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ABSTRACT

Urogenital cancers, including prostate, kid-
ney, and bladder cancer, remain a significant
clinical challenge due to their high incidence,
molecular heterogeneity, and frequent resist-
ance to standard therapies. Despite progress
in genomic profiling and precision oncology,
the translation of molecular data into effective
therapeutic decisions remains limited by the
lack of functional models capable of capturing
tumor complexity. Patient-derived organoids
(PDOs) have emerged as transformative tools in
this context, offering the unique advantage of
preserving the genetic, phenotypic, and func-
tional features of individual tumors ex vivo.
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Beyond their well-established applications in
drug screening and resistance studies, PDOs
contribute to personalized treatment strategies
by enabling functional molecular stratification,
modeling tumor-microenvironment interac-
tions, and predicting the efficacy of targeted and
immunotherapeutic approaches. When inte-
grated with liquid biopsy analyses, PDOs also
allow real-time tracking of clonal evolution and
can be repeatedly generated during the disease
course, providing dynamic insights that guide
longitudinal treatment decisions. As organoid
biobanking and multi-omic integration advance,
PDOs are poised to evolve into clinically action-
able avatars that complement genomic profiling
and help tailor therapeutic strategies for patients
with urogenital cancers. Nevertheless, the clini-
cal integration of PDOs still faces important bar-
riers, including variability in culture protocols,
incomplete representation of the native tumor
microenvironment, and the time required for
organoid establishment. Moreover, the pre-
dictive value of PDO-based drug screening—
although promising—needs rigorous prospective
validation in large patient cohorts. This review
highlights the pivotal role of PDOs in bridging
the gap between laboratory research and clinical
oncology, emphasizing their application in guid-
ing personalized therapeutic strategies. As orga-
noid biobanking and genomic profiling expand,
the integration of PDOs into precision oncol-
ogy pipelines holds promise for reshaping the
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clinical management of urogenital malignancies
and advancing toward truly individualized can-
cer treatment.
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Key Summary Points

Urogenital cancers, particularly prostate, kid-
ney, and bladder cancer, rtemain major clini-
cal challenges due to their molecular hetero-
geneity and frequent resistance to therapy.

Patient-derived organoids (PDOs) faithfully
replicate the genetic, phenotypic, and func-
tional complexity of individual tumors, offer-
ing superior predictive value compared to
traditional 2D cultures or animal models.

PDOs enable real-time assessment of drug
sensitivity, resistance mechanisms, and
clonal evolution, supporting precision oncol-
ogy approaches in both research and clinical
settings.

The integration of PDOs with liquid biopsy
(ctDNA, CTCs, urine biomarkers) offers a
minimally invasive and dynamic platform to
monitor tumor evolution and adapt treat-
ment strategies over time.

The implementation of organoid biobanks
and bioinformatic integration pipelines will
be pivotal to establishing PDOs as functional
avatars for personalized cancer therapy.

INTRODUCTION

Cancer has long represented one of the great-
est and most complex challenges for the global
medical and scientific communities [1]. In addi-
tion, it remains a major burden on healthcare
systems worldwide, posing a persistent threat to
public health and societal progress [2]. Conse-
quently, cancer research must prioritize a deeper

understanding of tumor biology, the identifi-
cation of novel biomarkers, and the develop-
ment of more effective therapeutic strategies.
Despite substantial progress in cancer genom-
ics, immuno-oncology, and targeted therapy,
advances have not been uniformly translated
into improved outcomes for many tumor types.
This is particularly evident in urogenital malig-
nancies, where biological heterogeneity, clonal
evolution, and treatment resistance continue to
undermine therapeutic effectiveness. Although
traditional tumor models have played a crucial
role in advancing our understanding of cancer
biology, they possess inherent limitations that
impact the predictive accuracy and translational
success of preclinical findings. These models
often fail to fully replicate the complex tumor
microenvironment, including cellular hetero-
geneity, stromal interactions, immune system
components, and the extracellular matrix,
which are essential factors influencing tumor
growth, metastasis, and therapeutic response.
Moreover, many traditional models lack the abil-
ity to mimic the dynamic and adaptive nature
of tumors in patients, leading to discrepancies
between drug efficacy observed in preclinical
studies and outcomes in human subjects. As a
result, these limitations contribute to the high
rate of failure in clinical trials and highlight the
need for more sophisticated and physiologically
relevant cancer models to improve drug devel-
opment and personalized treatment strategies.
Collectively, these constraints contribute to the
low predictive value of preclinical studies and
the persistent gap between experimental obser-
vations and clinical outcomes.

These challenges are particularly evident in
urinary tract tumors, such as prostate, kidney,
and bladder cancers, which together account for
a substantial proportion of global cancer mor-
bidity and mortality.

Patient-derived organoids (PDOs) represent
an innovative and promising strategy in can-
cer treatment, enabling personalized therapy
by closely mimicking the unique biological and
genetic features of individual tumors. Indeed,
the principal advantage of organoids resides in
their capacity to faithfully preserve the genetic
heterogeneity and phenotypic complexity char-
acteristic of in vivo tumors. This fidelity enables
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organoids to serve as highly representative
in vitro models for investigating the molecular
mechanisms underlying tumorigenesis and can-
cer progression. However, while organoid tech-
nology holds immense promise, its application
in precision oncology is still maturing. Critical
issues—including the standardization of culture
methods, integration with multi-omics data,
scalability for clinical workflows, and the incom-
plete recapitulation of stromal and immune
components—must be addressed before PDOs
can be fully embedded in personalized treat-
ment pathways. This review aims to critically
evaluate the potential and limitations of PDOs
in urogenital oncology, highlighting their cuzr-
rent applications, technological constraints, and
future directions necessary to transform them
into reliable clinical decision-making tools.

Purpose

This review provides a comprehensive overview
of the current knowledge on urogenital cancers,
highlighting recent advances in PDO technol-
ogy and its role in improving diagnosis, guiding
personalized therapies, and advancing precision
oncology.

OVERVIEW OF UROGENITAL
CANCERS

Urogenital tumors comprise a heterogeneous
group of tumors which, sharing a common ana-
tomical start, are distinctly characteristic in their
clinical, biological, and prognostic aspects [3, 4].
Much progress was made, particularly through-
out the last century, in the field of diagnosis and
treatment; however, the management of malig-
nant diseases continues to become more and
more complicated [5-7]. Tumor heterogeneity
on every scale, the almost invariable acquired
resistance to treatment, and the relative lack
of tools able to predict outcomes make for an
often ill-defined, complicated treatment path-
way [6, 7]. A further complicating factor is that
current clinical pathways often rely on static
and fragmented assessments—limited biopsies,
intermittent imaging, and delayed molecular

testing—which fail to capture the dynamic
evolution of the disease under therapeutic pres-
sure. This discrepancy is magnified by the inad-
equacy of standard preclinical models, which
rarely reflect the full biological spectrum of uro-
genital malignancies. Consequently, although
molecular oncology has uncovered numerous
actionable alterations, only a limited fraction
have been successfully translated into practice,
highlighting the gap between genomic knowl-
edge and functional application. In this context,
urogenital cancers exemplify how conventional
diagnostic and therapeutic tools remain insuf-
ficient for precision oncology.

