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R Check for updates

AstraZeneca hasintroduced digital health
solutionsinto clinical trials, demonstrating
improved patient experience, accelerated
timelines and reduced costs.

Clinical trials usually follow a site-based model that is centered around
in-person patient visits for recruitment, interventions, assessments and
follow-up'. Although patients benefit from in-person contact, reliance
on clinical visits can represent a large burden for many patients, who
must navigate challenges due to the time, logistics and cost of attend-
ance’. The use of digital technology has been proposed to address
some of the potential inefficiencies associated with the site-based
clinical trial model, with the broad aim of optimizing the experience
of participants in clinical trials®.

Digital solutions

The increasing access to, and familiarity with, digital devices across
global populations has provided opportunities for greater efficiency
and ease of clinical trial procedures. Electronic devices have inspired
the development and utilization of digital biomarkers viaboth passive
and active collection of patient-generated data, which canbe collected
remotely from a connected device, such as asmartphone, a clinical
device or adigital wearable®. Home-based data collection enables more
frequent measurements, resulting in greater precision and statistical
power than traditional in-person monitoring schedules®.

Remote patient monitoring provides many benefits to patients,
includingimprovementsin health-related quality of life, earlier detec-
tion of clinically actionable events (such as adverse events), improved
patient compliance, and potential reductions in in-person visits to
emergency rooms or duration of hospitalization. Ultimately, these
benefits can enable patients to spend longer on treatment, thereby
drivingimprovements in clinical outcomes, such as overall survival*®.

Overrecent years, the availability of digital solutions that are rel-
evant to the design and conduct of modern clinical trials hasincreased’.
In particular, the COVID-19 pandemic has accelerated the implemen-
tation of digital solutions, which have challenged the traditional reli-
ance on in-person contact. The digital innovation seen over the past
few years has the potential to bring lasting improvements to current
clinical trial design and delivery, maximizing benefits to patients and
ultimately improving access to new investigational drugs.

A patient-focused approach

Toimprove the way we runclinicaltrials, webeganby tryingtounderstand
patients’ opinions and perspectives. We generated qualitative research
from 322 patients, caregivers, and trial investigators from 9 countries

(the USA, the UK, Germany, Sweden, Russia, China, South Korea,
Japan and Poland) to understand their experiences of participating in
clinicaltrials. Intotal, we conducted more than 280 hours of observation
and discussion with patients in their homes, compiling 10,000 quota-
tions. We used the information collected to identify opportunities to
enhance patient and investigator experiences in clinical trials.

Between 2018 and 2019, we also reviewed 91 protocols across
oncology, respiratory and cardiovascular diseases and concluded
that 74-85% of the trial assessments could be successfully collected
remotely using clinically validated devices; this could reduce the num-
ber of clinical physical visits by up to 40% (Fig. 1).

During 2020 and 2021, in response to the challenges posed by the
COVID-19 pandemic, we accelerated our development of digital solu-
tions, with the aims of facilitating patient and investigator access to
clinical trials and to ensure trial continuation. Based on this experience,
and working with patients, caregivers and trial investigators, we have
consolidated the suite of potential digital solutions that will enhance
the patient experience in clinical trials across therapeutic areas and
updated the AstraZeneca 5R framework®’ for R&D productivityintoa
6R framework (Fig.1). Three examples can be used to demonstrate the
value of the 6R framework.

Reduced clinic visits
The DAPA-Ml trial, which was initiated in September 2020 to evalu-
ate dapagliflozinin patients with myocardial infarction, incorporates
several digital solutions (Table 1). The DAPA-MI trial is conducted in
collaboration with the Uppsala Clinical Research Center (UCR) and
the Myocardial Ischaemia National Audit Project (MINAP) in the UK.
Thetrialintegratesroutine care and registries. Registries are used
by physicians to store patient health data collected over time, often
duringregular visits. For this study, datawere pulled directly from the
registry and study visits were aligned to standard of care, a pragmatic
innovative approach that reduces patient burden and streamlines trial
delivery for sites. We also, for the first time, implemented UNIFY, a
bespokedigital platform for patients and investigatorsin clinical trials.
The UNIFY platform provides an integrated user experience that con-
nects the different digital solutionsinaclinical trial, thereby reducing
the administrative burden on patients and investigators. UNIFY enables
secure, real-time transfer of data (collected remotely using the associ-
ated mobile phone application and medical devices) between patients
and trial sites, in asingle app for the patient and a single portal for the
site, thereby resulting in the collection of substantially greater volumes
of datathanis possible duringin-personvisits alone. UNIFY enhances
communication between patients and investigators, promotes adher-
encetostudy procedures and treatments, and improves patientaccess
to medical information and support. We have also deployed AIDA,
a bespoke artificial intelligence (Al) software, for the detection and

