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Abstract

Zusammenfassung

Digital health and Artificial Intelligence (AI) have
begun to change the face of the global healthcare
markets in recent years. Many different stakeholders
are engaged in all aspects of the digital transforma-
tion of health and care, leading to a continuous
transition from traditional processes and services to
more advanced, technology-driven solutions. A wide
range of emerging digital health technologies are
available, opening up many opportunities not only
for patients but for all involved players in the
industry. Although being part of a traditionally very
conservative industry and despite having initiated
this transformation substantially after digitally
mature industries such as financial services and
telecommunications, pharmaceutical and life
science companies have closed the gap and proven
digital affinity via innovative product launches in
mobile and telehealth as well as Al-supported
process optimizations.

Building upon a previous publication on “mHealth
[1], the authors evaluate in a set of 2 consecutive
articles the current landscape of Al and digitaliza-
tion offers, their explicit benefits for various
stakeholders as well as the challenges to be faced
during development and marketing.

)

Digitale Losungen und die Rolle der KI im
Gesundheitswesen

Digitale Gesundheitsanwendungen und Kiinstliche
Intelligenz (KI) haben in den letzten Jahren Strukturen,
Prozesse und Strategien der globalen Gesundheits-
branche stark verandert. Diverse Marktteilnehmer
treiben die digitale Transformation in Healthcare
mitsamt all ihrer Aspekte voran, wodurch ein konti-
nuierlicher Wandel von traditionellen Prozessen und
Services hin zu fortschrittlichen technologischen Lo-
sungen entstanden ist. Heutzutage ist eine breite Palette
an aufstrebenden, digitalen Technologien verfiigbar, die
sowohl Patienten als auch anderen Stakeholdern
weitldufige Moglichkeiten bietet.

Pharma und Life Sciences haben trotz des traditionell
sehr konservativen Marktumfelds die Liicke, die durch
einen gegeniiber digital reiferen Branchen wie Tele-
kommunikation und Financial Services deutlich spa-
teren Transformationsbeginn entstanden ist, in den
letzten Jahren geschlossen und ihre digitale Affinitat
durch innovative Produkteinfithrungen in Mobile
Health und Telemedizin sowie durch KI-gestiitzte
Prozessoptimierungen unter Beweis gestellt.
Aufbauend auf einer vorangegangenen Publikation
zu ,mHealth” [1] bewerten die Autoren in einer Serie
von 2 Beitragen die aktuelle Landschaft der KI- und
Digitalisierungstools, deren Nutzen fiir verschiedene
Stakeholder sowie Herausforderungen fiir Unter-
nehmen bei der Entwicklung und Vermarktung.

Gphamind

Introduction

Healthcare has always been one of the
largest and most impactful industries
for society in the modern ages. It has
been growing steadily through the dis-
covery of novel, groundbreaking ap-
proaches to curing ever-evolving dis-
eases. But the nature of the industry is
changing. While originally, product-re-
lated innovations have mostly focused
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on new scientific methods in medicine,
the traditionally conservative health-
care industry has become more active
within the last 5 to 10 years in adapting
to the global trend of digitization along
the entire value chain. Digital transfor-
mation has become a focus of health-
care strategists and a paradigm shift for
many stakeholders. Although being re-
latively late to the game - innovators in
fintech, telecommunications or retail

have mostly transferred entire business
models into the digital space many
years ago - there has been progress in
healthcare and life sciences and the
pace is picking up swiftly.

Nowadays, there are thousands of
healthcare apps available in the app
store, wearable medical devices in use
and patients visiting doctors remotely
via telehealth. Many new players, in-
cluding large technology companies
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Figure 1: Stakeholders benefitting from digital health (source of figure 1 and 9: stradoo GmbH).

such as Google, Amazon & Co have
pushed into the market to transform
business processes, to make better use
of the available data or to expand the
product and service portfolio. Beyond
pharmaceuticals and medical devices,
the market now also offers Digital
Therapeutics (DTx), Digital Diagnostics
(DDx) and support tools for patients,
physicians, payers, and manufacturers.
Especially DTx, as a subgroup of digital
and mobile health (mHealth) applica-
tions, have received plenty of attention
in recent years, improving patient care
and safety in multiple indications.
Within that segment, the range of ap-
plications and Artificial-Intelligence
(AI)-based tools is broad, with launches
ranging from simple tools for patient
(adherence) support to biomarker
monitoring, digital and automatic
learning tools for patient individual ad-
vice as well as actual medical interven-
tions, such as closed-loop medication
system based on digital sensors.

While such technological innova-
tions for products and services are the
most important factor for digitization
of the industry, digital transformation
goes far beyond simply transforming

analogue into digital or offering new
digital tools. It also implies an adapta-
tion in mindset with a stronger focus
on evidence-based decision making,
the use of Big Data and automation of
non-value-adding tasks. A multitude of
tools that fulfill both the technological
as well as the transformative require-
ments of a disruptive innovation is
available in the market. These applica-
tions not only provide clinical benefit
to the patient via digitized intervention,
but also generate real world data and
provide an opportunity for physicians
to interact with the patient in real-time.

In this first of 2 closely interlinked
articles, the authors selectively focus
on latest trends in DTx as a key field
of application for digitization, provid-
ing an update to a previous publica-
tion on mHealth [1].

Digital Transformation
Positively Impacts Multiple
Stakeholders

Introducing digital elements into the
healthcare space has benefits for all
major stakeholders (fig. 1).

2 Surmann and Miiller - Digital Solutions Part 1

Firstly, DDx, DTx and telehealth ap-
plications contribute greatly to a bet-
ter convenience not only during treat-
ment, but also when patients are en-
rolled in clinical trials. Via the
respective technology, patients can
monitor their symptoms indepen-
dently and receive medical care remo-
tely. Smart medication devices such as
pill containers possess an integrated
chip to register the intake of a drug.
Reminders sent to connected smart-
phones encourage patients to take
their medicine regularly, improving
their adherence. Through innovation,
patients can receive care from the
comfort and safety of their homes, in-
cluding virtual visits by doctors.

