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Patient-derived tumor organoids:
advances, applications, and
future directions in biomedical
research

Ahmet Acar*

Department of Biological Sciences, Middle East Technical University, Ankara, Turkiye

Patient-derived tumor organoids (PDTOs) have become a key tool in cancer
and translational oncology because they are physiologically relevant, 3D in vitro
systems that preserve the genetic, epigenetic and phenotypic features of
patient tumors. PDTOs generated from primary, metastatic surgical resection
or biopsy material fill the gap between 2D cultures and animal models.
PDTOs have been shown to be more accurate for mimicking disease and
treatment response. This review outlines the principles and protocols for PDTO
production, characterization and validation with a focus on standardization
and reproducibility. PDTOs have been widely applied in oncology and
increasingly applied into translational pipelines to model tumor biology, predict
therapeutic response, and guide precision medicine strategies. They have
shown to be predictive for drug response and are being used as personalized
therapeutic avatars. However, several challenges remain, including the limited
representation of tumor microenvironment, inter-laboratory variability in
protocol adaptation and ethical concerns related to biobanking and data
governance. New technologies such as immunological and stromal co-
culture systems, organoid-on-chip technologies and multi-omic integration will
enhance the use of PDTOs in biomedical research.
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1 Introduction

Over the past two decades, major advances in tissue engineering and stem cell biology
have enabled the development of ex vivo models that accurately recapitulate human
physiology and diseases. For example, organoid technology has been established from
self-organizing, three-dimensional (3D) structures of stem cells and primary tissue (1).
Organoids have become a cornerstone of a translational research with their ability to
mimic structural, cellular and functional properties of the tissue where they are generated
(1). A subgroup of organoids namely Patient-Derived Organoids (PDTOs) have taken a
considerable attention with their unique features. PDTOs are established directly from
diseased patient tissues and successfully preserve the genetic, epigenetic and phenotypic
characteristics of their patient tissue of origin (2). Hence, PDTOs are considered as
promising tools to recapitulate diseases, test treatments, and more generally for application
in precision medicine (3). In this review, the term PDTOs is used to specifically refer to 3D
organoid cultures established directly from primary or metastatic human tumor tissues.
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The existing limitations of traditional 2D cell line-based model
systems including the lack of cellular differentiation, induced
genetic drift, lack of tumor heterogeneity have led to development
of cellular model systems capturing healthy or diseased
physiologies (4). Despite their historical importance, animal
models, interspecies including patient-derived xenografts (PDXs),
are increasingly constrained by interspecies biological differences
and ethical considerations, which limit their translational
predictive power for human diseases (5). For these reasons, PDTOs
play a critical role offering a patient-derived, -specific, and scalable
approach without big ethical and logistic bottlenecks (2). Recent
advances in extracellular scaffold engineering and optimized
growth factor combinations have significantly expanded the range
of patient tissues suitable to successful organoid generation (6).
Similarly, technological advances in next-generation sequencing
have enabled the rapid incorporation of PDTOs into genomics
frameworks including multi-omics data generation of PDTOs from
targeted gene panels, whole-exome sequencing, transcriptomics,
epigenomics, proteomics and metabolomics (7). This allowed the
discovery and characterization of novel disease mechanisms and
therapeutic targets as well as predicting treatment response in
PDTOs (8). Furthermore, PDTOs have been a critical instrument
in clinical practice as they provided a testing platform for different
treatment modalities (9). Accordingly, PDTOs can be considered as
functional in vitro representatives of individual patients and can be
utilized to assess both single-agent and combination drug strategies
(10). These characteristics of PDTO technology have changed the
role of PDTOs from simple research tool into rapidly growing
platform for personalized oncology. This review will summarize
the recent literature and advancements in PDTO technology, as
well their characterization, utilization and future directions. It
should be noted that the review specifically focused on PDTOs
that are established directly from patient cancer specimens for
applications in oncology, drug screening, and precision medicine.
Although organoids derived from induced pluripotent stem
cells (iPSCs) represent a highly important platform for studying
human development and congenital disorders, a comprehensive
discussion of iPSC-derived organoids is outside the defined scope
of the present review and therefore not been included.

2 Methodology of PDTO generation

Methodologies for the establishment of PDTOs are complex
since there are number of steps are involved (Figure 1). The
critical step for successful PDTO generation begins with the
handling and storing the fresh patient specimen in appropriate
conditions including preserved cold temperatures and starting
PDTO generation within 2—-4 h (11). Next, the tissue preparation
step begins whereby dissociating the fresh tissue specimen into
individual cells (12). After PDTO generation, PDTOs are expanded
and at least one subsequent expansion, genetic and phenotypic
stability in comparison to initial patient material used for PDTO are
confirmed. Molecular, functional and histological characteristics of
PDTOs, representative of the tissue origin should be maintained
(13). The steps for efficient PDTO generation are linked together,
and optimizing each step is crucial for the reproducibility and
scalability of the PDTO which maximizes their potential as a
platform for personalized oncology.
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2.1 Tissue procurement and handling

Fresh patient specimens obtained from surgical resections
or biopsies constitute the primary source of material for the
successful establishment of PDTOs (3). When the surgery is not
preferred, core needle biopsies can be used for the establishment
PDTOs despite providing a smaller amount of cellular material (9).
Regarding the gastrointestinal (GI) PDTOs, performing endoscopic
biopsies can lead to derivation of epithelial cells from the stomach,
colon or the other regions of the GI track which can then be used
for PDTO generation (14). In addition, liquid biopsies, relying on
capturing circulating tumor cells (CTCs), have recently become a
topic of interest as a minimally invasive approach for the generation
of PDTOs (15). The efficiency of PDTO establishment and long-
term propagation is strongly influenced by the method of specimen
collection, tissue type, and the time elapsed between resection
and processing. To maximize this efficiency, tissue processing is
recommended to take place within the first 2-4-h window of post-
specimen collection accompanied with cold, oxygenated medium
specific for PDTOs.

2.2 Tissue dissociation

To generate a viable single-cell suspension suitable for PDTO
establishment, tumor tissues must undergo carefully optimized
mechanical and/or enzymatic dissociation (11). Mechanical tissue
separation involves the use of scalpels and scissors to separate
the cellular parts (16). Enzymatic tissue separation, on the
other hand, utilizes collagenase, dispase, trypsin, or DNase to
facilitate the disruption of certain extracellular matrix components
and therefore releasing individual cells (16). The duration of
enzymatic exposure is a critical parameter, as excessive digestion
compromises cell viability whereas insufficient digestion reduces
PDTO establishment efficiency (17). Depending on the tissue of
origin, the tissue dissociation can vary. For example, very fibrotic
stroma present in pancreatic tumor tissue requires prolonged
enzymatic exposure time while colon tissue with a more diffuse
connective tissue structure requires less enzymatic exposure time
for more effective digestion (18). Thus, there is no “one-size-fits-
all” approach as each tissue type requires a specific optimization
to determine the quality of tissue dissociation for the efficiency of
PDTO establishment.

