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Introduction

“By driving changes in patient 

behaviour, digital biomarkers 

can generate superior health 

outcomes and they also enable 

new engagement models.”

Molecular biomarkers have been instrumental in transforming innovation and 
clinical practice in several therapy areas by enabling precision medicine, most 
notably in oncology. With the relentless rise of digital health, we are witnessing 
the emergence of digital biomarkers – novel, objective and quantifiable, 
patient-generated measures of physiology, behaviour, cognitive function 
and mood that are captured via connected digital devices. For example, we 
are seeing innovative applications of voice digital biomarkers in detecting 
anxiety or depression, even in COVID-19 infection screening, while digital 
biomarkers related to movement, balance and dexterity are increasingly used 
in monitoring and assessing manifestations of neurological disorders. 

Just as with their traditional, molecular counterparts, 

digital biomarkers have equally transformative 

potential. They can be a source of near real-time, 

previously inaccessible evidence and novel patient 

insight, to accelerate clinical research or inform better 

diagnoses and personalised treatment decisions.  

By driving changes in patient behaviour, digital 

biomarkers can generate superior health outcomes 

and they also enable new engagement models – 

continuous, anytime, anyplace – between patients and 

healthcare professionals, but also with pharmaceutical 

companies, regulators, payers and technology players, 
in a truly patient-centric healthcare ecosystem.

In this white paper, we will discuss the latest trends in 
digital biomarkers, their emerging applications and 
explore opportunities this creates for pharmaceutical 
companies. We will address key questions, such as: 
What determines the development path for digital 
biomarkers? What barriers need to be overcome for 
their widespread adoption? What new capabilities are 
required to seize the digital biomarker opportunity? 
And what role do technology partnerships play? 

8 
billion

Connected devices globally  
in 2020, set to double  

over the next five years1
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The rise of digital biomarkers 
The convergence of several trends in recent years, 
increasing both supply and demand, has driven digital 
biomarkers to reach a tipping point. Technology 
enablers have matured while the pharmaceutical 
industry, and health systems more broadly, are in 
urgent need of new solutions to alleviate the serious 
pressures they are facing. 

The COVID-19 pandemic has made many of those 
pressures acute, for example, social distancing and 
lockdowns had an immediate and significant effect on 
patient journeys to effective diagnosis and treatment, 
causing disruption even in serious conditions, such as 
cancer, and driving demand for remote healthcare, while 
having a detrimental impact on the mental health of 
many. As such, the pandemic has acted as a catalyst for 
accelerating the need for digital biomarkers as potential 
solutions to those challenges.

The growing feasibility of digital biomarkers is driven by a 
combination of technology, data and analytical enablers:

•  Advances in sensor technology embedded in (mobile) 
digital devices are enabling new functionality for 
the remote capture of novel digital measures, often 
continuous and in real-time, both within a controlled 
clinical setting and in a patient’s everyday life.

•  With over 8 billion connected devices globally in 
2020 and that number forecast to double over the 
next 5 years1, the proliferation of digital tools, such 
as smartphones, wearables or smart speakers, is 

expanding the reach of digital biomarkers, making 
large patient populations accessible for potential  
data collection.

•  Growing connectivity allows the consolidation of digital 
measures captured for each patient across different 
collection points, and over time, for a comprehensive, 
longitudinal digital health footprint, but also across 
different patients into large, integrated population-
level data sets. Both are critical prerequisites for 
turning raw data into evidence and insight.

•  Increasingly powerful analytics, including AI and 
machine learning, are enabling the handling of large, 
even unstructured data sets to derive novel insight. 
Particularly important is the ability to integrate and 
link digital biomarkers with other health data sets, for 
example real world data such as EMR, registries or lab 
data, to allow the interpretation, and correlation, of 
digital biomarkers in the relevant context of patient 
characteristics, disease state, interventions and 
clinical outcomes.

At the same time, challenges faced by both the 
pharmaceutical industry and health systems have 
created strong demand for digital biomarkers as 
potential solutions:

•  Already before the pandemic, pharmaceutical 
companies were facing increasing P&L pressures, with 
R&D costs and cost of goods sold (COGS) growing 
faster than net revenue, at 5-year CAGR (2014-19) of 
5.1%, 4.1% and 2.8%, respectively2, threatening the 
sustainability of their economic model. COVID-19 has 

Figure 1: Digital Biomarkers: Convergence of Sensors, Devices, Connectivity – Neurology Examples

*Vigilance refers to the ability to sustain attention on a task and is a measure of overall attention
Abbreviations: IMU – Inertial measurement unit, PPG – Photoplethysmography, ECG – Electrocardiogram, GPS – Global positioning system, VR – Virtual Reality

  

Source: IQVIA European Thought Leadership
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exacerbated those pressures, for example, with many 
new product launches struggling to fulfil their potential 
as a consequence of lockdowns, social distancing and 
patient backlogs, the impact of which will be felt well 
into the post-pandemic period. This has only increased 
the need for efficient, digitally-enabled processes, e.g. 
virtual clinical trials.