Secondly, looking at clinical out-
comes, it is not only patients who ben-
efit from improved adherence via
digital health solutions. Therapy costs
and overall healthcare burden for
payers can be reduced as well. Com-
pliance with disease-specific guide-
lines and adherence to a prescribed
treatment are essential pre-conditions
to ensure that therapy is effective not
only in theory but also in practice.
Consequently, payers are intrinsically
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the US (Source: stradoo GmbH, CB Insights).

motivated to support patients in that
process. On another note, payers can
leverage data collected from wear-
ables to predict the risk of certain se-
vere illnesses in individual patients.
Based on insights drawn from the
data, payers will be able to initiate
measures to better steer the system
and provide recommendations to doc-
tors for ideal treatments or pathways
for patients.

For physicians, remote care via tele-
health and smart medical devices fa-
cilitates clinical practice both for diag-
nosis and treatment. Patients can take
care of standard biomarker monitor-
ing themselves, so that no time-con-
suming tests need to be performed in
the doctor’s office. The healthcare
practitioner (HCP) is also able to
monitor patients in real-time using
wearables in-between visits. In mental
health, the number one telehealth in-
dication in the US, virtual interactions
might even replace in-office visits in
most cases. Additionally, physicians
have the possibility to immediately re-
act remotely to severe conditions in
patients and to provide respective ad-
hoc advice and care. For administra-
tive purposes, digital solutions can be
leveraged to organize and manage ap-
pointments online.

Finally, on the industry side, almost
all departments of pharmaceutical
companies can benefit from digitiza-
tion of processes, but the biggest po-
tential impact lies certainly in Re-
search and Development (R&D), the
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core function responsible for scientific
innovation. Driven by Big Data and Al,
researchers can explore a much
broader field of potential drug candi-
dates, enhancing the probability of
successfully finding a suitable com-
pound for the intended purpose. Be-
sides, most companies have already
started to use Real World Data (RWD)
in R&D.

Public and private investors have
acknowledged the positive impact of
digitization on the global healthcare
industry. Funding for digital innova-
tion to support all stakeholder groups
has expedited in many countries. Ac-
cording to CB Insights, more than
37.9bn US dollars were pumped into
the US digital health sector in 2021
[2]. Globally, the total investment even
amounts to 57.2 bn US dollars, having
increased by 79 % compared to 2020

(fig. 2).

DTx Innovations Transform the
Way Healthcare is Provided

DTx, a sub-group of digital health
tools, have clearly gained importance
in healthcare since the introduction of
chronic disease management tools like
WellDoc in 2005. The field of applica-
tion has expanded from purely coach-
ing and patient support solutions to
actual treatment
digital technology. This development
is reflected in the market valuation of

interventions via

DTx providers. Overall, DTx contribute
3.4bn US dollars (6 %) to the digital

health market. Experts predict further
rapid growth to reach a total global
DTx market size of roughly 15bn US
dollars by 2026 and more than 30 bn
US dollars in 2030 [3].

On their website, the Digital Thera-
peutics Alliance defines DTx as fol-
lows:

Digital therapeutics (DTx) deliver
medical interventions directly to pa-
tients using evidence-based, clinically
evaluated software to treat, manage,
and prevent a broad spectrum of dis-
eases and disorders [4].

DTx can be used independently or
in conjunction with medications, de-
vices, or other therapies to optimize
patient care and health outcomes.

Cognitive behavioral therapy (CBT)
is the most common methodology of
treatment in DTx today. CBT is pri-
marily used in diseases such as mental
health disorders, diabetes, and sub-
stance abuse, as the treatment here
has a major effect on primary clinical
outcomes. It also provides great ben-
efit as a complementary treatment op-
tion for many other indications, even
in complex therapeutic areas such as
oncology or hereditary diseases.

As per definition, development of a
new DTx requires extensive clinical evi-
dence to obtain market approval, equal
to any other therapeutic. However, de-
spite these high market access barriers,
there have been plenty of examples of
successful DTx launches in new mar-
kets in the past, both in terms of hard-
ware and software innovations. One of
the most promising examples is Hinge
Health [5]. Current valued at 6.2 bn US
dollars [6], the company offers a digital
care program for musculoskeletal
(MSK) treatment, managing chronic
back and joint pain. Hinge Health’s
Enso application combines advanced
motion technology and electrical nerve
stimulation to provide patients with
non-invasive pain relief. Through digit-
al sensors, the application collects real-
time data and insights into clinically
valid outcomes (pain, stiffness, and
functional ability), as can be seen in
fig. 3.

Surmann and Miiller - Digital Solutions Part 1 3



Phal‘mind ‘I’V,lifse““haft und Technik

s Verlages / For use with permission of the publisher

a
e
c

Zur Verwendung mit freundlicher Genehmigung d

Company HW/SW*

Location

Employees

Revenues p.a.

Net income Funding

Hinge Health HW + SW

San Francisco,
Us

~1,065 ~$167 m

- $1bn

Overview on Hinge Health's Service/Product Portfolio

General Offering

Hinge Health provides an end-to-end Digital MSK Clinic™ offering expert
medical opinion from physicians & orthopedic surgeons managing clinical

programs for prevention, 1-to-1 Physical Therapy video visits for acute care as

well as health coaches, wearable motion sensors, computer vision & nerve

stimulation technology for chronic disease management & surgery recovery

Products

* Hinge Health Enso® (wearable electrical nerve stimulation technology)

+ HingeConnect®

2,
q M

Hinge Heaity,

Reducing pain, depression & anxiety in MSK via non-invasive electrical nerve stimulation
Avoiding implantation of any medical disease management devices in surgery
+ Significantly reducing overall healthcare expenditure for MSK & therefore payer

burden by preventing surgery either for implantation or as corrective measures

~_

*HW = Hardware; SW = Software

Figure 3: Hinge Health’s electrical nerve stimulation technology provides great benefit for patients with chronic back and joint pain
(Source: stradoo GmbH, picture: Hinge Health).

Algorithms then transform the
data into health coaching and educa-
tion to impact the patients’ behavior
causing the respective health prob-
lems. A virtual platform called Hinge-
Connect monitors and analyzes elec-
tronic medical records (EMR) of over
75000 patients and flags patients
which could be viable for treatment
with Enso. The platform also connects
patients with specialized physicians
for virtual medical care and guidance.