2.3 3D Matrix embedding

Following tissue dissociation, isolated tumor cells are
embedded into an extracellular matrix (ECM) that provides
both structural support and essential biochemical signals for
PDTO self-organization (3). The Matrigel is preferably used ECM
derived from Engelbreth-Holm-Swarm mouse sarcoma which
is rich of laminin, collagen IV and entactin providing required
support and growth for PDTOs (19). This ECM facilitates cell
adhesion, proliferation and enables self-organizing for PDTOs
(20). Since Matrigel is derived from a murine sarcoma source, it
exhibits a batch-to-batch variability, which can significantly affect
PDTO morphology, growth rates, and drug response profiles. This
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Standard procedure for patient-derived tumor organoids (PDTO) establishment, including tissue acquisition, dissociation, embedding, growing, and

variability, in fact, led to the development of synthetic hydrogels
as alternatives, offering an opportunity to control mechanical
properties and biochemical composition (21). For example, the
synthetic hydrogels can be engineered to fine-tune ECM stiffness
and present ligands, enabling scientists to study mechanobiology
of PDTOs (22). Furthermore, a combination of synthetic hydrogels
and natural ECM proteins have emerged, namely hybrid systems,
wherein bioactivity and reproducibility can be achieved (23).
Therefore, the role of ECM in PDTO generation and maintenance
exceeds its role more than as a scaffold and it critically determines
the phenotype, lineage specificity and drug response profiles of
PDTOs (24). Consequently, a careful selection of ECMs becomes
a critical factor for ensuring efficient PDTO establishment and
recapitulating patient tissue dynamics.

2.4 Defined culture media

Defined organoid culture conditions are formulated to mimic
the biochemical signaling mechanisms of the tissue niche and
sustain tissue-specific stem cell populations (13). Canonical
signaling pathways, including Wnt/B-catenin, epidermal growth
factor (EGF), and transforming growth factor-beta (TGF-p),
are modulated by defined media supplements to regulate stem
cell self-renewal, lineage specificity, and cellular differentiation
(13). For example, EGE R-spondin-1, Noggin, Wnt3a, FGF2,
FGF10, A83-01 (a TGF- inhibitor), and nicotinamide contribute
epithelial development and preserve structural organization in
PDTOs (13). Tissue-specific requirements for media formulations
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are taken into consideration for each tissue. For example,
colorectal cancer-derived PDTOs rely on Wnt3a and R-spondin to
maintain their stem cell compartment (9), gastric PDTOs require
gastrin for gastric lineage preservation (14), and prostate PDTOs
need androgen to maintain luminal differentiation and secretory
function (25). Although media formulations have been so far very
well established, the issue of batch-to-batch variation in media
formulations containing recombinant proteins still remains as
a challenge for the reproducibility of PDTO generation across
different research laboratories (26).

2.5 Passaging, expansion, and long-term
culture

Patient-derived tumor organoids are typically passaged every
7-21 days, depending on their tissue origin, growth kinetics
and differentiation status. PDTOs are passaged via mechanical,
including pipette-based agitation, and enzymatic digestion which
is then followed by re-embedding into an ECM environment
supplemented with fresh growth medium. Effective passaging
is crucial to overcome overgrowth and media overconsumption
related issues and exhibiting long-term stability in culture to
preserve genomic and phenotypic characteristics (1). Nonetheless,
PDTOs established from normal tissue may encounter problems
associated with cellular senescence and thereby exhibiting short-
term culture durations (27). Moreover, in some cases, PDTOs
do not maintain their phenotypic stability wherein phenotypic
shifts occurs (28). Such phenotypic drift is frequently driven
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by progressive epigenetic reprogramming induced by prolonged
in vitro culture conditions (29). Therefore, it is critical to validate
ongoing culture effects in PDTOs to effectively preserve the original
tissue representation.

2.6 characterization and validation

Unlike pluripotent stem cell-derived organoid systems,
where karyotype anaylysis is a primary quality control step,
validation of PDTOs is primarily based on histopathological,
genomic, transcriptomic, and functional concordance with the
parental tumor tissue (3). It is essential to demonstrate that
PDTOs accurately recapitulate the molecular, histopathological
and functional characteristics of their parental tumors. To
verify that PDTOs resembles the donor tissue, a comprehensive
analysis including morphological, molecular and functional
validations are performed (3). For example, the glandular
architecture and polarity of PDTOs are compared and validated
across the donor tissue sections using histopathology analysis
(30). Immunohistochemistry is used to confirm lineage-specific
biomarkers including CK20 and CDX2 in colorectal cancer PDTOs
(9). To validate the genomic resemblance between PDTOs and
the donor tissue, whole-genome, whole-exome, targeted panel
sequencing or long read sequencing can be employed (31, 32). This
approach is based on the assessment of the stability of somatic
mutations and mutational burden (9). Another critical molecular
validation is that transcriptional profiling through RNA sequencing
to verify stable gene expression and signaling activities across the
PDTO and the donor tissue (33). Lastly, functional assays assess
whether PDTOs exhibits drug sensitivity for oncological PDTO
applications (18, 34, 35). Collectively, these validation methods
provide a comprehensive approach for assessing the reliability of
a PDTO model, and thereby offering a valuable resource for both
basic research and translational applications in precision medicine.

2.7 Biobanking and sharing

Biobanking efforts for PDTOs have emerged as critical
infrastructure for functional precision oncology by enabling
systematic generation, storage, molecular annotation, and large-
scale drug testing of patient-specific tumor models. In precision
medicine workflow, PDTO biobanks are not only repositories for
long-term storage but are increasingly established as functional
biobanks that integrate clinical metadata, multi-omics profiling,
and high-throughput drug screening pipelines. These efforts also
enable researchers to perform independent PDTO culturing,
validating the reproductivity of culture conditions (36). PDTOs
in the culture are harvested for their subsequent freezing which
includes a suspension in a freezing media containing 10%
dimethyl sulfoxide (DMSO) (11). After PDTOs are mixed with
the freezing solution, the samples are subjected to controlled
rate of decrease in the freezing before long-term storage
in the liquid nitrogen tank (11). Efficient cryopreservation
of PDTOs enables the preservation of organoids for their
functionality in the biobanks when they are shared and used
for additional experiments by other researchers. Importantly, in

Frontiers in Medicine

10.3389/fmed.2025.1733668

functional PDTO biobanks, thawed organoids are routinely re-
expanded for systematic testing of standard-of-care therapies as
well as investigational and targeted compounds, enabling real-
time assessment of patient-specific drug sensitive. The resulting
functional drug response profiles can be integrated with molecular
signatures and, in selected clinical settings, used to support
therapeutic decision-making. International efforts for PDTO
biobanking such as the Human Cancer Models Initiative and the
European Organoid Resource offer established standardization in
biobanking, facilitating quality control, electronic health records
for clinical, histological and genomic data (37). These coordinated
platforms provide not only physical access to well-annotated
PDTO models but also integrated clinical, histopathological,
and genomic datasets, enabling reproducible drug testing across
laboratories and accelerating translational research. As a result,
modern PDTO biobanks now function as living resources that
bridge basic research, drug discovery, and personalized oncology by
continuously linking patient material with functional therapeutic
testing and clinical outcome data.

