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A Need for Biological Relevance: Snapshot 
of the Drug Discovery Landscape
Bringing new, effective therapeutics to market is a long, expensive, and 
high-risk process that can take over 15 years with an average cost of 
$1 - 2 billion for each new drug to be approved for clinical use. 
Moreover, the overall success rate of transitioning from drug discovery 
through to market approval is less than 10%.1 Failure in phase II and 
phase III clinical trials is a major driver of cost and inefficiencies in 
the drug development process; approximately 50% of these failures 
are caused by inadequate drug efficacy and 15 - 25% by safety 
concerns.2,3 

Many approaches are used to identify and validate biological targets 
and then to identify and optimize therapeutic candidates; biological 
assays using 2D immortalized cell cultures and non-human animal 
species are common methods. While 2D immortalized cell cultures 
allow for high-throughput screening at low cost and animal studies 
enable investigation of potential therapeutic effects in an in vivo 

setting, both classes of conventional model systems have limitations in 
predicting human responses to drugs. There is a recognized need for 
models with a higher predictive value that can be used to evaluate the 
performance of candidates in a human-relevant setting.

New approach methods (NAMs, alternatively termed “non-animal 
models” or “new assay modalities”) represent innovative approaches 
for scientific research that aim to reduce or replace the use of animals 
in experiments and allow for rapid and effective risk assessment. 
These methodologies may include the use of cell-based assays, 
tissue engineering techniques, computational models, and exposure 
prediction approaches. Cell-based assays can include high-throughput 
screening and omics technologies to understand molecular processes 
underlying the complex disease etiology or the mode of action of a 
therapeutic candidate.

As therapeutic strategies continue to diversify and more complex 
diseases are studied, there is growing recognition that immortalized 
cell lines and animal models are not sufficient to gather accurate 
insights into disease biology and treatment responses. There is also 
pressure to improve the productivity of the drug development process 
and shorten the time to market for a new drug for patients in need. 
Moreover, researchers are proactively seeking and implementing NAMs 
to improve their workflows for sustained and long-term success in their 
respective drug discovery programs. Drug developers are also adopting 
NAMs to address the financial pressures associated with the costly 
drug development process. With NAMs, there is renewed potential to 
ensure return on investment while supporting the desire of researchers 
and drug developers to bring safe and effective therapies to market as 
quickly as possible. 

Several regulatory jurisdictions have passed legislation supporting 
the development and timely incorporation of scientifically validated 
NAMs to replace, reduce, or refine the use of vertebrate animals in the 
testing and evaluation of substances. For example, in 2022 the U.S. 
passed the FDA Modernization Act 2.0, which provides more clarity 
on the acceptability of in vitro tests, making it explicit that they are 
accepted in lieu of animal studies as long as data submitted proves 
they are equally capable of assessing risk. Other examples of such 
shifts include Bill S-5 passed by the Government of Canada and the 
EU’s commitment to modernize science by reducing animal testing and 
supporting alternative testing methods. Indeed, the existing legislative 

Introduction
There is a pressing need to improve the efficiency of the drug 
development process and reduce drug attrition rates. Decisions at each 
stage of the process impact the likelihood of success in bringing new 
therapeutics into the clinic. Consequently, drug developers need a 
thorough understanding of how a therapeutic candidate performs in 
human-relevant assays before advancing these candidates into latter, 
resource-intensive clinical phases. Organoids can address this need 
by enabling drug developers to closely model human biology for a 
comprehensive profile of potential therapeutics’ toxicity, efficacy, and 
mechanism of action. Biologically relevant, in vitro, stem cell-based 
organoid models can provide early insights to make informed and 
confident predictions about the clinical performance of a prospective 
therapeutic agent.

Read through this overview to understand how the drug discovery 
landscape is evolving and how organoid-based approaches are 
being incorporated in drug evaluation and toxicology studies to add 
predictive value. Best practices and standardization efforts that can 
maximize the power of organoids to yield reliable, reproducible, and 
biologically relevant results are also discussed.

https://www.congress.gov/bill/117th-congress/senate-bill/5002
https://www.parl.ca/DocumentViewer/en/44-1/bill/S-5/royal-assent
https://single-market-economy.ec.europa.eu/system/files/2023-07/Factsheet_Citizens%20Initiative-Animal%20Testing_Final.pdf
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Human Stem Cell-Based In Vitro Systems: 
Overview of Organoids
Organoids are 3D cell cultures that incorporate some of the key 
features of the represented organ. These in vitro culture systems 
are characterized by the self-organization of multiple, organ-
specific cell types into a spatial arrangement similar to what is 
observed in vivo and are capable of recapitulating some functions 
of the represented organ.8,9