Another prominent example, Pro-
peller Health (fig. 4) offers a smart sen-
sor that can be attached to standard
inhalers for the treatment of chronic
obstructive =~ pulmonary  disease
(COPD) and asthma [7]. The sensor
collects and wirelessly transfers infor-
mation about inhaler usage and bio-
markers to a patient app.

Based on the data, the app provides
advice for patients’ daily routine and
medication, reminds patients to take
inhalations and displays information
on medical usage trends. Supported
by Al-embedded algorithms, the app
learns about patient’s symptoms and

medication use and adapts the advice
accordingly. The company also offers
a portal for healthcare providers
(HCPs) to monitor and obtain over-
sight of the generated data.

Even further beyond regular health
goes MEDRhythms. The company’s
product portfolio (fig. 5), currently in
clinical development, primarily targets
neurological diseases and symptoms
(Multiple Sclerosis, Parkinsons and
Alzheimer’s Disease, motion problems
in chronic stroke patients), combining
hardware (headphones, digital sen-
sors), Al-supported software and mu-
sic to provide Rhythmic Auditory Sti-
mulation (RAS) for entrainment.

The solution prevents the patients
from falling into harmful motional ha-
bits and thus improves neurological
and motor outcomes. Patients wear
motion sensors on their shoes, which
collect gait parameters and send feed-
back to a mobile app. An Al-supported
algorithm embedded in the app pro-
cesses the data and adapts the music
played on the patient’s headphones. Via
the music, the application stimulates
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the neural circuitry of entrainment and
engages a patient’s motor system, im-
proving functional outcomes such as
walking rhythm [8].

The German start-up Dopavision,
with their product MyopiaX (fig. 6) of-
fers a DTx in form of a Virtual Reality
(VR) game that involves a smartphone
application, a VR headset, and a Blue-
tooth controller [9]. MyopiaX is indi-
cated to slow the progression of myo-
pia in children and adolescents which
is primarily caused by problems with
dopamine signaling in the eye.

Inhibited dopamine release in the
retina during growth can result in elon-
gation of the eyeball, causing images to
focus in front of the retina rather than
on the retina. Via scientifically devel-
oped and validated light stimuli that
activate and excite a network of photo-
sensitive cells in the retina, the dopa-
mine production can be modulated
and enhanced, thus controlling the pro-
gression of myopia, and improving the
vision of the children. The light stimu-
lus effectively activates the signaling
cascade from light exposure to dopa-
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Company HW/SW* Location Employees  Revenuesp.a. Netincome Funding

Propeller . : g 5 )

Health HW + SW Madison, US 116 $246 m $69.9m
Overview on Propeller's Service/Product Portfolio

General Offering

Propeller Health aims to empower people to manage their respiratory
disease self-dependently at home via smart sensors and digital
monitoring apps. supported by algorithms interpreting collected data

Products

* Sensors for digital inhalers (medical devices)
* Propeller app

+ Al-based analytical software

Benefits & key stakeholders profiting from Propeller's portfolio

* Improving health outcomes via continuous monitoring of biomarkers through sensors
« Enhancing clinical decision making via advanced analytics to interpret the data

* Increasing the quality of life for the patients by supporting the patient to manage their
conditions self-dependently with support by their healthcare provider

* HW = Hardware; SW = Software

Figure 4: Propeller Health offers smart sensors for inhalers that measure inhaler usage and biomarkers (Source: stradoo GmbH,
picture: Propeller Health).

Company HW/SW* Location Employees  Revenues p.a. Netincome Funding

MEDRhythms HW + SW Portland, US ~43 ~$5.4m - $58.8 m

Overview on MEDRhythms Service/Product Portfolio

General Offering

MEDRhythms is currently developing Rhythmic Auditory Stimulation (RAS)
technology based on sensors & software algorithms to measure & improve
walking speed as well as rhythm for the treatment of multiple diseases

Products (extract)
» Cardiology: MR-001 - Chronic Stroke

+ Neurology: MR-004 - Multiple Sclerosis, MR-005 - Parkinson's Disease,
MR-008 - Alzheimer's Disease/Cognitive Impairment

Benefits & key stakeholders profiting from MEDRHythms's Portfolio

« Offering a clinically valid alternative for therapy, backed with strong scientific evidence
* Reducing burden for patients & physicians via automatic treatment adjustments by Al

« Prevent extensive invasive therapy & surgery, effectively reducing overall health care
cost for the patient and/or payer

* HW = Hardware; SW = Software

Figure 5: MEDRhythms is a leader in sensor-based healthcare applications for treatment in neurological diseases (Source: stradoo
GmbH, picture: MEDRhythms).
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Company HW/SW*

Location

Employees

Revenues p.a.

Net income Funding

HW + SW

Dopavision

Berlin, DE ~17

~€2m

- €146 m

Overview on Dopavision’s Service/Product Portfolio

General Offering

Patented & currently clinically evaluated
MyopiaX ®is a smartphone app used

together with a VR headset & a

Bluetooth controller to target myopia in
children & adolescents by slowing down
disease progression via light stimulus

Products
«  MyopiaX®

e

* HW = Hardware; SW = Software

Ensuring high adoption of MyopiaX ® and high user satisfaction via user-centric product
development process and constant integration of feedback

» Providing targeted therapy for children, reflecting their specific needs and preferences
Enabling remote care, integrated into everyday life

Figure 6: Dopavision leverages VR for light stimuli to treat myopia in children (Source: stradoo GmbH, picture: Dopavision).

mine production and release by dopa-
minergic amacrine cells. Like most
DTx, the treatment by Dopavision is
non-invasive.

Besides, there are plenty of other
innovative DTx solutions. EndeavorRx
developed by Akili, for instance, is a vi-
deo game indicated to treat primarily
inattentive or combined-type atten-
tion deficit hyperactivity disorder
(ADHD) in children between 8 and 12.
It is currently also under investigation
for systemic lupus erythematosus
(SLE) in adults and for the treatment
of “brain fog” in COVID-19 patients.
While coaching tools and patient sup-
port programs have been introduced
to the market quite long ago, this is
the first video game treatment ap-
proved by the US Food and Drug Ad-
ministration (approval in June 2020)
[10]. Evidence has shown that Endea-
vorRx improves ADHD-related impair-
ments after 2 months of treatment
with no serious adverse events (fig. 7)
[11].

