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Abstract

Background: There are relatively few widely used models of prostate cancer

compared to other common malignancies. This impedes translational prostate cancer

research because the range of models does not reflect the diversity of disease seen

in clinical practice. In response to this challenge, research laboratories around the

world have been developing new patient‐derived models of prostate cancer,

including xenografts, organoids, and tumor explants.

Methods: In May 2023, we held a workshop at the Monash University Prato Campus

for researchers with expertise in establishing and using a variety of patient‐derived

models of prostate cancer. This review summarizes our collective ideas on how

patient‐derived models are currently being used, the common challenges, and future

opportunities for maximizing their usefulness in prostate cancer research.

Results: An increasing number of patient‐derived models for prostate cancer are

being developed. Despite their individual limitations and varying success rates, these

models are valuable resources for exploring new concepts in prostate cancer biology

and for preclinical testing of potential treatments. Here we focus on the need for
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larger collections of models that represent the changing treatment landscape of

prostate cancer, robust readouts for preclinical testing, improved in vitro culture

conditions, and integration of the tumor microenvironment. Additional priorities

include ensuring model reproducibility, standardization, and replication, and

streamlining the exchange of models and data sets among research groups.

Conclusions: There are several opportunities to maximize the impact of patient‐

derived models on prostate cancer research. We must develop large, diverse and

accessible cohorts of models and more sophisticated methods for emulating the

intricacy of patient tumors. In this way, we can use the samples that are generously

donated by patients to advance the outcomes of patients in the future.

K E YWORD S

explants, models, organoids, tumor microenvironment, xenografts

1 | INTRODUCTION

Prostate cancer is a global health issue with ~1,400,000 diagnoses and

375,000 deaths each year.1 The scale of this challenge requires

international research efforts to uncover the underlying biology of

prostate cancer across the disease trajectory. The new insights in

prostate cancer biology can then be used to develop novel and more

effective treatments for patients. Experimental models of prostate

cancer are a critical part of this process, because they provide functional

tools to test scientific hypotheses, to screen new therapies, and to

identify mechanisms of drug response and resistance.

Unfortunately, prostate cancer research is hampered by an

insufficient number of experimental models that adequately reflect

the molecular and cellular complexity of prostate cancer.2 The

reliance on a relatively small number of immortalized cell lines

available to study prostate cancer means there is limited scope to

study the diversity of prostate cancer. The small collection of widely

available cell lines of prostate cancer also means that it is

underrepresented in pan‐cancer analyses, such as DepMap, com-

pared to other common malignancies.3

Over several decades, many laboratories have attempted to

develop new models of prostate cancer derived from patient

tissue.4,5 Technical advances have enabled the establishment of

more physiologically and clinically relevant models such as patient‐

derived xenografts (PDXs), organoids (PDOs), and explants (PDEs).

Collectively, these contemporary patient‐derived models provide an

opportunity to study human tumor biology in vitro and in vivo, and

are often used to complement other experimental models, such as

immortalized cell lines and genetically engineered mice, to provide a

range of models for different experimental applications.

To identify current state‐of‐the‐art techniques for patient‐

derived models of prostate cancer, ongoing challenges, and emerging

opportunities, we convened a 3‐day workshop at the Monash

University campus in Prato, Italy, in May 2023. The workshop was
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attended by researchers from Australia, Japan, the Netherlands,

Switzerland, the United Kingdom, and the United States, who have

extensive and varied expertise in developing and using patient‐

derived models of prostate cancer. In this article, we summarize the

participants' views on novelties in the field, limitations, and proposed

solutions for these challenges as a research community on a global

scale.

1.1 | The current state of patient‐derived models
of prostate cancer

1.1.1 | PDXs

PDXs are important models for translational oncology research

because their characteristics closely resemble patients' tumors.6 In

most instances, PDXs retain the genomic features, histopathology

and heterogeneity of the original patient tumors, although there is

evidence of clonal selection or evolution in some cases.7,8 Cohorts of

PDXs offer a diverse platform to explore tumor biology, disease

progression, and therapeutic responses in a manner that closely

reflects the clinical scenario. Accordingly, several groups have

dedicated considerable resources to generating prostate can-

cer PDXs.

