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Abstract
Background/Aims: Global megatrends, including population growth, interconnectedness and artificial intelligence, are
already shaping the clinical trials industry, and will do so for decades to come. Innovations from technology companies,
greater collaboration with patients and caregivers, and increased diversity in clinical trials could transform clinical trials
of the future. However, the industry has typically been slow to adopt new technologies, and certain barriers could stifle
innovation and allow health inequalities to persist. Our aim was to explore the trends shaping clinical trials and identify
initiatives that can be started now to move toward a future where patients are actively involved in clinical trial design
and decision-making, and technologies like artificial intelligence are integrated responsibly and ethically into clinical trials.
Methods: We used strategic foresight methodology to explore the trends that will shape the future of clinical trials and
how the trajectory of these trends could lead to different future scenarios We then identified initiatives that could help
us move toward our desired scenario.
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Results: We identified four possible scenarios for the future of clinical trials based on two key trends: data sharing and
adaptation of regulatory frameworks. While the future will see collection of large amounts of data from different
sources, such as databases and wearable devices, their usefulness could be limited if data remain in silos, limited by strict
regulations and a lack of trust in data privacy. Alternatively, data may be integrated more efficiently into clinical trials if
regulators adapt proactively to new technologies and patients are empowered to take control over their data, for exam-
ple. We identified initiatives that can be started now to achieve our vision. Pharmaceutical companies, academic
researchers, non-governmental organizations (including patient organizations), regulatory authorities, policymakers,
technology companies and innovative service providers must join forces and work on initiatives to integrate technology
into trials, enable data sharing, harmonize regulations across regions, co-design trials with patients and caregivers,
strengthen decentralized trial capabilities and promote diversity in trials.
Conclusion: Through a collaborative cross-industry effort that prioritizes proactive patient involvement and responsi-
ble use of technology, we can shape a clinical trial ecosystem that is inclusive, ethical and ready for the future. We urge
all stakeholders to act now on these initiatives to positively influence the future of clinical trials.
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Background/aims

Clinical trials have become increasingly complex over
time due to growing regulatory and consumer require-
ments,1,2 yet this has not necessarily improved effi-
ciency or patient outcomes. The future of clinical trials
will be influenced by global, societal, technological and
economic changes known as global megatrends. Our
goal was to understand these trends, map possible
future scenarios and identify initiatives that we can
start now to prepare for the future.

Megatrends are forces that will shape future out-
comes for at least the next decade and are already
observable.3 For example, people are increasingly
empowered and seek greater involvement in their
healthcare decisions,4 and there is greater demand to
incorporate patient perspectives across clinical develop-
ment. Yet, barriers to clinical trial access and participa-
tion persist, including limited geographic availability of
trials,5 social and financial barriers, and strict inclusion
criteria, which contribute to underrepresentation of
groups such as older adults, females and people with
multiple health conditions.6–9 Regulatory authorities
are introducing requirements to increase diversity in
trial populations,10,11 which will benefit underserved
communities and may lead to more robust and innova-
tive science.9 However, widening access is only part of
the solution, and patients must also be supported to
navigate complex and burdensome trial designs.12

While advances in digitalization and artificial intelli-
gence (AI) offer opportunities for clinical trials through
data linkage, decentralization and automated data col-
lection,13–15 the adoption of technology in clinical trials
has typically been slow. This is due to stringent regula-
tory requirements, a risk-averse industry culture and
challenges integrating innovations into existing sys-
tems.16,17 There is growing concern that AI may

reinforce existing biases in healthcare related to socioe-
conomic status, race, gender and age, so inclusive data
practices and vigilant oversight are needed.14,18

Technology companies and regulators must also reas-
sure patients about data privacy and usage to facilitate
trust in data sharing.15,18,19

Here, we present our systematic approach to map-
ping the future of clinical trials and identifying tangible
actions to move toward our desired future outcome.
We envision a future clinical trial landscape that priori-
tizes patient needs, leverages technologies responsibly
and optimizes efficiency while respecting good clinical
practice and the need for meaningful data. This work is
a collaboration between patient advocates and health-
care professionals (collectively termed the Global
Clinical Trial Experts Panel), representatives from the
pharmaceutical industry (Boehringer Ingelheim), and
the Copenhagen Institute for Futures Studies.

