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COMMENTARY

Emerging technologies are redefining expectations 
for health and medicine and accelerating the pace 
of innovation. The radical novelty and convergence 
of platform technologies, including mRNA, gene 
editing, and artificial intelligence, are creating 
remarkable opportunities to prevent disease, 
personalize care, and transform health systems. 
For example, mRNA platform technology enabled 
rapid vaccine development during the COVID-19 
pandemic and provided the foundation to explore 
promising new areas such as cancer vaccine 
therapies (Yang et al., 2025). Artificial intelligence 
and machine learning have supported massive 
developments in medical devices (Singh et al., 
2025). Furthermore, advances in genetic research 
are pushing the frontiers of patient-tailored gene 
editing, with the first personalized CRISPR-based 
therapeutics now entering early clinical use 
(Musunuru et al., 2025).

Yet the same advances that hold such promise 
also introduce novel risks related to ethics, equity, 
biosecurity, affordability, and societal trust. The 
authors agree that as the pace of innovation 
increasingly outstrips the ability of regulatory, 
market, and academic institutions to respond, it 
becomes crucial to identify, analyze, and mitigate 
potential consequences of new technologies via 
anticipatory assessment before the technologies 
reach widespread use. Delaying the evaluation 
of emerging technologies until they are mature 
increases the risk that preventable harms become 
structurally embedded in the system of practice.

A call for a systematic assessment of technology 
is not new. In the 1970s, the US federal government 
recognized the need for an independent authority 
to guide the safe and responsible deployment of 
emerging technologies. Congress chartered the 
Office of Technology Assessment (OTA) in 1972 
to provide policymakers with objective informa-
tion about the potential impacts of technological 
applications (IOM, 1988). While the OTA proved to 
be an invaluable resource, many of its assessments 
primarily focused on evaluating technologies 
that had already been developed or were near-
ing deployment. The authors suggest that this 
emphasis may have limited the OTA’s ability to 
influence technologies during earlier stages of 
development—precisely when the greatest oppor-
tunity exists to shape innovation trajectories and 
prevent downstream harm. Moreover, the OTA’s 
reports were designed for policymakers, not 
innovators and technology developers, who have 
the most direct control over design decisions and 
early-stage outcomes.

After the OTA’s closure in 1995, Congress sought 
to maintain analytic capacity through the US 
Government Accountability Office (GAO), which 
created the Science, Technology Assessment, and 
Analytics team (Persons, 2020). The work of the 
GAO largely mirrors the OTA’s original mandate to 
provide impartial, retrospective assessments of 
technologies already on the cusp of deployment. 
In addition, GAO analyses tend to emphasize 
technical and regulatory considerations without 
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consistently evaluating the broader social, ethical, 
and political dimensions that shape how technolo-
gies function in practice.

Despite the valuable analyses produced by both 
the OTA and GAO, the authors believe that neither 
approach has fully achieved some important core 
aims of technology assessment: anticipating 
impacts early, guiding responsible design deci-
sions, aligning innovation with societal values, 
and preventing downstream harm. When applied 
in the 21st century, the limitations of traditional 
technology assessment include purpose, timing, 
and intended audience. Evaluating emerging 
technologies solely for their safety, efficacy, and 
pricing is insufficient; ethics, equity, and alignment 
with societal values must also be treated as core 
assessment criteria. In addition, assessments 
that take place only as technologies approach 
market entry offer limited capacity to influence 
design, deployment models, and access pathways. 
Hence it is now important to pursue an anticipatory 
approach—one that applies foresight early and 
iteratively, enabling adaptations throughout the 
development process to prevent or mitigate poten-
tial harms before a technology reaches the market.

Meeting these mandates necessitates shifting 
greater accountability toward technology devel-
opers and enablers, who shape design decisions 
long before regulatory review. Because emerging 
technologies are increasingly developed across 
academic, commercial, clinical, and public health 
sectors, influence is distributed across a set of key 
decision makers who shape innovation trajectories. 
Therefore, assessments require the participation 
of stakeholders as technologies develop, and 
well before market entry. Effective technology 
assessment must be paired with a multisectoral 
governance process that ensures ethical integrity, 
coordinates responsible oversight, and confirms 
that new health technologies deliver real public 
benefit (Mathews et al., 2022).