The efforts to establish PDXs of prostate cancer began 50 years

ago and increased over the last two decades. So far, over 330

prostate PDXs have been generated by individual laboratories.9 Yet,

only a few prostate cancer PDXs are available in large international

PDX collections. Consequently, there is a disparity between the

global incidence of prostate cancer (7.3% of all cancer diagnoses) and

its representation in large collections of PDXs (0.17% of models).9

This reflects the multiple challenges associated with establishing,

maintaining, and sharing prostate cancer PDXs. For example, samples

of primary prostate cancer that are readily accessible have relatively

low engraftment rates and it can be difficult to access patient

samples of metastases, which have more aggressive phenotypes. Two

recent articles synthesize the information on available prostate

cancer PDXs and the challenges associated with developing and using

these models.9,10

As a greater number of prostate cancer PDXs are being

generated, the focus is shifting towards developing PDXs that cover

less common phenotypes and reflect the emerging treatment

landscape. A survey of the workshop participants documented a

need to establish new PDXs and that this should involve a strategic

focus on underrepresented subsets of tumors (Figure 1A). These

models should span castration‐sensitive and castration‐resistant

prostate cancer, given the differences in molecular features between

these stages of disease. Several laboratories have established PDXs

of castration‐sensitive prostate cancer from samples of treatment‐

naive disease; however, they are less common than PDXs of

castration‐resistant prostate cancer.10–13 Some PDXs that respond

to castration in mice were originally grown from patient samples with

castration‐resistant prostate cancer, so it is important to note the

source of patient tissue.10 An additional consideration for the growth

of castration‐sensitive PDXs is that adult male mice have lower

testosterone levels than adult male humans. Based on serum

testosterone levels, intact mice are similar to hypogonadal humans,

while castrated mice approximate patients on androgen deprivation

therapy plus the CYP17A1 inhibitor abiraterone acetate.14 For these

reasons, some PDXs of castration‐sensitive prostate cancer are

established and maintained in host mice with testosterone

implants.12,13

Another priority is to develop PDXs that better reflect genomic and

transcriptomic tumor heterogeneity to understand the intricate interplay

between the molecular features of tumors, their microenvironment, and

therapeutic sensitivity. This includes establishing PDXs from patients

treated with new generation treatments, including androgen receptor

(AR) signaling inhibitors, poly (ADP‐ribose) polymerase inhibitors and

prostate‐specific membrane antigen directed therapies, to capture the

dynamic evolution of prostate cancer under selective pressure. This can

be achieved by consenting patients with advanced prostate cancer who

are undergoing biopsies or metastasectomy and through rapid autopsy

programs. Finally, efforts should also encompass PDXs that better

reflect patient diversity, particularly models from patients with nonwhite

ancestries.

Although PDXs are useful models for preclinical testing, researchers

need to be aware of limitations that can confound the interpretation of

experimental findings. (1) PDXs are generated in immunocompromised

hosts, so they provide limited information on the interactions between

tumor cells and the immune system and its impact on therapy

responses. (2) Differences in pharmacokinetics between humans and

mice also warrant careful consideration, necessitating the administration

of agents to achieve clinically relevant exposure. (3) There are also

differences in steroidogenic environments between species.14 (4) Finally,

the intricacy of the tumor microenvironment (TME), comprising host

stroma and vasculature, underscores the need for a greater under-

standing of the interactions of the different species‐specific cell types

within PDXs. Efforts are being made to address these issues by adapting

protocols to humanize immune‐deficient mice. There is no universal

method that is widely accepted by the field, so this is an area of

extensive ongoing investigations.15 Regardless of these experimental

caveats, PDXs offer a useful platform to study cell biology and therapy

responses of tumors with varied genotypes and phenotypes that are

relevant to the clinic.

1.1.2 | PDOs and PDEs

PDOs and PDEs have emerged as complementary models to PDXs

and established cell lines. PDOs are three‐dimensional (3D) multi-

cellular in vitro models grown from patient material. They are

typically cultured in basement membrane extracts, such as Matrigel

or Cultrex, or in ultra‐low attachment plates.16 PDOs can overcome

some of the limitations of PDXs, because they are more suitable for

genetic engineering and high‐throughput drug testing.17 However,

PDO are usually grown as monocultures lacking interaction between
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different cell types. PDEs are pieces of patient tissue that are

