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Digital transformation has become the main focus 
of leading healthcare strategists and will imply a 
paradigm shift for all stakeholders in the healthcare 
industry

Introduction1.
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1. Introduction

the pace is picking up swiftly in recent years. 
Nowadays, the healthcare industry has become 
increasingly active in integrating digital solutions 
into their approaches and has been able to catch 
up with other industries to digitize along the 
entire value chain. 

But will “digital health” or “e-Health” become the 
moniker of a worldwide revolution in healthcare 
or is it simply the latest pharmaceutical industry 
buzzword? Experts predict the former, estimating 
that the integration of Big Data into the 
healthcare system alone could create a yearly 
value upwards of EUR 500 billion in Europe and 
the US (see Figure 1) [1]. Incorporating more and 
more digital elements into healthcare processes 
is expected to become the norm, generating 
significant benefit for all stakeholders.

The potential for the digital health market can 
be split into two separate segments. On the one 
hand, there are apps facilitating or enhancing 
the communication as well as the data exchange 
between patients, physicians, and payers by 
providing an adequate digital environment. On 
the other hand, several software developers 
focus on solutions to improve internal processes 
in the industry, especially in pharmaceutical R&D. 
Both segments are expected to grow strongly 
in the near future. For the first few years of the 
digital revolution, the market is expected to be 
flooded with tech start-ups and tools, before 
it eventually develops into a stable, saturated 
state. A good positioning in the digital space 
will be essential not only for tool providers, but 
also for pharmaceutical companies, engaging in 
meaningful partnerships to get hold of advanced 
digital capabilities.

7

Digital revolution in healthcare

Healthcare has always been one of the largest 
industries with the biggest impact on society in 
the modern ages. It has been growing steadily 
through the discovery of novel, groundbreaking 
approaches to curing ever-evolving diseases. 
Alongside continuous medical and scientific 
advances, this ongoing positive trend is expected 
to be primarily driven by innovative digital solutions 
and Artificial Intelligence (AI) in future, allowing 
for faster and more effective developments. 
 

Originally, mostly product-related innovations have 
focused on new scientific methods in medicine. 
In recent years however, digital health and AI 
innovations have started to increase their impact 
on healthcare operations. Being traditionally very 
conservative, pharmaceutical and life science 
companies have initiated this transformation 
much later than digitally mature industries such 
as financial services and telecommunications. 
Nevertheless, there has been progress and 
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Impact of integration of Big Data into healthcare system
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While such technological innovations in products 
and services are the most important factor for 
digitization of the industry, digital transformation 
goes far beyond simply turning analogue 
into digital by applying new technologies. 
Transformation also implies an adaptation in 
mindset with a stronger focus on evidence-
based decision making, the use of Big Data and 
automation of non-value-adding tasks. This is 
particularly true in R&D where the industry aims 
to cure untreated diseases by personalizing 
medicine based on generated data. For this, 
the impact of individual genetic and biological 
conditions on disease progression and treatment 
effectiveness needs to be evaluated. In this 
context, traditional drug discovery or drug design 
processes reach their limits while completely new 
and divergent processes – using Big Data and AI-
supported data analytics – are required. 

Accordingly, most of the industry´s Research 
processes today have adapted AI-based tools, 
enabling a much deeper understanding of human 
biology and the cause of diseases. Meanwhile, 
the field of Development is also undergoing major 
changes through the extensive use of Big Data 
and self-learning algorithms. Real World Evidence 
(RWE) is becoming the new paradigm in Clinical 
Development. With returns on R&D expenditure 

continuously decreasing, a disruptive shift in 
thinking to modify or expand the traditional 
business model of pharma R&D has been initiated.

Despite these recent advancements, a widespread 
use of digital and AI-based tools in healthcare 
has not yet become reality. Slow adoption rates, 
unsolved legal and ethical issues and reluctance to 
invest have limited the speed of implementation. 
Regulators and law-makers are especially 
concerned with data privacy and security issues. 
Addressing these concerns, both technologically 
and socially, will be an important step for the 
industry to further develop into a digital and 
data-driven space. All stakeholders will have a 
lot to gain from the digital transformation when 
the full potential of these new opportunities can 
be exploited. Yet, while there is still much to be 
done, there are many impressive and promising 
approaches already in place.

Paradigm shift for pharmaceutical 
R&D

1. Introduction
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1. Introduction

Emergence of healthcare apps for 
stakeholders

support to biomarker monitoring, automatic 
learning tools that provide patients with individual 
advice and full-scope medical interventions, such 
as closed-loop medication systems based on 
digital sensors. Such applications increasingly 
combine wearables and smart sensors, which 
collect and process raw medical data, with AI-
supported algorithms analyzing the data to 
derive meaningful implications for treatment. 
Primarily providing additional value to patients 
via better convenience during therapy, physicians 
and payers profit from the availability of patient 
data in real-time. 

Already today, numerous 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 is opening up a wealth of 
opportunities for all players in the industry. 
Thousands of healthcare apps can be bought 
in the app store, wearable medical devices are 
used for virtual care and patients visit doctors 
remotely via telehealth. This strong market 
growth is attracting more companies to expand 
their digital offerings into healthcare. Many new 
players, including large technology companies like 
Google, Amazon, etc. have pushed into the market 
transforming 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.

DTx are especially increasing in importance, 
improving patient care in multiple indications. 
The segment encompasses a broad range of 
applications and AI-based tools, with launches 
ranging from simple apps for patient (adherence) 
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Stakeholder 
impact

2.

The potential of using digital technology in 
healthcare is illimitable, not only when it comes 
to improving process efficiencies for all involved 
stakeholders but also in the field of data collection 
and analytics   
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Benefits for patients

2. Stakeholder impact

Firstly, via digital tools including virtual doctor’s 
appointments, patients can monitor their 
symptoms independently and receive medical 
care remotely from the comfort and safety of 
their own homes. DDx, DTx, other mHealth and 
telehealth applications contribute greatly to a 
better convenience for patients not only during 
treatment but also when enrolled in clinical 
trials. Such technologies significantly facilitate all 
related clinical processes. They also expand the 

geographical scope for potential trial population to 
more rural areas. Furthermore, during the regular 
treatment phase, smart medication devices 
such as pill containers can contribute to better 
adherence via integrated chips that register the 
intake of a drug. Reminders sent to connected 
smartphones encourage patients to take their 
medicine regularly. Overall, these measures can 
significantly improve treatment effectiveness, 
enabling patients to live a better life.

While physicians & patients benefit the most from all sorts of mHealth applications, there is 
also value for payers and pharma research

© CEPTON a CRA division

• Remote diagnosing and 
choosing of therapies

• Monitoring patients via 
real-time data collection

• Managing practice and 
appointments online

• Enabling ad-hoc 
emergency support

• Self-monitoring of health
• Communicating w. HCPs
• Improving compliance
• Managing their care at 

home

• Enhancing efficiency of 
clinical research through 
Big Data and AI

• Integrating patient 
experiences into 
fundamental research

• Supporting laboratory 
processes through 
management systems

• Leveraging disease 
management solutions to 
improve treatment 
effectiveness

• Managing and controlling
treatment pathways & 
adherence (monitoring, 
compliance, guidelines, 
etc.)

Apps, Devices, and Software as transporters of digital solutions
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ALL RELEVANT STAKEHOLDERS BENEFIT FROM DIGITAL HEALTH

Figure 2

Source: stradoo GmbH
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As mentioned above, introducing digital elements 
into the healthcare space can have immense 
benefits for all major stakeholders. In a digitally 
advanced scenario, patients, payers, physicians, 
and pharmaceutical Research & Development 
departments profit greatly from ample new 
possibilities, in particular with respect to 
data collection, evaluation, and management. 
Establishing an industry-wide digital infrastructure 
that reflects the needs of all involved market 
participants turns pharmaceutical data into a 
valuable resource with substantial impact on 
efficacy of care. 

On top of that, virtual assistants provide an 
innovative solution for on-demand communication 
with access for different stakeholder groups. 
Respective tools enable essential alignments 
without the need for time-consuming face-to-
face meetings. Partially enhanced by virtual and 
artificial reality visualization, stakeholders have 
direct access to medical information about the 
patient remotely. Smart medical devices help to 
ensure better patient adherence and treatment 
effectiveness by facilitating self-dependent 

care management. In some cases, therapy can 
even be automated completely based on digital 
intervention.