3 Applications of patient-derived
organoids

The applications of PDOs span from oncology to infectious
diseases, genetic disorders and regenerative medicine (38). PDTOs
preserve the intratumour heterogeneity, molecular and functional
features of the donor tissue they are derived, exhibiting their
utilization in both basic and translational research (39). In
oncology, the utilization of PDTOs helped the understanding of
tumor initiation, progression and treatment response, providing
expanded insights into cancer biology and the mechanisms of
treatment resistance (3). In infectious diseases, for example,
respiratory tract-derived PDOs, namely airway epithelium PDOs,
have been instrumental to investigate pathogen-host interactions
in a controlled environments mimicking a physiologically similar
tissue (40). PDOs have shown to be successful tools representing
disease phenotypes for genetic disorders wherein functional assays,
gene correction procedures, and preclinical testing of therapies
were performed (41). Lastly, in regenerative medicine, organoids
established from healthy tissue offers a platform to repair or replace
organs for tissue engineering and cell therapy-based applications
(42). Thus, the wide range of PDTO technology show the benefits
of organoids to uncover novel approaches and integrate with other
disciplines to boost both research and clinical practice.

3.1 Cancer modeling

Patient-derived tumor organoids pre-present a cornerstone of
contemporary cancer modeling by preserving tumor architecture,
epi(genetic) heterogeneity, and therapy response profiles (43).
For example, the functional consequences of recurrent driver
mutations, such as APC, KRAS, TP53 in colorectal cancer have been
systematically investigated using PDTO platforms (44). Moreover,
the relationships between oncogenic signaling and tumor growth
dynamics have been studied using PDTOs in a genetically
or pharmacologically altered conditions (45). Similarly, PDTOs
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originating from pancreatic ductal adenocarcinoma (PDAC)
showed significant potential, reflecting the chemoresistance seen
in patients and indicating as a promising predictive model for
effective treatment combinations (46). In addition, triple-negative
breast cancer PDTOs helped to test number of different customized
therapy options (47). Taken together, PDTOs used in modeling
of cancer contributes to the functional analysis of tumor biology
within a patient-specific framework and serve as a platform for
testing treatment modalities.

The tumor microenvironment (TME) plays a critical role
in regulating tumor growth, immune evasion, metastasis, and
therapeutic resistance (48). While traditional PDTO cultures
were established using epithelial tumor cells, selected number
of recent research have shown that incorporation of stromal
and immune components significantly boosts the physiological
relevance of PDTOs (49). Co-culture systems combining cancer-
associated fibroblasts (CAFs) with PDTOs have been shown
to modulate tumor proliferation, ECM remodeling, and drug
sensitivity (50). Similarly, PDTO-immune cell co-culture platforms
enable functional interrogation of immune checkpoint blockade,
tumor immune presentation, and mechanisms of immune evasion
(48). In addition, incorporation of endothelial cells into PDTO
cultures enables angiogenic signaling and provides nutrient
diffusion and drug delivery observed in in vivo (51). Collectively,
these advances demonstrate that accurate modeling of the TME is
essential for reproducing patient-specific therapeutic responses and
resistance mechanisms. The integration of stromal, immune, and
vascular components into PDTO systems is therefore increasingly
recognized as a prerequisite for effectively translating PDTO-based
discoveries into clinical oncology.

3.2 Drug screening and precision
oncology

Patient-derived tumor organoids have proven to be critical
preclinical model for drug screening and precision oncology (38).
Hundreds of therapeutic compounds, either as monotherapies or
rational combinations, can be systematically evaluated using high-
throughput PDTO-based drug screening platforms (52). Since
PDTOs preserve all major characteristics of the donor tissue, HTS
using PDTOs facilitate more physiologically relevant platform than
conventional two-dimensional cell lines and has demonstrated
strong predictive accuracy in clinical research. For example, a
pioneering study by Vlachogiannis et al. reported that there was
over 80% concordance between the drug response in PDTOs
and metastatic GI patients, demonstrating their efficacy as a
functional indicator for treatment selection (9). When combined
with comprehensive genomic profiling, high-throughput drug
screening data derived from PDTOs can be integrated with
molecular signatures sensitivity or resistance to guide rational
therapeutic selection. Moreover, PDTOs can offer adaptive therapy
testing, wherein the consequences a sequential drug testing is
monitored for the evolution of resistance (53). Collectively,
PDTOs are considered as “living patient avatars® potentially
helping to connect molecular diagnoses with individualized
treatment plans, so contributing to the improvement of therapeutic
accuracy (54).
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Besides drug screening, PDTOs have been instrumental for the
identification and functional validation of predictive biomarkers
of drug sensitivity and resistance, which is a key factor for
precision oncology. For example, KRAS and NRAS mutations
have been associated with intrinsic resistance to EGFR-targeted
therapies such as cetuximab and panitumumab in colorectal
cancer PDTOs (9). On the other hand, BRAF V600E mutations
have been shown to correlate with reduced response to standard
chemotherapy but increased sensitivity to combined BRAF-MEK
inhibition in such models (44). In addition, PIK3CA mutations
and PTEN loss detected in PDTOs have been linked to an
increase in the response to PI3K-AKT-mTOR signaling pathway
inhibitors (47). In pancreatic ductal adenocarcinoma PDTOs,
BRCAI, BRCAI and PALP2 mutations leading to alterations in
DNA damage repair machinery have emerged as critical biomarkers
of sensitivity to platinum-based chemotherapy and PARP inhibitors
(18). Conversely, distinct transcriptional subtypes identified from
RNA sequencing of PDTOs have been associated with differential
sensitivity to gemcitabine, FOLFIRINOX, and MEK inhibitors (18).
In breast cancer PDTOs, ER, PR, and HER2 expression levels
maintain their predictive power for endocrine therapy and HER-
directed treatments (35). Likewise, in prostate cancer PDTOs,
androgen receptor (AR) amplification and splice variants, such
as AR-V7, have been linked to resistance to androgen signaling
inhibitors (25). Taken together, these examples, demonstrate that
PDTO models not only recapitulate patient-specific drug responses
but also provide a powerful system for the functional validation
of genomic, transcriptomic, and phenotypic biomarkers of drug
sensitivity and resistance with an ultimate aim to strength their role
in biomarker-driven precision oncology.