maintained ex vivo, often suspended above culture media with filters

or gelatin sponges.18,19 As PDEs use intact tissue, they retain the

architecture and cell types present in the original sample. However,

PDEs require ongoing recruitment of patient samples and testing is

limited to ~1 week duration. PDOs and PDEs both address the strong

societal voice worldwide to reduce the use of animals in research, but

require further optimization and standardization to reach their full

potential.20

In vitro culturing of prostate cancer directly from patient tissue is

not trivial. Attempts have been ongoing for decades and have

produced a small number of cell lines. Seminal studies have reported

the successful establishment of prostate organoids from benign

tissue and prostate cancer.21–23 Although efforts to grow organoids

from primary and low‐grade prostate cancer have been largely

unsuccessful,24 several laboratories have cultured organoids from

advanced prostate cancer.21,23–27 These PDOs recapitulate the

molecular and phenotypic traits commonly observed in patients and

include rare aggressive phenotypes such as neuroendocrine prostate

cancer where therapeutic options are limited. Additional studies have

aimed to improve the generation of PDOs of prostate cancer by using

alternative sources of cells, such as circulating tumor cells, and by

optimizing medium composition for drug screening and basic

research applications.11,24,28–30

Similar to PDXs, PDOs have major drawbacks. This includes low

success rates and suboptimal culture conditions that favor the

expansion of benign cells.24 Notably, the definition of “success” for

organoids may depend on the scientific question and the desired

applications. For example, short‐term cultures may represent

promising preclinical models of therapy response for personalized

medicine.29 However, the establishment of stable, long‐term PDO

lines remains a challenge, which hinders their use for studying

mechanisms driving the disease. Reflecting this challenge, the

international collection of expandable prostate cancer PDOs

comprises fewer than 30 shareable models and is characterized by

an over‐representation of specific molecular subtypes.21,23–26 This is

greater than the number of immortalized cell lines of prostate cancer

that are available. However, it illustrates the lack of in vitro models

emulating specific disease states, such as primary prostate cancer,

castration‐sensitive prostate cancer, rare subtypes, and tumors that

are resistant to emerging therapies. This may be due to differences in

the ability of certain subtypes to grow in vitro and the potential

enrichment of phenotypes of prostate cancer based on the

composition of growth factors in organoid culture medium. Acknowl-

edging this issue, all workshop attendees agreed that there is a need

to establish new organoid models of prostate cancer, as they offer a

tangible model system for high‐throughput screening and genetic

manipulation (Figure 1B).

As an alternative to fresh patient tissue, PDXs provide an

indefinite source of tumor material to generate organoids (PDXOs).

Yet, the success rate of growing organoids from PDXs also remains a

challenge. Most PDXs can be grown as organoids for a few passages,

but only 20%–50% of tumors grow as organoids for several

passages.12,28,30 It is not clear why some tumors are more efficient

at growing as organoids than others. Thus, future efforts should focus

on improving culture conditions by modulating a range of variables,

including the type of extracellular matrix, medium composition, and

oxygen levels.

Regardless of their origin, from fresh patient tissue or PDXs,

organoids do not capture the complex TME. Improving current

PDXOs and PDOs by the addition of stromal and immune cells will be

a significant advance for the field. In the meantime, PDEs are being

exploited to preserve the unique tumor context.19,31,32 PDEs

arguably come closest to retaining the original structure and cellular

composition of the TME, as the tumor samples undergo minimal

disruption in the establishment of the explants, and even in culture

for up to 1 week, the major structural features of the TME are

retained, including immune cell infiltrates.33 Thus, PDEs are well‐

F IGURE 1 Summary of poll results on the need for additional patient‐derived models of prostate cancer. Participants were able to select the
one response for each question. ‘No’ was not selected by any participant for either question. PDXs, patient‐derived xenografts. [Color figure can
be viewed at wileyonlinelibrary.com]
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suited to perform patient‐matched analysis of various TME compo-

nent cell types via immunohistochemical or, increasingly, spatial omic

approaches.

There are also limitations in modeling the TME with PDEs. It is

still uncertain the extent to which the original functions and

behavior of each TME cell type, beyond viability, are maintained

throughout explant culture. In addition, heterogeneous tissue

structure or cellularity differences between individual PDEs

complicate comparative analyses, as does the variable incidence

of necrosis detected in some specimens.34 This heterogeneity can

be at least partly addressed by incorporation of systematic image

analysis to quantify differences in immunostaining across PDEs.

