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ABSTRACT

Three-dimensional (3D) organoid cultures have transformed the way researchers bridge the gap between conventional
two-dimensional (2D) systems and living tissue. Here, we compare the two organoid platforms that now dominate biomed-
ical research patient-derived organoids (PDOs) and induced pluripotent stem cell (iPSC)-derived organoids and consider
how combining their strengths might shape the future of translational and regenerative medicine. PDOs retain a donor’s
genetic, histopathological and phenotypic features, which makes them well suited to rapid, clinically relevant modelling of
cancer, infectious disease and fibrosis; their main drawbacks are limited tissue availability, dependence on animal-derived
matrices, and an incomplete tumour microenvironment. iPSC-derived organoids, by contrast, can be expanded almost
indefinitely and are readily amenable to genetic manipulation, making them attractive for developmental and rare disease
research, although they tend to remain immature and are costly to produce. We review several emerging approaches that
address these shared limitations co-culture and organoid-on-chip systems, multi-omics integration, and vascularised as-
sembloids alongside the ethical and regulatory questions that both platforms raise. Rather than competing technologies,
we argue that PDOs and iPSC-derived organoids are best treated as complementary tools, and that hybrid models com-
bining patient specificity with scalability offer a promising way forward. We also discuss the limitations of this narrative
review, including its non-systematic search strategy.
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INTRODUCTION

Three-dimensional (3D) organoid models have transformed
how researchers bridge the translational gap between con-
ventional two-dimensional (2D) cultures and in vivo systems
-3, Grown from self-organising stem cells, organoids reca-
pitulate key features of organ architecture and function, and
have become powerful tools across basic research, disease
modelling, and translational medicine 4671,

Two platforms currently dominate the field. Patient-derived
organoids (PDOs), are generated directly from adult stem
cells isolated from patient tissues 9, while iPSC-derived or-

ganoids are established by reprogramming somatic cells into
induced pluripotent stem cells (iPSCs) and then differentiat-
ing them into organ-specific structures ['%'2l, Figure 1 pro-
vides a schematic overview of both systems and their main
applications.

METHODS

This is a narrative rather than a systematic mini review,
based on a search of the literature published up to Septem-
ber 2025. We identified relevant articles in PubMed, Scopus,
and Web of Science using the terms "patient-derived organ-
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oids", "iPSC-derived organoids", "advantages", "limitations",
"cancer modelling", and "translational research", giving pref-
erence to peer-reviewed studies, systematic reviews, and
seminal papers offering comparative insights into the two
platforms; further references were drawn from the bibliog-
raphies of these papers. Articles were screened for relevance,
and the data extracted narratively to draw out the strengths,
drawbacks, and emerging solutions associated with each ap-
proach. Because this is a narrative rather than a systematic
review, it was not conducted against a pre-registered protocol
or a formal quality appraisal framework, and reflects our own
focused reading of the literature rather than exhaustive, re-
producible search a point we return to as a limitation in the
conclusion.

PATIENT-DERIVED ORGANOIDS:
STRENGTHS AND CLINICAL RELEVANCE
Advantages of PDOs

Patient-derived organoids owe much of their growing popu-
larity to how quickly they can be established. Cultures can
typically be generated from patient tissue within a timeframe
that is compatible with real world clinical decision-making 131,
and because they retain the donor tumour’s genetic altera-
tions, histopathological organisation, and phenotypic hetero-
geneity, they tend to be strongly predictive of how a given
patient will respond to chemotherapy or targeted therapy
[5,9,10]

This fidelity extends down to the genetic and epigenetic level:
PDOs preserve both intra- and inter-patient heterogeneity [,
which is precisely what makes them so useful for personal-
ised medicine particularly in oncology, where drug sensitivity
testing on patient’s own organoids can help predict how they
will respond to treatment (Table 1). The same direct deriva-
tion from patient tissue also underpins their strong transla-
tional fidelity in modelling cancer, gastrointestinal disorders,
and cystic fibrosis [10-12.14],

Because PDOs are comparatively cheaper and less techni-
cally demanding to generate that iPSC-based systems, re-
searchers have been able to build living organoid biobanks
that serve as valuable resources for large-scale drug screen-
ing and biomarker discovery 3. Oncology has benefited
most from this approach: PDO libraries testing responses to
chemotherapy and targeted agents now provide a functional
bridge between a tumour’s genomic profile and its actual
treatment outcomes [®:15.161,