PDOs offer a unique opportunity to over-
come several of the limitations inherent to cur-
rent diagnostic and preclinical approaches. By
preserving the clonal architecture and molecu-
lar heterogeneity of individual tumors, PDOs
allow functional modeling of key biological
processes that drive therapeutic failure, includ-
ing lineage plasticity, androgen-receptor repro-
gramming, immune evasion, and emergence of
neuroendocrine or basal-like resistant subclones.
Importantly, PDOs enable real-time assessment
of treatment-induced adaptations—such as
activation of bypass pathways or acquisition of
DNA-repair defects—providing a dynamic and
patient-specific platform to investigate resist-
ance mechanisms in both prostate and blad-
der cancer. This functional dimension directly
complements molecular profiling and offers
an avenue to anticipate resistance early, refine
therapeutic choices, and guide more personal-
ized interventions.

Prostate Cancer

Prostate cancer is the most common solid tumor
found in men; many cases are fairly indolent;
however, high-risk and metastatic types still
challenge the clinician greatly [8, 9]. The can-
cer begins as and remains largely dependent on
androgen signaling, thereby making androgen
deprivation therapy (ADT) initially effective,
but almost all patients with advanced disease
will eventually transition to castration-resistant
prostate cancer (CRPC) [10]. This transition is
an important phase in the tumor’s evolution
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and is subsequently accompanied by the activa-
tion of very complex biological processes such
as amplification or mutation of the androgen
receptor (AR), activation of alternate signaling
pathways such as PI3K/AKT and WNT, the very
aggressive neuroendocrine variants, and the
beginning of alterations in DNA repair genes
[11-13]. While these changes support the pro-
gression of the tumor, they may also allow for
potential therapeutic interventions [14]. Indeed,
the identification of actionable alterations in
DNA repair genes has already opened the way
to the clinical use of poly(ADP-ribose) polymer-
ase (PARP) inhibitors in selected patients, exem-
plifying how a better understanding of tumor
biology can translate into targeted treatments.
At the same time, the heterogeneity of resist-
ance mechanisms underscores the necessity for
combinatorial therapeutic strategies that address
multiple pathways simultaneously [15-18].

The conventional methods of preclinical
models have made valuable contributions in
these areas, although they come with a range of
disadvantages [19, 20].

Liquid biopsy approaches, including circu-
lating miRNAs and urine-based testing, have
shown promise in predicting treatment response
and monitoring disease evolution [21-24]. In
particular, the analysis of extracellular vesicles
and other non-coding RNAs is emerging as an
attractive strategy to obtain real-time informa-
tion on tumor biology, with the potential to
complement conventional imaging and tissue
biopsies. These technologies are also being eval-
uated as tools for early detection, risk stratifi-
cation, and longitudinal follow-up, raising the
possibility of more personalized and adaptive
treatment strategies. Moreover, liquid biopsies
hold the advantage of being minimally invasive
and repeatable over time, which makes them
suitable for monitoring clonal evolution and
therapy-induced selective pressures, aspects that
are otherwise difficult to capture in routine clini-
cal practice [22].

Furthermore, studies have highlighted the
role of androgen-thyroid hormone crosstalk in
prostate cancer progression, which can be inves-
tigated in organoid models [25] and integrated
with liquid biopsy monitoring [26-29]. The
interplay between these hormonal signals and

the tumor microenvironment has been shown
to influence tumor aggressiveness and therapy
resistance [30-33]. Recent data also suggest that
hormonal crosstalk interacts with metabolic
reprogramming and immune evasion pathways,
further complicating the biological landscape of
advanced prostate cancer. A deeper understand-
ing of these interactions may reveal novel ther-
apeutic targets and contribute to the develop-
ment of multimodal approaches that combine
systemic therapies, targeted agents, and innova-
tive biomarkers to improve patient outcomes.

Recent work has demonstrated the value
of prostate cancer PDOs as functional mod-
els to investigate AR signaling and treatment
response. Gao et al. first generated organoids
from metastatic prostate tumors and showed
that they retained AR expression and faithfully
reproduced ligand-dependent transcriptional
programs, enabling direct interrogation of AR
pathway activity under different hormonal
conditions [34]. More recent studies have used
PDOs to model adaptive AR reprogramming
and the emergence of AR-splice variants associ-
ated with resistance to androgen-receptor path-
way inhibitors (ARPIs). For example, organoid
models derived from CRPC have been used to
evaluate the efficacy of next-generation ARPIs,
demonstrating concordance between organoid
drug sensitivity and clinical response. PDOs
have also supported high-throughput drug test-
ing: assays using CRPC organoids revealed selec-
tive vulnerability to PARP inhibitors in tumors
with homologous recombination repair defects
and identified actionable sensitivities to PI3K/
AKT pathway inhibitors in organoids harboring
PTEN loss [35]. Collectively, these findings illus-
trate how prostate cancer PDOs serve not only as
faithful AR-signaling models but also as practical
tools to test therapeutic strategies and anticipate
mechanisms of resistance (Table 1).

Collectively, prostate cancer illustrates the
urgent need for integrated platforms that com-
bine molecular characterization with functional
assessment, enabling real-time evaluation of
treatment sensitivity and resistance. PDOs repre-
sent a promising solution, particularly for study-
ing AR signaling dynamics, CRPC evolution, and
response to targeted therapies [36].
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Bladder Cancer

Bladder cancer is the second most common uro-
logical malignancy and has remarkable clinical
and biological diversity [37, 38]. Bladder cancer
is mostly presented as non-muscle invasive dis-
ease (NMIBC), which has a low chance of being
lethal but some likelihood of recurrence and
variable progression risk. A small, but clinically
much more significant, portion of muscle-inva-
sive disease (MIBC) is often poorly prognosed
and requires multimodal therapy [39, 40].

The current approach (for non-muscle inva-
sive disease, complete endoscopic resection fol-
lowed by intravesical BCG instillations, and for
muscle-invasive disease, neoadjuvant chemo-
therapy followed by radical cystectomy) has
certainly increased survival but represents noth-
ing more than palliation [41, 42]. Resistance to
BCG is a significant clinical challenge, and the
efficacy of chemotherapy and immunotherapies
in advanced cases is seen only in a minority of
patients [43-45]. New treatment options for
bladder cancer have long been hindered by the
lack of adequate preclinical models [46]. Tradi-
tional 2D cell lines do not capture the complex
urothelium architecture or its genetic heteroge-
neity; moreover, mouse models fail to capture
the molecular heterogeneity typically found in
human tumors [47].

Liquid biopsy approaches for bladder cancer,
including urine-based biomarkers, have emerged
as complementary tools to organoids, offering
minimally invasive monitoring and guiding pre-
cision therapy [21, 23, 24, 48]. This integration
of PDOs and liquid biopsy represents a promis-
ing step toward personalized oncology in blad-
der cancer [49, 50]. Analyses of cell-free DNA,
exosomal RNA, and extracellular vesicles offer
minimally invasive approaches for early detec-
tion and disease monitoring [51]. Yet, similar to
prostate cancer, liquid biopsy provides molecu-
lar snapshots but lacks functional predictive
power. Moreover, differential outcomes between
NMIBC and MIBC underscore unresolved bio-
logical questions, such as (1) which molecular
alterations drive progression from non-muscle-
invasive to muscle-invasive disease? (2) How
do tumor-immune interactions contribute to

BCG resistance? (3) To what extent do early
clonal events determine therapeutic response?
These gaps highlight the need for experimen-
tal systems that preserve patient-specific tumor
architecture and molecular features, support
high-throughput drug testing, and allow inter-
rogation of tumor evolution. Bladder cancer
PDOs respond precisely to this need, although
challenges remain regarding culture standardi-
zation, representation of immune and stromal
components, and predictive accuracy [45, 46].

