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Abstract
A workshop held at the 18th Annual Conference of the 
Pharmaceutical Contract Management Group in Krakow 
on 9 September 2022 asked over 200 delegates what 
the clinical trial landscape would look like in 2050. Issues 
considered included who will be running the pharma-
ceutical industry in 2050; how ‘health chips’, wearables 
and diagnostics will impact on finding the right patients 
to study; how will artificial intelligence be designing and 
controlling clinical trials; and what will the role of the 
Clinical Research Associate, the critical observer, doc-
umenter and conductor of a clinical trial need to look 
like by 2050. The consensus was that, by 2050, if you are 
working in clinical trials, you will be a data scientist. We 
can expect to see an increasing role of new technolo-
gies and a new three-phase registration model for novel 
therapies. The first phase will involve an aspect of qual-
ity evaluation and biological proof-of-concept proba-
bly involving more preclinical modelling and engineered 
human cell lines and fewer animal studies than currently 
used. Once registered, new products will enter a period 
of adaptive clinical development (delivered as a single 

study) intended to establish safety. This phase will most 
likely take around 1–2 years and explore tailored options 
for administration. Investigations will most likely be con-
ducted in patients, possibly in a ‘patient-in-a-box’ set-
ting (hospital or healthcare centre, virtual or microsite). 
On completion of safety licencing, drugs will begin an 
assessment of efficacy in partnership with those respon-
sible for reimbursement – testing will be performed in 
patients, possibly where individual patient involvement 
in safety testing will offer some reimbursement deal for 
future treatment. Change is coming, though its precise 
form will likely depend on the creativity and vision of 
sponsors, regulators and payers.
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Introduction
A workshop held at the 18th Annual Conference of the 
Pharmaceutical Contract Management Group (PCMG) 
in Krakow on 9th September 2022 asked over 200 dele-
gates what the clinical trial landscape would look like in 
2050. (Quotes presented throughout the text were ob-
tained from the participant responses.)

As Confucius tells us, if we are to divine the future, we 
must first study the past. Scientists appreciate the val-
ue of extrapolation. In this case, the delegates had 
amassed 2500+ years of experience over the last 30+ 
years. Looking back, the last three decades have seen 
many changes, including the introduction of novel  

trial designs, the data revolution and transformative 
technologies. Many of the modifications have come as 
a series of bolt-ons, and stakeholders might be forgiven 
for thinking that the current clinical framework built on 
Good Clinical Practice and the ICH guidelines is strug-
gling to remain fit for purpose.1,2 So, where do we go next?

It is said that true wisdom comes from asking the right 
questions, and the workshop focused its discussions 
around four key questions:

•	 Who will be running the pharmaceutical industry in 
2050?

•	 How will ‘health chips’, wearables and diagnostics im-
pact on finding the right patients to study?
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•	 How will artificial intelligence be designing and con-
trolling clinical trials?

•	 What will the role of the Clinical Research Associate 
(CRA), the critical observer, documenter and conduc-
tor of clinical trials need to look like by 2050?

The questions were posed in response to the unprec-
edented changes that have occurred throughout the 
industry.3–5 It would be fair to say that predicting what 
clinical trials will look like in the next 25, 10 or even 5 years 
must be little more than speculative. However, the ques-
tion arises as to how an industry that has been reticent 
and resistant to change for over three decades will re-
spond to the challenges ahead.

Who will be running the pharmaceutical 
industry in 2050?
Discussions around the question confirmed the under-
standing that it is the data that sits firmly at the cen-
tre of clinical trials. The 2021 Tufts report on the state of 
clinical trials highlighted however more complex clini-
cal trial designs are collecting much higher volumes of 

data from a variety of sources.5–9 We have been see-
ing the consequence of biopharmaceutical companies 
engaging in more ambitious and customized drug de-
velopment activity targeting a growing number of rare 
diseases, stratifying participant subgroups using bio-
marker and genetic data, and relying on more struc-
tured and unstructured patient data coming from an 
increasing number of sources.