3.3 Infectious disease models

Organoid systems are considered highly disease-relevant
models since they reproduce human epithelial biology, including
host-pathogen interactions, under controlled experimental
conditions (40). In virology, the reproduction of human norovirus
has been demonstrated, for the first time, in human intestinal
organoids. Specifically, in this study, viral entry, replication and
host organoid response was uncovered (55). Furthermore, airway
epithelial-derived organoids have been utilized to investigate
respiratory diseases, specifically in relation to the role of the
ACE2 receptor and proteolytic cleavage mediated by SARS-
CoV-2 (56), which has also been documented, in a separate
study, as a critical factor in GI cancers (57, 58). Lastly, gastric
organoid models have been developed for simulating Helicobacter
pylori infection wherein, as a result, epithelial cell damage,
cytoskeletal reorganization, and activation of proinflammatory
signaling pathways have been studied (59). These studies show
the power of organoids in studying complex host-microbe
interactions that traditional culture systems or animal models were
unable to facilitate.

3.4 Regenerative medicine

(PDOs) have
considered as supporting scaffolds for tissue regeneration

Patient-derived ~organoids been broadly
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Comparative overview of 2D, patient-derived tumor organoid (PDTO), and patient-derived xenografts (PDX) models.

and functional restoration in regenerative medicine (42). For
example, wounded mice were examined after healthy liver PDOs
transplantation and as a result, partially restored liver function
was observed, demonstrating the promise of organoid-based
hepatocyte replacement therapy (60). Furthermore, corneal
epithelial-derived PDOs were into animal models with corneal
injury and as a consequence, transparency was restored, indicating
a promising vision-restoration therapy (61). Moreover, PDOs from
intestinal tissue transplanted into an animal model of ulcerative
colitis resulted in mucosal healing with restoration of epithelial
barriers, indicating the role of PDO-based therapies for chronic
inflammatory diseases (62). Despite these promising studies,
there are still challenges associated with PDO-based approaches
in regenerative medicine including the organoid production
rate, immunological compatibility, and integration into host
tissues (50).

4 PDTOs vs. other preclinical models

Among available preclinical cancer models. PDTOs hold a
critical intermediate position between traditional two-dimensional
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(2D) cultures and in vivo patient-derived xenografts (PDXs)
systems (Figure 2). In comparison to 2D cell line systems, PDTOs
demonstrate better cellular differentiation and intratumoural
heterogeneity characteristics as well as maintaining structural
architecture and lineage specificity of donor tissues (4). Moreover,
genetic drift may be prevalent in 2D cell line models resulting
in activated signaling pathways and accumulation of genetic
artifacts (63). When compared to in vivo PDX model systems,
PDTOs have been remarkable in terms of offering economic
and logistic advantages alongside with scalability for HTS
applications (64). PDXs have been reported to provide preserve a
tumor microenvironment, including the stroma and vasculature;
yet, the presence of murine microenvironment, tumor-host
interactions may be impeded, thus affecting the assessment of
the treatment response (5). Collectively, it is critical to note
that PDTOs and PDXs should be regarded as complimentary
systems. For example, PDTOs can provide fast preliminary
drug screening to identify promising candidate therapies, which
can subsequently be tested using PDXs for their in vivo
efficacy. (65). This integrative strategy maximizes the efforts

in terms of time and resources, while also improving the
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Future directions in patient-derived tumor organoid (PDTO) research and clinical translation.

predive power of such systems in preclinical drug development
processes.

5 Limitations and current challenges

All advantages and limitations discussed in this section refer
specifically to PDTOs and their applications in cancer research.
Although PDTOs offer substantial translational potential, several
biological, technical, and logistic challenges currently limit their
universal clinical implementation. For example, PDTOs lack intact
microenvironment including its components such as endothelial
cells, cancer-associated fibroblasts, immune cells (66). The lack of
these stromal cell types limits the capacity of PDTOs to recapitulate
heterotypic cell-cell interactions observed in tumor tissues.
Furthermore, the success rates for establishment of PDTOs vary
depending on the donor tissue type such as sarcomas exhibiting
lower PDTO generation rates due to their distinctive stroma and
cellular characteristics (26). Another constrain is due to the lack of
protocols for tissue handling, culture media conditions, accepted
by other laboratories which may impact the reproducibility of
PDTO establishment (50). Reproducibility is a critical constrain for
the reliable application of PDTOs in basic research, translational
research, and clinical decision making (50). Variability in PDTO
establishment and consecutive experimental outcomes can arise
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from multiple sources including differences in tissue procurement,
enzymatic dissociation protocols, ECM composition, and growth
factor formulations (11). In particular, batch-to-batch variability
of Matrigel and recombinant growth factors represents one of the
contributors to inter-laboratory inconsistencies in PDTO growth
dynamics, morphology, and drug response profiles (21). Moreover,
the high costs associated with culture media supplements,
including recombinant growth factors, and ECM, namely the
Matrigel, can be considered as additional constrains associated
with PDTO establishment. To address these issues, synthetic
hydrogels are increasingly adopted as alternative sources to animal-
derived matrices to improve the standardization and experimental
outputs (22). In parallel, the harmonization of culture conditions
through consensus media formulations and the implementation
of standardized quality control checkpoints, including genomic
instability, histopathological, and functional drug testing which
significantly improved the reproducibility and cross-laboratory
comparability of PDTO models (29). Furthermore, ethical approval
processes linked to obtaining the donor samples can form
significant barriers in terms of time and logistics, especially if the
ultimate purpose of PDTO establishment is toward the biobanking
(36). Lastly, informed consent before sample collection, data
protection and the presence of governance guidelines for sharing
PDTOs and associated clinical data must be established before
initiating PDTO-based research or a clinical study.
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6 Emerging innovations and future
directions

Emerging technological advancements are expected to further
refine PDTO platforms and accelerate their integration into
precision oncology workflows (Figure 3). Critical need lies
in integrating immune and stromal cells in PDTO cultures,
enabling the establishment of co-culture systems which more
precisely resemble tumor tissue dynamics (49). For example,
co-culture systems based on immune cells and PDTOs have
been utilized to study immune checkpoint blockage and immune
evasion mechanisms (48). Another rapidly advancing area
is organoid-on-chip systems, relying on the integration of
PDTOs with microfluidic chips that facilitate the monitoring
of dynamic media flow, mechanical stimuli and multi-tissue
interfaces (67). Another emerging field in relation to HTS
using PDTOs is that robotic platforms allow high-throughput
automation to standardize medium exchange, imaging, and
handling. Additionally, clinical trials, namely the SENSOR
study, is critical for the assessment of the feasibility and
subsequent development of PDTO-based therapeutic intervention
strategies for clinical workflow. Another emerging direction
in 3D cancer modeling is the development of assembloids,
which are composite 3D systems generated by the controlled
integration of multiple organoid types or the combination of
PDTOs with stromal, immune, or neural components (68). In
the context of cancer research, tumor assembloids enable the
reconstruction of complex tumor-microenvironment interactions,
including metastatic niche formation and immune infiltration
(69). The integrations of PDTOs into assembloid systems is
therefore expected to further enhance the translational relevance of
organoid-based cancer modeling. Lastly, cutting-edge approaches
integrated with PDTOs, namely cellular barcoding technology,
will be instrumental to enhance the understanding about the
underlying mechanisms of drug resistance (70-73). Taken together,
these advancements offer promising solutions to improve the
understanding and contribution of PDTOs into clinical practice
with more standardized and personalized approaches for near
future.