Moreover, integrating PDOs with liquid
biopsy technologies offers a powerful frame-
work for personalized therapeutic prediction.
While urine- and blood-based assays provide
dynamic, minimally invasive access to evolving
tumor clones, PDOs enable functional testing
of how these molecular changes translate into
treatment responses. This combined approach is
particularly promising for BCG therapy, where
response depends on complex interactions
between tumor cells and the immune microen-
vironment. For example, urinary cell-free DNA
or extracellular vesicles can identify emerging
molecular signatures of BCG resistance, which
can then be functionally validated in matched
bladder cancer organoids to assess susceptibil-
ity to BCG or alternative intravesical agents.
Similarly, integrating serial liquid biopsy profiles
with PDO-based drug testing may help identify
which patients are likely to benefit from immu-
notherapy, FGFR3 inhibitors, or combination
strategies. Together, this synergistic platform
strengthens patient-specific prediction and
enables earlier therapeutic redirection in cases
of impending treatment failure (Table 1).

PDOs present significant value, not only
because they amalgamate molecular and
functional data within a single model but
also because they enable prediction of tumor
response and resistance in vitro over time, track
clonal evolution, and anticipate mechanisms of
resistance-bridging preclinical findings and real-
world clinical practice [34, 50, 52].

Renal Cancer

Renal cell carcinoma (RCC) represents one of the
most biologically and clinically heterogeneous
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malignancies within urogenital oncology. The
most common subtype is clear cell carcinoma,
but others, including papillary, chromophobe,
collecting duct carcinoma, and translocation-
associated tumors, also show different molecular
tfeatures that result in different clinical behavior
and treatment responsiveness [53]. The main
oncogenic driver of the clear cell type is loss
of VHL function and subsequent activation of
the HIF pathway [54], but besides this, there are
also mutations in chromatin remodeling genes,
radical metabolic changes, and a very interac-
tive stromal and immune microenvironment
that add to the complexity.

The development of targeted therapies and
immune checkpoint inhibitors has brought
about significant changes in treatment
options, but the challenge of treatment resist-
ance (whether primary or acquired) persists in
advanced RCC cases [55, 56]. The introduction
of PDOs has sped up the process of finding a
functional model which can connect molecu-
lar profiling to clinically relevant therapeutic
decision-making within this complex situation
[57]. The creation of RCC organoids was very
hard in the past because of the characteristics
of the tumor cells, which are very lipid-rich, the
strong need for hypoxic signaling, and the lack
of microenvironmental support. However, cur-
rently available optimized culture conditions
allow labs to create organoid systems that are
stable and reproducible from surgical specimens,
biopsies, and metastatic lesions, whilst keep-
ing the histological and genetic identity of the
original tumor intact. The most important clini-
cal factor regarding renal cancer PDOs is their
capability to uphold the intratumor heteroge-
neity that is a hallmark of RCC. This allows the
dynamic observation of clonal competition and
adaptation under the pressure of therapy, thus
really capturing the mechanisms that mostly
lead to the failure of treatment in vivo. The accu-
racy with which organoids mimic the molecu-
lar state of the VHL/HIF pathway, epigenetic
changes, and metabolic programming makes
them extremely useful for the real-time assess-
ment of drug sensitivity within a functional
setting that comes very close to the patient’s
disease. In the clinic, RCC PDOs facilitate
quick evaluation of single and individualized

responses to existing medically approved ther-
apies, which include VEGFR-targeted agents,
HIF-2a inhibitors, mTOR pathway inhibitors,
ICI-TKI combinations, etc. RCC PDOs also
provide a platform to test new approaches to
fighting disease that are envisioned in targeting
metabolic weaknesses, epigenetic disorders, or
immune system reprogramming [58]. Impoz-
tantly, organoids made from metastatic spots
have already shown quite different therapeu-
tic sensitivities from the primary tumor, thus
implying that the selection of treatment might
need to be customized to the character of each
metastatic site rather than just depending on the
primary tumor profile. The creation of co-culture
systems with autologous immune components
is the major breakthrough in the clinical appli-
cation of PDOs. Since RCC has a very strong
immunological influence, the possibility of
rebuilding tumor-immune interactions in vitro
opens numerous possibilities to study immune
evasion routes, discover predictive biomarkers,
and even test immune checkpoint inhibitors.
Tumor microenvironment reconstruction based
on more complex models that consist of mye-
loid cells, fibroblasts, and endothelial compo-
nents facilitates a more physiological represen-
tation of the tumor microenvironment which
in turn gives functional insights, especially in
the case of patients who progress on immuno-
therapy. The detection of circulating tumor DNA
(ctDNA) [59] and PDO platform integration is
what gives them even more clinical significance
[60]. Tracking of ctDNA changes alongside PDO
changes may reveal early signs of the formation
of resistant clones which would then allow ther-
apy to be altered in advance and thus support a
more personalized, response-guided treatment
strategy. This combined approach is increas-
ingly considered to be among the most promis-
ing ways to reach truly individualized precision
oncology in RCC.

To sum up, PDOs in renal cancer represent
a clinically relevant functional model that can
not only predict treatment response but also
uncover resistance mechanisms, infer clonal
evolution, and inform drug selection [61].
With the continuous standardization of cultur-
ing methods and the growing integration with
genomic, immunological, and computational
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Fig. 1 Patient-derived organoids (PDOs) from urogeni-
tal tumors are established and cultured in conditions that
mimic the native tumor microenviroment. These models
serve as functional platforms for personalized drug screen-

techniques, RCC organoids are anticipated to be
avatars of the respective patient’s tumor, thus
providing an effective and robust tool for the
personalized management of RCC.

Current Limitations of Diagnostic and
Therapeutic Approaches

Despite advances, limitations remain in both
diagnosis and treatment of prostate and blad-
der cancer, largely due to relatively static and
oversimplified assessments [2, 3, 37]. Moreover,
standard imaging modalities lack the sensitiv-
ity to detect micrometastatic disease or subtle
patterns of clonal selection occurring during
or after therapy [3, 33, 36]. From a therapeutic
standpoint, resistance remains a major clinical
obstacle [4, 5, 20]. While novel targeted agents,
immunotherapies, and combination regimens
have been introduced over the past years, their
efficacy is often short-lived and benefits only a
subset of patients [19, 20, 46]. Mechanisms of
resistance—whether driven by genomic insta-
bility, lineage plasticity, or paracrine interac-
tions within the tumor microenvironment—are
highly diverse and frequently patient-specific.
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Application

Drug
Discovery

ing, biomarker identification, and mechanistic studies, aim-
ing to translate patient-specific tumor biology into tailored
therapcutic strategies

INSIGHT INTO
ORGANOID-DERIVED SYSTEMS

Over the past decade, three-dimensional orga-
noid technology has rapidly emerged as a
groundbreaking platform, opening unprece-
dented avenues for the development of innova-
tive models that closely mimic human physi-
ological and pathological processes (Fig. 1).
Organoids originate from pluripotent stem cells
(PSCs) or from organ-specific adult stem cells
(ASCs), which are tissue-specific resident stem
cells [62]; these in turn undergo differentiation
to generate organ-like structures composed of
multiple cell types that self-organize, closely
mimicking the architecture and function of the
corresponding organ in vivo. However, stem
cell self-organization can be difficult to control
without external guidance, leading to a general
lack of reproducibility in most organoids. Thus,
culture methods that can produce uniform and
stable organoid models for better application in
clinical research are constantly being explored
by researchers.