Clinical trial designs are expected to become more 
complex in the future, generating even greater data vol-
ume and diversity. Figure 1 summarizes the discussions 
around possible future data flows and gives a taste 
of the types of data all of us will soon be ‘providing’ –  
irrespective (possibly) of whether we have agreed to 
take part in a clinical study.10 It seems that most of us 
will be ‘voluntarily’ monitored by 2050 and whole popu-
lations might serve as trial participants.

The general consensus was that, with the expected rev-
olutions in data collection, the clinical study teams that 
devise and run studies must also change. Equally, the 
amount and type of data we can expect dictates that it 

Figure 1.  Diagram summarizing a proposed interaction between an individual’s data sources and collection, storage, 
and analytical processes in 2050.

Numbered items identify insensible data collection devices: (1) Implemented device for heart health monitoring. (2) Artificial 
tooth, monitors temperature, nutrition and oral health. (3) Smart pill, monitors digestive system. (4) Electronic tattoo, 
monitors activity, steps and falls. (5) Acute (emergency)/chronic drug delivery system. (6) Smart pillow, monitors sleep and 
breathing patterns. (7) Scales, monitors weight, body mass index and hydration. (8) Contact lens, monitors sugar levels/
general eye health.
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will not be clinical pharmacologists or clinicians but more 
likely algorithms managed by data scientists that will be 
driving drug development. It seemed likely to the dele-
gates that the true leadership in development will lie with 
those who own the algorithms that we will rely on to es-
tablish both the safety and efficacy of new treatments.11,12

Mergers such as that between Quintiles and IMS ap-
pear to reflect the growing acceptance of the concept 
of end-to-end data exploitation (development to reim-
bursement) solutions for pharmaceutical companies. 
But look closer. More significant change is coming. Over 
the last few decades, we have seen pharmaceutical 
companies divest expertise, reducing their employee 
base and adopting outsourcing models for special-
ist functions.13 Larger pharmaceutical companies have 
coupled this with an emphasis on asset acquisition over 
in-house development.14 In focusing on recouping profit 
over investing in the engine to drive future development 
it was generally agreed that the pharmaceutical indus-
try has taken its eye off the ball. Clinical development 
was always about data – and now the Gods of data are 
coming to call.

“Who will run pharma? Google, Amazon, Apple – the big 
tech companies.”

The opinion was that, try as they might, Blue-chip phar-
maceutical companies and mega contract research 
organization (CRO) conglomerates have already lost the 
data initiative. It was clear from delegate feedback that 
we are already seeing technology companies come to 
the fore as pharma’s trillion dollar spend attracts preda-
tors like Google, IBM and Microsoft.

How will ‘health chips’, wearables and 
diagnostics impact on finding the right 
patients to study?
Perhaps the greatest focus of comment and debate was 
around the future impact that technologies would have 
and how that technology would be employed in clinical 
studies of the future. Over the past few years, the general 
public have become more aware of the various wearable 
technologies in the form of sensors and diodes intended 
to monitor health data such as heart rate, lung capacity 
and body temperature. Such technology already exists in 
the guise of smartwatches and smart clothing and, while 
currently used in professional sports to track progress 
and fitness, the real capabilities of wearable medical 
technology are only just emerging.

“Implanted biosensors will be commonplace by 2050.”

At the forefront of the discussions on wearable technolo-
gy is the revolution in and clinical potential of responsive  

‘drug delivery’. People with chronic health conditions can 
often feel that their lives revolve around medication – the 
appropriate use of medicine is considered to represent 
better managed disease and relieve the burden on pa-
tients. An example offered was that of diabetes. Instead 
of manual checking of blood sugar and administering in-
sulin as needed, it is proposed that the patient would rely 
on an electromedical device — not just for monitoring 
but for administration of correct (and variable) dosages 
based on specific patient needs.