A groundbreaking improvement of
supported

available, technologically

therapies was the recent introduction

of MiniMed™ by Medtronic or Control-
1Q as Advanced Hybrid Closed Loop
(AHCL) systems for diabetes. Chronic
diseases like diabetes require constant
attention with measurements on a daily
to hourly basis, resulting in a high bur-
den for patients to manage their dis-
ease. Over the years, many digital inno-
vations have proven to be useful inter-
ventions to facilitate parts of the
process — from new insulin pumps to
continuous glucose monitoring sys-
tems via biosensors and digital patient
education programs. Smart closed-loop
technologies or so-called artificial pan-
creas tools like MiniMed and AHCLs in
general combine all these tools. Be-
sides, they also analyze collected data
to deliver insulin targeted to the pa-
tient's needs. While whole-scope
AHCLs like Control-IQ imitate a human
pancreas fully by automatically adjust-
ing the insulin injections based on the
current glucose levels (boluses), the
MiniMed system - including the Mini-
Med 670G or 780G insulin pump and
the Ascensia Diabetes Care Contour®
NEXT LINK glucose meter — integrates
and connects delivery of basal insulin

6 Surmann and Miiller - Digital Solutions Part 1

to continuous monitoring of glucose le-
vels in the body (fig.8) [12]. Here, a
manual intervention by the patient is
still required to adjust the amount of
insulin delivered. The team is currently
working on removing this manual step
in the process and on thereby providing
a fully integrated AHCL system.

Beside these innovative treatment
solutions, there are many digital
health apps like Regulora, leva, Virta,
Sleepio or Happify which focus on
digital patient education, coaching
and remote patient support. An over-
view of all evaluated DTx can be seen
in fig. 9.

The Value of Digital Solutions
for Healthcare is Diversifying

In conclusion, looking at the introduc-
tion of new products and services like
DTx and DDy, it is clearly visible that
healthcare and especially all related
stakeholders can benefit massively
from the digital transformation. Hav-
ing said that, most of the total poten-
tial of digital health is not even
exploited yet, as data shows. Accord-
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Company HW/SW* Location Employees Revenuesp.a. Netincome Funding

Akili SW Boston, US ~122 ~$107 m - $3011m
Overview on Akili's Service/Product Portfolio
General Offering

With its digital video gaming prescription therapy (DTx), Akili is
tackling the root of cognitive impairment. The interactive setting
can be personalized to individual needs. It has been developed
jointly by cognitive neuroscientists & game designers to deliver
sensory and motor stimuli to target and activate specific cognitive
neural systems in the brain.

Products
» EndeavorRx® (in pipeline: cognitive dysfunction, Autism, etc.)

* Providing targeted therapy for children, reflecting their specific needs & preferences

+ Ensuring high adoption of EndeavorRx ® and high user satisfaction via user-centric
product development processes and constant integration of feedback

= Limiting therapy costs due to avoidance of less beneficial medication

* HW = Hardware; SW = Software

Figure 7: Akili's virtual gaming solution provides new opportunities for treating ADHD in children (Source: stradoo GmbH, pictures:
EndeavorRx).

Medtronic MiniMed system Control-1Q

Schematic
overview of the
solution

Continuous glucose
monitoring

Al-based data
analysis
injection

Smart dosage
adaptation

@
o
Automated insulin o
o

Figure 8: While Control-1Q is a fully automated system, Medtronic’s MiniMed requires manual intervention for dosage adaptation
(Source: stradoo GmbH, picture: Medtronic and Control-1Q).

ing to market reports by Grand View | 26.1 % is expected globally for DTx | decision was often not clear for digital
Research, from 2022 to 2030 a Com- | only [3]. Growth in the past was par- | health tools in many countries as
pound Annual Growth Rate (CAGR) of | tially hindered, as the reimbursement | there was no general regulation.
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In this article, the authors have in-
troduced several highly interesting ex-
amples of DTx and digital care solu-
tions that are already existing and
have already contributed to the digital
transformation in healthcare. In gen-
eral, recent innovations and upcoming
launches display a clear picture of a
diversifying value generation of DTx
tools. On the one hand, solutions like
Dopavision or EndeavorRx provide
clinical benefits to patients via digital
elements and software, for which pre-
viously no effective treatment was
available.

On the other hand, fully integrated,
evidence-driven DTx such as MEDR-
hythms or MiniMed support in auto-
mating care with no further need for
consultation of practitioners, while
also collecting essential data on a pa-
tient’s health condition at the same
time. Adding that positive effect of
less frequent on-site care to the re-
duced medication need and the pro-
ducts’ clinical advantages not only re-
sults in better overall care because of
the digital transformation of health-
care, but also significantly reduces to-

tal healthcare spending globally. Over-
all, it can be seen that DTx are a vital
factor for evolving the industry into a
more digital and data-driven field.
Part2 of this series will be pub-
lished in one of the following editions.
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therapeutic-improve-attention-function-
children-adhd

[11] For more information, see: https://www.
endeavorrx.com/

[12] For more information, see: https://www.
medtronicdiabetes.com/products/
minimed-770g-insulin-pump-system
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14/09/2022 at last.
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Abstract

Zusammenfassung

Digital health and Artificial Intelligence (AI) have
begun to change the face of the global healthcare
markets in recent years. Many different stakeholders
are engaged in all aspects of the digital transformation
of health and care, leading to a continuous transition
from traditional processes and services to more
advanced, technology-driven solutions. A wide range of
emerging digital health technologies are available,
opening up many opportunities not only for patients
but for all involved players in the industry. Although
being part of a traditionally very conservative industry
and despite having initiated this transformation sub-
stantially after digitally mature industries such as
financial services and telecommunications, pharma-
ceutical and life science companies have closed the gap
and proven digital affinity via innovative product
launches in mobile and telehealth as well as Al-
supported process optimizations.