Therefore, these intricate structures offer a
valuable platform to replicate human organ
development in a system that closely mimics
in vivo conditions. While the complete degree
of similarity has yet to be fully established in
many cases, organoids are already being uti-
lized to address human-specific biological ques-
tions. Additionally, organoid technology has
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significant potential for evaluating efficacy and
toxicity of drugs [63], regenerative medicine
[64], and precision treatment [65].

Organoids play a crucial role in advancing
new drug discovery efforts [66]. Their use in the
early phases of drug development enables the
identification of compounds that are broadly
effective across patient populations, as well as
those targeting tumors with specific genetic
alterations. Moreover, organoids derived from
healthy tissues also offer a valuable tool for
evaluating potential drug-induced side effects on
specific organs [67-69]. The use of organoid drug
sensitivity screening to guide clinical treatment
is still in its initial stages, and it remains to be
confirmed whether it is reliable and safe despite
its promising applications.

In the field of regenerative medicine, orga-
noids are increasingly being recognized as a
valuable and versatile source of transplantable
tissues and functional cell types. Their ability to
mimic native tissue architecture and function
makes them highly promising tools for advanc-
ing cell-based therapies aimed at repairing or
replacing damaged organs. Several proof-of-
concept studies have already been conducted
in animal models. For instance, using a modi-
fied optic cup organoid protocol, researchers
have successfully generated retinal tissue from
mouse embryonic stem cells (ESCs) or induced
PSCs (iPSCs). When transplanted into mice
with retinal degeneration, these retinal sheets
developed into mature photoreceptors. In some
cases, they even formed synaptic connections
with host retinal cells and restored sensitivity
to light stimuli [70]. In vitro genetic correction
strategies can be combined with organoids to
enable the autologous replacement of tissues
affected by genetic disorders. The most com-
mon CFTR mutation that leads to cystic fibrosis
(CF), which is phenylalanine deletion at posi-
tion 508, was corrected in patient-derived ISCs
using CRISPR-Cas9-mediated gene editing,
which then led to functional organoids [71].
While these results are preliminary, they show
great promise and illustrate that clinical trans-
plantation of organoid-derived cells and tissues
may be feasible.

Another major advantage of exploiting orga-
noid technology is that PDOs from iPSCs are of

great interest for the study of pathologies for
which no genetic causes have been identified.
These studies could prove suitable for patients
suffering from complex pathologies that present
a high degree of variability.

Finally, this advanced technology serves as a
bridge between traditional 2D in vitro systems
and in vivo models, offering significant poten-
tial for clinical applications, particularly in the
field of cancer research [72-74]. Indeed, the shift
from basic cancer research to clinical practice is
facilitated by organoids as an excellent preclini-
cal model for human cancers.

Use of Organoid Models in Cancer Studies

Recent studies provide compelling evidence
that prostate and bladder PDOs can directly
contribute to the development of new thera-
peutic strategies. In prostate cancer, a landmark
investigation by Puca et al. [75] demonstrated
that PDOs derived from castration-resistant
and neuroendocrine tumors could faithfully
model resistance to AR-targeted therapies and
were instrumental in identifying Aurora kinase
inhibitors as a promising treatment option for
aggressive neuroendocrine subtypes. Similarly,
organoids derived from tumors harboring DNA
damage-repair deficiencies have been used to
validate selective sensitivity to PARP inhibitors,
providing functional proof-of-concept that
anticipated clinical benefit and was consist-
ent with patient outcomes. In a separate study,
high-throughput drug screening performed on
CRPC PDOs revealed actionable vulnerabilities
to PI3K/AKT inhibitors in organoids with PTEN
loss, supporting the rationale for dual AR and
PI3K pathway inhibition.

In bladder cancer, PDO-based drug screen-
ing has also produced clinically relevant find-
ings. The study by Lee et al. [49] established
a living biobank of bladder cancer organoids
representing multiple molecular subtypes and
demonstrated that organoid drug responses
closely mirrored individual patient outcomes.
Notably, organoids carrying FGFR3 mutations
showed pronounced sensitivity to FGFR inhibi-
tors such as erdafitinib, validating the molecular
dependency observed in vivo and helping refine
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subtype-specific therapeutic strategies. Addition-
ally, PDOs have recently been used to investigate
mechanisms of BCG failure: organoids derived
from BCG-unresponsive tumors exhibited
impaired cytokine signaling and altered inter-
feron pathways, enabling the identification of
alternative intravesical agents—including onco-
lytic viruses and STING agonists—that restored
anti-tumor activity ex vivo. These examples
underscore the capacity of PDOs not only to
reproduce complex tumor biology but also to
accelerate the discovery of new, patient-tailored
treatment avenues in urogenital oncology.

The integration of PDO platforms with
advanced molecular profiling technologies—
particularly single-cell RNA sequencing (scRNA-
seq)—is further expanding their utility in uro-
genital oncology [76]. Single-cell resolution
allows the dissection of intratumoral hetero-
geneity within organoids, enabling the iden-
tification of rare cellular subpopulations that
may drive disease progression or therapeutic
resistance [77]. In both prostate and bladder
cancer, scCRNA-seq applied to PDOs has revealed
treatment-tolerant cell states, alternative lineage
programs, and transcriptional rewiring associ-
ated with AR bypass mechanisms, neuroendo-
crine differentiation, or BCG resistance. Impor-
tantly, coupling functional drug screening in
PDOs with scRNA-seq-derived transcriptional
signatures enables direct mapping of therapeu-
tic responses to specific cellular phenotypes,
providing a mechanistic framework to explain
why only certain clones respond to targeted
therapies or immunomodulatory agents [78,
79]. This combined approach increases the pre-
cision and interpretability of PDO-based assays
and underscores their translational value as plat-
forms capable of linking molecular diversity to
actionable therapeutic vulnerabilities.

A significant breakthrough in modeling pros-
tate cancer came from the work of Gao et al.,
who were the first to demonstrate that organoids
could be successfully derived from human pros-
tate tumors and expanded in vitro. Their study,
published in Cell in 2014, reported the genera-
tion of six prostate cancer organoid lines and
one derived from circulating tumor cells (CTCs),
all of which retained structural and histologi-
cal similarities to the original metastatic tissues

[34]. Building on this advancement, Hans Cle-
vers published a protocol in 2016 for estab-
lishing 3D prostate organoids within 2 weeks.
These organoids closely mimic the in vivo tumor
characteristics, making them powerful tools for
studying prostate cancer biology and for high-
throughput drug screening [80]. Moreover, Saw-
yers et al. utilized mouse prostate organoids to
investigate the biological roles of both wild-type
and mutant forms of forkhead box protein Al
(FOXA1). The study demonstrated that FOXA1
mutations significantly alter its transcriptional
function, disrupt normal luminal epithelial dif-
ferentiation, and contribute to the progression
of prostate cancer [81]. Therefore, the genomic
fidelity of the original tumor is maintained by
these organoids while also providing a reproduc-
ible and scalable platform for functional assays.
The genetic manipulation of organoids allows
for the study of specific tumor-driving muta-
tions, which is not feasible for PDX models or
standard 2D cultures [80].

Moreover, organoid models of prostate can-
cer have played a crucial role in studying AR
signaling, a key driver in the development and
progression of the disease. While ADT remains
a standard treatment approach, the emergence
of resistance—especially in the form of CRPC—
continues to pose a significant therapeutic chal-
lenge [82, 83]. Looking ahead, prostate cancer
organoid models hold great promise for advanc-
ing our understanding of disease mechanisms
and may lead to novel strategies for diagnosis
and targeted therapy.