For example, statistical modeling of Ki67 staining in prostate

cancer PDEs demonstrated that the number of fields of view that

are counted across each PDE has a greater impact on the power to

detect treatment‐induced effects compared to the number of cells

that are counted in each field.34

2 | COMMON CHALLENGES AND
OPPORTUNITIES

2.1 | Preclinical testing and drug development

Drug discovery and development requires a deep understanding of

disease biology and the specific molecular mechanisms involved in

therapeutic responses. Understanding how each drug is absorbed,

distributed, metabolized, and excreted (pharmacokinetics), and how it

interacts with the target to produce a therapeutic effect (pharmaco-

dynamics) is essential. Rigorous preclinical studies are necessary to

ensure sufficient exposure and to assess potential toxicities, including

organ toxicity, genotoxicity, and off‐target effects. However, the

translatability of results from patient‐derived models is not straight-

forward. Differences in ligand and cognate receptor affinities,

pharmacokinetics, pharmacodynamics, interactions with the TME,

and tumor heterogeneity all pose challenges when extrapolating

preclinical findings to humans.30,35–37

Given the complexities of patient‐derived models, it is

important to carefully evaluate the results of preclinical studies

arising from them during drug development. In other tumor types,

the responses of PDXs and PDOs to treatment have been

correlated with the outcomes of the original patients through

retrospective analyses or co‐clinical trials.38–40 This has not been

done comprehensively for prostate cancer, in part due to the long

timeframes for establishing patient‐derived models and collecting

patient follow‐up. Nevertheless, it would provide additional

confidence that the outcomes of preclinical studies may predict

the efficacy of emerging treatments in the clinic. The concern is

that a statistically significant change in tumor viability in response

to drug treatment in a PDX, PDO, or PDE may not necessarily

translate to a clinically relevant effect in patients. Some experi-

mental endpoints may be more informative than others. For

example, a variety of statistical approaches can be used to analyze

PDX experiments including the percentage change in tumor

volume, the area under the curve, tumor growth inhibition, and

modified RECIST (Response Evaluation Criteria in Solid Tumors)

categories. Encouragingly, the National Cancer Institute PDXNet

Consortium found that the outcomes of PDX studies were

reproducible across laboratories, but they also noted that the

outcomes of statistical testing need to be accompanied by an

assessment of the magnitude of response to judge whether it is

also biologically relevant.41

Robust experimental measures are also an important considera-

tion for drug testing using PDOs or PDXOs. Currently, the most

common approach is to use cell viability assays that measure overall

cell responses only at the endpoint of drug treatment. Experiments

are not well standardized and lack quality assessments, which

complicates comparisons across experiments and research groups.

Standardized quality measures for each organoid culture before drug

screening should include viability scores across the entire experi-

ment. It is also important to measure the tumor cell content, because

PDOs may be contaminated with benign epithelial cells if they are

from primary tumors, and PDOs and PDXOs may have stromal

contamination. Another shortcoming of current methods is the use of

viability assays that provide bulk measurements of whole wells of

organoids rather than separate clusters of cells. This limits informa-

tion of the impact of a drug on different organoid colonies within the

culture and individual tumor cells within an organoid, which is

determined by the penetration of the drug across the matrix and into

the organoid. To overcome this limitation, high‐content live‐cell

imaging can offer a range of other metrics to address the drug

response in the context of a 3D culture, but these measures will also

need to be validated for their reproducibility across different assays

and laboratories.30,42

Another important consideration for developing new therapies

is to anticipate and address the mechanisms of drug resistance that

may arise. Drug resistance can emerge due to surviving subclones,

target mutations or compensation by alternative signaling path-

ways,43 and this may not be captured by relatively short‐term

assays with patient‐derived models. For PDOs, better assessment

of drug resistance demands extended cultures beyond the current

short‐term applied drug regimens, preferably with dedicated

imaging‐based readouts for individual cell responses. Alternatively,

PDXs can be challenged with drug treatments for weeks to months

in vivo, to allow for regrowth of cells that are resistant to the drug.

This process has already been done with castration for several

prostate cancer PDXs to produce castration‐resistant sub-

lines.12,44–47 Developing therapy‐resistant models for other

treatments, including standard‐of‐care agents and new com-

pounds, will be resource‐intensive and financially demanding, but

will create greater opportunity to study emerging mechanisms of

resistance. For each new treatment it will be important to develop

multiple therapy‐resistant models, because tumor heterogeneity

may produce different mechanisms of resistance.