In general, the application of digital tools 
enhances the industry’s technological capabilities 
and enables players to optimize their processes 
and decision-making based on evidence from real-
world experience. In the long-term, this evidently 
improves and facilitates care for patients, 
secures better cost effectiveness in healthcare 
for payers, reduces administrative burden of care 
for physicians and allows more profound scientific 
attempts in pharma R&D.

The following paragraphs will provide a more 
detailed view on the benefits of digital health for 
each stakeholder group (see Figure 2). 

2. Stakeholder impact

Digital transformation brings along huge benefits for all 
stakeholders in the healthcare industry, ranging from improved 
convenience of care for patients and facilitation of processes 
for healthcare players to improved data availability across the 
industry as well as easier patient management for physicians



Benefits for pharmaceutical 
Research & Development

2. Stakeholder impact

Last but not least, within pharmaceutical 
companies, almost all divisions can benefit from 
the digitization of processes, but the biggest 
potential impact is certainly in R&D, the core 
function responsible for scientific innovation. 
Driven by Big Data and AI, researchers can 
explore a much broader field of potential 
drug candidates, enhancing the probability of 
successfully finding a suitable compound for the 
intended purpose. Most companies have already 
started to use Real World Data (RWD) in R&D. 
In Clinical Development, evidence-based trial 
designs can significantly improve success rates 
and therefore reduce sunk costs. From a planning 
perspective, digital monitoring tools facilitate the 

INCREASE IN NUMBER OF DEALS & DEAL VOLUME [IN USD BILLION] GLOBALLY AND IN THE US

Figure 3
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recruitment of patients for trials since they may 
not need to travel to participating clinical centers 
for monitoring.

Public and private investors have acknowledged 
the positive impact of digitization on the global 
healthcare industry. Funding for digital innovation 
to support all stakeholder groups has increased 
exponentially in many countries. According to CB 
Insights, more than USD 37.9 billion were pumped 
into the US digital health sector in 2021 [4]. 
Globally, the total investment amounts to USD 
57.2 bilion, an increase of 79% in comparison to 
2020 (see Figure 3). 
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2. Stakeholder impact

Benefits for physicians

For physicians, remote care via telehealth and 
smart medical devices facilitates clinical practice 
routine both for diagnosis and treatment. Patients 
can take care of standard biomarker monitoring 
themselves, so that no time-consuming tests 
need to be performed in the doctor’s office. 
The healthcare practitioner (HCP) is also able to 
monitor patients in real-time via wearables in-
between visits. In mental health, the #1 telehealth 

Benefits for payers

Secondly, looking at clinical outcomes, it is 
not only patients who benefit from improved 
adherence via digital health solutions. Cost of 
therapy and the overall financial burden for 
payers can be reduced as well. Compliance with 
disease-specific guidelines 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 motivated to support patients in 
that process by supplying and reimbursing digital 
adherence tools. Other wearable devices can be 
used to collect patient health data in real-time, 
data which payers can leverage to predict the risk 
of certain severe illnesses in individual patients. 

Improved availability of Big 
Data in healthcare provides 
the greatest benefit of 
the digital transformation 
to payers, physicians, 
and pharmaceutical R&D 
functions, while patients 
mainly benefit from 
improved access to care via 
smart devices.

indication in the US, virtual interactions might even 
replace in-office visits in the majority of cases. 
Additionally, physicians have the possibility to 
immediately react remotely to severe conditions 
in patients and to provide respective ad-hoc 
advice and care. Digital solutions can also be 
leveraged for administrative purposes to organize 
and manage appointments online. 
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3. DTx as a key 
driver of digital 
transformation
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“Digital therapeutics (DTx) deliver 
medical interventions directly to 
patients using evidence-based, clinically 
evaluated software to treat, manage, 
and prevent a broad spectrum of 
diseases and disorders” 
Digital Therapeutics Alliance [6]

3. DTx as a key driver of digital transformation

19

3. DTx as a key driver of digital transformation

Digital Therapeutics have taken a key role in the digital 
transformation of healthcare, transforming the way, care is 
provided via continuous innovations

Nowadays, many kinds of digital health tools 
exist. Such products include all software-
based technologies aimed at allowing medical 
professionals, regulators, payers, individuals, 
academic researchers and industrial players to 
communicate, exchange information, collect, 
store, transfer or evaluate data as well as steer 
the system as a whole. Applications vary from 
usage of the technology directly in or by the 
patients, equipment for physicians to platform-
based data management solutions with multi-
access models for all stakeholders. In essence, 
these tools can be DTx, DDx, digital adherence 
monitors, telehealth technologies, digital patient 
support programs, cloud-based data exchange 
platforms, and the many different types of smart 
sensors used to collect patient data. 

Among this range of solutions directly addressing 
the physician-patient-relationship, DTx have 
clearly gained importance in healthcare since 
the introduction of the first chronic disease 
management tools like WellDoc in 2005. The 
field of application has expanded from purely 
coaching and patient support solutions to actual 
treatment interventions via digital technology. 
This development is reflected in the market 
valuation of DTx providers. Overall, DTx contribute 
USD 3.4 billion (6%) to the digital health market. 

Experts predict further strong growth to reach 
a total global DTx market size of roughly USD 15 
billion by 2026 and more than USD 30 billion in 
2030 [5].

Depending on the treatment requirements 
in the targeted indication, DTx can be used 
independently or in conjunction with medications, 
devices, or other therapies to optimize patient 
care and health outcomes. Often, respective tools 
combine both hardware and software elements 
themselves, providing a holistic system, in which 
computer-based algorithms communicate with 
smart sensors in order to read, analyze and 
process data for AI-facilitated treatment decisions. 
Generally, DTx solutions are applied directly to the 
patient by themselves without constant need for 
intervention by healthcare practitioners.

Cognitive behavioral therapy (CBT) is the 
most common methodology of treatment in 
DTx applications today. CBT is primarily used 
in diseases such as mental health disorders, 
diabetes, and substance abuse, as here, the 
treatment has a major effect on primary clinical 
outcomes. It also provides great benefit as a 
complementary treatment option for many other 
indications, even in complex therapeutic areas 
such as oncology or hereditary diseases. 
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4. The use of cognitive 
behavioral therapy 
in DTx   
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4. Use of cognitive behavioral therapy in DTx  
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“Cognitive behavioral therapy 
(CBT) is a form of psychological 
treatment that […] usually involves 
efforts to change thinking patterns 
[…] as well as efforts to change 
behavioral patterns. CBT places an 
emphasis on helping individuals 
learn to be their own therapists.” 
American Psychological Association [7]

4. Use of cognitive behavioral therapy in DTx  

Most of the available DTx tools leverage cognitive behavioral 
therapy as a non-invasive mechanism to influence clinical 
outcomes especially in mental health related contexts

As a medical intervention, many DTx on the market 
make use of CBT in the form of remote coaching 
programs, online therapy sessions or smartphone 
apps for self-therapy. CBT is one of the most 
promising attempts applied to cure depression, 
anxiety, alcohol or drug abuse, nutritional as well 
as other mental health-related disorders. The 
therapy is based on the underlying principle that 
some health issues are predominantly caused by 
negative thoughts or harmful behavior and that 
patients can be taught better ways to cope with 
these psychological patterns. 

The main purpose of CBT is to stimulate active 
(re-)cognition of one’s own actions as well as one’s 
surroundings and to facilitate learning from these 
perceptions to adapt one’s behavior or thinking. 
Becoming aware of how people behave as well as 
of their motivations behind their actions can help 
to cope with situations in which one is confronted 
with undesired behavior. This is especially relevant 
in cases where health problems are caused by 
the patient’s own thoughts or behaviors. In this 
context, CBT targets neural capacities in the brain 
to react to external stimuli, guiding the patient’s 
body towards curing diseases or improving 
symptoms from within. Thus, CBT is a type of 
educative treatment.

Although CBT tools are non-invasive, they actively 
target root causes of relevant diseases to improve 
the patient’s well-being, similar to regular drugs 
or medical devices. However, in contrast to 
physical medication, CBT-DTx do not involve active 
pharmaceutical ingredients, but rather rely on 
the multi-faceted effects of cognitive stimuli on 
psychological processes for treatment. 