Oncology is not the only field to have benefited. PDOs and
iPSC-derived organoid have also reshaped how infectious
diseases and fibrotic disorders are modelled. Because PDOs
preserve native tissue architecture, epithelial diversity and a
donor’s own genetic background, they can faithfully repro-
duce host pathogen interactions and the variability in infec-
tion severity seen between individuals; recent work has posi-

tioned organoids as essential tools for studying viral tropism,
epithelial barrier function and antiviral responses in human
tissue '], This has already uncovered physiological mecha-
nisms such as mucin mediated restriction of coronavirus in-
fection in the intestinal epithelium, and inflammatory macro-
phage activation within immune competent organoids in-
fected with SARS-CoV2. iPSC-derived organoids comple-
ment this work by offering a scalable, genetically controlled
system for studying host genetics and pathogen tissue inter-
actions, and are increasingly used in antiviral drug screening
17

Fibrosis modelling has grown alongside this. Intestinal and
hepatic PDOs recapitulate patient-specific fibrotic processes
such as epithelial mesenchymal transition, extracellular ma-
trix deposition and fibroblast mediated remodelling, and fibro-
blast organised microenvironments have been shown to
shape drug sensitivity within these PDO systems 812, iPSC-
derived organoids offer a similarity versatile platform: pluripo-
tent stem cell-derived liver organoids have been used to
model drug induced liver injury and screen for antifibrotic
compounds, and iPSC-derived lung organoids provide a con-
trollable system for studying how tissue injury drives extra-
cellular matrix deposition and remodelling '8, Taken to-
gether, the two platforms complement one another well
across infectious disease and fibrosis research, supporting
mechanistic discovery, personalised disease modelling and
preclinical therapeutic testing.

Limitations of PDOs

These strengths come with real trade-offs. Establishing
PDOs depends heavily dependent on the availability and
quality of fresh patient material, and success rates vary con-
siderably by tissue type and tumour subtype ['2%, More fun-
damentally, PDOs lack much of the native tumour microenvi-
ronment, stromal, vascular, inmune, and neural elements
are all largely absent, which limits how well they can model
systemic interactions [812.21.22],

Many protocols also still rely on animal-derived matrices such
as Matrigel, which introduces batch to batch variability and
its own ethical issues ['>2%], Expanding cultures over time car-
ries a risk of clonal selection that can gradually erode the het-
erogeneity researchers are trying to preserve, and incon-
sistent protocols across laboratories continue to undermine
reproducibility ("9, Patient consent, data privacy, and equita-
ble access to biobanks add a further layer of complexity to
clinical adoption 4; we return to these governance issues
later (see Ethical and Translational Considerations).

IPSC-DERIVED ORGANOIDS: VERSATILITY
AND GENETIC TRACTABILITY

Advantages of iPSC-derived Organoids

iPSC-derived organoids offer a different, and largely comple-
mentary, set of strengths. They can be generated from easily
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accessible sources such as skin fibroblasts or peripheral
blood, reprogrammed into a pluripotent state, and then differ-
entiated into a wide range of tissue lineages 25261, Because
the resulting lines are renewable, they can be expanded in-
definitely, supporting large-scale, reproducible experiments
in a way PDOs generally cannot.

This scalability is a genuine advantage: because iPSCs can,
in principle, be generated from anyone, organoids can be es-
tablished even when a patient biopsy simply is not available,
a real benefit for studying developmental disorders and rare
diseases 2428421 Their developmental plasticity also makes
them well suited to studying organogenesis directly, and ge-
nome editing tools such as CRISPR/Cas9 allow researchers
to build isogenic models that help tease apart genotype-phe-
notype relationships 131,

Beyond disease modelling, this same genetic tractability has
made iPSC-derived organoids particularly valuable in devel-
opmental biology and regenerative medicine, offering an un-
precedented window into human organogenesis and real
promise for future cell-based therapies [°:29],
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Limitations of iPSC-derived Organoids

These advantages come at a cost. The biggest challenge is
immaturity: iPSC-derived organoids often resemble foetal ra-
ther than adult tissues [2%261 which limits their usefulness
modelling late-onset diseases or drug responses. Producing
them is also slow and labour-intensive, often taking more
than six weeks of culture before reaches functional maturity
[4,9,26]_

Genetic instability introduced during reprogramming and ex-
tended culture is a further consent, particularly around tu-
mourigenic potential in any future clinical use ['"?%], Differen-
tiation protocols can take months and still yield variable re-
sults, and residual epigenetic memory or incomplete differen-
tiation can introduce artefacts that complicate interpretation
of the data.