Although diabetes is a common disease and likely tar-
get for new technologies, the delegates considered a 
broader application, not only for the treatment of dis-
ease but in the testing of new agents. It was considered 
how, during the COVID pandemic, healthcare agencies 
approved and released more convenient at-home 
chemotherapy cancer treatments in a bid to minimize 
possible exposure to infection and keep more hospi-
tal spaces open. The consensus was that, although this 
approach was adopted out of necessity, it showed a 
reliance on the administrative technology associated 
with at-home treatments; a definite step in the direc-
tion of trust for wearable technology that can be em-
ployed in the treatment of a variety of diseases and 
chronic conditions.

The wearable drug delivery market is exploding – from 
simple patches and medical wearable devices on the 
skin to subcutaneous non-needle injectors, the industry 
is expected to exceed US$240 billion in the next 2 years 
alone.15 The innovations coming from this corner of our 
industry are immense, and the audience considered 
that the potential offered by technology to manage the 
disease and promote healing is nothing short of as-
tounding. It was not hard for the delegates to imagine 
that implantable devices will be monitoring a broad 
scope of factors both in health and disease, providing 
live, real-world population data long before 2050.

“We are already approaching true personalized medi-
cine. The future will see ‘dose’ being a term consigned to 
the past – instead, dug delivery will be responsive.”

The consensus was that the new technologies will not 
only facilitate the recruitment of participants but also aid 
the identification of more appropriate patients, empow-
ered by what could be a long-term ‘baseline’ date. With 
wearables becoming more commonplace and powerful 
in their breadth of offerings, they could, when combined 
with more informed genetic testing, result in earlier and 
more definitive diagnoses of a broad range of diseases 
– a real-life realization of the Theranos dream.16

“There will be rapid, home diagnostic testing – like Ther-
anos, but that actually works.”
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How will AI be designing 
and controlling clinical 
trials?
Discussions and opinions regarding how artificial intelli-
gence (AI) may be impacting the design and conduct of 
clinical trials focused on three parts: optimization, facili-
tation and simulation.

In terms of optimization, delegates envisaged how his-
torical data available on clinical trial registries such as 
ClinicalTrials.gov will empower the study design process. 
This information will be used to reduce the time it cur-
rently takes to prepare protocols, minimize error and 
the need for amendments, and guide clinical teams in 
the selection of the most appropriate measurements/
biomarkers, milestones and endpoints. It was envisaged 
that the wider adoption of AI would accelerate the pro-
cess to move studies from the planning stage to delivery. 
It was also proposed that the introduction of algorithms 
programmed to deliver protocols would allow clinical 
teams to explore different design options in ‘real time’, a 
development that would foster more creative and com-
plex study designs most likely to provide high-value sci-
entific and regulatory data.

Consideration was given to how AI might facilitate trial 
delivery. It was discussed how various algorithms are 
already being employed to identify disease-specific 
centres of excellence, high-performing trialists (those 
that consistently hit recruitment targets and with low 
‘drop-outs’ or failures) and potential opinion leaders.17,18 
Delegates recognized that further exploitation, almost 
down to identification of individual patients, will be nec-
essary to reduce the trial cost burden of sites that fail to 
recruit. Emphasis was placed on an expected increase 
in the uptake and utilization of personal health mon-
itoring devices and the rationalization of health data. 
It was proposed that patient identification could be 
simplified using algorithms to identify the most appro-
priate patients for trials (and their medical history and 
details entered automatically into trial databases), al-
though it was agreed that these proposed reductions in 
administrative burden would need to fit within the cur-
rent and any future data privacy framework (assuming 
that data privacy regulations are still in place by 2050). 
In addition, this ambition overlooks the use of coding 
systems in current electronic health record systems to 
identify medical diagnoses. Currently, data protection 
and governance guidelines mean that we only have 
access to coded data and not unstructured text, which 
encompasses the wider patient history. Finally, it was 
proposed that trial costs could be further reduced us-
ing large-scale (population), real-life, patient pathway 

data to dispense with the need for the inclusion of pla-
cebo treatment groups in clinical trials.