Digital tools (e.g. wearables) and smartphone 
apps provide great opportunities for CBT, allowing 
patients to receive care remotely and to work on 
their health independently. Such solutions enable 
patients to track their disease progression as 
well as to reflect on past behavior, treatment 
decisions and their respective impacts. Besides, 
they generate valuable RWD, which serves 
both physicians and payers for evidence-based 
decision-making on a patient-by-patient level. 
Tools that even include self-learning algorithms 
analyze the generated data independently of 
any physician to personalize recommendations 
and coaching for patients. As a result, they 
significantly reduce the requirement for medical 
consultation. Overall, digital technology facilitates 
the process of care management in CBT cases. 
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5. Solutions for digital 
disease control and 
adherence tools for 
patients

Understanding how to translate data into solutions 
for better outcomes for patients is key



One of the most promising examples of a CDx 
benefiting patients is Hinge Health [8]. Currently 
valued at USD 6.2 billion, 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 digital sensors, the application 
collects real-time data and insights into clinically 
valid outcomes (pain, stiffness, and functional 
ability), as can be seen in Figure 4. 

Algorithms then transform the data into health 
coaching and education to impact the behaviors 
causing the patients’ respective health problems. 
A virtual platform called HingeConnect monitors 
and analyzes the electronic medical records (EMR) 
of over 75,000 patients and flags those who could 
be viable for treatment with Enso. The platform 
also connects patients with specialized physicians 
for virtual medical care and guidance.

The company MEDRhythms (see Figure 5) goes 
even further beyond regular healthcare. 

5. Digital disease control & adherence tools for patients

MEDRhythms is a US-based company utilizing direct 
neurologic stimulation through music therapy

7© stradoo

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

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

• Offering a clinically valid alternative for therapy, backed with strong scientific evidence
• Reducing burden for patients & physicians via automatic treatment adjustments by AI
• Prevent extensive invasive therapy & surgery, effectively reducing overall health care 

cost for the patient and/or payer

Benefits & key stakeholders profiting from  MEDRHythms’s Portfolio

* HW = Hardware; SW = Software

Patient walks Sensors Collect 
Gait Parameters

Music Delivery Algorithms Change 
The Music

Closed Loop 
Gait Training

          
              

              

                  

Source: stradoo GmbH (pictures: medrhythms.com)

MEDRHYTHMS IS A LEADER IN SENSOR-BASED HEALTHCARE APPLICATIONS FOR TREATMENT IN 
NEUROLOGICAL DISEASES

Figure 5 

Combining devices and apps
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5. Digital disease control & adherence tools for patients

A major field of innovative tools and digital solutions in 
healthcare are patient-related apps given to end users to 
improve their disease control and adherence

HINGE HEALTH’S ELECTRICAL NERVE STIMULATION TECHNOLOGY PROVIDES GREAT BENEFIT FOR 
PATIENTS WITH CHRONIC BACK AND JOINT PAIN

Figure 4 
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Company HW/SW* Location Employees Revenues p.a. Net income Funding

Hinge Health HW + SW San Francisco, 
US ~1,065 ~$167 m - $1 bn

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®

• 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

Benefits & key stakeholders profiting from Hinge Health’s portfolio

With a total valuation of $6.2 bn, Hinge Health is a leading 
start-up in digital health, providing digital MSK treatment

* HW = Hardware; SW = Software

          
              

              

                  

Source: stradoo GmbH (pictures: hingehealth.com)
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Regardless of whether or not they use CBT, as per 
definition, the development of a new DTx requires 
extensive clinical evidence to obtain market 
approval, equal to any other therapeutic approach. 
This global regulation shall prevent the market 
from being flooded with non-validated tools and 
shall keep the focus on scientific approaches to 
healthcare, securing adequate monitoring and 
pharmacovigilance. Recent introductions of new 
regulations (IVDR, MDR), especially in Europe, 

intend to harmonize the process across country 
borders, but approval requirements still vary in 
different regions. Nevertheless, despite the high 
market access barrier, there have been plenty 
of examples of successful DTx launches in new 
markets in the past, both in terms of apps as well 
as approved medical devices or a combination of 
both. Some of those will be introduced in detail in 
the following paragraphs.



5. Digital disease control & adherence tools for patients

Via scientifically developed and validated light 
stimuli that activate and excite a network of 
photosensitive cells in the retina, the dopamine 
production can be modulated and enhanced, 
thus controlling the progression of myopia and 
improving the children’s vision. The light stimulus 
effectively activates the signaling cascade from 
light exposure to dopamine production and 
release by dopaminergic amacrine cells. Like most 
DTx, treatment with Dopavision is non-invasive. 

A groundbreaking improvement of existing, 
technologically supported therapies was the 
recent introduction of MiniMed™ by Medtronic 
or Control-IQ, which are Advanced Hybrid Closed 
Loop (AHCL) systems for diabetes. Chronic 
diseases like diabetes require constant attention 
with measurements needing to be taken on a 
daily to hourly basis, resulting in a high burden 
of care for patients managing their disease. Over 
the years, many digital innovations have proven 
useful in simplifying parts of the process – from 
new insulin pumps to continuous 
glucose monitoring systems via 
biosensors and digital patient 
education programs. 

Smart closed-loop technologies or 
so-called artificial pancreas tools like 
MiniMed™ as well as AHCLs in general 
combine all these functionalities. 
Besides, they also analyze collected 
data to deliver insulin targeted 
to the patient’s needs. While 
whole-scope AHCLs like Control-IQ 
imitate a human pancreas fully by 
automatically adjusting the insulin 
injections based on the current 

glucose levels (boluses), the MiniMed™ system – 
including the MiniMed™ 670G or 780G insulin pump 
and the Ascensia Diabetes Care Contour® NEXT 
LINK glucose meter – integrates and connects 
delivery of basal insulin to continuous monitoring 
of glucose levels in the body (see Figure 7) [11]. 
Although a manual intervention by the patient 
is still required to adjust the amount of insulin, 
the team is currently working on removing this 
manual step in order to provide a fully integrated 
AHCL system. 

Within the same therapeutic area, MySugr Pro 
offers various functions to assist diabetic patients 
in their daily routine. Above 3 million users in more 
than 80 countries have already registered, using 
MySugr Pro in multiple different languages [12]. 
Blood glucose can be captured and imported from 
glucometers with the smartphone camera. The 
data then can be saved in the Logbook, a function 
allowing patients to note date, time and location 
of the measurement, the meals they had, their 
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Schematic 
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WHILE CONTROL-IQ IS A FULLY AUTOMATED SYSTEM, MEDTRONIC’S 
MINIMED REQUIRES MANUAL INTERVENTION FOR DOSAGE ADAPTATION

Figure 7

Source: stradoo GmbH (pictures: medtronic.com and tandemdiabetes.com)

5. Digital disease control & adherence tools for patients

Their product portfolio, currently in Clinical 
Development, primarily targets neurological 
diseases and symptoms (Multiple Sclerosis, 
Parkinson’s and Alzheimer’s Disease, motion 
problems in chronic stroke patients), combining 

hardware (headphones, digital sensors), AI-
supported software, and music to provide Rhythmic 
Auditory Stimulation (RAS) for entrainment.

The solution prevents the patients from falling 
into harmful motion habits, thus improving 
neurological and motor outcomes. Patients wear 
motion sensors on their shoes that collect gait 
parameters and send feedback to a mobile app. 
An AI-supported algorithm embedded in the app 
processes the data and adapts the music played 
on the patient’s headphones. Via the music, 

the application stimulates the neural circuitry 
of entrainment and engages a patient’s motor 
system, improving functional outcomes such as 
walking rhythm [9].  

The German start-up Dopavision (see Figure 6) 
offers a DTx in form of a Virtual Reality (VR) game. 
MyopiaX involves a smartphone application, a VR 
headset, and a Bluetooth controller [10]. MyopiaX 
is indicated to slow the progression of myopia in 
children and adolescents which is primarily caused 
by problems with dopamine signaling in the eye. 

Specifically, inhibited dopamine release in the 
retina during growth can result in elongation 
of the eyeball, causing images to focus in 
front of the retina rather than on the retina. 