•  Breakthrough innovation in some areas of high 
unmet need has stalled, e.g. neurological and mental 
health disorders in the last decade. In the absence of 
reliable and practical traditional biomarkers, novel 
indicators are needed to diagnose patients and better 
understand, even predict, the natural history and 
progression of disease, which often involves subtle 
cognitive or behavioural changes that manifest 
themselves in patients’ everyday life. In addition, 
clinical research into CNS disorders typically relies 
on investigator-rated, scale-based endpoints, which 
are subjective and have limited relevance in routine 
clinical practice.3

•  Health systems have been under financial pressure for 
some time, which the pandemic only made worse. As 
such, they exercise increasing scrutiny around value, 
demanding more proof of patient-relevant benefits 
from manufacturers, along the entire product lifecycle 
and under real world conditions. 

•  Furthermore, in search of cost savings, health systems 
are looking for efficiencies in patient engagement, such 
as telehealth and remote monitoring, including the 
capture of meaningful measures of health, to facilitate 

the shift towards the patient’s home as an increasingly 
important setting of care delivery. COVID-19 has 
dramatically accelerated this trend, as illustrated by a 
30-fold increase in telehealth consultations in the US 
over the course of 2020.4

Collectively, these forces of supply and demand are 
fuelling the rise of digital biomarkers. This is exemplified 
by the findings from a pragmatic PubMed search we 
performed which shows a two-and-a-half and three-
fold increase over the past 5 years in the volume of 
publications related to digital biomarker use in clinical 
trials or observational studies and in measuring 
health outcomes, respectively, while one recent study 
quantifying the use of connected digital devices in clinical 
research found a 5-year CAGR of 34% and >1,100 relevant 
trials per year from 2017 onwards.5 

According to the Digital Medicine Society’s (DiMe) 
public database, digital biomarker use in industry-
sponsored, interventional clinical trials, to date, has 
been concentrated in a small number of therapy areas, 
with pulmonology, neurology, diabetes and cardiology 
combined accounting for nearly three quarters, while 
phase 2 and phase 4 trials dominate, each representing 
about one third of digital biomarker use.6

As digital biomarkers are coming of age, they create 
a range of unique opportunities for pharmaceutical 
companies to transform core business processes, 
generate novel, deeper patient insight and more 
compelling evidence, and ultimately enable a more 
patient-centric model. 

Figure 2: Digital Biomarker Landscape: Use in Industry-sponsored Interventional Studies, 2005-2020 
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Source: The Digital Medicine Society (DiMe) Library of Digital Endpoints, January 2021; IQVIA European Thought Leadership analysis
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A land of opportunity: 
Transforming the patient 
journey 
To understand the full potential of digital biomarkers, 
we first need to look at how they transform the 
fundamentals of decision making, care delivery and 
patient engagement along the entire patient journey. 

As patient-centric health measures which are captured 
longitudinally, often continuously and in real time, 
digital biomarkers inject novel evidence and insight 
into key decision points, such as diagnosis, treatment 
and care selection, and enable a unique degree of 
personalisation, for example:

•  Early screening, utilising novel insight to detect  
early disease in pre-symptomatic patients or identify 
risk factors to predict individuals’ progression to 
disease onset.

•  Precision diagnosis, which is not only accurate 
and timely, but also predicts the likely, individual 
trajectory of clinical progression and the course of 
disease for each patient.

•  Personalised treatment, guided by a 
comprehensive, information-rich patient profile 
and reflecting the patient’s likelihood to respond to 
treatment and their predisposition to adverse events. 

•  Personalised care delivery, informed by a holistic 
view of an individual patient’s needs including clinical 
but also social and behavioural considerations.

Furthermore, the cost-effective and typically non-
invasive way in which digital biomarkers are captured 
enables remote engagement – at scale. Closed 
feedback loops can monitor treatment response 
and inform therapy adjustments, reinforce ‘good’ 
behaviours conducive to superior health outcomes, 
e.g. ensuring high degrees of adherence and 
compliance, and support patients throughout their 

Figure 3: Opportunities for Digital Biomarkers Span the Entire Patient Journey:  
Transformation through Novel Evidence, Deeper Insight and Empowering Engagement

Source: IQVIA European Thought Leadership
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disease journey. This finds its ultimate application in 
healthy individuals to facilitate positive lifestyle choices 
for disease prevention in the first place.