Simulation guided by AI was expected to play a key role 
in clinical trials by 2050. Although not within the general 
expertise of the conference attendees, it was generally 
agreed that simulation would contribute to the preclin-
ical characterization of new therapies; identification of 
optimal dosing strategies and, through the availability of 
actual patient data, the modelling of large-scale, sim-
ulated/synthetic cohorts; provide instantaneous safety 
and population profiling; and deliver estimates of eco-
nomic benefits that could be achieved following the de-
ployment of new medicines.

How will the process of registration 
respond to innovation?
Debate around how changes in technology are likely to 
impact on the conduct of clinical research introduced an 
unplanned question: how will the process of registration 
respond to innovation? It was clear from the various dis-
cussion streams that, even if we continue with our current 
rate of identifying new therapies, we still have the problem 
of getting them into the patients. Delegates felt that, if an-
ything needs addressing, it is the process of drug testing 
in man – it is recognized as being slow, expensive and in-
efficient. The statistics are well known: it takes 7–10 years 
to bring a drug to market and the best estimates suggest 
that only ~1 in 10,000 candidates pass the finishing line. 
Despite our best efforts, we have not found solutions for 
the dual curse of attrition and protracted development 
times. Modifications to the registration pathway intend-
ed to facilitate delivery from the FDA have made small, 
incremental improvements (Figure 2), and even with the 
modifications suggested earlier, preliminary estimates 
suggest that they will not make a substantial impact on 
either timelines or attrition.19

“Given the leaps forward in personalized medicine and 
genetic screening to identify which drugs will work best 
for specific patients, this is only going to increase the 
number of compounds we need to get on to the market 
to treat the same number of conditions … and as the 
number of patients each can treat will go down, either 
we have to increase the unit price of sale, or make the 
development a whole lot faster and cheaper.”

Delegates suggested that registration of new therapies 
in 2050 will have moved away from the traditional serial 
trial approach (Figure 3). We currently segment devel-
opment into individual phases and trials, each incorpo-
rating different treatment groups, often with the focus 
of the study being to establish some statistical signifi-
cance. This approach ties up considerable resources. For 
example, the process of writing and approval for each  
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clinical study protocol can take anything from 5 to 20 
weeks; each protocol undergoes (at least) four sub-
stantial amendments, with more delays and not insub-
stantial additional regulatory costs. Depending on the 
number of countries involved, a substantial amend-
ment can cost between $250k and $750k in submission 
effort and fees. Once the study has been delivered, data 
review and analysis must be performed before writing 

and publishing the final report. If each drug develop-
ment programme involves anything from 5 to 10 clinical 
studies, it can be estimated that regulatory ‘administra-
tion’ alone takes up over 3 years – a third of the current 
clinical development time.

It was suggested that regulatory authorities will be-
gin to take a more proactive approach to registration,  

Figure 2.  Summary of the FDA accelerated (expedited) development pathways.

Source data: www.fda.gov/media/86377/download.

Figure 3.  A proposed continuous and integrated drug registration and development framework.
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employing the improvements in data collection cou-
pled with integrated data management systems to 
empower regulators to regulate in real time. On con-
sideration of  current stated regulatory strategy of the 
EMA, the delegates felt that it already contains many of 
the necessary components for real time programme 
coordination and monitoring.20 It was proposed that, 
with a few modest modifications it would be possi-
ble for protocols to become less rigid, even infinitely 
amendable, managed online and approved in an ‘as 
required’ basis. This would introduce the possibility of 
turning a whole development programme into a single, 
infinitely adaptive clinical trial, perhaps managed by 
a global authority. The savings in administration time 
alone would be significant.

“Technology is not the hurdle to more efficient drug de-
velopment and registration. Agencies need to work as a 
global institution.”