8© stradoo

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

Dopavision HW + SW Berlin, DE ~17 ~€2 m - €14.6 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®

• 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 

Benefits & key stakeholders profiting from Dopavision’s portfolio

Mission of the German-based Dopavision GmbH is to treat 
childhood myopia digitally via pioneer DTx in ophthalmology

* HW = Hardware; SW = Software

          
              

              

                  

DOPAVISION LEVERAGES VR FOR LIGHT STIMULI TO TREAT MYOPIA IN CHILDREN

Figure 6 

Source: stradoo GmbH (pictures: dopavision.com)
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Medisana Connect
• Ecosystem of mobile devices for 

collection of health data
• Parameters measured include

blood pressure, blood sugar,
and physical activity

• Data transfer into DitaDock App
via Bluetooth

• App analyzes the data and 
shares reports with stakeholders

Vital Patch
• Wearable device
• Sensor-based 

measurement of 
health data incl. 
‒ Single-Lead ECG

‒ Heart rate & variability

‒ Respiratory rate

‒ Skin temperature

‒ Body posture incl. fall 
detection / severity

Scanadu Scout
• Tool for health 

data measures
• Provides

information on. 
‒ Temperature

‒ Blood pressure

‒ Heart rate & 
variability

‒ Oximetry

‒ ECG

The connection of devices and smartphones  can be used to collect, store, and 
display data which can then be sent directly to doctors or other caretakers

DEVICES LIKE MEDISANA CONNECT OR SCANADU SCOUT WILL INCREASINGLY EMPOWER PATIENTS TO 
MONITOR THEIR HEALTH ALONG MULTIPLE PARAMETERS

Figure 9

Source: stradoo GmbH (pictures: medisana.de, vitalconnect.com, and scanadu.com) 
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nutritional value, the level of physical activity, their 
blood pressure, and other relevant information 
in a calendar in order to monitor their lifestyle. 
Additionally, a Quiz function constantly trains the 
user’s knowledge about diabetes (see Figure 8).

There are also tools that optimize clinical 
administration for patients. In many healthcare 
systems, patients regularly face substantial 
waiting times to get a medical appointment. 
Arzttermine.de provides patients the chance to 
make doctor’s appointments 24/7, displaying all 
suitable doctors nearby. Arzttermine.de already 
cooperates with doctors from over 35 specialist 
disciplines in six major German cities (Berlin, 
Frankfurt, Hamburg, Munich, Cologne, Hanover.

The digital health market also offers devices 
targeted at assisting consumers in daily life 
and general health monitoring. Those include 
glucometers, thermometers and blood pressure 

monitors that can be connected to smartphones. 
Data from the devices can be stored digitally in 
the smartphone, displayed graphically and sent 
directly to doctors or other caregivers. Devices 
such as Vital Patch or Scanadu Scout (see Figure 
9) collect health data from various sources and 
send it directly to caregivers. Vital Patch is a small, 
wireless biosensor patch worn on the chest that 
can track vital signs and biometric parameters 
such as single-lead ECG, heart rate, heart rate 
variability, respiratory rate, skin temperature and 
body posture, including detection of falls and their 
severity. If the device encounters a severe problem, 
it automatically makes an emergency call. When 
placed on the forehead or touched with two 
fingers, Scanadu Scout can measure parameters 
like oximetry, heart rate and its variability, stress, 
blood pressure, or body temperature via a touch 
sensor, an infrared thermometer and a SP02 
(oximeter) sensor built in the device. 

15© stradoo

AliveCor detects indicators for strokes early
• The tools takes ECGs and tracks symptoms such as 

palpitations or shortness of breath, activities, and 
sleep

• It contains an FDA-cleared Atrial Fibrillation (AF) 
Detector, which immediately flags this leading cause 
of stroke in patients

Adhere Tech provides adherence support for patients
• Electronic pill bottles with built-in dose memory record the number 

and frequency of medication to monitor dose in-take
• Resulting data is transferred to a cloud platform in real-time to 

compare to prescription schedule
• If doses are missed, patients receive customized reminders via 

messages
• Thereby, the tool helps to monitor and enhance patient adherence

ALIVECOR IS AN EARLY WARNING SYSTEM FOR STROKES, WHEREAS ADHERETECH 
SUPPORTS PATIENTS IN ADHERING TO TREATMENTS

Figure 10 

Source: stradoo GmbH (pictures: alivecor.com, adheretech.com) 

Apps can make it easier for patients to live with their diseases 

• Five different mySugr Pro apps intend to 
support patients suffering from diabetes in 
their daily life (e.g. via training & feedback)

• Apps have ~3 million users globally
• Statutory health insurances start bearing the 

costs (e.g., in Austria)

• Logbook can capture blood glucose 
measurements from glucometers via  
smartphones

• Data can be synchronized, transferred, and 
saved

Source: My Sugr 13

QUIZ

SCANNER

JUNIOR

LOGBOOK

MYSUGR, ACQUIRED BY ROCHE DIABETES CARE IN 2017, PROVIDES 5 DIFFERENT APPS TO SUPPORT 
DIABETICS

Figure 8

Source: stradoo GmbH (pictures: mysugr.com, Google Play)
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Company HW/SW* Location Employees Revenues p.a. Net income Funding

Akili SW Boston, US ~122 ~$10.7 m - $301.1 m

Overview on Akili’s Service/Product Portfolio

• Providing targeted therapy for children, reflecting their specific needs & preferences
• Ensuring high adoption of EndeavorRx ® and high user satisfaction via user-centric 

product development processés and constant integration of feedback
• Limiting therapy costs due to avoidance of less beneficial medication

Benefits & key stakeholders profiting from Akili’s portfolio

Besides other highly innovative DTx in the pipeline, Akili has 
developed EndeavorRx®, a video game prescription therapy

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.)

* HW = Hardware; SW = Software

          
              

              

                  

AKILI‘S VIRTUAL GAMING SOLUTION PROVIDES NEW OPPORTUNITIES FOR TREATING ADHD IN CHILDREN

Figure 12 

Source: stradoo GmbH (pictures: akiliinteractive.com)

Purely software-based tools

There are also plenty of purely software-based 
innovative DTx solutions. EndeavorRx developed 
by Akili, for instance, is a video game indicated 
to treat primarily inattentive or combined-type 
attention deficit hyperactivity disorder (ADHD) 
in children between the ages of 8 and 12. While 
coaching tools and patient support programs were 
introduced to the market some time ago, this is 
the first FDA-approved video game treatment 
(approval in June 2020) [14]. Evidence has 
shown that EndeavorRx improves ADHD-related 
impairments after two months of treatment with 
no serious adverse events (see Figure 12) [15].

There are even digital tools for the diagnostic 
stage available on the market. Although 
laboratory tests are an important driver of many 
successful medical diagnoses, they are often time 
consuming and expensive, as they cannot be done 
without the patients visiting the medical practice 
or hospital. Digital health is starting to enable 
patients to conduct some less sophisticated 
tests on their own, allowing for more targeted 
and less time-consuming further diagnosis and/
or treatment by the healthcare provider based 
on the test results. Scanadu Urine tests patients’ 
urine for levels of glucose, protein, leukocytes, 
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There are many more hardware-based digital 
health devices. AliveCor, which is attached to 
the back of a smartphone or tablet, can take 
ECGs and track symptoms such as palpitations 
and shortness of breath. It is an FDA-cleared 
AF-Detector which immediately detects atrial 
fibrillation, a leading cause of stroke. Other tools 
can help improve therapy outcome and adherence. 
AdhereTech has developed an electronic pill 
bottle that measures the frequency and dosage 
of drug consumption (by measuring when pills are 
taken out of the pill box and how many), thereby 
monitoring therapy adherence (see Figure 10). 
The data is transferred to a computer, a smart-
phone app or a web-based platform in real time. 
If doses are missed, patients receive reminders.

Another prominent example, Propeller Health 
(see Figure 11) offers a smart sensor that can be 
attached to standard inhalers for the treatment 
of chronic obstructive pulmonary disease (COPD) 
and asthma [13]. The sensor collects and wirelessly 
transfers information about inhaler usage and 
biomarkers 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 AI-embedded algorithms, the app learns about 
patient’s symptoms and medication use and 
adapts the advice accordingly. The company also 
offers a portal for HCPs to monitor and obtain 
oversight of the generated data.

16© stradoo

Company HW/SW* Location Employees Revenues p.a. Net income Funding
Propeller 
Health HW + SW Madison, US ~116 ~$24.6 m - $69.9 m

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
• AI-based analytical software

• 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

Benefits & key stakeholders profiting from Propeller’s portfolio

Propeller Health is a mobile platform offering sensors & mobile 
apps for respiratory diseases as well as AI-based analytics

* HW = Hardware; SW = Software

          
              

              

                  

PROPELLER HEALTH OFFERS SMART SENSORS FOR INHALERS THAT MEASURE INHALER USAGE AND 
BIOMARKERS

Figure 11

Source: stradoo GmbH (pictures: propellerhealth.com)
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“I know that the exponential 
development of technology and 
its smart use will profoundly, 
positively impact the healthcare 
system in ways that are difficult 
to even imagine. Smart glasses, 
Augmented, Virtual and Mixed 
Reality will revolutionize the way 
we practice and teach medicine” 
Dr. Rafael Grossmann [16]
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nitrites, and other indicators for health in order 
to give early information about liver, kidney, and 
urinary tract function as well as other indicators 
for metabolic complications (see Figure 13). Since 
most patients and consumers would be unable to 
interpret these parameters on their own without 
professional advice, the connection to a smart 
device allows them to send the data directly to 
a specialist for further interpretation and the 
initiation of treatment.

