organoids were less [20]
healthy and cancer with organoids susceptible to yd T cell-mediated
cervical organoids cytotoxicity compared to HPV-
transformed and cancerous organoids.
Identified pathways involved in
cytotoxicity and validated involvement
of key molecules for y3 T cell activation,
such as BTN3A1 and BTN2AL1.
Demonstrated significant reduction in
cytotoxicity upon blocking MSH2.
7 Cholangiocarcinoma Patient-derived CCA Co-culture of CCA Demonstrated effective anti-tumour [21]
(CCA) organoids organoids with response, decreased live organoid cells,
peripheral blood increased apoptosis and CYFRA release,
mononuclear cells or T indicating potential for personalised
cells immunotherapy by predicting effective
ICls for individual patients.
8 Bladder cancer Patient-derived Co-culture of BCOs with Demonstrated specific immune [22]
bladder cancer engineered T cells cytotoxicity in MUC1+ organoids, not in
organoids (BCOs) targeting a specific MUCL1- organoids or control CAR-T
antigen (MUC1) cells, indicating potential for preclinical
testing of CAR-T cells.
9 Colorectal cancer Patient-derived Co-culture of PDOs and Demonstrated that heterogeneity and [24]
colorectal cancer allogeneic CD8 T cells plasticity of CEA expression confer low
organoids (PDOs) cibisatamab sensitivity. Pharmacological
inhibition of WNT/B-catenin pathway
may sensitize CRCs to cibisatamab.
10 Gastric cancer Mouse and human- Co-culture of organoids Demonstrated that Hh signaling [23]

derived gastric
cancer organoids

with dendritic cells and
CTLs

mediates PD-L1 expression and tumor
cell proliferation. GANT-61 reduces
PD-L1 expression and tumor
proliferation, enhancing sensitivity to
standard chemotherapeutic drugs.
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11 Various cancers
12 Various cancers
13 Uterine malignancies
(carcinosarcoma and
endometrial

adenocarcinoma), Colon
cancer (stage 1V)

14  Metastatic colorectal and
gastroesophageal cancers

15 Cervical cancer

16 Sarcoma

17 Metastatic colorectal
cancer

18 Bladder cancer

19 Gastric Cancer

20  Non-small cell lung cancer
(NSCLC)

21 Non-Small Cell Lung
Cancer (NSCLC),
Microsatellite Instable
(MSI) Colorectal Cancer
(CRC), Colorectal Cancer
(CRC), Various Epithelial
Tumors

Patient-derived
tumor models,
organotypic tumor
spheroids
Human intestinal
immuno-organoids
(N10s)

Patient-derived
tumor organoids
(PDOs) from
individual patients
enrolled in the
clinical trial

Patient-derived
organoids (PDOs)

Patient-derived
organoids (PDOs)

Patient-derived
sarcoma organoids
(PDOs)

Patient-derived
tumor organoids
(PDOs)

Urine-derived
bladder cancer
organoids (urinoids)

Human gastric
organoids (HGOs)
and human fundic
gastric organoids
(huFGOs) derived

from induced

pluripotent stem
cells and tissue
samples

Patient-derived

tumor organoids
(PDOs) from
intrapulmonary
tumors

Patient-derived
tumor organoids,
including both
primary and
metastatic samples

Genetic and
pharmacological tools,
PD-1 blockade

Co-culture of 110s with
autologous tissue-
resident memory T

(TRM) cells

High-throughput drug
screening and targeted
agents, including
combinations of drugs
(e.g., buparlisib,
olaparib, vorinostat,
trametinib, celecoxib,
afatinib)

Drug-screening matched
to molecular profiling of
PDOs

Co-culture of PDOs with
expanded tumor-
infiltrating lymphocytes
(TILs)

Enrichment of organoids
with immune system
components derived

from peripheral blood
mononuclear cells or
lymph node cells
In vitro test for
chemotherapy sensitivity
using PDOs

Longitudinal drug-
response monitoring and
therapy adaptation

Co-culture of H. pylori-
infected organoids with
autologous patient
cytotoxic T lymphocytes
and dendritic cells;
treatment with anti-PD-
L1 antibodies

Focused on the
challenges in
establishing pure tumor
organoids for
personalized medicine
rather than
immunotherapy
specifically

Co-culture of autologous
peripheral blood
lymphocytes (PBMCs)
with tumor organoids,
IFNy stimulation, and
use of immune
modulators (anti-PD1,
anti-CD28, IL-2)

Demonstrated that TBK1 inhibition
enhances responses to PD-1 blockade by
lowering cytotoxicity threshold to
effector cytokines (TNF and IFNy).
Demonstrated the orchestration of TRM
cell migration and interaction with
epithelial cells, identifying the Rho
pathway as a target for mitigating
immunotherapy-associated intestinal
inflammation.