High costs and the need for specialised expertise have also
slowed broader uptake relative to PDOs 820, and, as with
PDOs, the lack of stromal, vascular, and immune compo-
nents still limits how physiological accurate these models can
be [11,15]_

Comparison of PDOs vs iPSC-derived Organoids: Advantages, Disadvantages, and Solutions

Patient-specific
Rapid (2-4 weeks)

High fidelity
Advantages
PDOs
PDOs
Immune/ stroma co-culture
PDOs Vascularisation
Organoid-on-chip
Disadvantages ]
PDOs .
Solutions

Limited immune/ stroma
Tissue-dependent success
Ethical/ privacy issues

Scalable biobanks
Gene editing amenable
Development modelling

Advantages
iPSC
iPSC-derived organoids
Organoid-on-chip iPSC-derived
Hybrid PDO-iPSC organoids

Disadvantages
iPSC

Fetal-like states
Slow, costly
Genetic instability/ tumourigenicity

Figure 1. Overview of organoid systems. Schematic representation of the two main organoid platforms: patient-derived or-
ganoids (PDOs), established directly from patient biopsy or surgical material, and iPSC-derived organoids, generated by repro-
gramming somatic cells into induced pluripotent stem cells (iPSCs) and differentiating them into organ-specific models. Key
applications, including disease modelling, drug screening, and regenerative medicine, are indicated.

In this mini review, we compare the relative strengths and limitations of these two platforms, highlight emerging strategies that
address their shortcomings, and consider how bringing them together might shape the future of biomedical research and clinical

translation.
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Maturation Strategies for iPSC-derived Tissues: 3D Bi-
oprinting, Hypoxia, and Co-culture Approaches

Given how much this immaturity limits their usefulness for
modelling late-stage physiology, drug responses and com-
plex disease, researchers have developed several strategies
aimed at pushing iPSC-derived tissues towards greater
structural organisation and functional maturity.

Three dimensional (3D) bioprinting is one of the more prom-
ising of these approaches, since it gives researchers precise
spatial control over where cells are placed and how the ex-
tracellular matrix is arranged. Building constructs layer by
layer from cell laden bioinks produces a hierarchical, tissue
like geometry that self-organising spheroids and simple ag-
gregates cannot easily replicate. Tuneable bioinks and scaf-
folds designs can be used to influence mechanical properties
and biochemical signalling, which in turn helps guide lineage
progression in cardiac, hepatic and neural constructs ?71, and
incorporating supportive hydrogels and patterned channels
improve nutrient and oxygen diffusion, reducing central ne-
crosis and encouraging a more native like multicellular organ-
isation.

Oxygen tension is another factor that is often overlooked.
physiological tissues experience far lower oxygen levels than
the atmospheric conditions used in most culture systems and
controlled hypoxic or physioxic culture can activate hypoxia-
inducible pathways that regulate angiogenic, metabolic and
differentiation networks, nudging iPSC-derived cells towards
more mature phenotypes. Formal hypoxia conditioning stud-
ies in iPSC organoids are still relatively rare, but the wider
tissue engineering literature is fairly consistent on the value
of tuning oxygen gradients in 3D constructs, both to prevent
central necrosis and to better mimic the developmental
niches these cells would encounter in vivo; the same gradi-
ents can also drive regional patterning that resembles native
organ histology.

Co-culture is arguably just as important. In native tissue, ep-
ithelial, stromal, endothelial, immune and neural cells interact

constantly through direct contact and paracrine signalling to
regulate development, homeostasis and repair, and recreat-
ing even part of that complexity in vitro noticeably improves
iPSC-derived tissue maturity. Co-culturing iPSC-derived car-
diomyocytes with endothelial cells and stromal populations
within 3D hydrogels, for example, improves contractile func-
tion and shifts gene expression closer to that of adult myo-
cardium. These multicellular environments also support vas-
cularisation, improving nutrient delivery and waste removal,
and provide the mechanical and biochemical cues that drive
organ specific maturation. Adding supporting cell types such
as fibroblasts or mesenchymal cells contributes further extra-
cellular matrix cues that refine tissue organisation and resili-
ence, and when combined with advanced matrix platforms,
these systems can produce functional readouts, electrophys-
iological maturation in cardiac constructs, metabolic compe-
tence in hepatic tissues, barrier formation in epithelial models
that are difficult to achieve in monoculture.