Even if a global regulatory authority does not emerge, 
it is expected that agencies would share access to the 
same study design information (for example, patient 
profiling, endpoints and milestones), removing the re-
quirements of sponsors to justify features of the proto-
cols and modifications. It was even proposed that the 
process of building the registration data package itself 
could fall fully under the umbrella of the agencies.

What will the role of the CRA need to 
look like by 2050?
The last of the planned questions focused on the role of 
the CRA, currently the critical stakeholders of the clinical 
trial delivery team. The challenge associated with sourc-
ing sufficiently trained and experienced CRAs to deliv-
er clinical trials has been the focus of previous PCMG 
events over the last 5 years. In line with the law of supply 
and demand, the salaries of CRAs have seen marked 
increases. The constantly moving goalposts are driving 
movement across the clinical trial workforce. Employees 
are reaping the reward in terms of golden handshakes, 
salaries and perks. In contrast, sponsors and CROs are 
finding it difficult to retain teams.21,22

The overall conclusion was that improved data ac-
countability, technology and automation will mean that 
there would no longer be any need for CRAs. Clinical tri-
als were expected to be managed centrally, with data 
being provided from a variety of tools (wearables, etc.). 
Investigations will most likely be conducted directly in 
patients, doing away with the healthy participants in-
volvement in clinical development programmes. Stud-
ies may be conducted in a ‘patient-in-a-box’ setting 
(hospital or healthcare centre, virtual or microsite, or 
within the home).

Beyond the four premeditated questions, the discussion 
sessions derived three additional questions that the del-
egates felt were important in determining the industry’s 
future.

What impact will the changes have on 
reimbursement?
Discussions ranged across all aspects of clinical de-
velopment and focus often returned to the impact the 
changes would have on existing reimbursement mecha-
nisms. Our expenditure on healthcare has been increas-
ing and is expected to have doubled between now and 
2030 – less than 10 years’ time.23 Although it was agreed 
that the proposed changes would likely reduce the time 
and costs of the development of new treatments, profit 
will remain a key industry driver. Although increases in 
healthcare costs will not solely be due to the price of 
medicines, the pharmaceutical industry and the price of 
medicines have come under increasing scrutiny. Looking 
at some of the medicines at the upper end of the market, 
it is clear that the numbers are many times greater than 
any single patient could ever afford (Table 1) – and this is 
for treatments that are often no more than life-extender 
therapies. It was agreed that, both on an individual and 
a healthcare service level, these costs are unsustainable.

Whichever number you believe, US$1.1 billion or even 
US$3.2 billion,24 development of new drugs represents a 
significant investment for a single organization, espe-
cially seeing that success is not guaranteed. In 2016, for 
example, the FDA approved only 22 novel drugs of the 
41 filed.

A 50% success rate is a considerable risk when you are 
spending a billion dollars. How have sponsor companies 
responded over the last few decades? We have seen 
many mergers and acquisitions as companies have 
attempted to minimize overheads. There has been re-
duced investment in maintaining internal teams and 
increased use of outsourcing models. Sponsors are in-
vestigating ‘shared risk’ models with CROs and there has 
been increased investment in specialty/orphan submis-
sions. However, perhaps the most newsworthy has been 
the drive to increase reimbursement.

The general consensus was that pressures to drive 
change aimed at reducing the cost of development will 
continue. One aspect of change may link a patient ac-
cess to treatment and cost of treatment to their involve-
ment in the development pathway or alternate research 
studies.

“In the future, rather than paying full price for a product, 
you allow the ‘developer’ to use your data and you are 
rewarded with a price reduction.”
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Delegates were also convinced that the current specu-
lations over reimbursement models based on efficacy 
– that is, if your drug does not work for a patient you do 
not receive payment – will have matured. Such models 
could see a significant swing in the development land-
scape. Shifting the efficacy relationship to one between 
payers and sponsors – a relationship that offers the po-
tential to reduce the burden on regulatory agencies to 
that of monitoring safety. It was believed that this ap-
proach has the potential to slash the time it takes to get 
drugs into patients.