7 Conclusion

In conclusion, PDTOs constitute a transformative platform
for biomedical research and precision oncology by accurately
preserving patient-specific tumor biology in vitro. PDTOs can offer
unparallel scalability, experimental adaptability, and biological
relevance to human tumors when compared to conventional
in vitro and in vivo model systems. Despite the numerous
advantages of PDTOs, they still require improvements such as the
absence of microenvironment, inconsistencies and variability in
the establishment of PDTO protocols from diverse tissue types.
The development of co-culture systems, bioengineered matrices,
microfluidics, and high-throughput techniques holds significant
promise in mitigating these challenges. The improvements
in the culture conditions, enhanced reproducibility capacity
across different laboratories, and increased transparency of
regulatory bodies for integrating PDTOs into the clinic will
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facilitate the transition of PDTOs from research laboratories
into clinical settings that will guide the clinical decision-
making.

Author contributions

review &
draft,

AA: Investigation, Writing - editing,

Conceptualization, ~ Writing -  original Project

administration, Supervision.

Funding

The author(s) declared that financial support was not received
for this work and/or its publication.

Acknowledgments

Ahmet Acar would like to thank Irem Bayram for her design
of figures. Ahmet Acar would like to acknowledge Republic of
Tirkiye, the Council of Higher Education Research Universities
Support Program (Grant number: ADEP-108-2022-11202).

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author AA declared that they were an editorial board
member of Frontiers at the time of submission. This had no impact
on the peer review process and the final decision.

Generative Al statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in
this article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever possible.
If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fmed.2025.1733668
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Acar

References

1. Clevers H. Modeling development and disease with organoids. Cell. (2016)
165:1586-97. doi: 10.1016/j.cell.2016.05.082

2. Pernik MN, Bird CE, Traylor JI, Shi DD, Richardson TE, McBrayer SK, et al.
Patient-derived cancer organoids for precision oncology treatment. J Pers Med. (2021)
11:423. doi: 10.3390/jpm11050423

3. Drost ], Clevers H. Organoids in cancer research. Nat Rev Cancer. (2018) 18:407-
18. doi: 10.1038/s41568-018-0007-6

4. Yalcin GD, Danisik N, Baygin RC, Acar A. Systems biology and experimental
model systems of cancer. J Pers Med. (2020) 10:180. doi: 10.3390/jpm10040180

5. Byrne AT, Alférez DG, Amant F, Annibali D, Arribas J, Biankin AV, et al.
Interrogating open issues in cancer precision medicine with patient-derived
xenografts. Nat Rev Cancer. (2017) 17:254-68. doi: 10.1038/nrc.2016.140

6. Wang Y, Chiola S, Yang G, Russell C, Armstrong CJ, Wu Y, et al. Modeling
human telencephalic development and autism-associated SHANK3 deficiency using
organoids generated from single neural rosettes. Nat Commun. (2022) 13:5688. doi:
10.1038/541467-022-33364-2

7.1iY, Tang S, Wang H, Zhu H, Lu Y, Zhang Y, et al. A pancreatic cancer organoid
biobank links multi-omics signatures to therapeutic response and clinical evaluation of
statin combination therapy. Cell Stem Cell. (2025) 32:1369-89.e14. doi: 10.1016/j.stem.
2025.07.008.

8. Weeber E, van de Wetering M, Hoogstraat M, Dijkstra KK, Krijgsman O, Kuilman
T, et al. Preserved genetic diversity in organoids cultured from biopsies of human
colorectal cancer metastases. Proc Natl Acad Sci U S A. (2015) 112:13308-11. doi:
10.1073/pnas.1516689112

9. Vlachogiannis G, Hedayat S, Vatsiou A, Jamin Y, Fernindez-Mateos J,
Khan K, et al. Patient-derived organoids model treatment response of metastatic
gastrointestinal cancers. Science. (2018) 359:920-6. doi: 10.1126/science.aa02774

10. Basar OY, Mohammed S, Qoronfleh MW, Acar A. Optimizing cancer therapy: a
review of the multifaceted effects of metronomic chemotherapy. Front Cell Dev Biol.
(2024) 12:1369597. doi: 10.3389/fcell.2024.1369597

11. Nemati N, Boeck N, Lamberti G, Lisandrelli R, Trajanoski Z. Protocol for
functional profiling of patient-derived organoids for precision oncology. STAR Protoc.
(2024) 5:102887. doi: 10.1016/j.xpro.2024.102887

12. Hogenson TL, Xie H, Phillips W], Toruner MD, Li JJ, Horn IP, et al. Culture
media composition influences patient-derived organoid ability to predict therapeutic
responses in gastrointestinal cancers. JCI Insight. (2022) 7:¢158060. doi: 10.1172/jci.
insight.158060

13. Sachs N, Clevers H. Organoid cultures for the analysis of cancer phenotypes.
Curr Opin Genet Dev. (2014) 24:68-73. doi: 10.1016/j.gde.2013.11.012

14. Gao M, Lin M, Rao M, Thompson H, Hirai K, Choi M, et al. Development of
patient-derived gastric cancer organoids from endoscopic biopsies and surgical tissues.
Ann Surg Oncol. (2018) 25:2767-75. doi: 10.1245/s10434-018-6662-8

15. Zhu Z, Hu E, Shen H, Tan ], Zeng S. The functional and clinical roles of liquid
biopsy in patient-derived models. ] Hematol Oncol. (2023) 16:36. doi: 10.1186/s13045-
023-01433-5

16. Kang S, Lee MR, Choi W, Kong SY, Kim YH. Protocol for generation and
utilization of patient-derived organoids from multimodal specimen. STAR Protoc.
(2025) 6:104039. doi: 10.1016/j.xpro.2025.104039

17. Ren ], Liu M, Rong M, Zhang X, Wang G, Liu Y, et al. The pros and cons of
mechanical dissociation and enzymatic digestion in patient-derived organoid cultures
for solid tumor. Cell Organoid. (2024) 1:9410009. doi: 10.26599/C0.2024.9410009