nature medicine

Volume 29 | November 2023 | 2693-2697 | 2693


http://www.nature.com/naturemedicine
https://doi.org/10.1038/s41591-023-02489-z
http://crossmark.crossref.org/dialog/?doi=10.1038/s41591-023-02489-z&domain=pdf

Comment

Other

Central imaging 2.3% 0.8%
12-lead ECG 5.6% ~ -

Physical examination 2.3%

Hematology

ICF 0.5%
Fraction exhaled NO 0.4%
Adverse event 0.9% \
Medication usage 2.1%\
Clinical assessment 4.6% 4~

Pharmacokinetics 2.1%

Respiratory ,
function 1.6%

Patient history

Pregnancy 2.4%
Urinalysis 4.6%

W Remote solutions available
m Additional technical development
and/or validation required

M Unlikely to be fully remote
Remote solutions not possible
Biomarker
‘ assessment*

Safety laboratory’
assessments 2.4%
Clinical chemistry 5.9%
Continuous glucose
monitoring 0.4%
Digital biomarker assessment 0.4%

Echo 0.7%
Biopsy 0.9%

Vital signs

Patient-reported outcome 9.9%

Patient instruction 2.5%

Fig. 1| Thefeasibility of remote conduct for assessments in clinical trials. The
number and type of in-person assessments conducted across 91 trials for various
examination types were categorized by the feasibility of remote conduct. ECG,

electrocardiogram; ICF, international classification of functioning, disability and
health. *For biomarker assessments, home-based biomarkers or remote assays
could be developed.

adjudication of eventsin cardiovascular trials. Al software may increase
the quantity, quality and reliability of data generated from clinical trials
thatinclude patients with cardiovascular disease’.

The DAPA-MI protocol enabled a 60% reduction in the number
of study visits, compared with DAPA-HF, an earlier trial that did not
include digital technologies, as well as a 60% improvement in patient
experience (as measured by the patient experience index), compared
with other similar trials.

Areductioninthe number ofin-person clinic visits canreduce the
overall cost of the study. Based on current costing and the remaining
estimated budget for the study, the total cost per patient s projected at
US$12,826 in DAPA-MI, compared with asimilar study cost per patient of
$22,698in DAPA-HF, representing a43% reductionin cost thatequates
to asaving of more than $25 million.

Increased statistical power
Clinical trials of chronic obstructive pulmonary disease (COPD) usually
evaluate endpoints that are based on either the frequency of moderate
and severe disease exacerbations or the forced expiratory volume in
1second (FEV)). The substantial variability of the declinein FEV, between
patients requires the use of large trial populations to evaluate treatment
benefit"'%. Exacerbations are rare and trials are therefore long and
enrollalarge number of patients to provide sufficient statistical power
forefficacy analyses'. The CRESCENDO trial, started in August 2022in
patients with COPD, includes several digital solutions to improve the
efficiency of data collection and increase statistical power.

In CRESCENDO, the primary and key secondary endpoints
are examined remotely with digital solutions (Table 1), including a
smart spirometer, the UNIFY platform that enables virtual visits and

spirometry at home with coaching, and ArtiQ.QC, a cloud-based Al
solution used to perform real-time quality control of the spirometry
to ensure high-quality data collection.

The digital solutions incorporated in CRESCENDO are expected
to deliver several improvements compared with traditional COPD tri-
als. Remote data collection can capture information more frequently
thantraditional clinic visits, reducing required treatment duration by
as much as 50% (from 24 to an estimated 12 weeks), and reducing the
number of in-person patient visits by 50%. Real-time quality control
of spirometry data with Al is projected to reduce missing data from
inaccurate reporting by approximately 5%, compared with clinic-based
data collection. These innovations have reduced participant numbers
from an estimated 604 (for anequivalent traditional trial) to only 288.