Organoids may be generated from tissue sample-derived adult 
stem cells or via the directed differentiation of pluripotent stem 
cells (PSCs), which can be embryonic (ESCs) or induced from other 
human cell types (iPSCs) (Figure 2).8,9 Some organoids derived from 
tissue stem cells (TSCs) or PSCs can be expanded and maintained 
over several passages, generating up to thousands of organoids in 
one well of a multi-well culture plate, depending on the tissue type. 
Thus, organoids provide a highly robust and scalable platform for 
researchers to perform human-relevant assays and study a wide 
range of subjects.

To initiate organoids, PSCs or TSCs are cultured in media containing 
specific growth factors that mimic their in vivo niche. Some 
organoids require the presence of additional extracellular matrix 

Organoids in Drug Discovery
Since the early work on organoids over a decade ago (as discussed 
in this e-book on organoid research), the development of organoid 
culture techniques has provided researchers with new experimental 
platforms for studying normal and pathological biology. Many 
drug development pipelines, however, still rely on 2D cell culture 
and animal models to provide necessary non-clinical insights. 
Various reasons motivate these choices, including ease of use, the 
existence of established assays, and the availability of historical 
benchmarks. While these conventional approaches continue 
to be invaluable for therapeutic discovery and development, 

Figure 1. Advancing Therapeutic Development with Human-Relevant Model Systems

The therapeutic development process holds great potential for improvements in productivity. The typical program involves several biological experimental systems to (1) identify 
and validate druggable targets, (2) identify and optimize lead candidates, and (3) further assess preclinical candidates for their human-relevant responses as accurately as 
possible before proceeding with the clinical phase of drug development. Advances in tissue modeling techniques are paving the path for improvements in how scientists develop 
treatments for disease management. Although 2D immortalized cell lines and animal models are used in multiple domains of biomedical research, they lack biological relevance 
to the human setting. However, with continued progress in therapeutic strategies to tackle multifaceted, complex diseases, there is a growing need to incorporate more human-
relevant disease and healthy tissue models to uncover risks associated with advancing a potential treatment to the clinic. Organoid models of human disease and healthy human 
tissue can help evaluate efficacy and predict toxicity, respectively.

framework in the EU already sets strict rules and conditions on 
how animal testing can be undertaken where still necessary with 
the goal of fully phasing out all animal use in research and for 
regulatory purposes in the EU.

Among NAMs, organoids provide an opportunity to improve in 
vitro-to-human translation and facilitate progress toward the 
replacement of animals used in biomedical research. A number of 
drug discovery projects are now utilizing organoids, stem cell-based 
in vitro models, for improved internal decision-making at multiple 
steps in the drug development process and are showing progress in 
increasing the chances of clinical success.4-6 Furthermore, cross-firm 

and cross-sector collaborative groups have been established to 
expedite advances in testing methods by promoting the sharing of 
information and resources around emerging technologies, including 
organoids, for easier adoption and increased standardization. These 
groups include the IQ Consortium, IATA Case Studies Consortia, 
Investigative Toxicology Leaders Forum,7 National Center for 
Advancing Translational Sciences, and Organoid Task Force of the 
American Society for Cell Biology.

Below, we will review how organoid-based approaches add 
biological relevance while ensuring scalability and reproducibility to 
address specific needs along the process of drug development.

for optimal growth. Exposure to these conditions directs the 
embedded cells to follow their innate developmental programs 
and self-organize into 3D organoid structures that closely model 
the intracellular and intercellular mechanisms observed in vivo. 
Organoid cultures have shown remarkable genetic stability during 
passaging; whole genome sequencing of liver organoids clonally 
expanded from a single liver progenitor cell revealed only one 
synonymous base substitution after three months in culture.10 To 
date, organoid cultures have been described for a variety of tissues, 
including intestine, liver, pancreas, kidney, lung, and brain tissues.

