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Human stewardship in the age of organoids
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Organoids are transforming biomedical 
science, but their promise hinges on shifting 
from episodic ethics review to sustained, 
integrated stewardship. We argue that such 
stewardship must evolve alongside the science 
to responsibly honor the human origins of 
these innovative models.

Organoids and related ‘humanoid’ new approach methodologies 
(NAMs) are rapidly reshaping biomedical research1,2. Derived from 
human tissues and capable of recapitulating key aspects of organ struc-
ture and function, these systems offer unprecedented predictive power 
for disease modeling, toxicology and therapeutic development3,4. Yet 
their scientific maturation has outpaced the ethical frameworks gov-
erning their creation, storage, reuse and translation.

Organoids, living biorepositories, and the ethics of human 
stewardship
As organoids move from experimental curiosities to infrastructure, 
embedded in biobanks, consortia and regulatory pipelines, they force a 
reckoning with how responsibility, informed consent and stewardship 
(rather than ownership) should apply to living human-derived materi-
als. Unlike conventional biospecimens, organoids persist, evolve and 
accrue scientific and regulatory significance over time, often extending 
far beyond the lives of their donors (Table 1).

History offers a cautionary parallel. In the United States, grow-
ing concern over animal welfare in research, emerging from discus-
sions in the 1950s, ultimately led to the establishment of institutional 
animal care and use committees (IACUCs), formalized through fed-
eral mandates such as the 1985 Improved Standards for Laboratory 
Animals Act. Importantly, IACUCs were not born from crisis alone, 
but from foresight, or the recognition that scientific capability had 
outpaced governance.

The US Food and Drugs Administration (FDA) Modernization Act 
2.0, signed into law in 2022 (ref. 5), repealed the longstanding statutory 
requirement for animal testing in drug development and explicitly per-
mits regulatory evaluation using non-animal, human-relevant methods 
such as organoids and other NAMs. This legislative change has been 
followed by FDA initiatives to reduce animal testing in preclinical safety 
studies and deepen engagement with human-based models6. Concur-
rently, the US National Institutes of Health has signaled an institutional 
priority to reduce reliance on animal models in funded research and 
expand innovative, human-based technologies in preclinical science, 
aligning funding criteria and infrastructure to support this transition.

Reflecting this moment of transition, the National Academies of 
Sciences, Engineering, and Medicine convened an expert committee 
(PGA-POLICY-19-07) to examine the ethical, legal and regulatory impli-
cations of human-relevant biological models, including organoids and 
related systems, before ethical crises emerge. These developments 

suggest that ethical and governance questions for organoid science 
are not distant hypotheticals but active policy concerns. Organoid 
science now occupies a similar inflection point7. The question is not 
whether ethical guardrails will be needed, but whether they will be built 
proactively or only after erosion of public trust forces their creation.

Beyond novelty: when biological realism becomes ethically 
relevant
Ethical unease surrounding organoids has frequently focused on brain 
organoids, fueled by public narratives of ‘mini brains’ and specula-
tive concerns about consciousness8–10. While many of these anxieties 
are premature or overstated, they surface a more fundamental and 
unresolved problem: the lack of shared criteria for determining when 
increasing biological realism becomes ethically salient. Morphol-
ogy alone is ethically insufficient. Instead, ethical relevance emerges 
from a constellation of factors, including function, integration, per-
sistence over time, data richness and foreseeable future contexts of 
use, many of which cannot be anticipated when tissues are donated 
or experiments initiated.

More broadly, organoids disrupt the long-standing assump-
tion that in vitro models are ethically inert. Unlike immortalized 
cell lines, organoids preserve donor-specific genomic, epigenomic 
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Table 1 | Stewardship, not ownership: governing living 
human organoid resources

Dimension Ownership model 
(legacy paradigm)

Stewardship model 
(organoid/NAM-aligned 
paradigm)

View of human tissue Finite biological sample Living, renewable 
human-derived system

Temporal scope Ends at transfer or 
study completion

Persists across reuse, 
sharing and translation

Governance logic Transactional (own, 
transfer, dispose)

Custodial (care, oversight, 
responsibility)