Methods

We used a four-step strategic foresight20,21 methodol-
ogy (Figure 1) to explore potential future scenarios for
clinical trials.

Between February and June 2023, we held four
workshops with 48 participants from the Global
Clinical Trial Experts Panel, Boehringer Ingelheim and
the Copenhagen Institute for Futures Studies (see
Supplementary material for participant list). Before the
workshops, the Copenhagen Institute for Futures
Studies identified 15 global megatrends4 (see
Supplementary material) and conducted desk research
to understand their potential impact on clinical trials.
Internal industry trends were gathered through inter-
views with patient advocates, healthcare professionals,
pharmaceutical companies and regulators.
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In Workshop 1, we assessed and prioritized the
trends. Workshop 2 focused on refining their likely
evolution and identifying critical uncertainties (trends
with an uncertain trajectory that could lead to multiple
plausible visions of the future). We also explored fac-
tors that could block or enable the achievement of our
desired future outcome, as well as potential opportuni-
ties and challenges. Two critical uncertainties (that had
the broadest ‘‘disagreement’’ on the future trajectory
when discussed in Workshop 2) and their opposing
outcomes formed a ‘‘scenario cross’’ in Workshop 3,
outlining four plausible future scenarios for clinical
trials.

In Workshop 4, we generated actionable initiatives
aimed at steering clinical trials toward our preferred
future. These initiatives were stress-tested across the
four scenarios to ensure robustness and identify neces-
sary adjustments.

Results

Workshop 1: trends that will shape the future of
clinical trials

We analyzed how 15 global megatrends (Figure 2) may
affect the future of clinical trials.

World trends: Globalization, population growth and
sustainability. Globalization (the increasing connected-
ness of the world) will be shaped by political tensions,
new alliances between countries and climate change.
The flow of knowledge, science, technology, data and
travel will accelerate, led by countries including China,
India, Indonesia and Brazil.4 Improved digital infra-
structure will connect underserved regions, and AI-
powered real-time translation could help overcome
language barriers, enabling more inclusive collabora-
tion.4,22 Globalization could facilitate access to hard-to-
reach and diverse patient groups, but pharmaceutical

companies will need to navigate different regulatory,
cultural and social landscapes. Population growth will
continue until the mid-2080s,23 driven mainly by low-
and middle-income countries.23,24 Africa’s population is
expected to double by 2050, while Asia will remain the
most populated region of the world.25 The combination
of unmet needs, large populations and a push for diver-
sity may lead to more trials in these regions. Clinical
trials must reflect the heterogeneity of characteristics
observed in real-world populations. Real-world evi-
dence could help address diversity gaps, and conducting
these studies before regulatory approval may become
mandatory. Initiatives such as Canada’s CanREValue
collaboration are already working to incorporate real-
world evidence into regulatory and reimbursement deci-
sions.26 Elsewhere, growing concerns about climate
change and sustainability will increase scrutiny of the
environmental impact of trials, including trial-related
travel.

Economic trends: Economic growth, concentration of
wealth and the service and network economies. Economic
growth in emerging economies (especially Asia’s rapidly
expanding middle class)27 may boost healthcare infra-
structure and increase trial diversity. However, growing
economic inequality within countries4 could perpetuate
inequalities in clinical trials and limit trial access for
people with low incomes due to financial, geographic
and logistical barriers, including lack of caregiver sup-
port and inability to take time off work.28 Also, spon-
sors may hesitate to run trials in countries where a
limited population will be able to afford their drugs,
highlighting a need for collaboration with regulators to
facilitate patient participation, promote new research
and support the use of new technologies.

Clinical trials may evolve into a service that is seam-
lessly integrated into participants’ everyday lives.
Meanwhile, the network economy will foster stronger
collaborations4 between the pharmaceutical industry,

Figure 1. Workshop structure.
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academia29 and non-governmental organizations
(NGOs), including patient organizations. The growth
of peer-to-peer platforms could enable experienced trial
participants to connect and share experiences with
those considering participation.