None of these approaches is mutually exclusive, and it is
likely that combining engineered microarchitecture, oxygen
tuned microenvironments and supportive co-culture will do
more for iPSC-derived tissue maturity than any one strategy
alone and, in doing so, make these models more useful for
disease modelling, drug screening and regenerative medi-
cine.

COMPARATIVE ANALYSIS AND APPLICA-
TIONS

Taken together, this evidence points to a simple conclusion:
PDO and iPSC-derived organoids work best as complemen-
tary tools rather than rival technologies. PDOs are hard to
beat in translational oncology, where speed and patient spec-
ificity matter most for informing treatment decisions [©'3],
while iPSC-derived organoids are better suited to fundamen-
tal biology, regenerative medicine and the mechanistic dis-
section of genetic disease 1928, Table 1 and Figure 2 summa-
rise how these different strengths map onto different priorities.

Table 1. Comparative advantages and limitations of PDCOs and iPSC-derived organoids

Feature

PDOs

iPSC-derived organoids

Establishment time
Patient fidelity
Scalability
Genetic manipulation

Maturity

Cost Moderate

Clinical translation

2-4 weeks

Limited by tissue availability
Limited

Adult-like characteristics

Rapid turnaround for precision medicine

6-12+ weeks

High — preserves patient genetics/ pheno- Variable — depends on reprogramming fi-

delity
Unlimited from reprogrammed cells
Highly amenable to CRISPR/ Cas9 edit-
ing
Often foetal-like phenotypes
High (labour- and expertise- intensive)

Slower but suitable for regenerative appli-
cations
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Estimated Timeframes for PDO vs iPSC-derived Organoid Generation

0 weeks: Somatic cell collection (e.g.: fibroblasts, blood cells)
0-2 weeks: Reprogramming into iPSCs
iPSC-derived organoids 2-4 weeks: Expansion and quality control of iPSC lines
4-8 weeks: Directed differentiation into specific lineages
8-12 weeks: Organoid maturation (tissue-specific variability)

Total: ~6-12 weeks (sometimes longer)

0 weeks: Patient biopsy/ resection

Patient-derived organoids (PDOs) + 1-2 weeks: Tissue processing, isolation of adult stem cells/ tumour cells

2-4 weeks: Expansion into PDOs (ready for experiments)

Total: ~2-4 weeks

0 2 4 6 8 10 12 14

Figure 2. Comparative advantages and limitations of PDOs and iPSC-derived organoids. Summary of the major strengths
and drawbacks of each organoid system. PDOs are highlighted for their rapid establishment and faithful recapitulation of tumour
heterogeneity, whilst iPSC-derived organoids are emphasised for their scalability and genetic tractability. Shared challenges,
including lack of immune, stromal, and vascular components, are illustrated.

Beyond these broad comparisons, the two platforms also diverge in how they are actually applied across research and clinical
settings, as summarised in Table 2. PDOs, for instance, have shown roughly 80-90% clinical concordance in predicting chem-
otherapy response in metastatic colorectal cancer (CRC) [2'2% while CRISPR-corrected iPSC-derived organoids have
archieved substantial in some models over 70%, phenotypuc correction in rare monogenic disease [20-26:30. These figures vary
by disease and correction strategy and should be checked against the primary source before submission.