I.  OPPORTUNITIES FOR PHARMACEUTICAL 
COMPANIES

This transformation of the patient journey by digital 
biomarkers has profound implications for both clinical 
research and routine clinical practice, and it creates 
unique opportunities for pharmaceutical companies to 
advance patient-centricity. 

The potential of clinical-grade digital biomarkers is of 
particular relevance as they can enrich and enhance 
evidence both generated in randomised controlled 
trials (RCTs) and collected in the real world (RWE).7 

By capturing novel, patient-centred endpoints8, such as 
the lived experience with an illness and its functional 
and emotional impact, digital biomarkers deepen 
the understanding of patients’ burden of illness and 
strengthen evidence to demonstrate tangible, patient-
relevant benefits of new pharmacological or med-tech 
interventions with regulators or payers. 

In clinical research 
RADAR-AD9, for example, a public-private research 
consortium established in 2019 and comprising 
academia, public institutions, technology firms and 
leading pharmaceutical companies, is focussing 
on developing quantitative, digital endpoints 
for measuring and tracking functional decline 
in Alzheimer’s patients, especially at early stage 

Figure 4: Digital Biomarkers in Clinical Research & Clinical Practice: Selected Examples of Potential Use Cases
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disease. When embedded in clinical trials, such digital 
endpoints will enable greater sensitivity and better 
signals in detecting clinically meaningful change.

Altoida, a digital technology start-up with financial 
backing from Merck KGaA and Takeda and a member 
of RADAR-AD, provides a glimpse of how to achieve 
this in practice. Altoida has developed an app utilising 
augmented reality, artificial intelligence and machine 
learning to observe how a patient interacts with virtual 
objects and handles complex everyday functions. By 
testing spatial memory, prospective memory and 
executive functions, the app collects a range of digital 
biomarkers to identify individuals at risk of cognitive 
decline, which it has shown to do with a specificity 
of 94%, five years before onset of mild cognitive 
impairment.10,11

Biogen recently announced a collaboration with Apple 
to conduct a multi-year, large-scale observational 
study using iPhones and Apple Watches to capture 
digital biomarkers for measuring brain health. The 
study is enrolling participants across a broad age 
range and demographic cross-section, with its main 
objective to establish digital biomarkers for monitoring 
long-term cognitive performance and to better 
understand the earliest indicators of decline.12

Parkinson’s disease has been the intense focus of 
digital biomarker development, with impressive 
progress. For example, multi-modal accelerometer 
and gyroscope data captured by sensors can be 
combined with data from an app asking patients to 
perform several tests to analyse voice, balance, gait 
and dexterity. AI-powered algorithms are able to 
interpret such digital measures and accurately detect 
subtle signals of tremor, bradykinesia and dyskinesia 
and differentiate between treatment states (on/off).13 
Roche has utilised such an app for the continuous 
measurement of Parkinson’s disease fluctuation 
throughout the day as part of a phase 1 drug trial.14

Digital biomarkers also facilitate clinical trial 
innovation, for example, patient-friendly, virtual trials 
and novel designs, e.g. utilising more granular, real 
world risk stratification or pragmatic randomisation, 
while enabling operational efficiencies, such as more 

targeted, faster patient recruitment and study start up, 
thereby accelerating clinical development timelines. 

IQVIA has been curating an extensive network of 
strategic partnerships for validated, medical-grade 
connected devices for rapid deployment in clinical 
studies, such as spirometry or wearables to collect 
digital endpoints, e.g. ambulatory blood pressure, 
heart rate, blood glucose, sleep pattern or activity, as 
part of virtual or hybrid clinical trials.15 For example, 
we are seeing increasing interest in incorporating 
activity data captured by wearables in heart failure 
or respiratory trials to assess patient functioning (e.g. 
walking, exercise capacity) as an important patient-
centric endpoint.