The use of digital solutionsin CRESCENDO is predicted tolead to
al5%reductioninoveralltrial durationand a32%reductionin costs, as
wellas an expected 68% improvementin the patient experience index.

Remote patient monitoring

Inthe first-in-human phase 2 TROPION-PanTumorO1trial, the efficacy
and safety of datopotamab deruxtecan (Dato-DXd) was investigated
in patients with advanced solid tumors, and was associated with a
manageable safety profile at all doses investigated (4, 6 and 8 mg kg™
once per 3-week cycle)™. Stomatitis (mucosal inflammation) is acom-
monand clinically significant complication of anticancer therapy, occur-
ring in 20-40% of patients receiving treatment for solid tumors and
leading toinflammatory and/or ulcerative lesions. In the non-small-cell
lung cancer cohort, 40-60% of patients who received Dato-DXd
reported stomatitis (mucositis), most of which were low-grade*.
Stomatitis can be mitigated by measures such as prophylactic
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Table 1| The effect of digital solutions in clinical trials

Therapeutic area and study

Digital solutions

Description

Impact

Cardiovascular: DAPA-MI

Digital patient

Digital patient registries collected information for the clinical

Number of visits were reduced to

registries trial. Data were pulled directly from the registry without standard of care visits to match the data
duplication of data entry by site and reducing the number being collected by the registry. The
of visits in clinical trial to standard of care. For this study, DAPA-MI protocol requires four in-person
Sweden (SWEDEHEART) and UK (MINAP) were used. clinic visits in the first 24 months,
whereas the traditional DAPA-HF protocol
required ten clinic visits in the same
period.
UNIFY: Digital Bespoke digital platform for patients and investigators to The UNIFY platform allows secure,

clinical platform for
patients and sites

collect data remotely using one mobile app for the patient
and one portal for the site, improving the overall experience
in the trial. UNIFY can integrate different digital components
such as patient support, electronic clinical outcome
assessments, devices and remote patient monitoring.

real-time transfer of data, which are
collected remotely using the associated
mobile phone application and medical
devices or sensors, between patients and
trial sites, in one single app for the patient
and a single portal for the site. UNIFY
allows the collection of substantially
greater volumes of data than is possible
during in-person visits alone. UNIFY
enhances communication between
patients and investigators, promoting
adherence to study procedures and
treatments and improving patient access
to medical information and support,
improving experience for the patient and
the site.

AIDA (Al software
for the detection
and adjudication
of eventsin
cardiovascular
trials)

Bespoke Al solution, including three components. (1) The
‘event sniffer’ improves the detection rate of cardiac events
via home monitoring using connected devices. Event
sniffer geofencing algorithms make use of location

data for medical facilities, preserving patient privacy

while flagging potential medical facility visits or prolonged
stays and confirming these directly with the patient

via a custom electronic patient-reported outcome.

(2) The ‘event harmonizer’ simplifies data extraction and
processing of complex information from diverse sources,
such as death certifications, hospital discharge reports,
and device data. (3) The ‘event classifier’ consists of

a set of algorithms trained using data from historical
clinical adjudications, which can adjudicate or classify
major adverse cardiovascular events, such as myocardial
infarction, stroke, hospitalization due to heart failure and
cardiovascular death.

Event adjudication manually can take
between 4-5 months, owing to the transfer
of information and human assessment of
each case. With Al, the adjudication time
can be reduced to 5 min, with a small
number of cases escalated for further
human review, reducing timelines and
cost.

Digital primary and

The primary endpoint is time to the first COPDCompEx event.

This facilitates measurement of the

secondary end secondary endpoint (lung function) by
points spirometry at home.

Spirobank: Smart Medical International Research Spirobank Smart Spirometer.  Enables spirometry from home.
spirometer

UNIFY: Digital The smart spirometer was connected to the UNIFY mobile Improves patient and site experience;

clinical platform for

phone application via Bluetooth, enabling telehealth video

reduces complexity of connecting the

COPD: CRESCENDO patients and sites coaching via the application. To reduce the burden of manual  different components; drives higher
data input and to make the spirometer easier for patients to compliance; and increases statistical
use, the mobile application automatically records peak flow power due to additional data.
data registered by the spirometer.