Beside these innovative solutions, there are many 
other digital health apps like Regulora, leva, Virta, 
Sleepio, or Happify which focus on digital patient 

education, coaching, and remote patient support. 
The pharmaceuticals industry is an increasingly 
active player in the development and marketing 
of all of the presented tools here, either through 
financial and technical support or ownership. The 
hope of the industry is that the data provided 
by digital health solutions may help to generate 
better treatment outcomes.

• Scanadu urine is a disposable paddle that can be dipped into a urine sample
• The paddle itself is a medical device displaying biomarker concentration in

the urine via reaction-dependent color panels
• The connected Scanadu app reads and interprets color changes on the paddle

via the smartphone camera
• Results or information are displayed, stored, and shared in the app as well
• The urine test is intended to be mainly used for maternal and women’s health

Scanadu urine will test
• Glucose
• Protein
• Leukocytes
• Nitrites
• Blood
• Bilirubin
• Urobilinogen
• Microalbumin
• Creatinine
• Ketone
• Specific gravity
• Ph-Value

SCANADU URINE ALLOWS USERS TO INDEPENDENTLY CARRY OUT FAST HEALTH TESTS FROM URINE 
WITHOUT ANY INTERVENTION OF A PHYSICIAN

Figure 13 

Source: stradoo GmbH (pictures: scanadu.com)
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6. Payer-focused 
digital solutions in 
healthcare

Based on insights drawn from Real World Data, 
payers will be able to initiate measures to better 
steer the system and provide recommendations 
to doctors for ideal treatments or pathways for 
patients

36
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Caterna provides a simple solution for increasing 
adherence and reducing long-term therapy costs, 
it was the first app ever reimbursed by a German 
Statutory Health Insurance Fund (Barmer GEK). 

Concrete examples like Caterna are rare. 
Payers mainly profit indirectly from all mHealth 
approaches, rather than from tailor-made, payer-
specific solutions. Among these general tools, 
primarily disease prevention approaches such 
as Doctor Mole have the potential to reduce 
healthcare spending. As respective tools provide 
opportunities for early disease detection, they at 
least help to prevent the need for expensive late-
stage treatments or ideally prevent diseases and 
the associated cost entirely. The impact of such 
approaches is of course highest in indications with 
large patient populations such as diabetes, where 
apps like MySugr increase adherence, thereby 
reducing the expensive long-term complications, 
which can occur quickly in unmanaged diabetes. 

mHealth solutions for acute events such as 
AliveCor also have the potential to reduce the 
immense costs that arise from emergency 
hospital admissions, which are usually carried by 
payers.

Similarly, streamlining the administrative 
processes in physicians’ offices to reduce 
redundant and unnecessary interactions between 
physicians and payers can save money for payers, 
making approaches like Virtual Practice highly 
valuable for them. Every doctor’s appointment 
that can be replaced by a remote consultation 
with a physician (e.g. using Patient IO) saves 
costs for payers.

Digital health solutions in Research also represent 
a long-term yet ultimate benefit to payers, as 
ideally initiatives like Apple’s Research Kit help 
pharmaceutical companies to develop targeted 
new drugs that cure diseases once and for all.

CATERNA‘S SOLUTION OFFERS VISION THERAPY FOR CHILDREN VIA A SMARTPHONE APP

Figure 14

Caterna

19© stradoo

• Caterna’s app is a digital vision 
therapy that is run on tablets, 
smartphones, or laptops

• The app is available online so that 
patients can work on improving 
their vision every day from 
everywhere

• Primarily intended for children, 
Caterna’s solution is designed like 
a game to increase adherence

Source: stradoo GmbH (pictures: caterna.de)

6. Payer-focused digital solutions in healthcare

Payers have become essential shapers of the healthcare 
market, taking over a more and more active role in healthcare 
management based on digital solutions that are providing new 
opportunities for decision-making leveraging RWE   

Beside regular CDx intended for patients, there 
are also several tools on the market aiming to 
provide benefits to payers in the pharmaceutical 
industry. These payers, along with regulatory 
stakeholders, play an increasingly important role 
in healthcare, as they have developed into active 
governance bodies, monitoring drug efficacy and 
healthcare spending more stringently than in 
the past. Since they are ultimately interested in 
reducing healthcare costs, payers actively support 
solutions for disease prevention, adherence 
maximization, and streamlining of Research 
processes.

In this context, digital health tools provide benefits 
to payers in the form of cost prevention as well as 

knowledge gain. They offer solutions for the early 
detection of diseases, enabling prevention of 
severe disease progression and the requirement 
for costly therapeutic intervention. Another field of 
application is patient adherence tools to enhance 
effectiveness of therapy. Both approaches of 
integrating digital tools into healthcare generally 
lead to a cost reduction in diverse parts along the 
healthcare value chain, from clinical studies to 
appointment frequencies with treating physicians 
or practice administration. 

Caterna, for example, have developed an app for 
the treatment amblyopia (lazy eye) in children 
that can be used on smartphones, tablets, 
or other mobile devices (see Figure 14). As 
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7. Big Data & AI as 
a paradigm shift 
in pharmaceutical 
R&D  

Big Data & AI are breaking traditional frontiers of 
pharmaceutical Research & Development exploring 
science deeper and faster than ever before

40



development pipeline are applied to the affected 
cells. When such correlations are understood early, 
high-potential drug candidates can be identified 
and followed-up on throughout the Development 

process. Thus, AI-supported drug discovery has 
the potential to save pharmaceutical companies 
hundreds of millions of dollars.    

Deep learning & in-silico solutions 
in pharmaceutical Research

7. Paradigm shift in pharma R&D through Big Data & AI

One of the most exciting assets in the digital pharma 
R&D market is Schrödinger’s Research platform. 
Through its unique setup and functionalities (see 
Figure 15), it integrates stand-alone solutions 
for predictive physics-based modeling with data 
analytics and digital collaboration tools, enabling 
rapid exploration of potential drug candidate 
formulations in the chemical space. The platform 
helps to predict molecular behavior based on 
sophisticated mathematical models (e.g. binding 
activity of components with a target protein). 
Equipped with a constantly learning algorithm, 
Schrödinger analyzes as-is data and derives 
forecasts from trends in historic data. 

These forecasts are later used to modulate and 
predict clinical outcomes in a virtual setting. 
As part of this process, machine learning (ML) 
techniques continuously improve the algorithm’s 
ability to predict the unknown. Schrödinger uses 
its platform to develop its own pipeline but also 
provides access to other market participants. 

Berg Health is taking a different approach to 
enhance pre-clinical and clinical Research by 
deriving potential drug targets and candidates not 
from phenotypes, but rather from human biological 
profiles and samples. Often, insights drawn from 
the use of the solution are first-in-class molecular 
entities. The company’s solution contains two sets 
of AI-based platforms that can be leveraged 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 mimic 
diseased and healthy cell environments. From 
these cultures, samples containing information 
on lipids, metabolites, proteins, and genes are 
taken and OMICS data from various biofluids is 
measured. Based on the obtained biological data, 
Berg’s Interrogative Biology® platform employs 
several high-throughput technologies for in-silico 
molecular profiling and modeling, incorporating 
clinical information from EMRs.
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Impact and use cases in pharma 
R&D

7. Paradigm shift in pharma R&D through Big Data & AI

With returns on R&D expenditure continuously 
decreasing, a disruptive 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 AI-driven tools, has also been initiated. 
There are many use cases for AI across multiple 
processes early on in the pharmaceutical value 
chain to better analyze and identify patterns in 
large, complex databases. Computational power 
and AI play an important role. AI and machine 
learning (ML) technologies have been integrated 
into many digital platforms, transforming the way 
decisions in Research are made. Public and private 
institutions are investing in better infrastructure 
for data management and processing. As an 
example, the European Commission recently 
launched the EU4Health program, aiming to raise 
USD 6 billion to strengthen the resilience of EU 
healthcare systems and their data as well as to 
promote AI-driven medical innovation and digital 
transformation [17]. 