18. Driehuis E, van Hoeck A, Moore K, Kolders S, Francies HE, Gulersonmez
MC, et al. Pancreatic cancer organoids recapitulate disease and allow personalized
drug screening. Proc Natl Acad Sci U S A. (2019) 116:26580-90. doi: 10.1073/pnas.
1911273116

19. Passaniti A, Kleinman HK, Martin GR. Matrigel: history/background, uses, and
future applications. J Cell Commun Signal. (2022) 16:621-6. doi: 10.1007/s12079-021-
00643-1

20. Aydin HB, Ozcelikkale A, Acar A. Exploiting matrix stiffness to overcome drug
resistance. ACS Biomater Sci Eng. (2024) 10:4682-700. doi: 10.1021/acsbiomaterials.
4c00445

21. Kozlowski MT, Crook CJ, Ku HT. Towards organoid culture without Matrigel.
Commun Biol. (2021) 4:1387. doi: 10.1038/s42003-021-02910-8

22. Aisenbrey EA, Murphy WL. Synthetic alternatives to Matrigel. Nat Rev Mater.
(2020) 5:539-51. doi: 10.1038/s41578-020-0199-8

23. Gomez-Alvarez M, Bueno-Fernandez C, Rodriguez-Eguren A, Francés-Herrero
E, Agustina-Herndndez M, Faus A, et al. Hybrid endometrial-derived hydrogels:
human organoid culture models and in vivo perspectives. Adv Healthc Mater. (2024)
13:€2303838. doi: 10.1002/adhm.202303838

24. Heo JH, Kang D, Seo SJ, Jin Y. Engineering the extracellular matrix for organoid
culture. Int ] Stem Cells. (2022) 15:60-9. doi: 10.15283/ijsc21190

Frontiers in Medicine

10.3389/fmed.2025.1733668

25. Gao D, Vela I, Sboner A, Taquinta PJ, Karthaus WR, Gopalan A, et al. Organoid
cultures derived from patients with advanced prostate cancer. Cell. (2014) 159:176-87.
doi: 10.1016/j.cell.2014.08.016

26. Veninga V, Voest EE. Tumor organoids: opportunities and challenges to guide
precision medicine. Cancer Cell. (2021) 39:1190-201. doi: 10.1016/j.ccell.2021.07.020

27. Cabeza-Segura M, Garcia-Micé B, Cervantes A, Castillo J. Generation,
expansion, and biobanking of gastrointestinal patient-derived organoids from tumor
and normal tissues. Methods Mol Biol. (2024) 2777:123-33. doi: 10.1007/978-1-0716-
3730-2_9

28. Thalheim T, Siebert S, Quaas M, Herberg M, Schweiger MR, Aust G, et al.
Epigenetic drifts during long-term intestinal organoid culture. Cells. (2021) 10:1718.
doi: 10.3390/cells10071718

29. Bolhaqueiro ACEF, Ponsioen B, Bakker B, Klaasen SJ, Kucukkose E, van Jaarsveld
RH, et al. Ongoing chromosomal instability and karyotype evolution in human
colorectal cancer organoids. Nat Genet. (2019) 51:824-34. doi: 10.1038/s41588-019-
0399-6

30. Fujii E, Yamazaki M, Kawai S, Ohtani Y, Watanabe T, Kato A, et al. A simple
method for histopathological evaluation of organoids. J Toxicol Pathol. (2018) 31:81-5.
doi: 10.1293/t0x.2017-0060

31. Ben-David U, Beroukhim R, Golub TR. Genomic evolution of cancer models:
perils and opportunities. Nat Rev Cancer. (2019) 19:97-109. doi: 10.1038/s41568-018-
0095-3

32. Aydin SK, Yilmaz KC, Acar A. Benchmarking long-read structural variant calling
tools and combinations for detecting somatic variants in cancer genomes. Sci Rep.
(2025) 15:8707. doi: 10.1038/s41598-025-92750-x

33. Jacob F, Salinas RD, Zhang DY, Nguyen PTT, Schnoll JG, Wong SZH, et al.
A patient-derived glioblastoma organoid model and biobank recapitulates inter- and
intra-tumoral heterogeneity. Cell. (2020) 180:188-204.e22. doi: 10.1016/j.cell.2019.11.
036.

34. Lee SH, Hu W, Matulay JT, Silva MV, Owczarek TB, Kim K, et al. Tumor
evolution and drug response in patient-derived organoid models of bladder cancer.
Cell. (2018) 173:515-528.e17. doi: 10.1016/j.cell.2018.03.017.

35. Campaner E, Zannini A, Santorsola M, Bonazza D, Bottin C, Cancila V, et al.
Breast cancer organoids model patient-specific response to drug treatment. Cancers.
(2020) 12:3869. doi: 10.3390/cancers12123869

36. Xie X, Li X, Song W. Tumor organoid biobank-new platform for medical
research. Sci Rep. (2023) 13:1819. doi: 10.1038/5s41598-023-29065-2

37. Tonsing-Carter E, Agarwal R, Kyi CW, Perez-Mayoral J, Soria CT, Zenklusen
JC. Abstract 4681: Human Cancer Models Initiative (HCMI): a community
resource of next-generation cancer models and associated data. Cancer Res. (2023)
83(7_Supplement):4681. doi: 10.1158/1538-7445.am2023-4681

38. Li M, Izpisua Belmonte JC. Organoids - preclinical models of human disease. N
Engl ] Med. (2019) 380:569-79. doi: 10.1056/NEJMral806175

39. Corro C, Novellasdemunt L, Li VSW. A brief history of organoids. Am J Physiol
Cell Physiol. (2020) 319:C151-65. doi: 10.1152/ajpcell.00120.2020

40. Blutt SE, Estes MK. Organoid models for infectious disease. Annu Rev Med.
(2022) 73:167-82. doi: 10.1146/annurev-med-042320-023055

41. LeSavage BL, Suhar RA, Broguiere N, Lutolf MP, Heilshorn SC. Next-generation
cancer organoids. Nat Mater. (2022) 21:143-59. doi: 10.1038/s41563-021-01057-5

42.Wu'Y, Ye W, Gao Y, Yi Z, Chen Z, Qu C, et al. Application of Organoids in
Regenerative Medicine. Stem Cells. (2023) 41:1101-12. doi: 10.1093/stmcls/sxad072

43. Dagogo-Jack I, Shaw AT. Tumour heterogeneity and resistance to cancer
therapies. Nat Rev Clin Oncol. (2018) 15:81-94. doi: 10.1038/nrclinonc.2017.166

44. van de Wetering M, Francies HE, Francis JM, Bounova G, Iorio F, Pronk A, et al.
Prospective derivation of a living organoid biobank of colorectal cancer patients. Cell.
(2015) 161:933-45. doi: 10.1016/j.cell.2015.03.053

45. Matano M, Date S, Shimokawa M, Takano A, Fujii M, Ohta Y, et al. Modeling
colorectal cancer using CRISPR-Cas9-mediated engineering of human intestinal
organoids. Nat Med. (2015) 21:256-62. doi: 10.1038/nm.3802

46. Tiriac H, Plenker D, Baker LA, Tuveson DA. Organoid models for translational
pancreatic cancer research. Curr Opin Genet Dev. (2019) 54:7-11. doi: 10.1016/j.gde.
2019.02.003

47. Sachs N, de Ligt ], Kopper O, Gogola E, Bounova G, Weeber F et al. A
living biobank of breast cancer organoids captures disease heterogeneity. Cell. (2018)
172:373-386.¢10. doi: 10.1016/j.cell.2017.11.010.