https://www.stemcell.com/technical-resources/area-of-interest/organoid-research.html
https://www.stemcell.com/forms/ebook-organoid-research-techniques.html
https://www.stemcell.com/technical-resources/area-of-interest/organoid-research.html
https://iqconsortium.org/
https://www.oecd.org/chemicalsafety/risk-assessment/iata/
https://ncats.nih.gov/
https://ncats.nih.gov/
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Figure 2. Tissue-Modeling Organoids Can Be Derived from Human TSCs or PSCs

TSC- and PSC-derived organoids are generated from stem cell populations that undergo differentiation pathways to produce 3D in vitro cultures containing multiple tissue-
specific cell types interacting with each other, representative of functional tissue. TSC-derived organoids are often derived from biopsy samples or surgically resected tissue. 
PSC-derived organoids can be generated from ESCs or iPSCs that have the ability to differentiate into any cell type of the body. The unique advantage of organoids is their ability 
to capture genetic and phenotypic characteristics of the original tissue in 3D in vitro cultures, providing a more representative profile of cellular diversity, gene expression, and 

cellular function.

Features that make organoid culture systems 
valuable and predictive models for therapeutic 
discovery

1. Species-Specific and Patient-Specific Models: Organoids 

derived from primary human cells make them highly representative 

of human physiology and avoid interspecies variability. Normal 

or disease-representative organoids can be generated from any 

individual. PSC-derived organoids can also be generated from 

patient skin, blood, hair, or urine samples, which is especially useful 

for organs that are difficult to biopsy. This allows researchers to 

study disease mechanisms and test potential therapeutic candidates 

in a population segment- and disease-specific context.

they are limited in providing the predictivity required to reduce 
late-stage attrition, especially in the cases of solid cancers and 
complex diseases. First, the interspecies genetic and physiological 
differences between humans and animals limit the power of 
animal studies to predict human-relevant toxicity mechanisms and 
disease processes. Second, immortalized cell lines can only model 
metabolic or transport activity for their specific cell type rather than 
exemplifying a more comprehensive set of biological characteristics 
of the functional organ. With the development of human organoid 
culture systems, there is new potential to bring human-specific 
mechanistic insights into decision-making processes prior to 
clinical studies.

2. High-Fidelity Biological Models: Organoids derived from 

unaltered human cells (i.e. wild-type cells) are genetically 

identical to the patient/tissue of the original sample. Capable 

of recapitulating tissue-specific cell composition, enzyme and 

transporter profiles, and physical characteristics, this model system 

helps predict the impacts of a treatment on human tissues. 

3. Expandable and Bankable Cultures: Organoids can be derived 

from minimal amounts of normal or diseased tissue biopsies and 

can be expanded for several passages, enabling the generation 

of living biobanks, an important resource in biomedical research; 

for instance, intestinal organoid biobanks have facilitated research 

in colon cancer11 and cystic fibrosis.12 Inter-donor variability can 

be managed and understood through donor standardization and 

representative panels as needed. Patient-derived organoids (PDOs) 

have been generated by designated biobanks, such as the Hubrecht 

Organoid Technology (HUB) Biobank, UZ/KU Leuven Biobank, and 

Discover Together Biobank. Additionally, iPSC technology enables 

the banking of patient-derived stem cells. Accordingly, there are a 

growing number of well-characterized iPSC biobanks, such as the 

Coriell Institute for Medical Research and WiCell Research Institute, 

and commercially available iPSC lines.

4. Versatility in Assay Design: Organoid-derived cells are amenable 

to genetic modifications and are compatible with assays in a wide 

variety of formats, including dome-embedded, suspension, air-

liquid interface, high-throughput 96/384-well formats, and organ-

on-a-chip (OoC)/microphysiological systems (MPS).

WEBINAR

Optimizing Organoid Models to Better 
Predict Clinical Outcomes

www.stemcell.com/predict-clinical- 
outcomes-with-organoids

https://huborganoids.nl
https://huborganoids.nl
https://www.uzleuven.be/en/uz-kuleuven-biobank
https://www.cincinnatichildrens.org/service/c/clinical-trials/biobank
https://www.coriell.org/0/sections/collections/cscb/default.aspx
https://www.wicell.org/
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Performance of Organoids in Drug 
Evaluation Studies

Organoids are being used in a range of cell-based assays to assess 
the human drug response. Several studies have demonstrated the 
performance of organoid-based platforms in testing drug efficacy 
and toxicity:

• Patient-derived tumor organoids predicted treatment response 
in more than 80% of metastatic colorectal cancer patients 
treated with irinotecan-based chemotherapy (accuracy: 
80%).13