BRENNEN ET AL. | 5
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2.2 | Encompassing the TME

A major hurdle in developing patient‐derived models of prostate

cancer is the difficulty in accurately modeling the TME. This richly

complex ecosystem includes supportive stroma, extracellular matrix,

immune infiltrate, blood and lymphatic vessels, and it varies between

the primary tumor and metastatic niches.5,31 The difficulty in

replicating the TME reflects the inevitable changes that occur when

patient tumor tissues are excised from their in situ location, cut up or

disaggregated, grown in culture or passaged through immuno-

compromised mice, and disconnected from their original circulatory

nutrient supply and cross‐talk between cell types.

There is now overwhelming evidence that the aggressiveness of

prostate cancer, and its responsiveness or resistance to therapy, is

influenced not only by the molecular features of the tumor epithelial

cells, but also by the TME.48–51 Removing or altering the “native”

TME—for example, by generating organoids, integration of mouse

stroma, or prolonged ex vivo culture—limits the insights that can be

gained from studying existing patient‐derived models. It has also

limited the types of therapeutic interventions that can be evaluated,

including those that target key aspects of the cancer‐related stroma

and most immunotherapies.52

Despite these limitations, recent work suggests that patient‐

derived models still provide valuable preclinical data regarding tumor‐

stromal cross‐talk, drug accessibility in solid tumors, and the

optimization of certain types of immunotherapy.53 Profiling of

stromal cells isolated from a range of PDXs has shown model‐

specific responses to androgen manipulation at the gene and protein

level, which may provide clinically relevant insights into tumor‐

stromal cell interactions and extracellular matrix remodeling despite

the reduced complement of immune cells.29 For example, certain

gene signatures induced by androgen deprivation in stroma of bone

metastatic PDXs, even when implanted in a different micro-

environment, are not only expressed but are prognostic in clinical

prostate cancer.29 However, in a similar fashion to ex vivo cultured

PDEs, the stromal component of PDXs changes over time.54

Moreover, this may be exacerbated by methodological differences

between laboratories in terms of how passaging occurs, particularly

for early passages, the use of cryopreservation, and the specific

mouse strains used.

Moving forward, there is interest in performing spatial tran-

scriptomics and comparing existing RNA sequencing data sets from

patient samples and PDXs normalized for stromal content. These

analyses would provide insight into the proportions of mouse‐derived

transcriptomes in these data sets and generate an atlas of common

stromal elements that could be used to design tumor‐stromal

targeting strategies.

A compelling new application for PDXs is the evaluation and

optimisation of chimeric antigen receptor (CAR) T cell immuno-

therapy for prostate cancer. While commonly overlooked, PDXs

provide the opportunity to target components of the TME and study

interactions between the tumor and human CAR T cells. A study

comparing various pharmacological approaches to modulate the TME

in a panel of prostate PDXs showed modification of the TME by the

chemotherapeutic agent carboplatin, which enhanced both entry of

the CAR T cells into the PDXs and their persistence in vivo.53

Carboplatin caused a pro‐inflammatory shift within theTME, inducing

alterations in multiple cell types, including myeloid and fibroblastic

cells, which was required for improved efficacy of CAR T cell therapy

in the tumor. While the authors of this study acknowledged the

necessarily reductionist setting for evaluating this form of therapy,

which lacks interactions between immune cells within the TME, it

offers the unique potential to assess the impact of multiple types of

TME‐directed interventions across a range of clinically relevant

tumor phenotypes. This could then enable validation in a more

targeted way using immunocompetent or humanized model settings.