48. Neal JT, Li X, Zhu J, Giangarra V, Grzeskowiak CL, JuJ, et al. Organoid modeling
of the tumor immune microenvironment. Cell. (2018) 175:1972-88.e16. doi: 10.1016/
j.cell.2018.11.021.

49. Bar-Ephraim YE, Kretzschmar K, Clevers H. Organoids in immunological
research. Nat Rev Immunol. (2020) 20:279-93. doi: 10.1038/s41577-019-0248-y

frontiersin.org


https://doi.org/10.3389/fmed.2025.1733668
https://doi.org/10.1016/j.cell.2016.05.082
https://doi.org/10.3390/jpm11050423
https://doi.org/10.1038/s41568-018-0007-6
https://doi.org/10.3390/jpm10040180
https://doi.org/10.1038/nrc.2016.140
https://doi.org/10.1038/s41467-022-33364-z
https://doi.org/10.1038/s41467-022-33364-z
https://doi.org/10.1016/j.stem.2025.07.008.
https://doi.org/10.1016/j.stem.2025.07.008.
https://doi.org/10.1073/pnas.1516689112
https://doi.org/10.1073/pnas.1516689112
https://doi.org/10.1126/science.aao2774
https://doi.org/10.3389/fcell.2024.1369597
https://doi.org/10.1016/j.xpro.2024.102887
https://doi.org/10.1172/jci.insight.158060
https://doi.org/10.1172/jci.insight.158060
https://doi.org/10.1016/j.gde.2013.11.012
https://doi.org/10.1245/s10434-018-6662-8
https://doi.org/10.1186/s13045-023-01433-5
https://doi.org/10.1186/s13045-023-01433-5
https://doi.org/10.1016/j.xpro.2025.104039
https://doi.org/10.26599/CO.2024.9410009
https://doi.org/10.1073/pnas.1911273116
https://doi.org/10.1073/pnas.1911273116
https://doi.org/10.1007/s12079-021-00643-1
https://doi.org/10.1007/s12079-021-00643-1
https://doi.org/10.1021/acsbiomaterials.4c00445
https://doi.org/10.1021/acsbiomaterials.4c00445
https://doi.org/10.1038/s42003-021-02910-8
https://doi.org/10.1038/s41578-020-0199-8
https://doi.org/10.1002/adhm.202303838
https://doi.org/10.15283/ijsc21190
https://doi.org/10.1016/j.cell.2014.08.016
https://doi.org/10.1016/j.ccell.2021.07.020
https://doi.org/10.1007/978-1-0716-3730-2_9
https://doi.org/10.1007/978-1-0716-3730-2_9
https://doi.org/10.3390/cells10071718
https://doi.org/10.1038/s41588-019-0399-6
https://doi.org/10.1038/s41588-019-0399-6
https://doi.org/10.1293/tox.2017-0060
https://doi.org/10.1038/s41568-018-0095-3
https://doi.org/10.1038/s41568-018-0095-3
https://doi.org/10.1038/s41598-025-92750-x
https://doi.org/10.1016/j.cell.2019.11.036.
https://doi.org/10.1016/j.cell.2019.11.036.
https://doi.org/10.1016/j.cell.2018.03.017.
https://doi.org/10.3390/cancers12123869
https://doi.org/10.1038/s41598-023-29065-2
https://doi.org/10.1158/1538-7445.am2023-4681
https://doi.org/10.1056/NEJMra1806175
https://doi.org/10.1152/ajpcell.00120.2020
https://doi.org/10.1146/annurev-med-042320-023055
https://doi.org/10.1038/s41563-021-01057-5
https://doi.org/10.1093/stmcls/sxad072
https://doi.org/10.1038/nrclinonc.2017.166
https://doi.org/10.1016/j.cell.2015.03.053
https://doi.org/10.1038/nm.3802
https://doi.org/10.1016/j.gde.2019.02.003
https://doi.org/10.1016/j.gde.2019.02.003
https://doi.org/10.1016/j.cell.2017.11.010.
https://doi.org/10.1016/j.cell.2018.11.021.
https://doi.org/10.1016/j.cell.2018.11.021.
https://doi.org/10.1038/s41577-019-0248-y
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Acar

50. Bose S, Clevers H, Shen X. Promises and challenges of organoid-guided
precision medicine. Med. (2021) 2:1011-26. doi: 10.1016/j.med;j.2021.08.
005

51. Liu H, Zhang X, Liu J, Qin J. Vascularization of engineered organoids. BMEMat.
(2023) 1:e12031. doi: 10.1002/bmm2.12031

52.Liu C, Qin T, Huang Y, Li Y, Chen G, Sun C. Drug screening model meets
cancer organoid technology. Transl Oncol. (2020) 13:100840. doi: 10.1016/j.tranon.
2020.100840

53. Oliveira EA, Milite S, Fernandez-Mateos ], Cresswell GD, Yara-Romero E,
Vlachogiannis G, et al. Epigenetic heritability of cell plasticity drives cancer drug
resistance through a one-to-many genotype-to-phenotype paradigm. Cancer Res.
(2025) 85:2921-38. doi: 10.1158/0008-5472.CAN-25-0999

54. Ehlen L, Schmueck-Henneresse M. The rise of patient avatars in
precision oncology. Nat Biotechnol. (2024) 42:1173-4. doi: 10.1038/s41587-024-
02335-8

55. Ettayebi K, Crawford SE, Murakami K, Broughman JR, Karandikar U, Tenge VR,
et al. Replication of human noroviruses in stem cell-derived human enteroids. Science.
(2016) 353:1387-93. doi: 10.1126/science.aaf5211

56. Lamers MM, Beumer J, van der Vaart J, Knoops K, Puschhof ], Breugem TI, et al.
SARS-CoV-2 productively infects human gut enterocytes. Science. (2020) 369:50-4.
doi: 10.1126/science.abc1669