The future of disease
Another aspect of the pharmaceutical industry landscape 
touched on by the discussions included how treatments 
and the practice of medicine will have changed by 2050. 
It was the consensus of the delegates that our fundamen-
tal understanding of disease will itself change. For most 
of our medical history, we have applied a symptomatic 
approach to the classification, diagnosis and treatment of 
disease. Our understanding has been based on what we 
could measure and what we could observe – for exam-
ple, we defined high blood pressure as hypertension and 
increased body mass as obesity. However, daily advances 
in our understanding of the underlying pathophysiology 

of disease and the involvement of increasingly complex 
technology are changing what we know of disease. It is 
expected that we will start to see many diseases in a new 
light. The future will no longer be relying on textbook de-
scriptions and diagnoses based on symptoms, our new 
‘electronic dissection kit’ will be more subtle than the scal-
pels of Edwardian clinicians.

“I suspect we will be re-writing medical textbooks for 
years to come – except (obviously) there won’t be any 
textbooks.”

Delegates discussed how we are collecting more data at 
every level. This is not only newly generated data, we are 
also gaining access to more and more historical patient 
data as it is scanned and transcribed into databases 
or extracted from the bones in plague pits, for example, 
giving insights into genetic differences between those 
who survived (and those who did not) and how that has 
impacted the increased prevalence of autoimmune dis-
eases 700 years later.25

Following calls for transparency, we are also sharing 
more and more clinical study data making it available 
for anyone to access through registries and databanks.  

Table 1.  Most expensive drugs in the world.

Agent Annual cost (US) Target condition

Spinraza  
(nursinersen)

$375,000  
($750,000 in year 1)

Spinal muscular atrophy

Lumizyme  
(alglucosidase alfa)

$520,000
(up to $625,000)

Pompe disease

Elaprase  
(idursulfase)

$657,000
(for a child of 35 kg)

Hunter syndrome

Brineura  
(cerliponase alfa)

$700,000 Neuronal ceroid lipofuscinosis type 2 disease

Soliris 
(eculizumab)

Up to $700,000 Treatment of a rare group of diseases that affect 
red blood cells

Carbaglu 
(carglumic acid)

Up to $790,000 Elevated blood ammonia

Ravicti (API glycerol phenylbutyrate) Up to $794,000 Urea cycle disorders

Luxturna
(voretigene neparvovec)

$850,000 Retinal dystrophy due to mutations in gene RPE65

Zokinvy 
(ionafarnib)

$1,032,480 Hutchinson–Gilford progeria syndrome

Zolgensma 
(onasemnogene abeparvovec-xioi)

$2,125,000 Gene therapy for spinal muscular atrophy

Estimates from 2022 (ref.31).
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With the explosion in biomarkers, we are monitoring 
more and more parameters6; we have also seen in-
creasing technological granularity as our ‘measuring’ 
devices are becoming more sensitive, providing contin-
uous multi-layered data streams.

There have been few restrictions in the ability of our 
technology to process these volumes of data plus that 
coming from our mobile phones, health apps, wearables 
and online sources from Amazon to Google to Zoom.

“The future is all about data.”

Previous PCMG conferences have drawn attention to 
how an ever-increasing array of computer-based 
systems are looking for ‘understanding’ at a level that 
individuals are not equipped to comprehend. We al-
ready have a veritable armoury of analytical tools to 
use in our clinical studies and the computer power to 
run them. In short, the delegates concluded that our 
technological wizardries are providing new insights as 
well as earlier and more precise diagnoses than clini-
cians can. The utility of these tools is already being re-
ported across the clinical spectra – from acute kidney 
disease to automatic imaging assessment and patient 
triaging.26–28