Although PDEs retain the original structure and cellular

composition of the TME, the architecture of the stroma often

changes with increasing time in culture, and the function and

activation of the resident immune cell population is not routinely

analyzed.34 Despite this issue, a recent report testing PD‐1 blockade

in ex vivo cultured PDEs from five different tumor types, not

including prostate cancer, showed that the immunological response

in the resident T cells of these PDEs was indicative of the subsequent

clinical response of the donor patients.55 The heterogeneity of the

TME within a single lesion in a patient, at tumor invasion fronts, or

between different metastatic sites, is also difficult to capture in any

preclinical models, although increasing use of spatial multi‐omics is

likely to provide some insights.56,57 Spatial mass spectrometry

imaging is also useful to evaluate drug penetration into PDEs.58

Efforts to better maintain or mimic the TME are gaining traction

in model systems. For example, incorporating bone‐like scaffolds in

PDX, PDO, or PDE cultures provides important structural signals that

may improve modeling of the bone metastatic niche of prostate

cancer.59 There is also increasing interest in minimizing the dramatic

change from a hypoxic, nutrient‐depleted TME in the patient, to an

environment with supraphysiological nutrient levels in the case of

PDOs and PDEs, by using a range of contemporary physiological

culture media with restricted nutrient levels.60 Overall, this means

that there is still broad scope for modifying patient‐derived models of

prostate cancer to mimic the cellular composition and physiological

conditions of tumors in patients.

2.3 | Combining models across different cohorts

Simply establishing a greater number and variety of patient‐derived

models of prostate cancer will not be sufficient to overcome all the

barriers for effective translational research. It is also important to

thoroughly characterize all models and provide unconstrained access

to them for the research community. Collaborative initiatives are

pivotal, including using public repositories to house patient‐derived

models and the extensive data sets arising from them (Figure 2A).

This will expand the capacity of more laboratories to use patient‐

derived models and improve the coordination between groups with

existing collections.

6 | BRENNEN ET AL.

 10970045, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pros.24682 by U

niversitat B
ern, W

iley O
nline L

ibrary on [18/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



There are several impediments to widespread sharing of PDXs

(Figure 2B). This includes practical issues around resourcing and

infrastructure. There are also technical issues, such as the difficulty in

cryopreserving some PDXs, which limits their transferability. Ethical

considerations surrounding patient consent, data privacy, and animal

welfare also demand careful navigation. Establishing partnerships

between research institutions and regulatory bodies is pivotal to ensure

responsible and transparent utilization of PDXs. Collaboration among

research institutions is essential to address these challenges effectively.

Sharing PDX data, tissues, and expertise can accelerate discoveries and

enhance the reliability of research outcomes. To enable more extensive

collaborations, we must overcome institutional barriers, align interests,

streamline material transfer agreements, adopt common standards for

recording and describing data, utilize shared databases, and replicate

protocols between laboratories. This is a major focus as we aim to

maximize the use of patient‐derived models beyond the laboratories

that established and maintain them. Indeed, despite the challenges in

sharing patient‐derived models (Figure 2B), in the poll at the Prato

workshop, none of the attendees thought that there are too many

barriers to collaboration between laboratories (Figure 2C).

Similar to PDXs, legal barriers need to be overcome so that in

vitro patient‐based models can be shared across the globe for optimal

impact. Despite this hurdle, the ease of growing PDXOs and PDOs

has facilitated more accessible transfer of models and sharing of

protocols across research groups. Our limited understanding of the

essential medium requirements for prostate epithelial tumor cells to

survive and proliferate in vitro, while retaining the features of the

donor tumors, remains a significant challenge for safe storage and

recovery of the original PDX, PDXO, and PDO. Culture media lacks

numerous factors that are present in vivo and has higher concentra-

tions of others, which may impact the features of patient‐derived

cells. For example, several growth factors added to organoid media

can modulate AR expression in benign prostate organoids. Omitting

FGF10, noggin, R‐spondin, or nicotinamide from organoid media,

decreases AR expression, whereas removing EGF increases AR

signaling.22 It is possible that changes in the relative concentrations

of these additives could enrich different subsets of cells based on

their dependency on the AR and other signaling pathways. To

safeguard intratumoral heterogeneity at PDO initiation, the parallel

use of different media may capture the full repertoire of heteroge-

neity of the original tumor.