In this commentary, the authors call on these 
actors to adopt the concept of anticipatory 

technology assessment as a shared expectation 
of responsible biomedical innovation. Specifically, 
innovators could identify and develop strategies 
to mitigate foreseeable risks. Anticipatory, life 
cycle–based assessment applied iteratively 
from concept through development can inform 
design choices, surface tradeoffs, and proac-
tively identify response strategies before risks 
become entrenched.

Rather than directing or constraining develop-
ers, such a system would generate structured, 
decision-relevant information that supports 
responsible choices throughout development. At 
a minimum, this modernized framework would: (1) 
initiate assessment at the concept or prototype 
stage; (2) provide structured, periodic touchpoints 
throughout the innovation life cycle; (3) produce 
actionable guidance on risk mitigation, design 
options, and societal considerations; and (4) sup-
port scenario-based analyses to explore plausible 
future consequences. Most critically, this tool 
could be applied repeatedly throughout the inno-
vation life cycle, enabling early identification and 
mitigation of risks long before technologies reach 
widespread use. In addition to using anticipatory 
assessment as a tool for innovators to identify 
and address high-risk areas of their technologies, 
this approach can be used by funders, technol-
ogy transfer officers, investors, and industry 
personnel to make decisions about financing, 
technology acquisition, and development. In the 
future, anticipatory assessment could be applied 
by new or existing national technology assessment 
entities analogous to the OTA and GAO to advise, 
guide, or govern the development of new innova-
tions to increase accountability to the public and 
the communities the technologies are intended 
to serve.

International efforts, including those led by the 
Organisation for Economic Co-operation and 
Development (OECD), illustrate the feasibility and 
growing importance of anticipatory governance 
in an era of accelerating technological complexity 
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(OECD, 2024). The authors believe what is needed 
in the United States is a shared, practical approach 
that embeds such assessment into the norms and 
expectations of biomedical innovation. In this con-
text, the US National Academy of Medicine (NAM) 
has recently established a public, private, and 
multisectoral initiative, the Action Collaborative 
on Translating Emerging Science, Technology, and 
Innovation (ACT-ESTI), to co-develop and steward a 
shared anticipatory assessment framework (NAM, 
n.d.). ACT-ESTI includes leadership from across 
academia, industry, and government to advance a 
framework of anticipatory assessment for respon-
sible innovation in the biomedical field. ACT-ESTI’s 
role is not to evaluate or approve individual tech-
nologies, but to convene funders, journals, industry, 
payers, patient groups, and researchers to align on 
shared expectations for responsible innovation; to 
develop a user-friendly framework that innovators 
and enablers can integrate into existing research 
and development processes; and to support 
learning across sectors by identifying common 
challenges, best practices, and opportunities for 
early intervention. This framework would oper-
ate alongside, not within, regulatory processes, 
generating decision-relevant information without 
constraining innovation or duplicating existing 
oversight mechanisms.

The authors agree that biomedical innovation is 
entering an era defined by speed, convergence, 
and scale. Technologies developed today can 
quickly diffuse globally, shaping health outcomes 
for decades to come. Oversight structures built for 
a slower and more linear innovation landscape can 
no longer keep pace with this reality. Embedding 
anticipatory assessment into the norms of 
biomedical research and development offers a 
pragmatic path forward, one that strengthens 
accountability to patients and communities while 
preserving the dynamism of scientific discovery. 
By aligning incentives early and across sectors, 
this approach can help ensure that emerging 
technologies are not only groundbreaking, but 

also responsive to societal needs while mitigating 
unintended consequences. The future of patient 
care and the promise of emerging technologies 
depend on a shared commitment to advancing 
innovations that are not only pathbreaking, but 
safe, equitable, and trustworthy.
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