The deep learning capacities of AI-supported R&D 
tools enable systems to detect characteristics 
and patterns based on historic data which 
would be unrecognizable to the human eye. 
Via computational experiments, researchers 
investigate and simulate disease mechanisms 

that are not yet fully understood, increasing 
the probability of success in drug discovery. For 
instance, algorithms investigate the potential of 
drug candidates in a given area of application – 
data-driven and in-silico – based on mathematical 
and statistical models. 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 [18]. Meanwhile, manual investigation 
would require lengthy laboratory experiments 
yielding a total throughput of just up to 10,000 
evaluated compounds in a time frame of roughly 
five years [19]. As a result, the drug discovery and 
pre-clinical study phase in pharmaceutical R&D 
can be reduced from several years to less than 
18 months, while simultaneously increasing the 
number of candidate compounds evaluated [20]. 

Not only the quantity, but also the quality of 
Research in healthcare can be improved via 
digital applications. While manual measurement, 
documentation, and evaluation of specific 
biomarker data can be faulty, computational tools 
apply constant standards in all environments and 
carry out the work multiple times faster without 
the need for real-world sampling performed by 
humans. Some of the available algorithms even 
determine to what extent disease mechanisms are 
affected when substances and compounds in the 
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AI-BASED 3D PROTEIN STRUCTURE SIMULATION USING 
ALPHAFOLD

Figure 17 

BAICIS ENABLES RESEARCHERS TO PREDICT CLINICAL OUTCOMES 
OF TREATMENT WITH INVESTIGATED DRUG CANDIDATES BASED ON 
MULTI-SOURCE DATA MODELS

Figure 16

Source: stradoo GmbH, Berg Health

Source: github.com (entry on AlphaFold)

sequences, leap-frogging scientific discovery by 
leveraging a computational model to build 3D 
protein structures within seconds (see Figure 17).

AlphaFold’s success became possible due to two 
major contributing factors: first, the increasing 
amount of experimentally determined protein 
structures covering a large amount of the 
theoretical protein structure space and, second, 
advances in the design and training of deep-
convolutional neuronal networks which are 
trained on massive amounts of structured data. 

In essence, AlphaFold creates the foundation for 
subsequent in-silico & AI-based tools supporting 
pharmaceutical Research. Due to its significant 
importance for the pharmaceutical industry, the 
Google-owned company provided its protein 
structure prediction algorithm as open-source 
software last year. Since then, the AlphaFold 
database has grown by the factor 200, containing 
200M+ protein structures across different 

organisms today. Out of those, 20 million unique 
proteins have been identified in the human body so 
far, each with an individual 3D shape determining 
the proteins functionality and purpose. 

The unique selling proposition (USP) 
of the Syntegra Medical Mind platform 
is the generation of artificial health 
and patient records. Syntegra, like 
its competitor Owkin, addresses 
the pressing data security issue in 
healthcare. The application reads and 
analyses the underlying statistical 
distribution of anonymized, structured 
healthcare data (EHR, genomics, 
etc.) based on real-world samples. 
An embedded algorithm with ML 
capabilities reflects on this data input 
in the form of a temporal sequence 
of medical events and generates 
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These molecular profiles are then fed through the 
second analytical platform, bAIcis® (see Figure 
16). The tool, based on Bayesian models, creates 
cause-and-effect networks for investigated 
diseases and the respective biomarkers as well 
as a map of healthy and diseased cells in order 
to identify discriminators, drivers, and risk factors 
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. Berg 
Health are also relying on their own 
product pipeline as well as enabling 
access for other drug developers in 
the form of strategic co-operations.

DeepMind’s AlphaFold solution aims 
to solve one of the most fundamental 
and challenging problems of 
pharmaceutical Research and drug 
discovery: determining the structure 
of proteins identified as potential 
targets for therapies. In his 
seminal paper in 1961, the American 
biochemist Anfinsen described the 
fundamental principle that the 
amino acids sequence is sufficient to 
define the 3D structure and thereby 
function of a respective protein. 
However, concrete governing rules remained 
elusive for a long time despite significant effort 
from biologists and biochemists. Precisely 
predicting 3D structures for proteins solely based 
on their primary sequence was impossible.  

For rational drug design, this posed the challenge 
that time-consuming, costly and potentially 

even unsuccessful experimental processes were 
required to determine the 3D protein structure 
by methodologies like X-Ray crystallography, 
NMR, or high resolution cryo-electron microscopy. 
Regularly conducted contests for theoretical 
prediction algorithms, mostly homology-based 
theoretical modelling approaches, showed gradual 

improvements over the past two decades but 
approaches still lagged far behind the required 
precision.

During the past two years, AlphaFold significantly 
advanced accuracy of the solely sequence based 
predictions though. Today, reliable protein 
structures are accessible for nearly all protein 

Schrödinger

20© stradoo

Structural 
Biology 
Analysis

Experimental

Machine Learning

Large-scale, 
cloud-based 

data management 

Structure-
function 

relationship 
analysis

In-silico 
multivariate 
optimization

Hit 
identification 
& compound 

evaluation

Candidate 
Development

Physics & 
Machine Learning

Physics & 
Machine Learning

Machine Learning

Experimental

Large-
scale drug 
candidate
ideation

Synthesis 
& Impact 

Evaluation 
(Assay)

SCHRÖDINGER‘S PLATFORM MASSIVELY INFLUENCES THE WAY (PRE-) 
CLINICAL RESEARCH FOR CANDIDATE DEVELOPMENT IS CONDUCTED   

Figure 15

Source: stradoo GmbH, Schrödinger
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MEDABLE PROVIDES A HOLISTIC ENVIRONMENT FOR DATA MANAGEMENT IN CLINICAL DEVELOPMENT

Figure 19

Source: stradoo GmbH, Innovationsoftheworld.com

RWE and self-learning algorithms 
in Clinical Development 

Similar to processes in early Research, Clinical 
Development is also undergoing a major change 
with extensive usage of Big Data and self-learning 
algorithms. Real World Evidence is becoming the 
new paradigm in Clinical Development. Countless 
digital platforms are being implemented to 
facilitate the decentralized processing and 
analysis of Big Data. Improved data analysis 
opportunities based on AI models support 

developing companies in designing in-silico 
clinical trials and in providing high-quality clinical 
decision support to enrolled clinical centers. In 
the modern ages, AI-integrated technologies 
are replacing older trial-and-error approaches 
to resolve problems encountered in many areas 
such as trial formulation design (e.g. stability 
issues, dissolution, porosity), patient enrollment, 
and quality control. The following segment will 
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Syntegra platfrom

23© stradoo

Biometrics

Genomics

Imaging

Treatment

…

EHR

HCP notes

Registries

Syntegra Medical Mind platform

1. Statistical 
Distribution Analysis

2. Statistical Model 
Prediction

3. Synthetic Data 
Development

4. Quality Check & 
Validation

Synthetic Data

THE UNIQUE SELLING POINT OF SYNTEGRA‘S SOFTWARE SOLUTION FOR R&D IS THE POSSIBILITY OF 
SYNTHETIC DATA GENERATION

Figure 18

Source: stradoo GmbH, Syntegra

completely new data records derived from 
the learned distributions (see Figure 18). The 
application leverages advanced language models. 

The format of the resulting synthetic data matches 
the original data. Furthermore, all statistical 
properties are maintained, even rare cohorts 
and outliers. Creating synthetic patient records 
enables pharmaceutical Research without the 
need to retain or continuously access any actual 
patient information. Once an entire dataset has 
been re-created, the algorithm independently 
checks the quality of the results and thus learns 
from deviations from the originator dataset. 
Thereby, the application continuously improves 
with every dataset it works with. 

Alongside the examples listed above, there 
are multiple companies with similar business 
models still in the build-up phase of AI-driven 
algorithms to support Research. One of them is 
AICure, who have developed the AiCure platform 
that is characterized by the dynamic bundling of 

disparate data sources into one database. The tool 
correlates previously unrelated data endpoints 
and translate them into meaningful, actionable 
insights for large-scale Research projects. 

Evidation’s App is a tool which continuously tracks 
health parameters and connects individuals and 
healthcare companies for Research purposes. It 
encourages patients to participate in projects 
and studies to design, test, and deploy digital 
health programs on the one hand and functions 
as a source of RWD for healthcare companies 
on the other. The evolution of companies such 
as Cellarity, Deep Genomics, Komodo Health, 
Atomwise, Path AI, and many others, which are 
all aiming to digitally enhance pharmaceutical 
Research, will equally be interesting to follow 
closely.
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involving multiple R&D functions. Especially with 
regards to drug application submissions, the 
company’s tools also leverage the power of AI. 
During the creation of dossiers, the software is 
able to analyze unstructured data (e.g. clinical 
trial result reports), derive the key messages and 
convert that input into usable text or graphic 
elements for a standardized dossier structure. A 
major benefit of implementing Veeva is also the 
simplified data management in R&D. 