Table 2. Applications of PDOs and iPSC-derived organoids in research and clinical translation

Application area PDOs iPSC-derived organoids

Patient-specific tumour modelling; drug
response prediction; biobanks for high-
Cancer research throughtput screening (~80-90% clinical
concordance reported in colorectal can-
cer (CRC); [921.29],

Functional precision medicine; preclinical Large scale compound screening; model-

Drug discovery and toxicology drug efficacy testing; biomarker identifica- ling patient diversity through iPSC co-

tion [25,33,34]_ horts [12,18,24]_

Broad utility in modelling hereditary disor-
ders (e.g.: lissencephaly, retinal degener-
ation); CRISPR-corrected models show-
ing substantial phenotypic rescue [20:26:30],
Limited ability to study embryogenesis Powerful models for organogenesis, neu-
(derived from adult stem cells). ronal and intestinal development [13.24.27],
High promise for tissue engineering and

regenerative therapy (e.g.: liver buds,

cortical grafts); [18.19.31.32]

Modelling cancer initiation from defined

mutations via CRISPR/ Cas9; studying

tumourigenesis in developmental con-
texts [22,31, 32]_

Limited utility, but possible when derived
Genetic diseases from affected tissues (e.g.: cystic fibrosis
PDO); [14.161,

Developmental biology

Currently exploratory; transplantation po-

Regenerative medicine f . S
9 tential under investigation ['9:31,
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Table 3. Emerging solutions to overcome platform-specific limitations

Challenge PDOs

iPSC-derived organoids

Stage of valida-

Shared solutions )
tion

Microenvironment )
immune/ stromal cells

Standardised biobanking proto-

Co-culture with patient matched Integration with engineered
tissue scaffold

Organoid-on-chip sys-
tems; bioprinting
High-throughput plat- Pre-clinical—early

Pre-clinical

Scalability Automated culture system .

cols forms clinical

. Extended culture protocols; . . . -
Maturation N/A (already mature) . Mechanical stimulation Pre-clinical

metabolic cues

. s . . Machine | i -

Reproducibility Protocol standardisation Quality control metrices _ac ine tearning Pre-clinical
guided assessment

L Endothelial/ vascular co-culture Vascularised assembloids; mi- Organ-on-chip (OOAC) -

Vascularisation Pre-clinical

in tumour PDOs

crofluidic perfusion

systems

EMERGING SOLUTIONS AND FUTURE DI-
RECTIONS

Addressing Common Limitations

PDOs and iPSC-derived organoids share several challenges,
and researchers are tackling them through a range of inno-
vative approaches. Chief among these is the absence of im-
mune, stromal, and vascular components, which is now be-
ing addressed through the strategies summarised in Table 3.
For PDOs, this has meant integrating synthetic biomaterials,
co-culturing with autologous immune cells, and using organ-
oid-on-chip systems to better approximate physiological con-
ditions 38211, For iPSC-derived organoids, protocols are be-
ing refined to improve maturation through longer culture pe-
riods, engineered scaffolds, and vascularisation via endothe-
lial co-culture 32351,

Newer co-culture models incorporating T cells, macrophages,
and fibroblasts are starting to close this microenvironment
gap, making it possible to study immune tumour interactions
and immunotherapy responses directly [32224.36.42 Qrganoid-
on-chip platforms and bioprinting methods are similarly being
developed to build in vascular networks, which allows larger,
more physiologically realistic structures to be cultured 821371,

Technological Innovations

Computational tools are playing a growing role here too deep
learning based morphological assessment, for example, is
helping to improve quality control and reduce variability be-
tween organoid lines [18:31.32.35.38.39]  Often efforts include us-
ing metabolic and mechanical cues to promote maturation,
automating culture and imaging to improve reproducibility,
and introducing microfluidic systems to support vascularisa-
tion and perfusion (9161,

Integration Strategies

Hybrid approaches are, in our view, one of the more exciting
directions for the field. Combining patient-derived genetic
material with iPSC platforms could, in principle, merge trans-
lational fidelity with scalability, addressing the limitations of

each approach individually ['3440411 One example already
under active investigation is the PDO-seeded iPSC-derived
scaffold, in which patient tumour or tissue cells are combined
with a scalable, genetically tractable iPSC-derived structural
framework for regenerative or disease modelling use, the aim
being to combine patient specific fidelity with the reproduci-
bility of an iPSC platform. These hybrid systems raise their
own ethical and ownership questions, though: who holds
rights over a construct built from both a patient’s tissue and a
reprogrammed cell line? How should consent be structured if
the construct is later used commercially? And how should bi-
obank governance apply once patient- and donor-derived
materials are combined within a single model? These are
questions that will need to be worked through alongside the
technical development of hybrid platforms.

Next-generation Advances
A handful for converging technologies look set to shape the
next generation of organoid research.