3 | FUTURE DIRECTIONS

3.1 | Advanced modeling

Preclinical drug discovery and development requires extensive effort

over many years, owing in part to the use of animal models, like

PDXs, which are costly for large‐scale drug testing. Increasingly

sophisticated in vitro models may enable more efficient and accurate

preclinical pipelines. As microfluidic, organ‐on‐a‐chip and 3D

coculture models develop, they will provide physiologically relevant

platforms for testing candidate compounds by integrating multiple

cell and tissue types.20 These models aim to mimic the complexity of

human tissues, allowing for better prediction of drug efficacy,

toxicity, and metabolism before advancing to clinical trials. For

example, microfluidic chips can support the viability of microdis-

sected samples of benign and malignant human prostate tissue and

slices of prostate cancer PDX tissue for several days.61,62 These

systems could also model biological interfaces and mechanical forces

to mimic the TME and dynamic changes in various factors, including

drugs, over time.63 There are many potential uses of advanced in

vitro models of prostate cancer, including testing drug activity and

toxicity, evaluating pharmacodynamics/pharmacokinetics, and dis-

ease modeling with small samples of patient tissue. The limitations of

these assays will be addressed over time including their expense, the

need for reproducible and stable sources of primary cells or tissue,

and engineering challenges.63

Currently, organoids are usually grown in Matrigel. This

growth factor‐rich extracellular matrix preparation from the

Engelbreth–Holm–Swarm mouse sarcoma contains a mixture of

defined and undefined components.64 An emerging alternative is

to use synthetic hydrogels as matrices for growing organoids in

more controlled and reproducible conditions.30,65,66 For instance,

cells from prostate cancer PDXs have been cultured in poly-

ethylene glycol, an inert polymer widely used for 3D cell

culture.67 Polyethylene glycol can also be modified with specific

peptides, adhesive elements, and degradable ligands to mimic

components found in the TME. Semi‐synthetic hydrogels, like

methacrylated or thiolated gelatin, combine the advantages of

natural matrices—such as low immunogenicity and integrin‐

binding motifs—with the tailored characteristics of synthetic

hydrogels, including their customizable chemical and physical

properties.68 Methacrylated gelatin (GelMA) has been success-

fully used for co‐cultures of prostate cancer cells lines with cells

from the TME, and for automated protocols with bioprinting.69–71

Therefore, this approach holds great potential for tackling the

next step of introducing patient‐derived cells.

Specialized matrices for organoids could also be developed

based on the insights from ex vivo explant models of metastases.

To replicate the bone metastatic niche, scaffolds might offer

greater potential than hydrogels. This stems from their increased

stiffness, more closely resembling the specific biophysical char-

acteristics of bone. For example, mineralized polycaprolactone

scaffolds have been used to co‐cultures cells from prostate cancer

PDXs with osteoblasts.72,73 Collectively, the advances in creating

more sophisticated in vitro models of prostate cancer will address

some of the limitations of current patient‐derived models and

provide researchers with new tools to mimic the complex

characteristics of patient tumors.

Although cell lines are not usually considered to be advanced

in vitro models, it would be a major advance for the field to

overcome the shortage of prostate cancer cell lines, because

they are relatively easy to grow, manipulate, and disseminate.

The derivation of 22Rv1 cells from the CWR22 xenograft

BRENNEN ET AL. | 7
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demonstrated the possibility of establishing cell lines from

prostate cancer PDXs in some cases.74 A cell line has also been

established from the LTL331R PDX using the conditional repro-

gramming methodology.75 Concerted efforts are underway to

establish cell lines from other prostate cancer PDXs with the goal

of expanding the variety of available models of prostate cancer.

3.2 | Artificial intelligence (AI)

AI is becoming increasingly essential in drug development due to its

capability to handle vast and intricate data sets.76,77 AI has the

potential to expedite drug development by reducing the need for

numerous rounds of lead optimization. It is already successfully

F IGURE 2 Summary of poll results on the practicalities of sharing patient‐derived models or prostate cancer. (A–C) Graphs show the
percentage of attendees who selected each response to questions about sharing patient‐derived models. Participants were able to select
multiple options for each question. [Color figure can be viewed at wileyonlinelibrary.com]

8 | BRENNEN ET AL.
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employed in various applications, such as predicting protein

structures, virtual screening, aiding in synthesis planning, and

developing algorithms for predicting bioactivity, pharmacokinetic/

pharmacodynamic parameters, toxicity, and physicochemical proper-

ties.76 Nevertheless, there remain significant challenges to AI

implementation, including the requirement for extensive high‐

quality training data sets that ideally do not rely on proxy measures,

standardizing and integrating existing data into compatible formats,

handling uncertainty and noise resulting from incomplete data

matrices, addressing issues of transparency in algorithms, and

educating new generations of scientists to embrace and comprehend

these models.76

As patient‐derived models of prostate cancer become more

sophisticated and are used in higher throughput settings, it will

become necessary to use AI to help analyze the intricate multi-

parameter data sets they generate. Presently, high‐context live cell

imaging and endpoint analyses are used to assess changes in the size,

composition, and viability of prostate organoid cultures.30,42 These

experiments produce an abundance of images capturing organoids

from various focal planes, over time, under different treatments, and

through various microscopy techniques, including brightfield and

fluorescence microscopy targeting cell nuclei or viability stains.

