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INTRODUCTION

The evolution of evidence generation supported by nu-
merous data streams and advances in computing power, 
analytical methods, artificial intelligence (AI), and digital 
health tools, as well as the ubiquitous availability of cloud- 
based platforms are dramatically changing the landscape 
of therapeutic development. What is most unique about 
our era is not only the rapid advancement of discrete tech-
nologies, but the convergence of and synergies between 
them. This phenomenon has the potential to power an ex-
ponential acceleration of evidence generation.

Recognizing the potential of such advances, compa-
nies and other stakeholders are increasingly incorporat-
ing cutting- edge technology, including digital tools and 
advanced analytics, while leveraging robust platforms for 
information gathering, analysis, and transfer to help im-
prove the efficiency of therapeutic development and to 
better customize their products to the needs of consumers. 
For example, AI- based applications are already being ex-
plored across the development spectrum of therapeutics 
from preclinical discovery to clinical trials and postmar-
keting surveillance. Some promising uses include predict-
ing potential compound characteristics, identifying study 
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cohorts, optimizing clinical trial design and conduct, and 
tracking adverse events.1– 3 Other innovative technologies 
and methods are also evolving at a rapid pace. Those in-
clude, but are not limited to, advances in genomics, regen-
erative medicine, methods to manage and utilize real- world 
data, as well as advanced manufacturing techniques.

For regulatory agencies responsible for evidence evalua-
tion and oversight, these advances bring both promise and 
challenge. Committed to helping bring safe and effective 
medical products to those who need them as soon as pos-
sible, public health agencies must balance facilitating in-
novation with providing assurance of the safe, ethical, and 
responsible use of new technologies. Other regulatory and 
standards development agencies that are addressing the di-
verse use of innovative technologies are confronting simi-
lar considerations. One key challenge that could face these 
agencies is how to attract individuals with key expertise. 
Another challenge is how to quickly work to educate and 
raise awareness of these technologies among existing staff. 
Individuals with certain skills may be difficult to recruit due 
to the competitive landscape surrounding high- demand ex-
pertise. Agencies may need to look to advance collabora-
tions as a means to connect with experts in different fields 
and as an approach to encourage mutual learning.

A stable and nimble regulatory ecosystem is necessary to 
facilitate innovation while also safeguarding the public. This 
article will propose ways to establish a responsive and agile 
regulatory ecosystem that includes an adaptive policy- making 
infrastructure, effective workforce development, and the facil-
itation of core and essential collaborations and partnerships.

ADAPTIVE POLICY- MAKING 
INFRASTRUCTURE

An adaptive policy- making infrastructure is a cornerstone of 
a responsive and agile regulatory process. Regulatory agen-
cies should ensure that there are groups and offices that are 
focused on policy development and the evaluation of inno-
vative technologies (described hereinafter as policy offices). 
Policy offices should not only forecast, but also prepare for 
and respond frequently to provide regulatory insights on in-
novative technologies. A proportional risk- based approach 
will require an understanding of the risks and benefits of a 
new technology, how it evolves, including the speed at which 
it can evolve, and the best practices for risk and performance 
detection, management, and mitigation. To gain this under-
standing and to advance policies and regulations that are re-
sponsive to innovations, policy offices will need to consider 
changes not only to existing policies, but also to current pro-
cesses and infrastructure used for policy development.

First, policy offices should consider the establishment 
of internal multidisciplinary “intelligence” teams tasked 

with tracking and evaluating innovative technologies. 
These teams, encompassing medical, scientific, engineer-
ing, public health, regulatory, ethics, policy development 
and analysis, and other disciplines as needed, would 
provide policy offices with important technological, sci-
entific, and regulatory expertise in the development of 
policy approaches. The teams could assist in answering 
key questions, such as how to ensure that policy and 
guidance development takes into consideration the latest 
innovations in a specific sector. In an organization that 
conducts or funds research, intelligence teams could help 
inform evolving research funding priorities and determine 
whether current funding models should be updated and 
modified. For example, the teams could identify relevant 
research projects, including those that span multiple sec-
tors (technology or engineering, etc.) and ways to fund 
them, such as through collaborative funding models with 
other agencies. Intelligence teams may also be responsi-
ble for performing routine analysis of existing policies and 
programs and evaluating their responsiveness to emerging 
technologies.