Building upon a previous publication on “mHealth” [1],
the authors evaluate in a set of 2 consecutive articles
the current landscape of Al and digitalization offers,
their explicit benefits for various stakeholders as well
as the challenges to be faced during development and
marketing.

Digitale Losungen und die Rolle der KI im Gesund-
heitswesen

Digitale Gesundheitsanwendungen und Kiinstliche In-
telligenz (KI) haben in den letzten Jahren Strukturen,
Prozesse und Strategien der globalen Gesundheits-
branche stark verdndert. Diverse Marktteilnehmer
treiben die digitale Transformation in Healthcare
mitsamt all ihrer Aspekte voran, wodurch ein konti-
nuierlicher Wandel von traditionellen Prozessen und
Services hin zu fortschrittlichen technologischen Lo-
sungen entstanden ist. Heutzutage ist eine breite
Palette an aufstrebenden, digitalen Technologien ver-
fiigbar, die sowohl Patienten als auch anderen Stake-
holdern weitldufige Moglichkeiten bietet.

Pharma und Life Sciences haben trotz des traditionell
sehr konservativen Marktumfelds die Liicke, die durch
einen gegeniiber digital reiferen Branchen wie Tele-
kommunikation und Financial Services deutlich spa-
teren Transformationsbeginn entstanden ist, in den
letzten Jahren geschlossen und ihre digitale Affinitat
durch innovative Produkteinfithrungen in Mobile
Health und Telemedizin sowie durch Kl-gestiitzte
Prozessoptimierungen unter Beweis gestellt.
Aufbauend auf einer vorangegangenen Publikation zu
~mHealth“ [1] bewerten die Autoren in einer Serie von
2 Artikeln die aktuelle Landschaft der KI- und Digita-
lisierungstools, deren Nutzen fiir verschiedene Stake-
holder sowie Herausforderungen fiir Unternehmen bei
der Entwicklung und Vermarktung.

Gphamind

Introduction

In the first of this series of 2 arti-
cles on “Digital Solutions and the
Role of AI in Healthcare®, the
authors extensively described the
digital transformation in health-
care from a Digital Therapeutics

“) Part 1 of this series was published in Pharm.
Ind. 84, Nr. 12, 14511458 (2022).
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(DTx) perspective. Yet, the recent
rise of digital applications in the
industry is not limited to the devel-
opment of DTx tools and their re-
lated augmentation of commercial
operations. There are many more
dimensions to this development,
starting as early as in (pre-)clinical
Research and Development (R&D).

As already indicated in the
abovementioned first article, digit-
al transformation goes far beyond

simply transforming analogue into
digital or offering new digital tools,
as it also implies an adaptation of
the mindset with a stronger focus
on evidence-based decision-mak-
ing, the use of Big Data and auto-
mation of non-value-adding tasks.
This is especially true in R&D
where the industry needs to answer
the question of how to cure a cer-
tain disease, which could not be
treated suffiently before, by perso-

Surmann and Miiller - Digital Solutions Part 2 9
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nalizing medicine. For this, the im-
pact of individual genetic condi-
tions on disease progression and
treatment effectiveness needs to be
evaluated, leading to substantial ef-
forts required for data analytics. In
total, there are over 7000 geneti-
cally caused human disorders trig-
gered by mutations in nearly
4 600 genes, for many of which suf-
ficient structural data on clinical
evidence has not yet been collected
and evaluated [1]. Traditional drug
discovery or drug design processes
have reached their limitations in
this context and completely new
and divergent processes - using
Big Data and Al-supported data
analytics - are required.

As a result, many of the indus-
try’s research processes today have
already adapted Al-based tools, en-
abling a much deeper understand-
ing of the human biology and the
nature of diseases.

Meanwhile, also development
is undergoing a major change
with extensive usage of Big Data
and self-learning algorithms. Real
World Evidence (RWE) is becom-
ing the new paradigm in clinical
development.

In this second of 2 publications
on “Digital Solutions and the Role
of Al in Healthcare”, the authors
will provide a deep-dive into the
use of Al and Big Data as levers for
digital transformation in health-
care R&D. The authors will also
particularly address challenges
that arise with the extended use of
Al and Big Data and will provide
solutions for players to deal with
these challenges.

Big Data & AI Breaking
Traditional Frontiers of
Pharmaceutical Research

With returns on R&D expenditure
continuously decreasing, a disrup-
tive paradigm shift to modify or
expand the traditional business
model of pharma R&D, partially by
simply digitizing processes and
partially by making use of Big Data

and Al-driven tools, has been in-
itiated. There are many use cases
for Al across multiple processes
early in the pharmaceutical value
chain. Often, tools can help to bet-
ter analyze and identify patterns in
large, complex data sets. Computa-
tional power and Al play a key role.
Al and machine learning (ML)
technologies have been integrated
into many digital platforms trans-
forming the way decisions in re-
search are made. Public and private
institutions are investing in better
infrastructure for data manage-
ment and processing. As an exam-
ple, the European Commission re-
cently launched the EU4Health
program, aiming to raise 5.3 bn
euros to strengthen the resilience
of EU healthcare systems and their
data as well as to promote Al-dri-
ven medical innovation and digital
transformation [2].

The deep learning capacities of
Al-supported R&D tools enable
systems to detect characteristics
and patterns based on historic
data unrecognizable to the human
eye. Via computational experi-
ments, researchers investigate and
simulate disease mechanisms that
are not yet fully understood, in-
creasing the probability of success
in drug discovery. For instance, al-
gorithms investigate the potential
of drug candidates in a given area
of application using in-silico based
mathematical and statistical mod-
els. Such algorithms for “de novo
drug design” evaluate billions of
candidates in days and predict the
impact of a certain candidate on
the target cells [3]. Meanwhile,
manual work would require
lengthy laboratory experiments
with a throughput of only up to
10 000 compounds evaluated in a
timeframe of roughly 5years [4].
As a result, the drug discovery and
pre-clinical study phase in phar-
maceutical R&D can be reduced
from several years to less than
18 months, while simultaneously
increasing the number of candi-
date compounds evaluated [5].