Despite the richness of these data sets, their full potential is

underutilized, as there are many more parameters that could be

measured to identify patterns in how different organoids respond to

distinct treatments.

AI is already starting to be used to analyze the features of

organoids in different disease contexts, such as investigating the

differentiation of retinal organoids or characterizing the phenotype of

brain organoids.78–80 Therefore, a promising future direction is to

apply these AI techniques to the study of prostate cancer organoids.

Another advantageous application of AI in the context of patient‐

derived models of prostate cancer would involve spatial analysis of

multiple cell populations. This could provide insights into how these

populations change in response to drug treatments and whether

these changes vary based on the spatial distribution of different cell

types. By doing so, we can ensure that the sophistication of our

analysis pipelines keeps pace with the growing complexity of patient‐

derived models and the evolving methodologies used to profile them.

4 | CONCLUSIONS

There are no simple solutions to the complex clinical challenges of

prostate cancer. All experimental models have their benefits and

shortcomings, making them appropriate to address some research

questions but unsuitable for others. These considerations highlight

the need to use a combination of multiple models rather than rely on

single models. All of these models must be deeply characterized and

their therapy responses carefully validated using robust readouts.

Yet, as more patient‐derived models are established, treated with

different drugs, and profiled with multiple omics techniques, the task

of interpreting the results becomes a growing challenge for individual

laboratories. Therefore, greater use of patient‐derived models is part

of the solution to advancing our understanding of prostate cancer

biology and improving preclinical drug testing, but it comes with

inherent challenges. We have distilled the challenges into three main

areas for our laboratories and others to address.

4.1 | Developing diverse and accessible cohorts of
models

There is a need to make a global effort to establish patient‐derived

models that represent the spectrum of prostate cancer subtypes,

patient ancestries, and therapy‐resistant phenotypes. This will

require wider inclusion of diverse patient populations to ensure

comprehensive representation. Sharing these models requires clear

ethical guidelines that address patient consent, data privacy, and

animal welfare. Engaging with regulatory bodies and ethics commit-

tees will ensure responsible and transparent research practices.

4.2 | Collaboration, data integration, and
standardization

Open science initiatives that promote sharing of methodologies, data

and results will accelerate the pace of discovery and improve the

reproducibility of results. Compiling data from different collections of

patient‐derived models will provide a holistic view of tumor biology,

treatment responses, and genetic alterations. To drive collaboration

and accelerate discoveries, we need to combine molecular and

functional data sets and disseminate them to the research community

using standardized, centralized and publicly available data reposito-

ries. These collaborative efforts should span academia, pharmaceuti-

cal companies, and government organizations to pool resources,

knowledge, and expertise. Current efforts to standardize patient‐

derived models include the PDX models Minimal Information

standard, which lists essential and desirable features to report,

spanning patient and tumor features, model creation, and quality

assurance.81 This standard could be applied to prostate cancer PDXs

and adapted for PDOs and PDEs.

4.3 | Innovations in modelling

Advanced techniques, such as humanized mouse models and organ‐

on‐chip systems, will enhance the accuracy of modeling tumor‐

immune interactions and therapy responses. As the models become

more sophisticated, technologies with single‐cell and spatial resolu-

tion will increasingly be required to unravel complex cellular

dynamics within them. AI may facilitate many of these processes

given the volume of data that will be produced. These advances may

also decrease the need for animals as in vitro and ex vivo alternatives

are developed; however, it is currently premature to eliminate animal

testing until these technologies are more thoroughly validated.

BRENNEN ET AL. | 9
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4.4 | Summary

In conclusion, patient‐derived models are enabling researchers to

study prostate cancer in ways that mirror its clinical complexity. By

learning from the limitations of current models, we can improve the

development of new tools rather than perpetuating the same issues.

Although challenges abound, the solutions are within reach through

technological advancements, collaborative efforts, and ethical and

legal frameworks that enable sharing worldwide. As the field evolves,

we need to embrace diversity, data integration, and shared resources,

and outreach to different fields such as engineering and AI. This will

propel prostate cancer research toward novel insights, refined

treatments, and improved patient outcomes.
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