In bladder cancer, early-stage detection is rela-
tively common, particularly in cases of NMIBC.
These patients often undergo repeated surgi-
cal resections and intravesical therapies in an
effort to manage disease progression and delay
or avoid radical cystectomy, a procedure associ-
ated with significant morbidity and a profound
impact on quality of life. Given this clinical con-
text, the use of PDOs offers a promising platform
for the ex vivo screening of therapeutic agents
tailored to individual tumors.

Multiple lines of evidence indicate that the
differing clinical outcomes between MIBC
and NMIBC are largely driven by their distinct
molecular characteristics [84, 85]. This under-
scores the need for robust models representing
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both subtypes, in order to investigate the bio-
logical roles of recurrent somatic mutations and
understand how they contribute to malignant
transformation and disease progression.

In particular, the differentiation of PSCs
into bladder urothelial cells reported by Kang
et al. and Shin et al. has provided new insights
into bladder cancer development and progres-
sion [86, 87]. Moreover, Lee et al. established a
biobank of organoids derived from 22 patients
with bladder cancer, and it now contains 53
samples [88]. The original tumors’ histopatho-
logical and genetic characteristics are preserved
in these organoids, making them a valuable
resource for personalized medicine and drug
testing. Thus, to study drug responses and tumor
evolution, bladder cancer organoid biobanks
have been set up to offer a diverse array of mod-
els. Finally, the use of bladder cancer organoids
has been further expanded by recent techno-
logical advances, such as microfluidic biochips
and 3D bioprinting. The creation of models that
are more physiologically relevant and include
immune cells and endothelial cells, enabling
drug screening efforts to be more accurate, is
made possible by these innovations. Despite
the significant advancements in organoid mod-
els for urological cancers in recent years, there
are still some limitations.

PERSONALIZED CANCER RESEARCH
AND THERAPY

Currently, precision medicine is one of the
major unresolved issues of contemporary oncol-
ogy, as well as one of the most exciting possibili-
ties for transforming the therapeutic paradigm
for cancer [89, 90]. The aim is, therefore, to
convert decisions from applying standardized
and uniform protocols to clinical decisions that
take the specific molecularly and genetically
informed treatment approach for each tumor
into consideration, as well as the dynamics of
how the disease continues to evolve under the
pressure of therapies [91, 92].

A major obstacle in implementing precision
medicine for urogenital cancers is the profound
molecular heterogeneity that characterizes

them, as well as their dynamic evolution under
therapeutic pressure. PDOs offer a unique way
to overcome these limitations by serving as
functional avatars of individual tumors [93].
Unlike genomic profiling alone, PDOs capture
the full spectrum of clonal diversity, enabling
direct observation of how distinct subpopula-
tions respond to therapeutic agents. This is
particularly relevant in prostate cancer, where
PDOs can model divergent AR signaling states,
lineage plasticity, and the emergence of resist-
ant subclones typical of castration-resistant or
neuroendocrine disease. Similarly, bladder can-
cer PDOs retain luminal, basal, and neuroendo-
crine transcriptional programs, allowing precise
assessment of subtype-specific vulnerabilities—
including sensitivity to FGFR3 inhibitors, plati-
num-based regimens, and immunomodulatory
agents. By integrating PDO functional data
with liquid biopsy-derived molecular profiles,
clinicians gain a dynamic and patient-specific
framework for anticipating treatment failure,
identifying alternative therapeutic strategies,
and guiding real-time therapeutic decisions.
Collectively, PDOs help translate molecular het-
erogeneity into actionable insights, offering a
powerful tool to refine personalized treatment
approaches and improve clinical outcomes in
both prostate and bladder cancer [94]. They
take the assessment from simple compendia of
molecular description to an actual site for assess-
ing drug response, meaning these dynamic tools
can indeed evolve along with the disease [95].

Patient-Derived Organoids as a Platform for
Precision Cancer Research and Treatment

PDOs preserve some of the architecture and
molecular complexity of the tumor in vitro and
retain the clonal heterogeneity of real patients
with disease [6, 12, 30, 36, 38-40]. In the lab,
these 3D models afford the ability to directly
observe adaptation processes to therapeutic pres-
sure, the relatively rapid evaluation of hundreds
of drugs or combinations of therapies, the vali-
dation of predictive biomarkers, and the study of
emerging resistance mechanisms [96, 97].

By co-culturing PDOs with fibroblasts,
immune cells, or ECM components, we are
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increasingly understanding the impacts of the
tumor microenvironment, which is now rec-
ognized as a crucial component of mediating
response to treatment [98]. From a clinical lens,
PDOs offer entirely new scenarios: it is con-
ceivable to take a tumor resequencing sample,
generate organoids, and evaluate, in vitro, the
sensitivity of the disease to different therapeu-
tic options, providing timely information to the
clinician [99, 100].

Collaborative efforts optimize therapy
approaches, as functional analysis of organoids
can always be repeated whenever the disease
progresses, recreating updated models that
reflect tumor evolution and allow new thera-
peutic strategies to be implemented in real time.
These features increase the probability of ther-
apeutic success and limit the risk of exposing
patients to ineffective or toxic drugs.

In prostate cancer, PDOs have been shown to
recreate all stages of the disease, from androgen-
sensitive to CRPC to neuroendocrine variants,
and to allow the study of mechanisms regulat-
ing the transition to resistance. They are also
used to assess response to targeted therapies
such as PARP inhibitors in patients with DNA
repair alterations and to explore new therapeu-
tic strategies including radioligand targeting
of prostate-specific membrane antigen (PSMA)
[101]. Functional data from organoids can also
be correlated with liquid biopsy data, such
as ctDNA and CTCs, effectively constructing
dynamic therapeutic profiles that evolve with
disease progression [102, 103].

Similarly, in bladder cancer, PDOs have ena-
bled validation of molecular classifications into
luminal, basal, and double-negative subtypes,
and assessment of differential responses to
chemotherapy, immunotherapy, and targeted
therapies (e.g., FGFR3 inhibitors). PDOs have
also allowed the study of BCG resistance mech-
anisms and development of new combination
strategies for refractory patients [104].

The ability to generate PDOs from exfoliated
cells in urine is particularly promising, provid-
ing a minimally invasive means of monitoring
disease while avoiding costly and invasive pro-
cedures [76]. Nevertheless, significant obstacles
remain, including standardization of organoid
isolation and culture protocols, reduction of

time to generate PDOs, and organization of
sophisticated bioinformatics platforms to inte-
grate molecular, functional, and clinical data
meaningfully. As these obstacles are addressed,
PDOs are expected to become avatars of patients’
tumors, enabling increasingly precise and per-
sonalized therapeutic decisions.

CONCLUSION

Nevertheless, significant limitations persist,
including the absence of stromal, vascular, and
immune components, which are essential to
fully recapitulate the native tumor microenvi-
ronment. Ongoing technological innovations—
such as CRISPR/Cas9-based gene editing, high-
throughput drug screening, and multi-lineage
co-culture systems—are progressively enhancing
the physiological relevance of organoid plat-
forms. With continued advancements, orga-
noid-based platforms are evolving from research
tools into clinically relevant systems that can
guide individualized therapy and accelerate drug
development in the field of urological oncology.
Thus, as research progresses, organoid technol-
ogy is expected to play a central role in narrow-
ing the gap between laboratory discoveries and
clinical application, ultimately improving out-
comes for patients with urologic malignancies. A
key future objective will be incorporating these
models into routine clinical practice, enabling
the seamless translation of experimental discov-
eries into meaningful therapeutic outcomes for
patients.