10 Surmann and Miiller - Digital Solutions Part 2

Not only the quantity but also
the quality of research in health-
care can be improved via digital
applications. While manual mea-
surement, documentation, and
evaluation of specific biomarker
data can be faulty, computational
tools apply constant standards in
all environments and fulfill the
work much more accurately with-
out the need for real-world sam-
pling performed by humans. When
understanding correlations be-
tween compounds and related
clinical outcomes early, high-po-
tential drug candidates can be
identified and followed-up on
throughout the development pro-
cess. Thus, Al-supported drug dis-
covery has the potential of saving
pharmaceutical companies hun-
dreds of millions of dollars.

One of the most exciting assets
in the digital pharma R&D market
is Schrodingers research platform.
The company has only very re-
cently closed a deal worth 425 m
US dollars in milestone payments
with pharma giant Eli Lilly.
Through its unique setup and func-
tionalities (fig. 1), it integrates
stand-alone solutions for predictive
physics-based modeling with data
analytics and digital collaboration
tools, enabling rapid exploration of
potential drug candidate formula-
tions in the chemical space. The
platform helps to predict molecular
behavior based on sophisticated
mathematical models, e.g., binding
activity of components with a tar-
get protein. Equipped with a con-
stantly learning algorithm, Schrd-
dinger analyzes as-is data and de-
rives forecasts from evaluating
data trends.

These forecasts are later used
for modulation purposes to pre-
dict clinical outcomes in a virtual
setting. As part of this process, ML
techniques continuously improve
the algorithm’s ability to predict
the unknown. On its platform,
Schridinger is both developing its
own pipeline as well as providing
access for other market partici-
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Figure 1: Schridinger’s platform massively influences the way (pre-)clinical research for
candidate development is conducted (source: stradoo GmbH, Schridinger).

pants to leverage Schridingers
technology.

Berg Health is taking a different
approach to enhance pre-clinical
and clinical research by deriving
potential drug targets and candi-
dates for individual patiens not
only from clinical outcomes but
also from human biological pro-
files. Often, insights drawn from
the use of the solution are first-in-
class molecular entities. The com-
pany’s solution contains 2 sets of
Al-based platforms that can be le-
veraged for drug candidate and
biomarker identification as well as
for patient stratification, especially
when no clear research hypothesis
is available. In a first step, in vitro
cell cultures are produced to mi-
mic diseased and healthy cell en-
vironments. From these cultures,
samples containing information
on lipids, metabolites, proteins,
and genes are taken and OMICS
data from various biofluids are
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measured. Based on the obtained
biological data, Berg's Interrogative
Biology ® platform employs several
high-throughput technologies for
in-silico molecular profiling and
modelling, incorporating clinical
information from electronic medi-
cal records (EMRs) ( fig. 2).

These molecular profiles are
then fed through the second analy-
tical platform, bAlcis® The tool,
which is based on Bayesian mod-
els, creates cause-and-effect net-
works for investigated diseases
and the respective biomarkers as
well as a map of healthy and dis-
eased cells in order to identify dis-
criminators, drivers, and risk fac-
tors of the disease. These networks
can then be used to develop drug
candidates targeting the drivers of
the disease or to define predictive
and prognostic biomarkers. Like
Schrédinger, Berg Health is both de-
veloping their own product pipe-
line as well as enabling access for

other drug developers in the form
of strategic cooperations.

DeepMind’s AlphaFold solution
aims to solve one of the most fun-
damental and challenging prob-
lems of pharmaceutical research
and drug discovery: determining
the structural biology of poten-
tially targetable proteins in the hu-
man body. In 1961, American bio-
chemist Christian B. Anfinsen first
discovered the relationship be-
tween the sequence of amino acids
within a given protein and its 3D
structure. Other researchers have
made progress in understanding
the role of each amino acid in gen-
eral. However, up until today, it is
still unknown for most proteins
how the two-dimensional se-
quence induces its structure and
what that final structure looks like.
This is mainly due to the impact of
attraction and repulsion forces
causing the string of involved ami-
no acids to fold in seemingly spon-
taneous ways. Finding adequate
ways to solve this problem signifi-
cantly enhances the possibilities
for researchers to develop suitable
drug candidates.

With rational drug design on
the rise in the recent years, the im-
portance of understanding the
protein target structure has mas-
sively increased even further. In
the past, time-consuming experi-
ments were required, which could
take several years to yield results
for each individual protein. Today,
AlphaFold accelerates scientific
discovery by leveraging computa-
tional models to build 3D protein
structures in seconds. The com-
pany’s solution analyses the un-
derlying amino acid sequence and
predicts the structure based on
data on the expected impact of in-
dividual amino acids on a protein’s
shape, derived from fully devel-
oped protein models. In essence,
AlphaFold creates the foundation
for all remaining in-silico & AI-
based tools supporting pharma-
ceutical research. Due to its signif-
icant importance for the pharma-
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ceutical industry, the Google-
owned company provided its pro-
tein structure prediction algo-
rithm as open-source software in
2021, with the database now con-
taining 200M+ protein structures
across different organisms.

Using a very different approach,
the wunique selling proposition
(USP) of the Syntegra Medical
Mind platform (fig.3) is the gen-
eration of artificial records. Synte-
gra, just like its competitor Owkin,
is addressing the pressing data se-
curity issue in healthcare. Based
on real-world samples, the appli-
cation reads and analyses the un-
derlying statistical distribution of
several types of structured and un-
structured healthcare data (EHR,
genomics, etc.) in an anonymized
way. An embedded algorithm with
machine learning capabilities re-
flects on this data input in form of
a temporal sequence of medical
events and generates completely
new patient records derived from
the learned distributions, with ad-
vanced language recognition mod-
els constituting/providing the un-
derlying technology.

The format of the resulting syn-
thetic data matches the format of
the original data. Furthermore, all
statistical properties are main-
tained, even rare cohorts and out-
liers. Creating synthetic patient
records enables pharmaceutical
companies to undertake their re-
search effort without the need to
retain or continuously access any
actual patient information. Once
an entire dataset is re-created, the
algorithm self-dependently checks
the quality of the results and thus
learns from deviations within the
originator dataset. Thereby, the
application continuously improves
its functionality with every dataset
it works with.