Trends in people and society: An aging world, empow-
ered individuals, a focus on health and urbanization.
Older adults have historically been excluded from clini-
cal trials for many reasons, including age-related
changes and risks, comorbidities and being prescribed
multiple medications.30–33 While representation of
older people in trials is increasing, progress is slow.34,35

Better understanding of drug–drug, drug–gene and
drug–age interactions may help expand trials to older
adults. Wider use of digital and decentralized trial
approaches will require investments in health and digi-
tal literacy. These approaches rely on patient trust and,
therefore, must be co-created with patients. Greater
patient involvement in healthcare could encourage
more patient-centered trial designs, improved data
sharing, and more efficient and cost-effective clinical
trials.36

The future will see a shift from reactive to preventive
healthcare.4 Improved public understanding of clinical
trials, supported by educational campaigns, could
transform the perception of trials from a ‘‘last resort’’
to a legitimate healthcare option, especially for rare
conditions. Increased urbanization risks widening
inequalities between those living in cities (who have bet-
ter access to healthcare) and rural areas. Decentralized

trials may help address this issue, but ensuring people
can access and use these technologies is crucial.

Trends in technology and science: Engineering
advances, greater interconnectedness, biotech and AI.
The number of Internet-connected devices will continue
to increase4 and could help reach more prospective trial
participants. Connectivity is one cornerstone of decen-
tralized trials, enabling digitalization of process, data
capture and consultations.37 Challenges exist in inte-
grating multiple data sources, utilizing collected data
and preserving data privacy.37 Also, certain data can
only be obtained through in-person physical examina-
tion. A lack of connectivity in remote areas, the finan-
cial cost of devices and a lack of digital literacy could
continue to prevent universal access to the Internet.38

Services and devices aimed at trial participants must be
co-designed with the patient community from the out-
set to maximize acceptance, usage and adherence.

The use of ‘‘big data’’ will allow for greater persona-
lization and stratification of clinical trial participants
and create new treatments. AI may be used to optimize
clinical trial processes, including recruitment, partici-
pant stratification and data collection. Developing reg-
ulations that enable innovation, such as platform trials
(which can quickly study multiple treatments),39,40

while ensuring effectiveness, safety and cost efficiency,
will be a major challenge. Some countries, like Canada,
are already updating their clinical trial regulatory fra-
meworks to keep pace with trends and emerging
technologies.41

Figure 2. Global megatrends.4
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Workshop 2: uncertainties

We explored 16 clinical trial industry trends (Figure 3
and Supplementary Figures S1 and S2). Nine trends
were prioritized for further analysis and are summar-
ized below. For each, we identified ‘‘critical uncertain-
ties’’ (uncertain future trajectories) and mapped
opposing outcomes by the year 2040.

Harmonized, adaptive regulatory frameworks for clinical
trials. Regulatory clinical trial frameworks could
become more harmonized, leading to closer collabora-
tion between authorities, simplified data sharing and
adoption of innovative approaches. This could acceler-
ate drug development and improve patient access. The
openness of regulators to these new concepts is critical
to whether this scenario is adopted. Hesitancy to work
with industry, limited harmonization of regulations
and limited data sharing across regions could result in
siloed regulatory frameworks. In this scenario, many
regions will still have their own regulatory authorities
and laws, making collaboration difficult and causing
delays in the approval of new treatments.

Integrated healthcare data. Collaboration between stake-
holders committed to innovation may enable the collec-
tion, integration and use of meaningful, high-quality
data. There may be widespread willingness among

citizens to share their data when they see a personal
benefit in return. Governments will support this
through regulatory frameworks to limit data breaches.

Alternatively, the rapid growth of data availability
could mean an uncoordinated approach to data collec-
tion, hesitancy around data sharing, and unclear regu-
lations on data collection and ownership. Governments
may respond by developing strict regulatory frame-
works around systems and compliance. These fragmen-
ted data infrastructures could be a challenge for
globally conducted trials.

Co-designed clinical trials. Increased patient involvement
in trial design, and new tools for providing information
and allowing participant feedback could improve
recruitment and significantly increase participant
engagement, retention and satisfaction. Yet, challenges
could arise if stakeholders do not have the capability to
discuss trial design. An alternative scenario could see
pharmaceutical companies and regulatory authorities
avoid co-designing trials with patients, fearing that this
may delay trials. As a result, patients face barriers to
trial participation, delaying recruitment and regulatory
approval of new medicines.