The Critical Path Forward

As both prostate and bladder cancer organoid
platforms continue to evolve, key priorities
include: (1) Establishing standardized protocols
for sample processing, culture, and drug testing.
(2) Developing immune-competent organoid co-
cultures, essential for immunotherapy evalua-
tion. (3) Linking organoid drug responses with
longitudinal liquid biopsy data to track tumor
evolution. (4) Creating interoperable biobanks
and computational pipelines for multicenter
research and clinical integration. (5) Reducing
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the time needed for organoid generation to
make PDO-guided decisions clinically action-
able. Although progress has been substantial,
routine use of urogenital PDOs in clinical deci-
sion-making will require systematic validation
in prospective clinical trials and integration with
multidisciplinary oncology workflows.

Author Contributions. Writing—original
draft: Serena Sagliocchi, Michele Musone, Ste-
fano Chianese; Writing—tables and figures:
Annunziata Gaetana Cicatiello, Silvia Del Mas-
tro, Francesco Del Giudice; Conceptualization:
Monica Dentice; Critical revision: Monica Den-
tice and Felice Crocetto; All authors read and
approved the final manuscript.

Funding. This work was supported by
grants from AIRC to M.D. (IG 29242) and by
a PRIN-2022 grant from MIUR awarded to
M.D. (2022HB54P9). The Rapid Service Fee was
funded by the authors.

Data Availability. Data sharing not applica-
ble to this article as no datasets were generated
or analysed during the current study.

Declarations

Conflict of Interest. The authors declare
that they have no competing interests. All
authors (Serena Sagliocchi, Michele Musone,
Stefano Chianese, Annunziata Gaetana Cica-
tiello, Silvia Del Mastro, Francesco Del Giudice,
Monica Dentice and Felice Crocetto) have noth-
ing to declare.

Ethical Approval. Not applicable. This arti-
cle is based on previously conducted studies and
does not contain any new studies with human
participants or animals performed by any of the
authors.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommercial
4.0 International License, which permits any
non-commercial use, sharing, adaptation, distri-
bution and reproduction in any medium or for-
mat, as long as you give appropriate credit to the

original author(s) and the source, provide a link
to the Creative Commons licence, and indicate
if changes were made. The images or other third
party material in this article are included in the
article’s Creative Commons licence, unless indi-
cated otherwise in a credit line to the material.
If material is not included in the article’s Crea-
tive Commons licence and your intended use is
not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain per-
mission directly from the copyright holder. To
view a copy of this licence, visit http://creativeco
mmons.org/licenses/by-nc/4.0/.

REFERENCES

1. Bergengren O, Pekala KR, Matsoukas K, et al.
2022 Update on prostate cancer epidemiology
and risk factors—a systematic review. Eur Urol.
2023;84(2):191-206.

2. Richters A, Aben KKH, Kiemeney L. The global bur-
den of urinary bladder cancer: an update. World J
Urol. 2020;38(8):1895-904.

3. Siegel RL, Miller KD, Jemal A. Cancer statistics,
2025. CA Cancer J Clin. 2025;75(1):7-33.

4. Bray F et al. Global cancer statistics 2024:
GLOBOCAN estimates. CA Cancer J Clin.
2024;74(4):455-94.

5. Tannock IF, et al. Evolution of cancer therapy:
a historical perspective. Nat Rev Clin Oncol.
2023;20:423-39.

6. Vogelstein B, et al. Cancer genome landscapes. Sci-
ence. 2013;339(6127):1546-58.

7. Hanahan D, Weinberg RA. Hallmarks of cancer: the
next generation. Cell. 2011;144(5):646-74.

8. Rawla P. Epidemiology of prostate cancer. World J
Oncol. 2019;10(2):63-89.

9. Culp MB, et al. Prostate cancer incidence
and mortality trends. JAMA Netw Open.
2022;5(1):e2141398.

10. Watson PA, et al. Emerging mechanisms of resist-
ance to androgen receptor inhibitors. Nat Rev Can-
cer. 2015;15:701-11.

11. Scher HI, et al. Prostate cancer clinical outcomes
and therapeutic strategies. Eur Urol. 2016;70:71-83.

A\ Adis


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Oncol Ther

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Attard G, et al. Targeting the androgen recep-
tor pathway in prostate cancer. Cancer Discov.
2016;6:211-22.

Maresca DC, et al. Circulating innate lymphoid
cells are dysregulated in patients with prostate can-
cer. Cell Mol Biol Lett. 2025;30(1):48.

Kirby M, et al. Characterizing advanced prostate
cancer. BJU Int. 2011;108:1242-8.

De Bono JS, Attard G, Antonarakis ES, Chi
KN, Mateo J. PARP inhibitors alone or in com-
bination for prostate cancer. Nat Rev Urol.
2023;20(10):624-42.

Bourlon MT, Wang ]S, Mateo J, Sweeney CJ.
Development of PARP inhibitors in advanced
prostate cancer. Ther Adv Med Oncol.
2024;16:17588359231221336.

Carver BS, et al. Aberrant signaling in prostate can-
cer. Cancer Cell. 2011;19:575-86.

Pritchard CC, et al. Inherited DNA-repair gene
mutations in men with metastatic prostate cancer.
N Engl ] Med. 2016;375:443-53.

Beltran H, et al. Molecular characterization
of neuroendocrine prostate cancer. Nat Med.
2016;22:308-18.

Robinson D, et al. Integrative clinical genomics of
advanced prostate cancer. Cell. 2015;162:454-69.

Cicatiello AG, Musone M, Imperatore S, et al. Cir-
culating miRNAs in genitourinary cancer: pioneer-
ing advances in early detection and diagnosis. J Liq
Biopsy. 2025;8:100296.

Crocetto F, Musone M, Chianese S, et al. Blood and
urine-based biomarkers in prostate cancer: current
advances, clinical applications, and future direc-
tions. J Liq Biopsy. 2025;9:100305.

Crocetto F, et al. Liquid biopsy: current advance-
ments in clinical practice for bladder cancer. ] Liq
Biopsy. 2025. https://doi.org/10.1016/j.jlb.2025.
100310.

Pisapia P, et al. Liquid biopsy testing in urologi-
cal cancers: focus on urine. Urol Oncol Semin Orig
Investig. 2025. https://doi.org/10.1016/j.urolonc.
2025.07.034.

Van Hemelryk A, Tomljanovic I, de Ridder CMA,
et al. Patient-derived xenografts and organoids
recapitulate castration-resistant prostate cancer
with sustained androgen receptor signaling. Cells.
2022;11(22):3632.

26.

27.

28.

29.

30.

31.

32.

33.

34.

33.

36.

37.

38.

39.

40.

Miro C, et al. Thyroid hormone and androgen
crosstalk in prostate cancer microenvironment.
Mol Cell Endocrinol. 2025;532:215581.

Sagliocchi §, et al. Tumor microenvironment
and obesity-cancer link. Semin Cancer Biol.
2025;112:36-42.

Liu R, Zhang Y, Zhou Z, et al. Patient-derived blad-
der cancer organoids: model construction and drug
sensitivity testing. Urol Int. 2025;109(5):478-86.