Informed consent One-time, static Dynamic, revisitable, 
future-aware

Data integration Limited or 
study-specific

Multi-omic, longitudinal, 
cross-context

Accountability Diffuse or time-limited Continuous, institutionally 
anchored

Commercial use Often implicit or 
downstream

Explicit, transparent, 
consent-aware

Regulatory relevance Peripheral Central to NAM validation 
and decision-making

Trust relationship Assumed at point of 
donation

Actively maintained over 
time

Living organoid biorepositories challenge ownership-based governance frameworks 
developed for finite biological samples. As organoids increasingly function as NAMs, 
informing preclinical and regulatory decisions, stewardship (not ownership) models that 
emphasize ongoing responsibility, accountability and trust align better with their biological 
persistence, data richness and translational impact.
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and functional characteristics and retain the capacity to mature, 
adapt and be recontextualized across studies, institutions and time. 
As their predictive power and translational relevance increase, so 
too does their moral significance. The central question is no longer 
whether organoids warrant ethical consideration, but how early, 
how systematically and by whom that consideration should be 
exercised11,12. Ethical and governance obligations scale with a model’s 
persistence and its influence on scientific, regulatory, or clinical 
decision-making (Fig. 1), rather than with model category alone. 
Accordingly, patient-matched living organoid biobanks occupy a 
distinct, high-impact ethical regime in which stewardship, rather than 
ownership, better reflects their biological persistence, data richness 
and translational impact.

Living biobanks and the extension of biological life
A defining feature of the current moment is the emergence of living 
biobanks: collections of cryopreserved or continuously cultured 
human-derived tissues that can be revived, expanded and repurposed 
indefinitely, often functioning as a ‘virtual replica’ of the patient in the 
clinic. In such settings, the biobank becomes a patient-in-a-dish, ena-
bling therapies identified through organoid screening to be returned 
to the same individual, or their descendants, a textbook realization of 
precision medicine11,12.

Advances in adult stem cell biology now allow organoids to be 
generated from many tissues, including samples obtained through 
rapid research autopsy from recently deceased individuals. In prac-
tical terms, this extends the life and utility of donated biological 
materials far beyond what most donors or relatives could reasonably 
have anticipated13. These developments strain traditional notions of 

ownership and intent, demanding ethical frameworks that are them-
selves upgraded to modern times.

Historically, tissue donation has been framed as a finite act tied 
to a specific study or diagnosis. Organoid biobanking transforms 
donation into an open-ended contribution to a living resource, with 
future applications that may be scientifically unforeseeable at the 
time of informed consent, including uses beyond research, such as 
regenerative therapies or transplantation. This raises unresolved ques-
tions: Who is responsible for long-term stewardship? What obligations 
persist as technologies evolve? How should benefits, risks and control 
be distributed over time? And how ‘informed’ can informed consent 
realistically be when the destination of NAM-enabled research itself 
remains unknown?

Informed consent in the age of indefinite reuse
Institutional review boards and conventional informed consent frame-
works were not designed for cryopreservable, multi-omic, indefinitely 
reusable biological systems. Informed consent documents typically 
enumerate foreseeable risks and use, yet organoid platforms derive 
their power precisely from adaptability to future, unimagined ques-
tions. Moreover, organoids are often linked to rich clinical, genomic and 
longitudinal metadata, amplifying both scientific value and privacy risk.

Static, one-time consent is increasingly misaligned with this reality. 
Emerging models, such as dynamic or virtual informed consent, offer 
potential paths forward, allowing donors to update preferences, receive 
ongoing information about downstream use or opt into specific catego-
ries of research. Equally important is consent for secondary data use, 
including co-occurring conditions or incidental genomic findings that 
may surface years after donation. The sustainability of tissue donation 
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Fig. 1 | Positioning next-generation NAM biobanks along a continuum of 
functional relevance, persistence and translational utility. Traditional models 
(immortalized cell lines, primary cultures and animal models) provide limited 
functional fidelity and reuse, whereas human NAMs, including organoids, 
primary cells and microphysiological systems, offer greater human relevance 
and experimental persistence. Permanently deidentified organoid biobanks 
function largely as cryopreservable, expandable consumables within a lower-

risk modeling space. In contrast, ‘living’, patient-matched biobanks enable 
longitudinal and cohort-anchored analyses, creating a high-risk, high-impact 
modeling space that requires greater governance and regulatory oversight. 
As organoid-based platforms extend beyond research-only applications into 
uncharted translational contexts, methodological rigor and governance 
requirements must scale accordingly.

http://www.nature.com/naturemethods


nature methods

Comment

programs depends not only on regulatory compliance, but on donors’ 
confidence that their autonomy and dignity remain central throughout 
the lifespan of their donated materials and, in many cases, long after their 
own lives have ended. Finally, dynamic or virtual consent will require 
interoperable digital infrastructure capable of tracking where, how 
and for what purposes human tissue products are used, ensuring that 
donor intent is not merely documented once, but continually honored.