Second, policy offices may need to consider expanding 
the tools and paths available in the policy development 
process to make it more responsive and iterative, includ-
ing a mechanism for post- deployment evaluation and fre-
quent updating, as necessary. This process would involve 
formal and informal consultation with internal and exter-
nal stakeholders to identify areas that should be initially 
included in a guidance and areas that need to be revised 
if the technology or its uses change. Expanding the oppor-
tunities to incorporate stakeholders’ feedback iteratively 
throughout policy development should be considered, 
especially in highly impactful areas. Such consultations 
would benefit from being inclusive of all relevant stake-
holders. This process may include the establishment of 
committees and working groups, workshops during guid-
ance development, and regulatory- roundtable dialogue 
with internal and external stakeholders.

To be more responsive to the needs of the community, 
policy offices could also establish a standing or ad hoc 
committee(s) of interdisciplinary regulatory experts to 
proactively engage with external stakeholders. For exam-
ple, the committee could expand outreach to stakehold-
ers, as appropriate, to discuss stakeholders’ proposals for 
the use of an innovative technology early in the process. 
These interactions could provide a valuable feedback loop 
through which to receive input that could be used to up-
date guidance. These discussions may identify new gaps 
in current regulations that may need to be addressed by 
existing or new internal committees. This bidirectional 
communication can also provide technology develop-
ers and other stakeholders with insights into key regu-
latory concepts and standards that should be considered 
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when leveraging novel technologies in product devel-
opment. An example of this approach is the Real- World 
Evidence Subcommittee of the Medical Policy Program 
and Review Committee established by the US Food and 
Drug Administration (FDA). This subcommittee serves as 
a forum to provide advisory recommendations and a plat-
form to engage with a variety of stakeholders.4

Third, in addition to formal guidance, policy offices 
should consider utilizing the full spectrum of mecha-
nisms to communicate with stakeholders about innovative 
technologies, such as white papers and proposed frame-
works. These types of communication could also pro-
vide more rapid feedback loops to inform policymaking. 
Whereas separate from the official policy development 
process, “academic- style” communications developed 
independently by staff via editorials in peer- reviewed lit-
erature could increase awareness and provide a broader 
discussion of innovative technologies and topics.

EFFECTIVE WORKFORCE 
DEVELOPMENT

A responsive and agile regulatory process will also re-
quire effective workforce development to keep pace with 
the use of innovative technologies. It will be particularly 
important for regulatory agencies to prioritize the recruit-
ment, hiring, and retention of staff with diverse expertise 
that includes relevant training and/or experience in tech-
nological areas. Technical experts will need to be part of 
policy development conversations to adequately assess in-
novative technologies and provide technical expertise and 
advice on their potential opportunities, limitations, and 
challenges.5

Because competing with the private sector for new tal-
ent from areas of innovative technologies can be challeng-
ing, regulatory agencies should consider the full spectrum 
of available mechanisms to gain access to technological 
expertise.6 A talent acquisition strategy could include 
working with academic institutions to coordinate training 
opportunities for students and recent graduates, including 
rotations, internships, and fellowship programs, particu-
larly in competitive areas like AI and data science. This 
strategy should also support cross- disciplinary collabora-
tive training opportunities and exchange of expertise (e.g., 
Special Government Employees7) across different degree 
pathways (e.g., science, engineering, medicine, ethics, law, 
and business) to encourage cross- pollination across indus-
try, government, academia, and other sectors.