Increased diversity in clinical trials. Research protocols that
emphasize culturally sensitive methodologies will foster
trust and participation among Indigenous communities.

Figure 3. Clinical trial industry trends.
Priority industry trends for the future of clinical trials are shown in bold.

AI: artificial intelligence.
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Clinical trials could become a seamless component of
patient care, with patients and healthcare providers eas-
ily identifying relevant trials. Diversity and access may
be driven by pharmaceutical companies, who work with
governments, payers and patients to fully engage under-
represented populations. Increasing the value of drugs
that truly have an impact on health outcomes across
diverse and underserved patient populations will have
been the guiding principle in this scenario.

Alternatively, access to clinical trials may remain
limited due to traditional inclusion criteria and restric-
tive infrastructure and regulations. Diversity and access
could instead be driven by governments, who would
support patient organizations and drug developers to
conduct clinical trials in traditionally underrepresented
regions such as Africa, South America and South-East
Asia, and across different socioeconomic groups.

Use of AI. Technology companies may drive the use of
AI in future clinical trials, making processes more effi-
cient and successfully recruiting participants through
social media channels, targeted communication and
automated review of large clinical databases. Enabling
trial participants to use tools and devices that they use
every day will help retention. Algorithms will be care-
fully designed and governed by a diverse group of sta-
keholders to reduce bias. AI offers opportunities for
better-informed trials, analysis of big data to detect
small signals (hints about emerging trends), value-based
healthcare and prediction of risk for disease prevention
approaches. Greater AI literacy among new genera-
tions could enable its adoption in trials.

In an alternative future, AI in clinical trials may be
driven by the life sciences sector under strict regula-
tions, potentially slowing its progress. AI could be used
in a limited capacity to assist diagnosis, identify new
drug targets and effective drug combinations, predict
the efficacy of new drugs, identify patients who are
most likely to benefit from a new drug, screen trial par-
ticipants and support with administrative tasks.

Evolution of adaptive and platform trials. Adaptive trials
(that combine all phases into a single, seamless trial)
could become the norm in 2040. This could result in
reduced waste, shorter recruitment time, fewer control-
arm participants needed, more efficient regulatory
approval and better outcomes. A Bayesian approach to
analysis, where new information can be added to exist-
ing findings, has facilitated this faster approach.
Alternatively, traditional Phase 1–4 trials could con-
tinue. The costs and increased complexity of adaptive
trials, reluctance to compare directly against competi-
tors and lack of awareness of the benefits could limit
their adoption.

New players (such as technology companies) in the clinical trials
space. Technology companies will create innovative
trial solutions to reach diverse populations and perso-
nalize trial experiences, but their acceptance by industry
and academia remains uncertain. If technology compa-
nies are embraced, multi-sponsor clinical trials could
become the norm. While data ownership and financial
incentives could remain a challenge, the mutual benefit
of collaboration may outweigh the issues. If technology
companies are not embraced, they will have to compete
with the established system. Industry and academia
may be reluctant to collaborate due to a lack of clarity
around data ownership, lack of financial incentives and
regulatory issues.

Adoption of decentralized trials. By 2040, most clinical
trials may be decentralized or hybrid. The complexity
of decentralized trials could be overcome through effec-
tive regulation, increased integration of app and wear-
able data into site systems, and investment in training
and education from sponsors, trial sites and govern-
ments. Training and monitoring will be needed to
ensure the continuity of high-quality care at local sites.

Widespread adoption of decentralized trials faces sev-
eral challenges, including fragmentation of regulations
across regions, concerns about data quality and data
privacy, and a shortage of suppliers able to provide glo-
bal support for these trials. A perceived loss of human
contact could negatively impact retention, especially if a
trusted clinician is replaced with a different provider at
each home visit, and participants are unsure who to
approach for support. Thus, retaining the human con-
nection in decentralized trials will be crucial. Low health
and digital literacy also pose barriers, requiring sponsors
to consider alternative ways to include participants.
Decentralized trials may be adopted primarily in regions
with high societal readiness, adequate infrastructure and
staffing, and high digital and health literacy. The invest-
ment required in educating participants, the burden trial
sites face in adapting to these trials, and data privacy
concerns could limit uptake.