In addition to the examples
listed above, there are multiple
other companies with similar busi-
ness models who are still in the
build-up phase of Al-driven algo-
rithms to support research. One of
them is AlCure, who have devel-
oped the AiCure platform which is
characterized by the dynamic
bundling of disparate data sources
into one database to correlate pre-
viously unrelated endpoints and

]_ 2 Surmann and Miiller - Digital Solutions Part 2

translate them into meaningful,
actionable insights for large-scale
research projects. Not to forget
Evidation’s App, a tool that contin-
uously tracks health parameters
and connects individuals and
healthcare companies for research
purposes. It encourages patients
to participate in projects and stud-
ies to design, test, and deploy
digital health programs on the one
hand and functions as a source for
real-world data for healthcare
companies on the other. The near-
term evolution of companies such
as Cellarity, Deep Genomics, Komo-
do Health, Atomwise, Path Al, and
many others, which are all aiming
to digitally enhance pharmaceuti-
cal research, will equally be inter-
esting to follow closely.

Digital Transformation Solves
Problems in Clinical
Development

Similar to processes in early re-
search, also clinical development
is currently undergoing a major
change with extensive usage of Big
Data and self-learning algorithms.

Pharm. Ind. 85, Nr. 2, 203-210 (2023)
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RWE is becoming the new para-
digm in clinical development.
Numberless digital platforms are
being built to facilitate decentra-
lized processing and analytics of
Big Data. Improved data analytics
based on AI models support devel-
oping companies in designing in-
silico clinical trials and in provid-
ing high-quality clinical decision
support (CDS) to enrolled clinical
centers. In the modern ages, Al-in-
tegrated technologies will replace
older control-arm trial approaches
and will resolve problems encoun-
tered in many areas like trial for-
mulation design, patient enroll-
ment, and quality control. In the
following, some innovative compa-
nies which have the potential to
re-shape the industry shall be in-
troduced.

Medable, for instance, a com-
pany last valued at 2.1 billion US
dollars in Oct 2022 provides Soft-
ware-as-a-Service (SaaS) solutions
to solve common issues in decen-
tralized clinical trials in the cloud
(fig. 4). In essence, the company is
offering a platform for researchers,
startups, pharmaceutical compa-
nies, payers, and academia to cen-
trally manage and administer clini-
cal trial data generated in multiple
clinical sites across the globe. The
platform can be used to create and
provide secure, compliant health-
care applications in the cloud.
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Figure 3: The USP of Syntegra’s software solution for RED is the possibility of synthetic data generation (source: stradoo GmbH).

These applications are hosted di-
rectly on the platform. To name ex-
emplary use cases, Medable’s solu-
tion may contain applications that
support patient engagement in the
clinical context, targeted to the cli-
ent’s need with access for all in-
volved stakeholders (e.g., local
clinics). Alternatively, personal
health information may be stored
on the Medable platform in a se-
cure environment in the cloud
without violating the US Health In-
surance Portability and Account-
ability Act (HIPAA) and other com-
pliance regulations [6].

Generally, the company aims to
connect multiple patient data
sources relevant for clinical devel-
opment purposes by storing the re-
spective data in a platform accessi-
ble to all involved stakeholders in
real-time. Meanwhile, the tool also
safely protects the raw data from
unauthorized use. Via their solu-
tion, Medable intends to simplify
the trial experience by offering an
intuitive data experience for all trial
stakeholders. Although the plat-
form itself is not based on any self-
learning algorithms, many of the
add-on tools leverage Al for indivi-
dual tasks. These primarily include
solutions to convert patient data
from multiple sources into one data
set. Reify Health follows a similar
business model. Via their cloud-
based software solutions like Study-

Team (a technology platform for op-
timizing patient recruitment and
enrollment) and CareAccess (a sup-
port application to conduct decen-
tralized trials at scale), the company
aims to break up existing para-
digms on how clinical trials are run.

When talking about software
providers for smart data manage-
ment solutions in pharma R&D,
VeevaSystems needs to be men-
tioned as one of the most impactful
players in the industry. The com-
pany’s solutions have been imple-
mented in almost all Big Pharma
organizations across the world,
ranging from customer relation-
ship management (CRM) systems
for commercial purposes to quality
management, regulatory intelli-
gence, marketing material manage-
ment, drug application manage-
ment, and clinical operations tools
for R&D and Medical departments.
Through their targeted expertise in
the pharmaceutical industry, Veeva
enables users to streamline work-
flows and processes involving mul-
tiple R&D functions. Especially
with regards to drug application
submissions, the company’s tools
also leverage the power of Al. Dur-
ing the creation of dossiers, the
software is capable of reading un-
structured data (e.g. clinical trial
result reports), deriving the key
messages, and converting those
into usable text or graphical ele-
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Figure 4: Medable provides a holistic environment for data management in clinical development (source: stradoo GmbH;

innovationsoftheworld.com).

ments for a standardized dossier
structure. However, most compa-
nies have implemented Veeva for
its simplified data management in
R&D (fig. 5).

Benchling, a US-based company
last valued at 6.1 billion US dollars
in Nov 2021 is also active in this
segment providing an informatics
platform to centralize and standar-
dize all R&D data.

GNS Healthcare’s product portfo-
lio builds upon the increasing avail-
ability of multi-OMICS and clinical
data to create virtual patients (digi-
tal twins) for clinical development.
Based on historic, real-world train-
ing data on patient characteristics,
the company’s algorithm generates
randomized, in-silico representa-
tions (Gemini) of patient records,
which reflect multi-folded patient
characteristics (incl. complex ge-
netic and molecular mechanisms

and pathways). For that, GNS
Healthcare leverages reversely-en-
gineered causal networks connect-
ing gene expressions, metabolites,
and clinical data.

Due to their artificial nature,
digital twins can be used to investi-
gate and simulate entire disease
models even at an individual
patient-phenotype level without
causing data privacy issues. Such
disease models based on a comple-
tely virtual study population may
even include information about
disease progression and drug re-
sponse depending on the bio-
metric profile of the respective pa-
tient. Clients using GNS Health-
cares technology are capable of
discovering novel, personalized
drug targets without the need for
extensive clinical studies. GNS
Healthcare can also simulate entire
clinical trials using these Gemini.