Workforce education focused on building internal 
capacity and upskilling current employees could also 
help fill certain gaps in expertise. Intra- agency rotations 
(details) could be useful training opportunities for staff 

detailed to work directly with technologists in other of-
fices and centers. Interagency rotations, especially with 
agencies who are developing technology standards or 
conducting research using innovative technologies, such 
as the National Institute for Standards and Technology 
(NIST), Department of Defense (DoD), and National 
Institutes of Health (NIH), could provide similar benefits 
to agencies. In addition to rotations in government agen-
cies, employees could also gain valuable expertise through 
formal training visits with entities developing innova-
tive technologies, such as academic research groups and 
start- up companies when appropriate. For example, an 
experiential learning program has been established as a 
collaborative approach to closing the knowledge gaps be-
tween emerging and innovative technologies and the pre- 
market review of the resulting medical devices.8

Specialized training, such as targeted didactic courses, 
lectures, and modules, could also be developed based on 
dialogue between academic institutions and federal agen-
cies to address the needs of interdisciplinary standing 
committees and “intelligence” teams. The development 
of this training could also be informed by participation 
from industry (e.g., pharmaceutical, biotechnology, and 
information technology sector), non- profit scientific orga-
nizations, and patient groups. In addition, training should 
be provided to general staff to provide at least a basic un-
derstanding of innovative technologies. More specialized 
training should be available to staff who are directly eval-
uating or managing the technologies. Curriculum could 
be developed in collaboration with academic and agency 
experts and should be regularly evaluated to determine 
whether revisions are needed, including whether educa-
tional tracks or specializations should be added as new 
technologies or areas of application emerge. In addition 
to technical competencies, trainings for all staff should 
include an exploration of regulatory and ethical consid-
erations (e.g., transparency, risk and bias detection and 
management, model robustness, privacy, data protec-
tion, and accountability) related to the use of innovative 
technologies.

Training and education about the regulatory and eth-
ical considerations for the use of innovative technologies 
should also be made available to professionals and those 
pursuing careers in academia, industry, or other sectors 
involved in the development and application of innovative 
technologies. For example, technology- focused sectors 
that are becoming increasingly involved in therapeutic 
development are not necessarily familiar with health- 
focused technologies and the associated human subject 
protections and regulatory implications.

In addition to formal coursework and programs, mech-
anisms to support information exchanges about innova-
tive technologies with external stakeholders could include 
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informal forums, such as early engagement with industry 
(e.g., Critical Path Initiative [CPI] meetings) and virtual 
open houses.4,9,10 At virtual open houses, general ques-
tions that are not specific to a particular product could be 
discussed. In addition, regulatory and standards setting 
public advisory committee meeting materials and discus-
sions could be utilized for developing educational case 
studies and other training purposes.

DYNAMIC PARTNERSHIPS

As technologies continue to advance, external engage-
ment and partnerships with end users, industry, aca-
demia, government agencies, international organizations, 
and other stakeholders will be critical to the development 
of responsive regulatory frameworks and policies. A range 
of diverse partnerships can help promote information 
sharing to inform knowledge gaps, leverage resources, 
and advance public health, while ensuring transparency. 
Although multiple engagement venues exist today in the 
form of professional conferences, advisory committees, 
and traditional public- private partnerships, innovations 
are being developed by an ever- increasing variety of stake-
holders and more comprehensive and inclusive engage-
ment is needed.

Targeted stakeholder engagement

Targeted engagement with a full spectrum of stakehold-
ers, such as end users, industry, and academia, could pro-
vide regulatory agencies with valuable perspectives and 
insights as they evaluate innovative technologies. For ex-
ample, engagement with the end users of each technology 
area, including patients, patient advocacy groups, physi-
cians, and other health professionals could help agencies 
understand the potential risks and benefits, including how 
a technology may enrich an individual’s experience. New 
centers of excellence (e.g., oncology and digital health) 
established by regulatory agencies are utilizing this ap-
proach, where end- user engagement could also provide 
valuable insight on how to build trust in new safe and ef-
fective technologies.