Rare disease clinical trials. Engaged groups of NGOs, aca-
demic communities and specialist rare disease centers will
coordinate clinical trials for rare diseases (and rare sub-
groups of common diseases). They will have successfully
connected patients with the same rare disease, making
running clinical trials easier. Combined with new regula-
tions, this will allow for better collaboration and sharing
of data, and facilitate drug development. This approach
could provide opportunities for running decentralized
trials, enabling patients to participate in clinical trials
abroad, addressing resource and infrastructure chal-
lenges, and setting up umbrella sites to support coordina-
tion. However, challenges with patient recruitment and
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the high costs of running rare disease trials could limit
coordination. Rare disease trials may continue primarily
in high-income countries, excluding most of the world.

Workshop 3: dealing with the uncertainties: four
scenarios for the future of clinical trials

The two critical uncertainties we focused on were as fol-
lows: (1) How regulators will adapt to change: regula-
tors may act reactively to change, addressing problems
as they occur, or proactively, attempting to foresee and
plan ahead; and (2) How widely patient data will be
shared: data sharing may be limited if data privacy con-
cerns are not mitigated or patients are unaware of the
potential value their data can provide. Alternatively,
empowering patients to take control over the sharing
and use of their data may enable wide data sharing.

The opposing outcomes of these two critical uncer-
tainties formed a ‘‘scenario cross,’’ outlining four plau-
sible future scenarios (see Figure 4 and Supplementary
Table S1).

Data for the people. Our preferred scenario envisions
wide data sharing supported by a proactive approach
to regulation, facilitating technology integration and
stakeholder collaboration, giving patients guaranteed
access to, and control over, their clinical trial data.
Patients could even allow trusted patient organizations

to manage their health data for them, akin to financial
managers. Real-world data from wearable devices will
shape the selection and design of trials, while technolo-
gical advancements such as a ‘‘gene passport’’ could
allow for personalized treatment selection.

Open data, closed minds. Wide data-sharing capabilities
combined with a reactive approach from regulators
could create a complex scenario in which technology
thrives, but disparities persist in clinical trial access,
and digital and health literacy. NGOs will play a major
role in driving change and co-designing trials that bene-
fit from a diverse range of perspectives. Participation
of NGOs in data governance bodies and data altruism
organizations will increase patient trust and their likeli-
hood of consenting to data sharing for research.
However, regulators may act slowly and cautiously, sti-
fling the potential of data sharing and innovation,
while companies are reluctant to share potentially sen-
sitive data with competitors. Patients with low digital
or health literacy may be reluctant to share their data,
unaware of the value it can provide.

Slow and steady. This scenario imagines that infrastruc-
tural constraints and data privacy concerns lead to a
cautious approach to technology integration and lim-
ited data sharing. To address these issues, a comprehen-
sive technical and legal framework for data sharing is

Figure 4. Four scenarios for the future of clinical trials.
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needed, combined with a secure data infrastructure that
addresses data privacy concerns. A proactive approach
to regulation will champion change, advocating for
diversity representation, ethical data practices and inte-
gration of technologies providing real-world evidence.
The clinical trial landscape will slowly progress toward
an inclusive, transparent and personalized healthcare
system, led by regulations that prioritize patients’ needs.

If it ain’t broke, don’t fix it. Technology companies will dis-
rupt the clinical trial industry, but low digital literacy
could hinder integration. Regulators will operate reac-
tively to rein in technology companies, prioritizing thor-
oughness over speed. While data breaches and misuse
may become rare, there is limited data sharing. Data
may be locked in silos, with no access for trial partici-
pants or other researchers. The slow approach from

regulators will hinder the evolution of clinical trials and
growth of personalized medicine, and make diversifying
trial participation more challenging.

Workshop 4: initiatives to shape the future of clinical
trials

The following initiatives aim to address critical
uncertainties and drive us toward our preferred sce-
nario: ‘‘data for the people’’ (see Table 1 for further
details).