Genomics, incidental findings and duties to deceased 
individuals
Deep genomic characterization is now routine in organoid research, 
raising unresolved ethical questions about the return of results. Should 
actionable findings be communicated to donors? What responsibili-
ties exist when tissues originate from deceased individuals, where 
discoveries may have implications for surviving relatives? Practices 
vary widely, reflecting uncertainty rather than consensus.

These questions resist simple resolution. Returning results may 
empower individuals and relatives, but also risk reidentification, psy-
chological harm or obligations that institutions are unprepared to 
meet. Yet ignoring the issue is increasingly untenable as organoid 
biobanks become repositories not merely of tissue, but of latent clini-
cal information. We propose that clearer norms, developed collabo-
ratively among scientists, ethicists, clinicians and communities, are 
urgently needed.

Trust, communication, and the human face of stewardship
History offers sobering lessons. From cord blood banking to body 
donation programs and other forms of tissue commodification, mis-
alignment between donor intent and downstream use has eroded 
public trust14. Organoid research risks repeating these mistakes if 
transparency and communication are treated as ancillary rather 
than foundational.

BOX 1

A NAM-aligned ethics checklist for organoid investigators and 
living biorepositories
As organoids increasingly function as NAMs and contribute to 
regulatory-grade preclinical evidence, ethical governance must scale 
with their scientific and translational impact. This checklist provides 
practical considerations for investigators, biobanks and institutions 
stewarding human organoid platforms.

1.	 Model classification and intended use
�Have the organoid systems been clearly classified 
(developmental, functional, disease-specific, predictive NAM) 
and is their intended regulatory or translational use explicitly 
defined?

	• �Models informing safety, efficacy, or go/no-go decisions 
warrant enhanced ethical and governance review.

2.	 Proportional ethical oversight
Does the level of ethical scrutiny scale with biological 
persistence, functional maturity, data richness and decision 
impact, rather than tissue origin alone?

	• �NAMs that replace or outperform animal models may carry 
greater ethical responsibility, not less.

3.	 Informed consent for NAM-relevant reuse
Do informed consent processes explicitly address:

a.	 Long-term cryopreservation and indefinite, project-agnostic 
reuse for research

b.	 Multi-omic profiling and data linkage
c.	� Future, currently undefined NAM and regulatory 

applications
	• �Static, single-study informed consent is increasingly 

misaligned with NAM platforms.

4.	 Governance of living biorepositories
Is there a defined stewardship framework beyond ownership 
clarifying:

a.	 Custodianship responsibilities
b.	 Conditions for sharing, commercialization and transfer

c.	 Long-term accountability across institutional or industry 
partnerships

	• �Living biorepositories should be treated as regulated 
infrastructure, not consumables.

5.	 Genomic data and return-of-results policy
Are policies in place for:

a.	 Incidental or actionable genomic findings
b.	 Donor or family notification, including post-mortem  

tissues
c.	 Regulatory and clinical boundaries of result disclosure

	• �NAM-driven genomics intensifies ethical obligations 
around data governance.

6.	 Transparency and community trust
Have donors and communities been clearly informed about:

a.	 Commercial partnerships and downstream use
b.	 Cross-institutional data and sample sharing
c.	 The role of organoids in drug development or regula-

tory submissions
	• Trust is a prerequisite for sustainable NAM pipelines.

7.	 Regulatory readiness and documentation
Are ethical governance practices documented in a manner 
compatible with:

a.	 FDA and international regulatory review
b.	 Validation, reproducibility and audit expectations for NAMs

	• �Ethical rigor strengthens, not weakens, regulatory 
credibility.

8.	 Anticipatory ethics integration
Is ethical assessment embedded early and revisited  
iteratively as organoids evolve in complexity and  
application?

	• �NAM ethics should be proactive, not reactive to controversy 
or crisis.
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Human-centered stewardship demands more than regulatory 
minimums. Donors or the public need to be educated about why to 
use humans and not animals and what the anticipated rewards are 
of using NAMs. Proactive engagement with donor communities will 
be required, with clarity around research-use-only distribution of 
patient-derived organoid lines and transparency in collaborations 
that support reproducibility, drug discovery and human health. As 
organoid platforms contribute to commercially valuable discoveries, 
ethical stewardship should also consider how benefits are to be shared 
with the individuals and communities whose biological materials make 
these advances possible. This issue is particularly salient in global 
health research, where biological materials donated by individuals in 
low- and middle-income countries may underpin discoveries whose 
benefits are realized elsewhere. Stewardship models should ensure 
that contributing communities share equitably in the scientific and 
health gains that result. Trust is not sustained by assurances alone, 
but by visible accountability and humans looking after humans, even 
when the science is complex and incentives are high.