• A liver organoid-based high-throughput toxicity screen in 
384-well plates tested 238 marketed drugs through 
multiplexed readouts measuring cell viability, bile acid 
transport activity, and mitochondrial toxicity with high 
predictive values (sensitivity: 88.7%, specificity: 88.9%).14

• A kidney organoid-based high-throughput platform in 
384-well plates accurately predicted cisplatin-induced 
nephrotoxic effects in a dose-dependent manner through 
a luminescence-based cell viability assay and biomarker 
expression analysis.15

• Patient-derived rectal cancer organoids predicted response 
to chemoradiation through organoid size as the readout 
(accuracy: 84.43%, sensitivity: 78.01%, specificity: 91.97%).16

• Patient-derived organoids derived from metastatic 
gastrointestinal cancers predicted patient response to targeted 
agents or chemotherapy in clinical trials (sensitivity: 100%, 
specificity: 93%).17

Thus, organoids have demonstrated promise in drug evaluation 
studies, showcasing notable specificity and sensitivity. This 
predictive power, coupled with their ability to model patient-
specific responses, positions organoids as a powerful tool for 
advancing personalized medicine and streamlining the therapeutic 
development process.

Organoids in Adverse Outcome Pathways

Evaluating adverse outcome pathways (AOPs) is a useful approach 
to predict clinical outcomes by gathering information on key 
biological processes that lead to a certain undesirable outcome 
(Figure 3). Organoids have the potential to measure key events in 
established AOPs and therefore provide predictive and mechanistic 
insights into potential adverse effects of therapies in development. 
The following studies have utilized organoids to gain insights into 
a multi-event path of causality by assaying individual events to 
predict a health outcome:

• Lung, liver, and kidney organoid-based models were used 
in several SARS-CoV-2-related studies to understand viral 
pathogenesis and potential antiviral treatments. These studies 
mapped organoid-based data, including gene expression 
and cell behavior, to AOP frameworks to predict SARS-CoV-
2-related in vivo effects and then validated these findings by 
comparison with COVID-19 patient data.18-26

• Liver organoids derived from human pluripotent stem cells 
(hPSCs) were used as a model to study microplastic toxicity. 
The mechanisms of polystyrene microplastic-induced 
hepatotoxicity and lipotoxicity were determined by measuring 
several causally linked key events, including lipid metabolism, 
oxidative stress, and inflammation response. The combined 
application of liver organoids with specific in vitro assays 
allowed for the collection of predictive data along the AOPs 
(i.e. AOP 36), providing new insights to inform the risk 
assessment of microplastics.27

By anchoring organoid-based data to the AOP mechanistic 
framework, researchers can advance evidence-based, mechanistic 
toxicology and improve the predictivity of clinical outcomes while 
reducing their reliance on animal testing.

Figure 3. Organoids Can Provide Mechanistic Insights Along the Adverse Outcome Pathway Framework

An AOP starts with the molecular initiating event (MIE), which describes how a chemical interacts with a biological target like DNA, which will then lead to a sequential chain 
of key events (KEs). Each KE is an alteration of biological processes. The AOP framework provides mechanistic information required to increase confidence in decision-making 
and can help promote the use of non-animal methods to predict the toxicity of a lead candidate. By using AOPs as a conceptual framework, results generated by different 
approaches can be related to KEs along the AOP pathway and then linked to an adverse outcome. In vitro, organoid-based assays can provide biologically relevant evidence for 
one or more KEs to help mediate the prediction of adverse outcomes.

https://www.oecd.org/chemicalsafety/testing/adverse-outcome-pathways-molecular-screening-and-toxicogenomics.htm
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Maximizing Biological Relevance: 
Organoids and Complex In Vitro Systems
Organoid co-cultures and organ-on-a-chip (OoC) systems are 
advanced in vitro models that further enhance the physiological 
relevance of organoids by incorporating a broader array of tissue 
components compared to conventional organoid cultures. In 
particular, TSC-derived organoids are composed of cell types found 
in the epithelium. In contrast, organoid co-culture systems allow 
researchers to study more intercellular interactions than possible 
with organoid cultures alone by culturing diverse tissue cell types 
of an organ, such as epithelial and immune cell types, together in 
a controlled environment to better simulate in vivo organization. 
OoCs, on the other hand, use microfluidic technology to recreate 
the physiological conditions of specific organs on a miniature 
scale, enabling researchers to add mechanical forces and fluid 
flow. Leveraging organoids as a biological component of OoCs is 
recognized as a powerful approach to optimize human biological 
relevance.28,29 By incorporating organoids into these systems, 
researchers can better understand the dynamic functions and 
responses of organs for drug evaluation and disease 
modeling studies. 