Multi-omics integration

Multi-omics integration has substantially sharpened the res-
olution of both PDOs and iPSC-derived organoids as experi-
mental and translational platforms. In PDOs, it allows inves-
tigators to capture the molecular landscape of an individual
tumour by linking genomic alterations to transcriptomic, pro-
teomic and metabolic states uncovering patient specific vul-
nerabilities that more limited assays would miss; this works
precisely because PDOs retain the genetic heterogeneity,
mutational profile and functional responses of the original tu-
mour, making them powerful avatars for precision oncology
[21.371 iPSC-derived organoids offer a different advantage
here a genetically controlled system, free from tumour asso-
ciated confounders, in which multi-omics can instead be used
to study normal tissue development, differentiation trajecto-
ries and disease mechanisms. Single cell multi-omics applied
across both platforms has already shed light on differentia-
tion hierarchies, rare cell subpopulations and the transcrip-
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tional dynamics underlying lineage trajectories and cell state
transitions, and combining this with epigenomic profiling
helps to map the regulatory networks driving differentiation
and disease phenotypes; proteomic and metabolomic layers
then add a further dimension of functional depth not always
visible at the RNA level. Challenges remain on both sides,
however PDOs are prone to culture induced drift and selec-
tion pressure that requires careful computational correction,
while iPSC-derived organoids often show enough variability
in differentiation efficiency to complicate downstream data in-
terpretation.

Artificial intelligence (Al)-assisted maturation
and analysis

Artificial intelligence (Al) has moved quickly from a peripheral
tool a genuine driver of innovation in both PDO and iPSC-
derived organoid research, improving maturation, standardi-
sation and high throughput analysis 839, In PDOs, Al-ena-
bled platforms can automatically analyse time lapse or high
content microscopy image to quantify morphology, budding,
lumen formation, cell death and growth kinetics, moving well
beyond simple endpoint viability assays and providing richer,
real-time data on drug response. This kind of imaging-based
phenotyping speeds up throughput and reduces subjectivity,
which in turn allows more consistent quality control across
diverse PDO lines. In iPSC-derived organoids, Al is proving
particularly useful for guiding differentiation: machine learn-
ing (ML) models can read early morphological cues, predict
differentiation outcomes, and adjust culture conditions (e.g.:
media, growth factors, ECM conditions) in real time to steer
maturation more reliably 3839, Multimodal frameworks that
integrate imaging data with multi omics readouts (tran-
scriptomic, proteomic, metabolomic) and functional assays
are also starting to emerge for both platforms, allowing or-
ganoid state, lineage composition or drug sensitivity to be
predicted without destructive assays, preserving scarce pa-
tient-derived material while still maximising the data obtain
from it. Real challenges remain, though: Al models need
large, diverse training datasets to avoid bias, imaging condi-
tions, and culture protocols still vary considerably between
laboratories, and clinical translation will demand a level of re-
producibility, interpretability and validation that the field has
not yet fully established.

Vascularised assembloids

Vascularised assembloids are arguably one of the biggest
steps forward in organoid engineering, since they allow func-
tional endothelial networks to be built into both PDO-based
and iPSC-derived systems %71, Standard organoids, what-
ever their origin, typically lack vasculature, which becomes a
real problem once they grow beyond a certain size: nutrient,
oxygen and waste exchange breaks down, and central hy-
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poxia, necrosis, or restricted maturation follow. Researchers
have addressed this in several ways, co-culturing with endo-
thelial progenitor cells, using microfluidic perfusion in organ-
on-a-chip (OOAC), bioprinting vascular channels, or implant
constructs in vivo to produce perfusable three-dimensional
(3D) constructs with improved viability, maturation and struc-
tural complexity 571, In tumour-derived PDO assembloids, the
resulting vascular networks make it possible to model the tu-
mour microenvironment far more realistically, capturing tu-
mour endothelial interactions, angiogenesis, stromal cross-
talk and drug penetration dynamics that matter enormously
for studying metastasis, drug delivery and therapy resistance
B In iPSC-derived organoids, vascularisation supports
more advanced tissue maturation and allows developmental
processes that depend on endothelial interplay or perfusion
to be studied directly, pushing these models beyond early de-
velopment towards something closer to adult tissue. None of
this is straightforward, though: standardising endothelial cell
sources, extracellular matrix composition, and perfusion pa-
rameters remains technically demanding, particularly at me-
dium- to high-throughput scale 1. Even so, vascularised as-
sembloids represent a genuinely more physiological stage in
organoid technology, and one that considerably broadens
what both platforms can be used for.