The future of medicines
If the same way that our understanding of the disease is 
changing, it is only logical to assume that our approach 
to treatment will also change. Even if you ignore the 
growing issue of antibacterial resistance, we are in des-
perate need for new medicines as our population itself 
is changing. Estimates suggest that more than 1.4 billion 
people will be over 60 years of age by 2030.29 Although 
many of us can expect to remain active, old age is also 
associated with a plethora of chronic, non-communi-
cable diseases and their associated disabilities that we 
have failed to understand for decades – hypertension, 
obesity, diabetes … even ageing itself? By 2030, one in 
three people over 50 will be suffering from chronic dis-
ease. At best, these diseases bring a plethora of morbidi-
ties that will require the co-administration a broad range 
of therapies and will account for 70% of deaths.30 It seems 
appropriate that the clinical trial paradigm involving 
healthy young participants will need to adapt to reflect 
these changes. Multimorbidity is the new norm, and we 
need to acknowledge that by testing drugs in popula-
tions that better reflect the ultimate recipient of drugs.

“Many existing medicines may find themselves having a 
second life, repurposed for ‘new’ indications.”

Over the last 100 years, we have pursued small-molecule 
solutions to symptomatic relief through the receptor theory  

of pharmacology. We have had some notable successes, 
but we have long known the limitations of our approach. 
People’s responses to medicines are variable – medicines 
do not work in everyone. All drugs are potential poisons 
and we have battled with the challenge of getting the 
right amount of that poison to the right place at the right 
time. The failure of all trial participants to respond in ex-
actly the same way has meant that the only rational op-
tion has been to establish ‘optimal’ doses based on group 
responses established in relatively small, homogeneous 
cohorts. It was proposed that we will start to see more and 
more ‘smart’ medicines – self-regulating therapies that 
adjust to the dynamic nature of our own pathophysiol-
ogies. We have been running trials for some time in nov-
el ‘devices’ that employ creative release mechanisms to 
provide more subtle and targeted delivery. We are also 
seeing medications that exploit mechanisms that have 
progressed far beyond the receptor theory – CRISPR, 
targeted protein degradation, immuno-oncology treat-
ments, silencing and cellular therapies. Current experi-
ence indicates that these treatments take much less time 
to register.

“Gene and epigenetic profiling coupled with biomark-
er-targeted monitoring will see medicines able to ‘hit 
hard and hit early’ – potentially reducing the burden of 
chronically under-treated or ‘late to diagnosis’ disease.”

These new medicines raise some interesting questions. 
Are we equipped to validate these treatments before 
they are used in actual patients and will regulators be-
lieve the industry even if it claims it can? Do such clini-
cal trials tell us anything more than a ‘sanitized’ safety 
and tolerability profile? It might seem a bit of a leap 
but, if we are investigating treatments for diseases we 
did not previously understand and those medicines are 
exploiting subtle mechanisms we cannot measure, our 
technology becomes the only way to ‘detect’ changes 
indicative of benefit (and this would only be achievable 
in patients).

Conclusion
The consensus was that, by 2050, if you are working in 
clinical trials and you are not the janitor, then you are 
a data scientist, probably working at Google. We can 
expect to see a new, three-phase registration model. 
The first phase will involve an aspect of quality evalua-
tion and biological proof-of-concept probably involving 
more preclinical modelling and engineered human cell 
lines and fewer animal studies.

Once a new product is registered, it will enter a period 
of adaptive clinical development (delivered as a single 
study) intended to establish safety. This phase will most 
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likely take ~1–2 years and explore tailored options for ad-
ministration. Investigations will most likely be conduct-
ed in patients, possibly in a ‘patient-in-a-box’ setting 
(hospital or healthcare centre, virtual, or microsite). On 
completion of safety licencing, drugs will begin an as-
sessment of efficacy in partnership with those respon-
sible for reimbursement – testing will be performed in 

patients, possibly where individual patient involvement 
in safety testing will offer some reimbursement deal for 
future treatment. Change is coming, though its precise 
form will likely depend on the creativity and vision of 
sponsors, regulators and payers. In the words of Vladimir 
Lenin: “It is impossible to predict the time and progress of 
revolution as it is governed by its own mysterious laws.”
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