The following are some examples where organoid co-cultures and 
OoC technologies have helped answer specific biological questions:

• Gut Immunology: Intestinal epithelial organoids can be 
co-cultured with enteric pathogens and/or immune cells to 
address research questions around intestinal barrier function 
and mucosal immunology.30-35

WEBINAR

Dissecting the Innate Immune Response in 
Human Intestinal Organoid Models

www.stemcell.com/organoid-co-cultures-webinar

WEBINAR

Organoid Mini-Symposium: Advanced 
Organoid Culture Systems and Their 
Applications in Infectious Diseases

www.stemcell.com/organoid-co-cultures-to-
study-infectious-diseases

PROTOCOL

How to Co-Culture Human Airway Epithelial 
and Immune Cells for RSV Infection

www.stemcell.com/airway- 
immune-coculture-protocol

PROTOCOL

Co-Culturing Colorectal Organoids and T 
Cells using IntestiCult™ and ImmunoCult™

www.stemcell.com/organoid- 
immune-coculture-protocol

WEBINAR

Differentiating and Characterizing 
hPSC-Derived Microglia

www.stemcell.com/microglia-webinar

PROTOCOL

How to Co-Culture Human Pluripotent 
Stem Cell (hPSC)-Derived Forebrain 
Neurons and Microglia

www.stemcell.com/neuron- 
microglia-coculture-protocol

POSTER

Using Human Pluripotent Stem Cell-Derived 
Microglia as Models for Neurological 
Disease Research

www.stemcell.com/microglia-poster

PODCAST EPISODE

“Organ-on-a-Chip” Featuring Dr. Bas Trietsch

www.stemcellpodcast.com/ep-252-organ 
-on-a-chip-featuring-dr-bas-trietsch

• Respiratory Tract Infections: The respiratory tract is a major 
site of entry for many pathogenic organisms. Organoids 
modeling the lungs, airways, and alveoli have been developed 
and can be co-cultured with immune cells to investigate host 
immune responses.36-38

• Cancer Cell-Immune Interactions: Cancer cell-immune 
interactions play a major role in shaping tumor progression 
and treatment response. Patient-derived cancer cell organoids 
can be co-cultured with immune cells to address research 
questions around immune evasion mechanisms and devise 
effective immunotherapeutic strategies.39

• Neuroinflammation: In many pathological conditions of 
the central nervous system, there is often an inflammatory 
response in the affected areas of the brain or spinal cord. 
Organoid co-cultures combining neurons, astrocytes, and 
microglia can enable the study of complex cross-talk between 
these cell types, offering insights into neuroinflammatory 
responses and the pathophysiology of various diseases.40

• Tissue Modeling: OoCs can recapitulate the intricate 
microenvironment of a functional healthy or diseased 
tissue.41,42 Assay-ready commercial OoC systems can 
incorporate organoid-derived cells for optimized biological 
characteristics that mimic the original properties of the donor, 
including specific disease processes, and can be maintained in 
cultures in vitro.

https://stemcellpodcast.com/ep-252-organ-on-a-chip-featuring-dr-bas-trietsch
https://stemcellpodcast.com/ep-252-organ-on-a-chip-featuring-dr-bas-trietsch
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Best Practices and Standardization Efforts

The Standards for Human Stem Cell Use in Research by the 
International Society for Stem Cell Research is a rich resource of 
recommendations that establish the minimum characterization 
and reporting criteria for working with human stem cells. These 
guidelines aim to help researchers produce more reproducible, 
higher-quality results and follow more standardized practices. 
Another online resource, hPSCreg, provides standardized 
information about human PSC lines, including the details of 
their origin, genetic characteristics, and differentiation potential. 
By collaborating with cell banks and international initiatives 
worldwide, hPSCreg facilitates collaboration and ensures 
compliance with ethical and legal considerations. As noted 
earlier, several cross-firm collaborative groups are also laying 
down the foundations for best practices and striving toward 
increased standardization by enabling collaboration and sharing of 
knowledge and resources around human-relevant in vitro systems. 
Furthermore, opting for commercially available reagents and 
published protocols is a convenient way of ensuring that the most 
optimized and standardized approaches are followed for quality in 
vitro experiments.