Benchling, a US-based company worth USD 6.1 
billion, is also active in this segment providing an 
informatics platform to centralize and standardize 
all R&D data.   

GNS Healthcare’s product portfolio builds upon the 
increasing availability of multi-omics and clinical 
data to create virtual patients (digital twins) for 
Clinical Development. Based on historic, real-
world training data on patient characteristics, the 
company’s algorithm generates randomized, in-
silico representations (Gemini) of patient records, 
which reflect multi-faceted patient characteristics 
(incl. complex genetic and molecular mechanisms 
and pathways). For that, GNS Healthcare 
leverages reverse-engineered causal networks 
connecting gene expressions, metabolites, and 
clinical data. Due to their artificial nature, digital 
twins can be used to investigate individual 
phenotypes and simulate entire disease models 
at an individual patient level without causing 
data privacy issues. Such disease models 
based on a completely virtual study population 
may even include information about disease 
progression and drug response based on the 
biometric profile of the respective patient. Clients 
using GNS Healthcare’s technology are able to 

discover novel, personalized drug targets without 
the need for extensive real-world studies. GNS 
Healthcare can also simulate entire clinical trials 
using these Gemini. The company Unlearn follows 
a similar business model, organizing small clinical 
trials with digital twins. Both technologies provide 
a solution for healthcare companies to deal with 
recruiting issues in clinical trials.

But digital twins are not the only solution to 
the problem. Software providers like Deep 6 AI 
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 RWD (e.g. patient 
records) to generate representative, sufficiently 
sized populations for clinical trials, customized 
to the client’s research question. The software 
screens and mines millions of datasets, mapping 
structured and unstructured data to gain a 
clear understanding of each individual potential 
participant. All of this is done in real time using 
AI algorithms, so that no extensive pre-planning 
of study populations for clinical trials is required. 
Although their products may not be as innovative 
as the other examples above, Deep 6 AI and Trials.
ai still provide solutions to problems faced by 
many stakeholders in Clinical Development today. 

From a user perspective, Apple’s Research Kit – 
causing a lot of excitement after the introduction 
by Apple´s CEO in a press conference – gives an 
impression of the opportunities digital health 
offers for R&D organizations as well as of the 
future role of Big Data in healthcare (see Figure 
21). Currently, the Research Kit includes several 
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STAKEHOLDERS TO COLLABORATIVELY OPTIMIZE CLINICAL 
OPERATIONS

Figure 20

Source: stradoo GmbH, (pictures: veeva.com)
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introduce some innovative companies that have 
the potential to shape this industry.

Medable, for instance, is a company worth USD 
2.1 billion providing cloud-based Software-as-a-
Service (SaaS) solutions to solve common issues 
in decentralized clinical trials (see Figure 19). 
In essence, the company offers a platform for 
researchers, startups, pharmaceutical companies, 
payers and academia to centrally manage and 
administer clinical trial data generated in multiple 
clinical sites across the globe. The platform can 
be used to create and provide secure, compliant 
healthcare applications in the cloud. These 
applications are hosted directly on the platform. 
To name just a few possible use cases, Medable’s 
solution could contain applications that support 
patient engagement in the clinical context, 
targeted to the client’s need with access for all 
involved stakeholders (e.g. local clinics) across the 
globe. Alternatively, personal health information 
could be stored on the Medable platform in a 
secure environment in the cloud without violating 
the Health Insurance Portability and Accountability 
Act (HIPAA) and other compliance regulations [21]. 

Generally, the company aims to connect multiple 
patient data sources relevant for Clinical 
Development purposes, store the respective 
data in a platform that is accessible in real-
time for all involved parties and yet still safely 
protects the raw data from unauthorized use. 
Via their solution, Medable intends to simplify 
the trial experience by offering an intuitive data 
experience for all trial stakeholders. Although the 
platform itself is not based on any self-dependent 
algorithms, many of the add-on tools leverage 
AI for individual tasks. These primarily include 
solutions to convert patient data from multiple 
sources into one data warehouse. Reify Health 
follows a similar business model. Via cloud-based 
software solutions like StudyTeam, a technology 
platform for optimizing patient recruitment and 
enrollment, and CareAccess, a support application 
to conduct decentralized trials at scale, the 
company aims to change the way in which clinical 
trials are run. 

When talking about software providers for 
smart data management solutions in pharma 
R&D, Veeva Systems needs to be named as 

one of the most impactful players in the 
industry (see Figure 20). The company’s 
solutions have been implemented in almost 
all Big Pharma organizations across the 
world, ranging from customer relationship 
management (CRM) systems for commercial 
purposes to quality management, regulatory 
intelligence, marketing material management, 
drug application management and clinical 
operations tools for R&D and Medical 
departments. Through their targeted expertise 
in the pharmaceutical industry, Veeva enables 
users to streamline workflows and processes 
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LANDSCAPE OF AI SOLUTIONS IN HEALTHCARE AND ESPECIALLY IN HEALTHCARE R&D CONTAINS MANY 
MORE TOOLS THAT HAVE NOT BEEN ANALYZED IN DETAIL IN THIS BROCHURE

Figure 23
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Source: DataRoot Labs
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Patientslikeme – one of the largest and most 
active patient networks online – has turned out to 
be not only a useful website for patients to share 
their stories with others but also, in turn, a source 
of data for the pharmaceuticals industry (see 
Figure 22). Patientslikeme has closed contracts 
with pharmaceuticals companies to provide them 
access to de-identified, aggregated patient data, 
giving insights into the reasons for choosing 
certain medications, treatment satisfaction, 
side effects etc. Mobile health has and will 
become an even more important instrument in 
pharmaceutical Research.

Alongside these more advanced companies, there 
are also early-stage start-ups like Castor EDC, 
Circuit Clinical, DQueST, Flywheel, or Overwatch 

pushing into the market. Although they already 
show great potential, it is still too early to evaluate 
their impact on global clinical operations and so 
they will not be presented in further detail in this 
article. The graphic below provides an extensive 
list of companies offering AI-based solutions in 
healthcare though, many of which focus on R&D 
(see Figure 23) [22].
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apps which all collect data from different 
target patient groups. Share the Journey aims 
to better understand symptoms after breast 
cancer treatment, Gluco Success 
explores how diabetic patients and 
their symptoms are influenced by 
their personal lifestyle. Parkinson 
mPower collects data to increase 
knowledge about Parkinson’s, 
while users of MyHeart Counts 
upload cardiac health and fitness 
data for researchers. Asthma 
Health supports asthmatics with 
their daily life and transfers the 
uploaded data to researchers in 
the field of respiratory diseases. 

All such apps create incentives 
to share personal information 
online and make it a part of Big 
Data in the cloud. All data can be 
synchronized with Apple Health, 
which pools health and fitness data 
such as physical activity or use of 
medication from other connected 

apps. Additionally, the apps encourage users 
to carry out tasks in order to obtain even more 
information about their individual health and 
disease. Users of Asthma Health will share the 
frequency of asthma symptoms, their influence 
on their daily life, etc., and users of Parkinson 
mPower will conduct short activity-based tests 
such as memory games, finger tapping, voice 
recording, and walking.

The fact that Apple is planning to exploit the 
potential of mobile health is certainly a strong 
indicator of mHealth’s potential and its future 
role in collecting Big Data for the pharmaceutical 
industry. Other platforms have begun even earlier 
to make use of the data posted by patients online. 