Zhu L, Li H, Huang Y, et al. Thyroid hormone recep-
tor crosstalk with androgen signaling in the pros-
tate cancer microenvironment. Front Endocrinol.
2024;15:1392210.

Mao X, Chen Y, Zhou Q, et al. Obesity-driven
inflammatory signaling modulates tumor progres-
sion in prostate cancer organoid models. Cancers.
2024;16(2):412.

Khalili M, Torabinejad S, Rezaei-Tavirani M, et al.
Network-based modeling reveals key signaling
pathways in castration-resistant prostate cancer.
Mol Oncol. 2025;19(2):245-58.

Torabinejad S, et al. The androgen-thyroid hor-
mone crosstalk in prostate cancer and the clinical
implications. Eur Thyroid J. 2023;12(3):e220228.

Zhao S, Ramaswamy A, Ghosh S, Gupta S, Kaippar-
ettu BA. Metabolic reprogramming as an emerging
mechanism of resistance to endocrine therapies in
prostate cancer. Nat Rev Urol. 2022;19(12):808-25.

Gao D, Vela I, Sboner A, et al. Organoid cultures
derived from patients with advanced prostate can-
cer. Cell. 2014;159:176-87.

Kwon WA, Joung JY. Precision targeting in meta-
static prostate cancer: molecular insights to thera-
peutic frontiers. Biomolecules. 2025;15(5):625.

Spratt DE, Tang S, et al. Artificial intelligence pre-
dictive model for hormone therapy use in prostate
cancer. NEJM Evid. 2023;2(8):EVID0a2300023.

Cumberbatch MG, et al. Epidemiology of bladder
cancer: a global perspective. Transl Androl Urol.
2018;7(3):176-85.

Burger M, et al. Epidemiology and risk fac-
tors of urothelial bladder cancer. Eur Urol.
2013;63:234-41.

Witjes JA, et al. EAU guidelines on muscle-inva-
sive and metastatic bladder cancer. Eur Urol.
2017;71:462-75.

Babjuk M, et al. EAU guidelines on non-muscle-
invasive bladder cancer. Eur Urol. 2017;71:447-61.

A\ Adis


https://doi.org/10.1016/j.jlb.2025.100310
https://doi.org/10.1016/j.jlb.2025.100310
https://doi.org/10.1016/j.urolonc.2025.07.034
https://doi.org/10.1016/j.urolonc.2025.07.034

Oncol Ther

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

Witjes JA, et al. Advances in intravesical therapy for
bladder cancer. Lancet Oncology. 2020;21:e567-78.

van Rhijn BWG, et al. Clinical implications of blad-
der cancer progression. J Urol. 2009;181:1226-33.

Sjodahl G, et al. Molecular taxonomy of bladder
cancer. ] Pathol. 2012;228:421-30.

Choi W, et al. Basal and luminal subtypes of bladder
cancer. Proc Natl Acad Sci U S A. 2014;111:3110-5.

Wang G, Oliveira RB, Lerner SP, Kamat AM. Predic-
tive biomarkers of response to Bacillus Calmette-
Guérin immunotherapy and Bacillus Calmette-
Guérin failure for non muscle invasive bladder
cancer. Int J Urol. 2022;29(5):457-68.

Rausch C, et al. Limitations of preclinical bladder
cancer models. Cancers. 2019;11:1925.

Chen Z, Dong Z, Yang Z, et al. Contemporary
molecular markers for predicting systemic treat-
ment response in urothelial bladder cancer: a nar-
rative review. Front Oncol. 2023;13:11394076.

Chen YT, Shapiro B, Lee C, et al. Urinary cell-free
DNA and extracellular vesicle RNA analysis for
non-invasive detection and surveillance of urothe-
lial carcinoma. Nat Commun. 2022;13:5524.

Lee SH, et al. Patient-derived organoids for bladder
cancer research. Nat Med. 2018;24:1426-34.

Vlachogiannis G, et al. Patient-derived orga-
noids model treatment response. Science.
2018;359:920-6.

Chen W, Zhang W, Yu ], Xu C, Xu Y, Xiang Y. Diag-
nostic and prognostic potential of exosome non-
coding RNAs in bladder cancer: a systematic review
and meta-analysis. BMC Cancer. 2024;24(1):290.

van de Wetering M, et al. Prospective derivation
of a living organoid biobank of colorectal cancer
patients. Cell. 2015;161:933-45.

Sanchez DJ, Simon MC. Genetic and metabolic hall-
marks of clear cell renal cell carcinoma. Biochim
Biophys Acta Rev Cancer. 2018;1870(1):23-31.

Kaelin WG Jr, The VHL tumor suppressor gene:
insights into oxygen sensing and cancer. Trans Am
Clin Climatol Assoc. 2017;128:298-307.

Motzer R], CheckMate 025 Investigators, et al.
Nivolumab versus everolimus in advanced renal-
cell carcinoma. N Engl J Med. 2015;373(19):1803-
13 (Epub 2015 Sep 25).

Rini BI, et al. Pembrolizumab plus axitinib ver-
sus sunitinib for advanced clear cell renal cell

57.

58.

59.

60.

61.

62.

63.

64.

635.

66.

67.

68.

69.

70.

carcinoma: 5-year survival and biomarker analy-
ses of the phase 3 KEYNOTE-426 trial. Nat Med.
2025;31(10):3475-84.

Seo E, Kang M. Current status and clinical
application of patient-derived tumor organoid
model in kidney and prostate cancers. BMB Rep.
2023;56(1):24-31.

Li Z, et al. Patient-derived renal cell carcinoma
organoids for personalized cancer therapy. Clin
Transl Med. 2022;12(7):e970.

Francini E, et al. Circulating cell-free DNA in renal
cell carcinoma: the new era of precision medicine.
Cancers (Basel). 2022;14(18):4359.

Wang B, Xue Y, Zhai W. Integration of tumor
microenvironment in patient-derived organoid
models help define precision medicine of renal cell
carcinoma. Front Immunol. 2022;3(13):902060.

Tse RT, et al. The establishment of kidney can-
cer organoid line in drug testing. Cancer Med.
2024;13(12):e7432.

Clevers H, Tuveson D. Organoid models for cancer
research. Annu Rev Cancer Biol. 2019;3:333-54.

Dutta D, Heo I, Clevers H. Disease modeling in
stem cell-derived 3D organoid systems. Trends Mol
Med. 2017;23(5):393-410.

Kotecha RR, O’Donnell PH, et al. Patient-derived
organoids as functional precision oncology
tools in urothelial carcinoma. Eur Urol Oncol.
2024;7(1):55-67.

Ramsden CM, Powner MB, Carr AJ, Smart M],
da Cruz L, Coffey PJ. Stem cells in retinal regen-
eration: past, present and future. Development.
2013;140:2576-85.

Pauli C, Hopkins BD, Prandi D, et al. Personalized
in vitro and in vivo cancer models to guide preci-
sion medicine. Cancer Discov. 2017;7:462-77.

Weeber F, Ooft SN, Dijkstra KK, Voest EE. Tumor
organoids as a pre-clinical cancer model for drug
discovery. Cell Chem Biol. 2017;24(9):1092-100.

Eiraku M, et al. Self-organizing optic-cup mor-
phogenesis in three-dimensional culture. Nature.
2011;472:51-6.

Mandai M, et al. iPSC-derived retina transplants
improve vision in rd1 end-stage retinal-degenera-
tion mice. Stem Cell Rep. 2017;8:69-83.