To conclude, organoid-based models hold immense potential 
in therapeutic discovery and development. By addressing their 
associated limitations through technological advancements and 
collaboration, we can fully unlock their capabilities for studying 
patient-specific disease processes and drug responses.

Key Takeaways
1. Although immortalized cell lines and animal models are useful 

for many applications in drug discovery, they are limited by 
their reductive and cross-species characteristics, respectively, 
which affect their ability to predict human in vivo responses 
with sufficient accuracy.

2. Organoids are high-fidelity biological models that can 
recapitulate the cellular structure and function of specific 
organs, can be expanded and stored for long periods, and 
are compatible with a wide range of assays, including high-
throughput screening.

3. Organoids have demonstrated predictive power with notable 
sensitivity and specificity in recent drug evaluation studies.

Beyond Limitations: Solutions to 
Optimize Organoid-Based Models
Generally, organoids lack components like blood vessels and 
immune cells and do not fully replicate the complexity of tissues 
found in vivo. As discussed in the previous section, more complex 
intercellular and inter-tissue interactions can be modeled through 
organoid co-cultures and OoC systems. Advancements in organoid 
co-culture systems have enabled the incorporation of multiple 
cell types, such as immune or endothelial cells, into organoid 
cultures.30-40 In neuroscience research, interactions between 
multiple brain regions or multiple tissues are studied by developing 
multi-lineage assembloids, in which cells migrate or extend 
projections from one organoid to the next, establish connections, 
and build neural circuits that model complex cellular interactions 
of otherwise inaccessible organs. For instance, assembloids have 
been used to model interactions between different brain regions,44 
and co-cultures of human glial cells and cortical organoids have 
been used to model and study the mechanisms of Alzheimer’s 
disease and other neurodegenerative diseases.45,46 Researchers 
have also been successfully incorporating organoids in OoC systems 
to study the influence of biophysical factors, such as fluid flow, 
mechanical forces, and nutrient gradients, on tissue function and 
drug activity.41,42

Although organoid heterogeneity is more biologically relevant than 
more homogeneous culture systems in many cases, it can present 
challenges for experimental reproducibility and data analysis. 
Heterogeneity (for example, different sizes or morphologies) exists 
between organoids in a single well or dish as well as between 
organoids and organoid lines from different donors (i.e. donor-to-
donor variability). Variability in organoid cultures can also arise from 
inconsistencies in culture conditions. Standardization of protocols 
and reagents is key to mitigating this issue, involving precise 
control over factors like cell isolation procedures and media quality. 
Quality-controlled, optimized organoid growth and differentiation 
media can reduce the chances of error in reagent preparation and 
ensure consistent performance, especially with hard-to-culture 
lines. Deriving and banking donor-specific iPSC lines and/or 
organoid lines, and using commercially available iPSC lines can help 
with standardization in organoid cultures and facilitate efficient 
collaboration between different institutions and investigators. 

• Multi-Organ Interactions/Systemic Effects: Organoid lines 
representing different organs interconnected on a microfluidic 
chip offer a platform to mimic the potential interaction of an 
organ with at least one other organ. For instance, integrated 
organoid-based organ-on-a-chip systems of the liver, heart, 
lungs, vascular endothelium, brain, and testes have been used 
to study drug responses against capecitabine and ifosfamide.43

Overall, these complex in vitro systems provide more biologically 
relevant and sophisticated platforms, enabling researchers 
to supplement current drug evaluation studies for a better 
understanding of dynamic intercellular and inter-tissue interactions 
that influence human-relevant drug responses.

Thus, advancements in organoid technology with standardized, 
quality-controlled reagents and designated biobanks are mitigating 
the limitations due to variability and enabling reliable and scalable 
workflows.

Ethical and legal considerations are also associated with human-
derived organoids, particularly when sourced from stem cells or 
tissues with unclear consent procedures. Obtaining informed 
consent and maintaining transparency with donors is one approach 
to help address ethical concerns and ensure responsible research 
practices. When possible, leveraging registered commercially 
available iPSC lines, iPSC biobanks, and/or organoid biobanks is 
another option to ensure that ethical and legal standards are met. 

https://www.isscr.org/standards-document
https://hpscreg.eu/
https://www.stemcell.com/forms/wallchart-brain-organoids.html
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