CONSUMERS UPLOAD HEALTH DATA IN SOCIAL NETWORKS SUCH AS 
PATIENTSLIKEME, MAKING IT AVAILABLE FOR ANALYSIS

Figure 22

Source: stradoo GmbH (pictures: patientslikeme.com) 

Apple Research Kit
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APPLE‘S RESEARCH KIT PAVES THE WAY FOR THE 
EFFICIENT USE OF BIG DATA IN PHARMA RESEARCH

Figure 21

Source: stradoo GmbH (pictures: apple.com)
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GetWellLoop
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• Tool for remote access to all patients treated by physician
• Ability to monitor disease progression between visits
• Alert system displaying extraordinary events to enable physicians to react or call the patient 

in during emergencies

GETWELL LOOP APPLICATION FACILITATES REMOTE ACCESS TO PATIENTS FOR PHYSICIANS 

Figure 25

Source: stradoo GmbH (pictures: athenahealth.com)

8. Digitally enhanced care management

• Creation of individual
treatment plans

• Synchronization with Apple
Health Kit enabling patients
to collect their own data and
to share it with their doctor

• Alert function for patients to
fulfill their tasks and for
doctors in case of an
emergency

Intuitive 
home page

User-friendly 
actionable inbox

Detailed 
patient records

PATIENT IO HELPS PHYSICIANS TO SET UP TREATMENT PLANS AND TO IMPROVE PATIENT 
ADHERENCE

Figure 26
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Source: stradoo GmbH (pictures: getwellnetwork.com)

Using various offers for digital process transformation, 
caregivers and physicians can improve management of  their 
patients’ lives resulting in improved quality of life 

Finally, digital health also has the potential to 
improve the daily practice of physicians in many 
respects, be it in general practice management, 
directing patients, applying the right treatment 
policies and decision trees or simply monitoring 
the patient and having permanent access to an 
electronic patient file. Pharmaceutical companies 
are often interested in including such offerings 
into their Marketing and Sales campaigns as 
complementary products to their medicine. 

NeedStreet with their app Virtual Practice for 
Healthcare Providers [23], PatientIO (acquired 
by athenahealth in 2016 and now integrated 
into athenaOne) [24] and GetWell Loop [25] – 
to name just a few – provide tools which help 
doctors manage processes in their medical 
practice more efficiently. Serving as an interface 
between doctors, patients, and medical staff, 
they give 24/7 access to patient health data, can 
monitor patients remotely, answer questions 
via online consultations, or coordinate physician 
appointments which can be made by patients 

during times in which 
doctors offer online-
presence. Additionally, 
physicians can also 
create individual 
treatment plans for 
their patients and use 
the app to monitor 
patient compliance. A 
reminder helps patients 
to fulfill their treatment 
tasks. As an additional 
feature, patients as 
well as doctors can 
contact each other via 
secure messaging.

VIRTUAL PRACTICE IS AN EXAMPLE OF MHEALTH’S ABILITY TO STRUCTURE PRACTICE 
PROCESSES FOR HEALTHCARE PROVIDERS

Figure 24

8. Digitally enhanced care management

Source: stradoo GmbH (pictures: needstreet.com)

Virtual practice
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Virtual Practice helps doctors to engage and communicate 
effectively with patients requiring chronic care via mobile devices
• Anytime access to patient health data and records
• Personalized remote health monitoring
• Real-time management o  patients’ q estions
• Health network for healthcare communication
• Convenient medical appointment management
• Online medical presence management
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9. The digital 
revolution will 
change the face of 
the whole industry   
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are primarily 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 legislative bills such 
as the EU General Data Protection Regulation 
(GDPR) – which applies independently of pharma 
or healthcare and is binding to all companies 
across industries. These legislations restrict the 
space in which data processing tools can operate. 
Especially the ability to share actual patient data 
among researchers was made almost impossible, 
as in most cases HCPs were required to obtain 
the individual consent of all patients represented 
in a specific data set. As a result, despite having 
the technological capabilities to build up large 
data platforms for R&D, such tools provided 
limited benefit to the community, because they 
could not generate sufficiently large data sets. 
Recently, however, healthcare-specific regulations 
have been adapted in more countries to enable 
innovations like electronic health records (EHR). 
Furthermore, tool providers have increased their 
efforts in anonymizing and de-personalizing data 
for common use. Nevertheless, it still requires 
substantial effort from all involved stakeholders 
to remove all skepticism and hesitation with 
regards to data privacy. 

Despite these challenges, new, advanced 
technologies have been developed to not only 
diversify treatment opportunities for patients 
and HCP, but also support players in handling 
the huge amounts of data that are available in 
the market. Through these additional capabilities 
more evidence-driven and target-oriented 
decisions can be made. Researchers are able to 
investigate the biological, chemical, and physical 

structure of the human body on a much deeper 
and more sophisticated level. Computational 
experiments allow for comparison of healthy 
and infected cells in large scale over time. AI-
driven algorithms combine the results of these 
experiments with Real World Big Data to derive 
meaningful conclusions for drug development. 
This not only increases the likelihood of successful 
product development, but it also ensures that 
new medication in complex therapeutic areas is 
personalized to the needs of different patient 
groups. The same holds true for clinical decision 
support based on RWD models.

Life Science and healthcare companies are 
inclined to be open to this change in order to 
utilize new approaches for their own benefit. 
Building up capabilities internally or via strategic 
partnerships helps, as there is no doubt that 
digital health holds great potential to change 
the face of healthcare. Stakeholders have high 
expectations and are willing to contribute. The 
question for all stakeholders in the healthcare 
arena is not whether but rather how they will be 
influenced by, take part in and, hopefully, profit 
from digital health solutions.

The applications mentioned above are just a few 
examples of the magnitude of offerings that 
have entered the market in recent years. Most of 
them address patients or physicians, supporting 
patient management, adherence, and outcome. 
In many cases, tools are already sponsored 
and leveraged by the healthcare industry which 
has a vital interest in guiding doctors towards 
increasing patients’ adherence and helping them 
to follow the recommended prescription routes. 
The industry has started to use digital health 
applications as an addition to their offerings to 
physicians and patients. 

Despite the very high failure rate of apps in the 
market, a few groundbreaking applications will 
become an integral part of any serious offering 
for patients to manage their disease. This will 
also lead to caregivers and payers taking a 
stronger interest in the funding of digital health 
in the future. With the development of more 
integrated models of prevention and care for 
every disease, we will see apps developing to 
become standard and routine components of a 
complete therapeutic offering.

In conclusion, looking at the introduction of both 
new products and services like DTx and DDx and 
R&D-related tools, it is obvious that healthcare 
and all related stakeholders can benefit massively 
from the digital transformation. Data shows that 
we have just begun to scratch the surface when 
it comes to exploiting the full potential of digital 
health up until now. According to market reports 
by Grand View Research, from 2022 to 2030 a 
CAGR (Compound Annual Growth Rate) of 26.1% is 
expected globally for DTx [12]. Recent innovations 
and upcoming launches present a clear picture of 
a diversifying value generation among DTx tools. 
However, growth has been partially hindered in 
the past due to a lack of general regulation in 
many countries, which has led to confusion with 
regard to reimbursement decisions for digital 
health tools. 

One of the reasons for the lack of digital maturity 
in the industry is that until recently, providers 
struggled to find solutions to comply with the 
regulatory and legal requirements while developing 
new digital health applications. Often, digital 
health applications require to collect, process, 
and store health data. Meanwhile, authorities 

9. Value proposition: Potential of digital to re-shape the market

Apps, Big Data, AI, In-Silico Clinical Trials, RWE, and self-learning 
algorithms for smart Clinical Decision Support tools are only 
the beginning of a journey to fully change the face of a whole 
industry
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6Automatic Image Recognition has become part of clinical routine in many 
indications and often can be more precise when it comes to detecting 
abnormalities and deducing the correct diagnosis

7Payers in more and more regions across the globe are exposed to 
electronic records and tools which allow to evaluate Real World Data 
to define treatment guidelines and manage care overseeing whole 
populations

8In-silico Modelling of proteins and even biological processes as well as 
mimicking whole molecular environments of humans have improved speed 
and depth of Life Sciences Research by magnitudes

9Clinical Development does not only profit from better Center Management, 
improved Recruitment, and clinical Monitoring via digital tools but is now 
also in a position to build Virtual Control Arms for clinical trials from real 
world data

10What we are seeing today is only the tip of the iceberg in digital 
transformation. A lot has been achieved in recent years but much more is 
yet to come and will be changing the face of the whole sector including 
disruptions by technology players entering healthcare from the outside
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10 KEY LEARNINGS FROM THE USE OF DIGITAL IN HEALTHCARE

5The combination of medical devices with Artificial Intelligence creates a 
completely new class of products beyond pure Pharma or MedTech 

4Physicians steer patients more effectively and safely using digital tools 
which not only increase quality of care but also provide plenty of efficiency 
gains in diagnosis and therapy    

3Self-learning algorithms can personalize care even further and guide 
patients based on their individual profile and behavior

2Patients experience many advantages with digital health solutions allowing 
for better adherence, higher quality in care, improved communication with 
their physicians, and keeping their disease under control

1The digital transformation in healthcare has already started to affect all 
stakeholders, offering substantial benefits to patients, payers, physicians, 
as well as to industry partners
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