At its core, stewardship is about honoring the trust that donors and 
their families place in science. These individuals are not merely sources 
of tissue; they are partners in a scientific enterprise whose contribu-
tions may generate knowledge and societal benefit for decades. Ethical 
governance must therefore be grounded in respect, transparency, 
reciprocity and sustained accountability.

Regulation, oversight, and accountability at scale
As organoids are increasingly positioned as preclinical evidence, bol-
stered by regulatory shifts such as the US FDA Modernization Act v2.0 
(ref. 5), the need for robust governance grows sharper. Who protects 
donors once tissues enter multi-institutional pipelines? Who is account-
able for long-term use, especially when materials are shared, sold or 
repurposed across borders?

Past crises in biomedical oversight remind us that ethical lapses 
can provoke public backlash and institutional instability. Proactive, 
well-designed regulation is not an obstacle to innovation; it is a con-
dition for its legitimacy. Oversight structures must evolve alongside 
science, rather than lag it. The movement of organoid platforms into 
the high-impact modeling space (Fig. 1) underscores why governance 
must evolve in parallel with such platforms’ increasing role in regula-
tory and clinical decision-making.

Borrowing ‘what-ifs’ from other domains
Other fields offer instructive analogies for anticipating ethical ten-
sions before they crystallize into crises. Forensic science, for example, 
has long confronted challenges around the long-term storage, reuse 
and reinterpretation of DNA evidence, often decades after collection 
and sometimes beyond the scope of original consent. As technologies 
advance, biological materials can acquire new evidentiary meaning, rais-
ing persistent questions about access, reanalysis and unintended down-
stream use. These dynamics foreshadow similar ‘what-ifs’ for organoid 
biobanking, where living biological materials may persist indefinitely 
and be repurposed in contexts far removed from their initial intent.

A parallel emerges in the technology sector. Companies such as 
Apple and other major platforms have repeatedly faced government 
requests to unlock encrypted devices or share private user data in 
the name of counterterrorism or criminal investigation. In several 
high-profile cases, they have declined, arguing that weakening privacy 
protections or creating backdoors would undermine user trust and 
establish irreversible precedents. These decisions were framed not as 

resistance to public safety, but as recognition that short-term utility 
must be weighed against long-term societal harm.

Organoid biobanks may encounter analogous pressures as they 
increasingly encode deep genomic and clinically relevant information. 
The lesson from digital privacy debates is clear: boundaries must be 
defined in advance. Once exceptions are made retroactively, trust 
erodes and governance becomes reactive rather than principled. As 
organoids are formally recognized as NAMs contributing to regulatory 
decision-making, FDA-aligned governance must therefore incorporate 
explicit ethical boundaries as a component of validation, credibility 
and long-term public trust.

Toward proactive ethics for a paradigm shift
Organoids represent a paradigm shift in how biomedical knowledge 
is generated, stored and translated. They blur boundaries between 
sample and system, donor and dataset, experiment and infrastructure. 
Addressing their ethical implications requires moving beyond episodic 
review toward integrated, ongoing ethical engagement embedded 
early, revisited often, and shared across disciplines (Box 1).

We propose five immediate priorities for the responsible govern-
ance of organoids and living biorepositories:

	1.	 Standardized informed consent language addressing indefinite re-
use, multi-omic profiling, commercialization and future unspecified 
applications

	2.	 Dedicated oversight structures, analogous to IACUCs, for living 
human-derived biorepositories

	3.	 Transparent policies for genomic findings and family 
communication

	4.	 Formal incorporation of donor and community voices into 
governance

	5.	 Harmonized national and international guidance to ensure ethi-
cal consistency across institutions and borders

Outlook
The ethical tension surrounding organoids arises precisely because 
they work. Organoids have already revealed hepatotoxicity signals 
missed by animal models, signals that only became evident after 
patients suffered irreversible liver injury and required transplanta-
tion15. They offer more diverse, representative and human-relevant 
systems than many legacy models and, in some contexts, may be ethi-
cally superior to animal experimentation.

Yet this very success raises the stakes. As organoids become 
indispensable to drug development and regulatory decision-making, 
failures of governance will carry greater consequences — for donors, 
institutions and society alike. Ethical reflection must therefore be 
anticipatory, not reactive.

There is a timely opportunity for leadership through scholar-
ship, guidance and collaborative research that treats ethics not as an 
afterthought, but as a co-evolving partner to innovation. The future 
of organoid science will be shaped not only by what these models can 
predict, but by how responsibly we choose to care for the human lives 
— past, present and future — from which they arise.
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