In addition, direct engagement with industry, including 
the innovators of new technologies, from pre- development 
to post- deployment will be needed to increase mutual 
learning and encourage communication about success-
ful applications, as well as failures and lessons learned. 
Although regulatory agencies offer a series of formal 
meetings with applicants related to the development 
and review of medical products, informal meetings with 
a variety of stakeholders can be useful forums to discuss 

potential scientific advances and considerations for utiliz-
ing innovative technologies in product development (e.g., 
CPIM, Initial Targeted Engagement for Regulatory Advice 
on Center for Biologics Evaluation and Research [CBER] 
Products11). These meetings allow for the exchange of 
ideas between regulatory experts, technology developers, 
and other stakeholders. These informal meetings can also 
help inform regulatory agencies of emerging technology 
developments that may impact future product develop-
ment and regulations. Additionally, targeted programs to 
support drug development tools also provide mechanisms 
for early engagement and scientific collaboration with 
regulatory agencies to facilitate tool development and en-
courage innovation (e.g., Drug Development Tool [DDT] 
Qualification Programs12 and Innovative Science and 
Technology Approaches for New Drugs (ISTAND) Pilot 
Program13). These approaches could advance innovation 
while preserving safety and effectiveness.

Through partnerships with academic institutions, reg-
ulatory agencies can leverage expertise in emerging or 
highly specialized technology areas to inform the rigorous 
evaluation and assessment of innovative technologies, 
including whether there are novel ethical and regulatory 
considerations that need to be addressed. In addition to 
academic fellowships and internships noted previously, 
multidisciplinary forums including experts in technology, 
policy, science, law, and ethics (e.g., via centers of excel-
lence, foundations, and scientific associations) could be 
established to share important information, such as best 
practices, use cases, research, and training.

Multistakeholder collaboration and  
public- private partnerships

A strategy which involves multiple stakeholders across 
government, industry, and academia has proven to be an 
effective way to provide an open forum to identify and ex-
plore the potential uses of innovative technologies. Ideally, 
in the early stages of the development of these technolo-
gies, nimble and diverse multistakeholder collaborations 
should facilitate a flexible format that is non- regulatory in 
nature, product- independent, and allows for nonbinding 
advice to permit the free exchange of ideas.

Public- private partnerships (PPPs) can serve as a crit-
ical approach to advance innovative science and tech-
nology, by providing a safe harbor and pre- competitive 
environment for methods development and demonstra-
tion projects.14 By involving multiple stakeholder orga-
nizations, PPPs can address issues that are beyond the 
capacity and resources of a single organization. They 
usually include at least one nonprofit or 501(c)(3) or-
ganization that acts as a convener, with partners across 
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government, industry, academic, and other organiza-
tions. These partnerships are currently being utilized in 
areas ranging from rare diseases to coronavirus disease 
2019 (see Table 1).

PPPs are increasingly using adaptive models, such 
as accelerators (investment of resources to accelerate 
growth in a specific area) and sandboxes (supervised op-
portunities to test innovations) to address needs, share 
ideas, and provide a neutral space to experiment with 
new technologies. These more dynamic PPP models 
should be leveraged to quickly respond to innovative 
technologies and public health needs, while rapidly 
evolving or expanding to address new areas and sunset-
ting, as appropriate.

Interagency collaborations

Interagency partnerships can also provide a valuable 
mechanism for exchanges among policy, regulatory, sci-
entific, and research groups. Currently, these partnerships 
are generally established between agencies with similar 
missions and focus. In considering areas of converging 
technologies, it will be essential to expand these partner-
ships to include a broader diversity of agencies focused on 
public health, national security, regulatory and standards 
development, and cutting across multidisciplinary basic 
and applied research. Joint workshops, collaborative pro-
jects, and exchanges of personnel can serve as mechanisms 
to leverage complementary expertise and address regu-
latory science challenges in areas of rapidly developing 
technologies.