To unlock the potential of technology in clinical
trials, we must build global, multistakeholder partner-
ships to establish data collection standards, create gov-
ernance frameworks that empower patients with
control over their data and implement regulations that
facilitate data integration. Advocating for harmoniza-
tion of regulations across regions will be crucial to

Table 1. Initiatives to shape the future of clinical trials: ‘‘data for the people.’’

Initiative Actions (all stakeholders)

Integrate technology players in
clinical trials and harmonize
regulations

� Strengthen cross-industry collaborations, e.g. platform trials
� Engage technology industry stakeholders with medical application divisions
� Create a multistakeholder forum to find solutions for clinical development

challenges
� Advocate for harmonized regulatory frameworks across regions

Unlock the potential of integrated
healthcare data and AI

� Develop standards and governance for data collection, sharing, integration and
re-use

� Establish global data linkage capabilities
� Create a digital platform for patients to access and share their data
� Build an equitable data ecosystem that avoids biased data generation
� Develop training on AI
� Work on initiatives to boost patient trust and data literacy

Normalize co-design of trials with
patients, caregivers and trial staff

� Co-design trials to reduce trial burden and complexity
� NGOs to increase availability of patient experts who advise on trial designs

Increase diversity in trials and boost
health, digital and data literacy

� Work to promote diversity in trials and increase health, digital and data literacy
� Strengthen capabilities for decentralized trial services

Leverage engineering advances and
greater interconnectedness to
ease trial participation

� Explore AI’s potential to identify trial participants from large health databases
� Strengthen capabilities for decentralized clinical trial services

Expand biomarkers and gene
sequencing to enable personalized
medicine in trials

� Strengthen clinical development approaches based on biomarkers and gene
sequencing without increasing trial complexity

Integrate trials into patients’ healthcare
journeys to prepare for clinical trials
as a care option

� Work on initiatives to increase health literacy, trial awareness and education
� Design trials as closely as possible to routine care using trial complexity scores
� Establish trial co-management between investigators and physicians
� Set up ‘umbrella’ sites to coordinate trials
� Advance interventions aimed at detecting disease early and preventing recurrence
� Explore seamless trial designs and digital twins/triplets
� Explore registry-based trials and enhanced real-world evidence early in trial

development

Prepare for population growth in
Africa and Asia

� Build up capabilities to conduct trials in Asia and Africa

Ensure environmental
sustainability in trials

� Implement strategies for conducting environmentally sustainable trials

AI: artificial intelligence; NGO: non-governmental organization. Key global and clinical trial industry trends addressed by the initiatives are shown in bold.
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enable collaboration and innovation. To create a future
where trials are less complex and more patient-centric,
co-design of trials with patients, caregivers and trial site
staff must become standard practice. Cross-industry
partnerships should be strengthened (e.g. through plat-
form trials), and we should make efforts to collaborate
with technology companies entering the clinical trials
space. Establishing a forum that brings together multi-
ple stakeholders (e.g. industry, patient organizations,
regulatory authorities and medical associations) will
enable ideation of solutions to common clinical trial
challenges. As global inequality rises, we can break
down barriers to trial access by prioritizing diversity in
trials, working on initiatives to improve health and
digital and data literacy, and strengthening decentra-
lized trial capabilities. We must also make efforts to
seamlessly integrate trials into patients’ healthcare jour-
neys by designing trials that closely mirror routine care.
Working as a collective to implement these initiatives
will shape a more inclusive, efficient and patient-
centered future for clinical trials.

Conclusion

To truly transform the current landscape and maximize
the benefits of technology responsibly, we must be will-
ing to take bold steps, some of which may challenge
existing policies but will likely evolve into regulatory
expectations by the time a trial completes.

We call on pharmaceutical companies, academic
researchers, NGOs (including patient organizations),
regulatory authorities, policymakers, technology com-
panies and innovative service providers to join forces in
multistakeholder partnerships to drive our recom-
mended initiatives forward. We must work to integrate
technology into trials, enable data sharing, harmonize
regulations across regions, co-design trials with patients
and caregivers, strengthen decentralized trial capabil-
ities and promote diversity in trials. Through a colla-
borative cross-industry effort that prioritizes proactive
patient involvement and responsible use of technology,
we can shape a clinical trial ecosystem that is inclusive,
ethical and ready for the future. We urge all stake-
holders to act now to help transform this vision into
reality.
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