]_4' Surmann and Miiller - Digital Solutions Part 2

The company Unlearn follows a
similar business model, organizing
small clinical trials with digital
twins, addressing recruiting hur-
dles and constraints (e.g., number
of available patients, ethical lim-
itations to include).

However, digital twins are not
the only solution to the problem.
Software providers like Deep 6 Al
and Trials.ai support healthcare
companies in regular site selection
and patient finding for real-world
clinical trials, especially in specialty
care. Similar to the solutions of
GNS Healthcare and Unlearn, their
precision research tools leverage
registries and other sources of real-
world data (e.g., patient records) to
generate  representative,  suffi-
ciently sized populations for clini-
cal trials, customized to the re-
search question of the client. The
software screens and mines mil-
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lions of datasets, mapping struc-
tured and unstructured data to
gain a clear understanding of each
individual potential participant, all
of which is done by Al algorithms
in real-time so that no extensive
pre-planning of study populations
for clinical trials is required. Al-
ready today, Deep 6 Al and Trials.ai
are offering solutions to problems
many stakeholders are facing in
clinical development.

Apart from such established com-
panies, there are numberless early-
stage start-ups like Castor EDC, Cir-
cuit Clinical, DQueST, Flywheel, or
Overwatch which are pushing into
the market. Although showing pro-
mising potential, it is still too early
to evaluate their impact on global
clinical operations, which is why
they will not be presented in further
detail in this article. An extensive
list of companies offering Al-based
solutions in healthcare, partially
with focus on R&D, can be found in
the graphic below (fig. 6) [7].

Overall, AI in R&D Can Offer
Great Potential to Re-shape The
Market if Challenges Can Be
Overcome

In conclusion, the use of Al in
R&D clearly provides great bene-
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Figure 5: Veeva's clinical solution provides a network for all stakeholders to collaboratively optimize clinical operations (source:
stradoo GmbH; pictures: Veeva Systems).

fits to the healthcare industry. But
again, similar to DTx, the full po-
tential of technologies has not yet
been exploited so far.

One of the reasons for the lack
of digital maturity in the industry
is that until recently, providers
struggled to find solutions to com-
ply with the regulatory and legal
requirements, while developing
new digital health applications. Of-
ten, such tools require to collect, to
process, and to store health data.
Meanwhile, authorities are primar-
ily concerned about data security
and data protection, given that
health information involves a lot of
sensitive and personal data. This
has resulted in a number of legisla-
tions such as the EU General Data
Protection Regulation (GDPR)
which applies independently of
pharma or healthcare environ-
ments and is binding for all com-
panies across industries. These
legislations restrict the space in
which data processing tools can
operate. Especially sharing the
data among researchers is difficult,
as it requires the individual con-
sent of all patients represented in a
specific data set in most cases.
Therefore, despite having the tech-
nological capabilities of building
up large data platforms for R&D,

Surmann and Miiller - Digital Solutions Part 2
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limited benefit of such tools has
yet been achieved. In the past, pro-
viders often could not find enough
data donors for the platform to be-
come meaningful. In the very re-
cent past first data platforms, such
as OPTIMA or PIONEER, have in-
creased their efforts in anonymiz-
ing and de-personalizing data for
common use. Nevertheless, there
is still a long way to go to remove
all skepticism and hesitation with
regards to data privacy.

On another note, healthcare
authorities are still hesitant to ap-
prove medications for which clini-
cal evidence was generated with
the help of in-silico clinical trial
control arms. Although this atti-
tude is currently evolving, as the
introduction of the Digital Health
Application (DiGa) pathway in
Germany in 2019 and a few recent
approvals by the US Food and
Drug Administration (FDA) have
shown, in-silico is not expected to
become customary practice in the
next few years. Players in the
healthcare industry will first have
to increase the confidence level in
in-silico data.

For applications of Al in R&D,
the quality of collected data is also
an issue that is preventing broader
application of innovative Al-re-
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Figure 6: Landscape of Al solutions in healthcare and especially in healthcare R&ED contains many more tools that are worth
analyzing in more detail (source: DataRoot Labs).

lated tools. Tech start-ups work on
improving their algorithms in
terms of processing structured
and unstructured data.

Despite these challenges, new,
advanced technologies have been
developed to not only diversify
treatment opportunities for pa-
tients and healthcare professionals
(HCPs), but also support players in
managing the massive amounts of
data that are available in the mar-
ket. Through these additional cap-
abilities more evidence-driven and
target-oriented decisions can be
made. Researchers are enabled to
investigate the biological, chemi-
cal, and physical structure of the
human body on a much deeper
and more sophisticated level.
Computational experiments allow
for comparison of healthy and dis-
eased cells on a large scale over
time. Al-driven algorithms com-
bine the results of these experi-
ments with real-world Big Data to

derive meaningful conclusions for
drug development. This not only
increases the likelihood of success-

thier European Union. Retrieved from:
https://ec.europa.eu/health/funding/eud
health-2021-2027-vision-healthier-euro
pean-union_en

ful product development. It also [3] Atomwise (2020). Drug The Undruggab-
h dicati . le. Retrieved from: https://www.atom
ensures that a new me 1cat‘10n in wise.com/drug-the-undruggable
complex therapeutic areas is per- [4] Compound Interest (2016). Understan-
sonalized to the needs of different ding the Drug Discovery Process. Retrie-
. Th hold ved from: https://www.compoundchem.
patient grgups. e_ _Same olds com/2016/01/16/drug-discovery
true for clinical decision support [5] For more information, see: https://
based on real-world data models. - ;”Silico-cof”/f bl"g/fi}f —
. Oor more miormartion, see: pS.’ WWw.
If not already the case, Life medable.com
Sciences and healthcare compa- [7] DataRoot Labs (2020). Al in Healthcare

nies are inclined to be open to this
change in order to utilize innova-
tive approaches for their own ben-
efits. Building up capabilities in-
ternally or via strategic partner-
ships certainly helps!
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