Effective drugs and combinations were
identified using 3D organoid cultures,
with distinct drug-response profiles for
different cancer types, leading to novel
personalized therapeutic strategies for
each patient. The platform enables
testing beyond genomics alone to
identify promising treatment options,
including novel combinations.
Demonstrated that PDOs can
recapitulate patient responses and could
be implemented in personalized
medicine programs.
Demonstrated clear responses
corresponding to established
immunotherapy efficiency markers like
the proportion of CTLs, supporting the
potential of the PDOs platform to guide
personalized treatment in cervical
cancer.

Demonstrated the feasibility of
developing sarcoma organoids for
personalized translational research, with
varying responses to chemotherapy and
immunotherapy.

Demonstrated ability to predict response
to irinotecan-based chemotherapy,
suggesting potential to prevent
ineffective treatments.
Demonstrated similarity to original
tumors and potential for non-invasive
longitudinal response monitoring and
therapy adaptation.

H. pylori infection raises PD-L1
expression in gastric organoids via the
CagA virulence factor and Sonic
Hedgehog (Shh) signaling pathway,
protecting infected cells from immune
attack and potentially contributing to
gastric cancer.

80% of organoids from intrapulmonary
lesions exhibited normal airway
organoid overgrowth, leading to a low
establishment rate of pure NSCLC
organoids (17%). Histomorphology
combined with p63 immunostaining
helps distinguish tumor from normal
organoids. The low purity of organoids
limits their clinical utility, with
recommendations for improving tumor
organoid establishment rates, assessing
tumor purity, and evaluating methods to
purge normal airway organoids.
Tumor-reactive CD8+ T cells can be
expanded from ~33-50% of patient
samples, with variable cytotoxicity (20-
80%) in killing assays. The method is
applicable for personalized
immunotherapy, with success rates
varying by tumor type and sample
(higher for primary tumors, lower for
metastatic). Non-specific cell death and
T cell enrichment can be controlled
using MHC blocking antibodies.

[25]

[26]

[27]

[28]

[29]

(30]

(31]

[32]

[33]

[34]

[35]
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22 Pancreatic cancer (PDAC)

23 Hepatocellular carcinoma
(HCC), Intrahepatic
cholangiocellular
carcinoma (CCC),
Lymphoepithelioma-like
cholangiocarcinoma (rare
CCC variant)

24 Primary Liver Cancer
(PLC), specifically:
Hepatocellular carcinoma
(HCC),
Cholangiocarcinoma (CC),
Combined hepatocellular-
cholangiocarcinoma
(CHC)

Patient-derived Chemotherapy
tumor organoids (Gemcitabine,
(PDOs) Oxaliplatin, Paclitaxel,

FOLFIRINOX), with
some use of targeted
agents for chemo-
refractory PDOs

Tumor needle
biopsies from
patients with various
liver cancer types
and stages
(Only poorly
differentiated tumors
(Edmondson grades
Il and V)
successfully
generated organoids)
Surgically resected
liver tumor tissue
from untreated
patients with no
history of viral-
mediated hepatitis

Drug testing with
sorafenib, a multikinase
inhibitor

Focused on targeted
therapies like ERK
inhibitors

PDOs exhibit heterogeneous responses [36]
to chemotherapy, with PDO therapeutic
profiles correlating with patient
outcomes. The study identifies gene
expression signatures that predict
chemotherapy sensitivity, which can
guide personalized treatment strategies.
Some PDOs are resistant to standard
chemotherapy but may respond to
targeted therapies. The research suggests
that PDO-based pharmacotyping can be
used to optimize treatment decisions for
PDAC patients, including the
identification of actionable genetic
alterations like ERBB2S310F and
PIK3CAE110del, which suggest
sensitivity to specific targeted therapies
(Afatinib and Everolimus).
Organoid cultures retained key tumor [39]

characteristics, demonstrated the ability
to form tumors in mice, showed varied
sensitivity to sorafenib, and had a 26%
success rate in organoid establishment.

PDOs maintain the original tumor's [42]
architecture, gene expression, and
characteristics even after long-term
culture, demonstrate metastatic
potential, and are valuable for drug
screening, identifying patient-specific
drug sensitivities, and revealing ERK
inhibitor SCH772984 as a potential
therapeutic agent for PLC.
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