International collaborations

As the development and use of innovative technolo-
gies become increasingly global, collaborations with 
the international community, including foreign regula-
tory agencies and international organizations, should 
continue to be prioritized. Bilateral and multilateral 
collaborations will provide regulatory agencies with a 
better understanding of how innovative technologies 
are being used globally and whether there are novel is-
sues that need to be addressed. They also provide an 
opportunity to engage in dialogue with a variety of in-
ternational experts to gain perspectives and expertise 
on new technologies and to explore potential regula-
tory approaches for their safe, ethical, and responsible 
use. For example, participation in international forums, 
particularly in international standards bodies, such 
as the International Convention for Harmonization 
of the Technical Requirements for Pharmaceuticals 

for Human Use (ICH) and the International Medical 
Device Regulators Forum (IMDRF), can be used to en-
courage dialogue regarding developing and harmoniz-
ing standards for the incorporation of promising new 
technologies in drug development. Important plat-
forms, such as the ICH and IMDRF, may also benefit 
from exploring more frequent and targeted engage-
ments beyond their traditional membership to enhance 
mutual learning and to further enrich deliberations. 
Coordination and information exchange forums, such 
as the International Coalition of Medicines Regulatory 
Authorities (ICMRA), can also serve to help identify 

T A B L E  2  Considerations for a responsive and agile regulatory 
ecosystem

Adaptive regulatory framework
• Internal multidisciplinary “intelligence” teams focused on 

innovative technologies
• A responsive, risk- based, and iterative policy development 

process, with mechanisms for post- deployment evaluation 
and frequent updating, if necessary

• Stable principles that are widely applicable combined with 
agile policy making and regulation development

• Mechanisms for effective communication with a wide range 
of stakeholders to discuss current applications of evolving 
technologies

Effective workforce development
• A comprehensive talent acquisition strategy that meets 

requirements for career positions and short- term expertise
• Internal capacity building to help fill gaps in expertise
• Specialized training for internal interdisciplinary standing 

committees and “intelligence” teams
• Training for general staff to provide an understanding of 

innovative technologies
• General education programs to promote understanding of the 

regulatory and ethical considerations for the use of innovative 
technologies

Dynamic and diverse partnerships
• Engagement with end users of new technologies to better 

understand the potential risks and benefits and gain insight 
on how to build trust in the technology

• Engagement with emerging technology sectors to increase 
transparency and encourage bilateral communication

• Partnerships with academic institutions to leverage expertise 
in emerging or highly specialized technology areas

• Multi- stakeholder collaborations (e.g., PPPs) to provide 
an open forum to advance the potential uses of emerging 
technologies

• Interagency collaborations to provide a valuable mechanism 
for scientific exchange between policy, regulatory, scientific, 
and research groups

• International collaborations to gain a better understanding 
of how innovative technologies are being used globally and 
whether there are potential novel issues that need to be 
addressed

Abbreviation: PPPs, public- private partnerships.
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areas where collaborations between regulatory bodies 
is most needed to help ensure responsiveness to inno-
vations globally.

CONCLUSION

The convergence of rapid advances in areas such as com-
puting power, data analysis, AI, and digital health tools 
must be matched with robust and well- informed regula-
tory approaches. To maximize the benefits of these in-
novations, establishing a stable and nimble regulatory 
ecosystem that can facilitate innovation while safeguard-
ing the public is a necessity. Creating an adaptive policy- 
making infrastructure that is suited to address evolving 
complexities, developing a workforce equipped with the 
needed expertise, and forming more diverse and effec-
tive collaborations with a broader group of stakeholders 
are all important steps that should be advanced simulta-
neously to reach this goal (see Table 2). Consistent inter-
dependent efforts to capitalize on the strength of existing 
collaborations and experiences, while at the same time 
shaping the future of responsive regulations will also be 
needed.

These key steps and models provide a roadmap for 
future progress toward a regulatory ecosystem that is re-
sponsive to rapidly developing innovations. Whereas re-
cruiting and retaining candidates with needed expertise, 
training existing staff, and increasing awareness of in-
novations pose challenges to advance some of these ap-
proaches, implementing comprehensive and sustained 
initiatives focused on expanding and diversifying staff ex-
pertise, using targeted recruiting and training strategies, 
and developing a range of collaborations can help address 
these challenges and advance an agile regulatory ecosys-
tem. In considering the effort and resource needs, it is also 
important to weigh the opportunity cost of not preparing 
for and responding adequately to innovations that can be 
disruptive to current medical product development. The 
considerations outlined in this paper can be further re-
fined and updated as we continue to collectively learn and 
adapt to the challenges and opportunities posed by con-
verging technologies.
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