Brancato V, Oliveira JM, Correlo VM, Reis RL,
Kundu SC. Could 3D models of cancer enhance
drug screening? Biomaterials. 2020;232:119744.

A\ Adis



Oncol Ther

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Schwank G, et al. Functional repair of CFTR
by CRISPR/Cas9 in intestinal stem cell orga-
noids of cystic fibrosis patients. Cell Stem Cell.
2013;13:653-8.

Kuo CJ, Curtis C. Organoids reveal cancer dynam-
ics. Nature. 2018;556:441-2.

Muthuswamy SK. Organoid models of can-
cer explode with possibilities. Cell Stem Cell.
2018;22:290-1.

Drost J, Clevers H. Organoids in cancer research.
Nat Rev Cancer. 2018;18(7):407-18. https://doi.
0rg/10.1038/541568-018-0007-6.

Puca L, Bareja R, Prandi D, et al. Patient derived
organoids to model rare prostate cancer pheno-
types. Nat Commun. 2018;9(1):2404. https://doi.
0rg/10.1038/541467-018-04495-z.

Viergever BJ, Raats DAE, Geurts V, et al. Urine-
derived bladder cancer organoids (urinoids) as
a tool for cancer longitudinal response moni-
toring and therapy adaptation. Br J Cancer.
2024;130(3):369-79.

Dolgos R, et al. Single-cell analysis uncovers pre-
served prostate cancer lineages and universally
altered pathways in Matrigel-free patient-derived
organoids. Cell Rep. 2025;44(10):116352.

Pamarthy S, Sabaawy HE. Patient derived organoids
in prostate cancer: improving therapeutic efficacy
in precision medicine. Mol Cancer. 2021;20(1):125.

Merrill NM, et al. Integrative drug screening and
multiomic characterization of patient-derived
bladder cancer organoids reveal novel molecu-
lar correlates of gemcitabine response. Eur Urol.
2024;86(5):434-44.

Drost J, Karthaus WR, Gao D, et al. Organoid cul-
ture systems for prostate epithelial and cancer tis-
sue. Nat Protoc. 2016;11(2):347-58.

Adams EJ, Karthaus WR, Hoover E, et al. FOXA1
mutations alter pioneering activity, differen-
tiation and prostate cancer phenotypes. Nature.
2019;571(7765):408-12.

Rebello RJ, Oing C, Knudsen KE, et al. Prostate can-
cer. Nat Rev Dis Primers. 2021;7(1):9.

Cai M, Song XL, Li XA, et al. Current therapy
and drug resistance in metastatic castration-
resistant prostate cancer. Drug Resist Updates.
2023;68:100962.

Dyrskjot L, Thykjaer T, Kruhgffer M, et al. Identi-
fying distinct classes of bladder carcinoma using

83.

86.

87.

88.

89.

90.

91.

92.

93.

94.

93.

96.

97.

98.

99.

microarrays. Nat Genet. 2003;33(1):90-6. https://
doi.org/10.1038/ng1061.

Hurst CD, Alder O, Platt FM, et al. Genomic Sub-
types of Non-invasive Bladder Cancer with Dis-
tinct Metabolic Profile and Female Gender Bias
in KDM6A Mutation Frequency. Cancer Cell.
2017;32(5):701-715.e7. https://doi.org/10.1016/j.
ccell.2017.08.005.

Kang M, Kim HH, Han YM. Generation of blad-
der urothelium from human pluripotent stem cells
under chemically defined serum- and feeder-free
system. Int ] Mol Sci. 2014;15(5):7139-57.

Shin K, Lee J, Guo N, et al. Hedgehog/Wnt
feedback supports regenerative prolifera-
tion of epithelial stem cells in bladder. Nature.
2011;472(7341):110-4.

Lee SH, Hu W, Matulay JT, et al. Tumor evolution
and drug response in patient-derived organoid
models of bladder cancer. Cell. 2018;173(2):515-
28.el7.

Garraway LA, Verweij J. Precision oncology: the
path forward. Sci Transl Med. 2013;5:188ps9.

Collins FS, Varmus H. A new initiative on precision
medicine. N Engl ] Med. 2015;372:793-5.

Ashley EA. The precision medicine initiative: a new
national effort. JAMA. 2016;315:1449-50.

Schork NJ. Personalized medicine: time for one-
person trials. Nature. 2015;520:609-11.

Dienstmann R, et al. Precision oncology: translat-
ing the genome into the clinic. Nat Rev Drug Dis-
cov. 2017;16:469-78.

Clevers H. Modeling development and disease with
organoids. Cell. 2016;165:1586-97.

Drost ], Clevers H. Organoids in cancer research.
Nat Rev Cancer. 2018;18:407-18.

Smith J, et al. Pan-cancer PDOs preserve tumor het-
erogeneity and uncover therapeutic vulnerabilities.
Nat Cancer. 2025;6(4):512-28.

Tan S, et al. Breaking the mold: 3D cell cultures
reshaping the future of cancer modelling. Trends
Cancer Res. 2024;10(2):85-101.

Li X, et al. Quantitatively evaluating interactions
between patient-derived organoids and autologous
immune cells by microfluidic chip. Cell Rep Meth-
ods. 2024;4(2):100285.

Wang Y, et al. Macrophage-organoid co-cul-
ture model for identifying treatment strategies

A\ Adis


https://doi.org/10.1038/s41568-018-0007-6
https://doi.org/10.1038/s41568-018-0007-6
https://doi.org/10.1038/s41467-018-04495-z
https://doi.org/10.1038/s41467-018-04495-z
https://doi.org/10.1038/ng1061
https://doi.org/10.1038/ng1061
https://doi.org/10.1016/j.ccell.2017.08.005
https://doi.org/10.1016/j.ccell.2017.08.005

Oncol Ther

100.

101.

against macrophage-related gemcitabine resist-
ance in pancreatic cancer. J Exp Clin Cancer Res.
2023;42(1):220.

Zhao Y, et al. Organoid models in bladder
cancer: from bench to bedside? Cell Oncol.
2025;48(5):421-39.

Zhang Z, Diao L, Zhang C, et al. Use of PARP
inhibitors in prostate cancer: from specific to
broader application. Front Endocrinol (Lausanne).
2023;14:1164067. https://doi.org/10.3389/fendo.
2023.1164067.

102.

103.

104.

Slootweg E, et al. PARP inhibition in prostate and
bladder cancer: emerging biomarkers and clinical
trials update. Cancers. 2025;17(1):102.

Chen L, et al. Precision oncology options in uro-
logical cancers: targeted and immunotherapeutic
approaches. Nat Rev Urol. 2023;20(11):693-709.

Walz S, Pollehne P, Geng R, et al. A protocol
for organoids from the urine of bladder cancer
patients. Cells. 2023;12(17):2188.

A\ Adis


https://doi.org/10.3389/fendo.2023.1164067
https://doi.org/10.3389/fendo.2023.1164067

	Toward Personalized Treatment of Urogenital Cancers: The Role of Patient-Derived Organoids
	Abstract
	Introduction
	Purpose

	Overview of Urogenital Cancers
	Prostate Cancer
	Bladder Cancer
	Renal Cancer
	Current Limitations of Diagnostic and Therapeutic Approaches

	Insight into Organoid-Derived Systems
	Use of Organoid Models in Cancer Studies

	Personalized Cancer Research and Therapy
	Patient-Derived Organoids as a Platform for Precision Cancer Research and Treatment

	Conclusion
	The Critical Path Forward

	References