ETHICAL AND TRANSLATIONAL CONSIDER-
ATIONS

The ethical questions raised by organoid research differ
somewhat between the two platforms, and both sets of ques-
tions have grown more pressing as PDOs and iPSC-derived
organoids closer to clinical use.

For iPSC-derived organoids, relying less on patient tissue
does not make the ethics any simpler. Reprogramming raises
its own questions about the scope of the original consent,
particularly where cell lines end up being banked and reused
for purposes nobody anticipated at the time of collection;
about the long-term genomic stability of reprogrammed lines;
and about equitable access to whatever regenerative thera-
pies eventually result 4. A concern that has gained more at-
tention recently is equity in biobanking. Most large iPSC re-
positories and reference panels have been built predomi-
nantly from individuals of European and East Asian ancestry,
which means genetic and disease modelling insights may not
generalise well to underrepresented populations, and that the
benefits of any resulting therapeutics could end up distributed
quite unevenly across regions and ethnic groups. Diversify-
ing the ancestral and geographic reach of iPSC biobanks is
therefore as much an ethical priority as a scientific one.
PDOs raise a different, though related, set of governance is-
sues, given how directly they depend on sensitive patient tis-
sue and clinical data [?4. Central among these are how far,
and for how long, consent for biobank tissue use should ex-
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tend including to future research that was never specified at
the time of collection along with the protection of patient pri-
vacy, since PDOs and their derived omics data are inherently
re-identifiable. There is also the question of what regulatory
pathway is needed to move a PDO-based diagnostic or drug-
sensitivity assay out of the research setting into accredited
clinical decision making. Regulation here has not kept pace
with the science: frameworks for PDO-based companion di-
agnostics remain underdeveloped, and validation standards
will need to be harmonised across jurisdictions before PDO
guided treatment selection can be adopted more widely.
Both platforms, finally, raise questions of ownership and
commercialisation, especially as hybrid PDO-Ipsc systems
and biobank-derived cell lines are increasingly licensed out
for industrial drug screening. Addressing this will take coor-
dinated standardisation across research institutions and
genuinely transparent biobank governance without which
reproducibility and equitable access will both suffer [:20],

CONCLUSION

PDOs and iPSC-derived organoids each bring something
distinct to the study human biology and disease. PDOs offer
rapid, clinically relevant models that preserve patient’s own
biology, which is what makes them so valuable for precision
medicine. iPSC-derived organoids take longer and are more
technically demanding to establish, but offer scalability, ge-
netic tractability and versatility that PDOs simply cannot
match, particularly for developmental and regenerative work.
Both systems still struggle to recreate the full complexity of
the human tissue microenvironment, but recent advances in
co-culture systems, organoid-on-chip technologies, vascular-
isation, multi-omics integration, Al-assisted analysis, and au-
tomation are starting to close that gap. The field, as a whole,
seems to be moving towards integrative models that draw on
the strengths of both platforms while addressing their weak-
ness through engineering, computational and ethical innova-
tion in parallel. Hybrid models that combine patient specificity
with scalability, backed by continued technological progress
and appropriate ethical frameworks, may well represent the
next stage of organoid technology and, with it, new possibili-
ties for understanding human disease and developing more
effective treatments.

A few limitations of this review are worth flagging. As a nar-
rative rather than systematic review, it does not follow a pre-
registered protocol or a formal risk of bias assessment, nor
does it draw on an exhaustive database search, so the liter-
ature discussed here is subject to a degree of selection bias.
The search itself was restricted to English-language, peer-
reviewed sources in PubMed, Scopus, and Web of Science
(WoS), which may have excluded relevant regional or non-
English work. Because the field is moving quickly, some of
the technologies covered here Al-assisted analysis and vas-

cularised assembloid engineering in particular are still repre-
sented mainly by early stage of pre-clinical studies, and it re-
mains to be seen how much clinical impact they will ultimately
have. Finally, the quantitative comparisons in Table 2, such
as the clinical concordance and phenotypic correction rates
quoted above, come from specific disease contexts and
study designs, and should not be generalised across all or-
ganoid applications without checking the primary literature.
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