ArtiQ.QC: Realtime A cloud-based Al solution, ArtiQ.QC, is used to perform Real-time quality-control of spirometry

data quality control  real-time quality control of the spirometry to ensure data with Al is projected to reduce

with Al high-quality data collection. missing data from inaccurate reporting
by approximately 5%, compared with
clinic-based data collection.

Oncology: Digital app for Mobile phone app to mitigate the impacts of stomatitis Mitigation of adverse events, either by

TROPION-PanTumorO1

remote monitoring
and prevention of
adverse events

by reinforcing the importance of good oral hygiene
and improving recognition of the signs and symptoms;
tracking onset and evolution of mucositis by patient
self-reporting; providing relevant guidance to enable
self-management of less severe symptoms; and
prompting relevant communication with the trial site
if symptoms worsen.

patient coaching or early detection
and intervention. Reduced treatment
discontinuation and better patient
experience and outcomes.

nature medicine

Volume 29 | November 2023 | 2693-2697 | 2695


http://www.nature.com/naturemedicine

Comment

Right patient
/

Right tissue

6th R framework

Right target

N

Right safety

e

Right
commercial

Right digital

Improve patient experience with
treatment and outcomes

Improve patient and site experience
with trial process

- Patient centric endpoints
- Digital biomarkers
- Remote patient monitoring
« Dose selection
- Event adjudication with Al
- Study design review with Al
- Digital recruitment
- Digital intergrated clinical trial solutions
(UNIFY)
« Informed consent
- Remote visits and telehealth
+ Devices and sensors
+ Clinical outcome assessments
- Home supply
« Home bio samples
- Patient and sites support
« Study closure and follow up

Fig. 2| ThesixthR. The ‘right digital solution” has been added to AstraZeneca’s framework for research and development.

mouthwash, and managing this toxicity may enable patients to remain
ontherapy for longer time periods, increasing drug exposure®.

To mitigate the effect of stomatitis in new registrational trials
of Dato-DXd, we developed a mobile phone application to mitigate
the effects of stomatitis by: reinforcing the importance of good oral
hygiene and recognition of the signs and symptoms; tracking onset
and evolution of mucositis by patient self-reporting; providing relevant
guidance to enable self-management of less severe symptoms; and
prompting relevant communication with the trial site if symptoms
worsen. Data are shared with site personnel in real time, including on
the speed of onset of stomatitis, patient adherence to the oral care
protocol, and providing insights on patients’ risk of high morbidity,
includingrisk of dehydration.

Integrated solutions

Whenwe added digital solutions too late in the study design process,
without a clear benefit to the study or change to the overall design,
this resulted in a greater number of virtual visits, without a reduction
inphysical visits, increasing the amount of work for both patients and
sites and resulting in higher complexity, time and cost.

A second mistake was to use separate digital solutions in the
trial rather than integrating solutions into a single end-to-end user
experience. In one study, for example, we used an external supplier,
but each of their solutions was separate, resulting in six apps for
the patient and six portals for the site. This brought increased
complexity, poor experience both for patients and sites, and added
time and cost to the study. It was for this reason that UNIFY was
created. This digital solution integrates the different components
(patient support solutions, eConsent, devices, remote patient
monitoring, telehealth, bio samples and eCOAs) into one app for
patients and one portal for sites, with a single sign on, and focusing
onthe user experience.

Digital health solutionsinclinical research and development can
enable a shift from the traditional physical site-based model, with
gapsindata collectionbetween visits, to amoderninnovative design,

with 74-85% of trial assessments potentially being collected remotely,
reducing the burden on patients and trial sites, while at the same time
leading to more continuous data collection, new end points and more
innovative trial designs.

Digital solutions can deliver improvements in patient experi-
ence, accelerated study timelines, and reductions in cost. Improved
data collection via digital solutions should enable the mitigation of
adverse events, either by patient coaching or early detection and
intervention. More proactive management of adverse events will
reduce treatment discontinuation and ensure better patient experi-
ence and outcomes.

Given these successes with digital solutions, we have amended
AstraZeneca’s previously published 5Rs by adding ‘the right digital
solution’ as a ‘6th R’ (Fig. 2). Our recommendation to the wider
clinical trial community is to consider the application of digital
clinical solutions early in their study design, allowing more innova-
tive methods of data collection, use of new end points, and remote
patient monitoring.
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