57. Temena MA, Acar A. Increased TRIM31 gene expression is positively correlated
with SARS-CoV-2 associated genes TMPRSS2 and TMPRSS4 in gastrointestinal
cancers. Sci Rep. (2022) 12:11763. doi: 10.1038/s41598-022-15911-2

58. Acar A. Pan-cancer analysis of the COVID-19 Causal Gene SLC6A20. ACS
Omega. (2023) 8:13153-61. doi: 10.1021/acsomega.3c00407

59. Idowu S, Bertrand PP, Walduck AK. Gastric organoids: advancing the study of
H. pylori pathogenesis and inflammation. Helicobacter. (2022) 27:e12891. doi: 10.1111/
hel.12891

60. Hu H, Gehart H, Artegiani B, Lopez-Iglesias C, Dekkers F, Basak O, et al. Long-
term expansion of functional mouse and human hepatocytes as 3D organoids. Cell.
(2018) 175:1591-606.e19. doi: 10.1016/j.cell.2018.11.013

61. Lan X, Jiang H, Wang Q, Shiqi Q, Xiong Y. The application of retinal organoids
in ophthalmic regenerative medicine: a mini-review. Regen Ther. (2024) 26:382-6.
doi: 10.1016/j.reth.2024.06.013

Frontiers in Medicine

10

10.3389/fmed.2025.1733668

62. Ojo BA, VanDussen KL, Rosen M]. The promise of patient-derived colon
organoids to model ulcerative colitis. Inflamm Bowel Dis. (2022) 28:299-308. doi:
10.1093/ibd/izab161

63. Antoni D, Burckel H, Josset E, Noel G. Three-dimensional cell culture: a
breakthrough in vivo. Int ] Mol Sci. (2015) 16:5517-27. doi: 10.3390/ijms16035517

64. Jensen C, Teng Y. Is it time to start transitioning from 2D to 3D Cell Culture?
Front Mol Biosci. (2020) 7:33. doi: 10.3389/fmolb.2020.00033

65. Hidalgo M, Amant F, Biankin AV, Budinska E, Byrne AT, Caldas C, et al. Patient-
derived xenograft models: an emerging platform for translational cancer research.
Cancer Discov. (2014) 4:998-1013. doi: 10.1158/2159-8290.CD- 14-0001

66. Acar A. Patient-Derived Organoids: Past, Present, and Future. London: Springer
(2024). p. 187-200. doi: 10.1007/16833_2024_343

67. Liu H, Gan Z, Qin X, Wang Y, Qin J. Advances in microfluidic technologies
in organoid research. Adv Healthc Mater. (2024) 13:€2302686. doi: 10.1002/adhm.
202302686

68. Mei ], Liu X, Tian HX, Chen Y, Cao Y, Zeng J, et al. Tumour organoids and
assembloids: patient-derived cancer avatars for immunotherapy. Clin Transl Med.
(2024) 14:e1656. doi: 10.1002/ctm2.1656

69. Shapira-Netanelov I, Furman O, Rogachevsky D, Luboshits G, Maizels Y, Rodin
D, et al. Patient-derived gastric cancer assembloid model integrating matched tumor
organoids and stromal cell subpopulations. Cancers. (2025) 17:2287. doi: 10.3390/
cancers17142287

70. Acar A, Nichol D, Fernandez-Mateos J, Cresswell GD, Barozzi I, Hong SP, et al.
Exploiting evolutionary steering to induce collateral drug sensitivity in cancer. Nat
Commun. (2020) 11:1923. doi: 10.1038/s41467-020-15596-z

71. Danisik N, Yilmaz KC, Acar A. Identification of collateral sensitivity and
evolutionary landscape of chemotherapy-induced drug resistance using cellular
barcoding technology. Front Pharmacol. (2023) 14:1178489. doi: 10.3389/fphar.2023.
1178489

72. Yalcin GD, Yilmaz KC, Dilber T, Acar A. Investigation of evolutionary dynamics
for drug resistance in 3D spheroid model system using cellular barcoding technology.
PLoS One. (2023) 18:€0291942. doi: 10.1371/journal.pone.0291942

73. Baygin RC, Yilmaz KC, Acar A. Characterization of dabrafenib-induced
drug insensitivity via cellular barcoding and collateral sensitivity to second-line
therapeutics. Sci Rep. (2024) 14:286. doi: 10.1038/s41598-023-50443-3

frontiersin.org


https://doi.org/10.3389/fmed.2025.1733668
https://doi.org/10.1016/j.medj.2021.08.005
https://doi.org/10.1016/j.medj.2021.08.005
https://doi.org/10.1002/bmm2.12031
https://doi.org/10.1016/j.tranon.2020.100840
https://doi.org/10.1016/j.tranon.2020.100840
https://doi.org/10.1158/0008-5472.CAN-25-0999
https://doi.org/10.1038/s41587-024-02335-8
https://doi.org/10.1038/s41587-024-02335-8
https://doi.org/10.1126/science.aaf5211
https://doi.org/10.1126/science.abc1669
https://doi.org/10.1038/s41598-022-15911-2
https://doi.org/10.1021/acsomega.3c00407
https://doi.org/10.1111/hel.12891
https://doi.org/10.1111/hel.12891
https://doi.org/10.1016/j.cell.2018.11.013
https://doi.org/10.1016/j.reth.2024.06.013
https://doi.org/10.1093/ibd/izab161
https://doi.org/10.1093/ibd/izab161
https://doi.org/10.3390/ijms16035517
https://doi.org/10.3389/fmolb.2020.00033
https://doi.org/10.1158/2159-8290.CD-14-0001
https://doi.org/10.1007/16833_2024_343
https://doi.org/10.1002/adhm.202302686
https://doi.org/10.1002/adhm.202302686
https://doi.org/10.1002/ctm2.1656
https://doi.org/10.3390/cancers17142287
https://doi.org/10.3390/cancers17142287
https://doi.org/10.1038/s41467-020-15596-z
https://doi.org/10.3389/fphar.2023.1178489
https://doi.org/10.3389/fphar.2023.1178489
https://doi.org/10.1371/journal.pone.0291942
https://doi.org/10.1038/s41598-023-50443-3
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Patient-derived tumor organoids: advances, applications, and future directions in biomedical research
	1 Introduction
	2 Methodology of PDTO generation
	2.1 Tissue procurement and handling
	2.2 Tissue dissociation
	2.3 3D Matrix embedding
	2.4 Defined culture media
	2.5 Passaging, expansion, and long-term culture
	2.6 characterization and validation
	2.7 Biobanking and sharing

	3 Applications of patient-derived organoids
	3.1 Cancer modeling
	3.2 Drug screening and precision oncology
	3.3 Infectious disease models
	3.4 Regenerative medicine

	4 PDTOs vs. other preclinical models
	5 Limitations and current challenges
	6 Emerging innovations and future directions
	7 Conclusion
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References