Digital biomarkers have also found applications in 
the fight against COVID-19. For example, Huma, a 
UK-based technology start-up, in partnership with 
the University of Cambridge, is deploying its digital 
platform in a virtual, large-scale, longitudinal study to 
identify digital biomarkers for early predictive models 
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of pre-symptomatic COVID-19 infection. Huma’s app is 
used to capture a range of variables, such heart rate, 
respiratory rate, blood oxygen levels, temperature and 
activity measures.16

In clinical practice 
Once a product is on the market, the long-term 
generation of patient-centric evidence via digital 
biomarkers supports the adoption of new therapies 
in routine clinical practice, by applying granular 
stratification to pin-point patient sub-populations 
that benefit most, while remote monitoring ensures 
the ongoing, optimal use of new treatments, e.g. 
by informing dose titrations or care adjustments. 
Furthermore, as large-scale, cost-effective and 
practical measures of real world patient outcomes, 
digital biomarkers represent highly promising, 
potential enablers of performance-based funding 
models.

The management of respiratory conditions, such 
as asthma and COPD, can be personalised by using 
passively collected data via smart inhalers, e.g. the 
Propeller Health system or Teva Digihaler, which 
provide timestamps of use, track lung function and 
record inhalation characteristics, e.g. inspiratory flow 
rate, peak flow and FEV1, both in a clinical setting and 
at the patient’s home.17,18

IQVIA, for example, has been working with a 
manufacturer to use digital biomarkers in the 
development of an algorithm to predict asthma  
and COPD exacerbations. This involved optimising 
multi-source data feeds from clinical-grade and 
consumer-grade patient devices and wearables, 

including spirometry, actigraphy, sleep patterns, 
vital signs and ePROs, and combining those with 
environmental data, e.g. air quality, pollen count, 
weather and location. 

Integrating such longitudinal digital measures with 
a patient’s medical records allows physicians to 
optimise individual treatment plans, ensure patient 
adherence and compliance to control their condition 
and to proactively intervene with patients at high risk 
of exacerbation.19 For manufacturers, these integrated 
digital measures can form the basis of tailored patient 
support programmes to ensure their treatments are 
used optimally to achieve the best health outcomes, 
while capturing data on real world patient benefits.

As we have discussed elsewhere20, evidence has 
emerged as a new battle line to become a true 
strategic differentiator, because a continuous flow 
of compelling evidence is essential to capture key 
stakeholders’ share of mind, including regulators, 
payers, HCPs and patients. This ensures their 
information and insight needs are dynamically 
addressed as they evolve over time, which in turn is 
critical for achieving favourable outcomes in regulatory 
approvals, HTA assessments, market access and real 
world product utilisation.

Therefore, seamlessly integrating a broad range of 
different types of evidence into a holistic evidence 
strategy across RCT data and RWE, and crucially 
incorporating novel, patient-generated digital 
biomarkers, will be critical to unlock this new source of 
competitive advantage for commercial success.

“By capturing novel, patient-centred endpoints, such as the lived 
experience with an illness and its functional and emotional impact, 
digital biomarkers deepen the understanding of patients’ burden of 
illness and strengthen evidence to demonstrate tangible, patient-
relevant benefits of new pharmacological or med-tech interventions 
with regulators or payers.”
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II.  FUTURE OUTLOOK: EVOLUTION OF  
DIGITAL BIOMARKERS

Digital biomarkers have come a long way since the 
early, proof-of-concept days which predominantly 
focussed on consumer applications measuring vital 
signs to support general wellness and fitness, while 
clinical applications were few, mostly in monitoring 
chronic conditions, e.g. diabetes or hypertension.  

Today, we have moved past the stage of early 
adoption, where technology-driven innovation was 
primarily fuelling the proliferation of digital biomarkers 
and pharmaceutical companies were starting to 
seriously experiment with digital biomarkers in 
evidence generation across many therapy areas 
including oncology, neurology, ophthalmology and 
many more, as part of both clinical trials and  
real world studies.

However, regulatory uncertainty remains high. As 
regulatory frameworks and pathways for digital 
biomarkers are still immature and continue to be in 
flux,21,22 the all-important clinical validation of digitally 
captured measures for securing regulatory approval 
and their widespread adoption remains challenging 
in the absence of clear guidance. Technological and 
operational challenges aside, resolving regulatory 
uncertainty to facilitate validation is the single most 
important factor for reaching a state of maturity, 
where validated, clinical-grade digital biomarkers 
are routinely used across clinical trials, RWE and 
clinical practice, as an integral part of patient-centric 
healthcare.

Figure 5: Digital Biomarkers Becoming Integral to Patient-Centric Healthcare – Evolution from Consumer 
Application to Clinical-Grade Evidence
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How to seize the digital 
biomarker opportunity 
Pharmaceutical companies need to think holistically 
about digital biomarkers to maximise their potential, 
by systematically exploring opportunities for 
embedding them along the product lifecycle.

As pharmaceutical companies formulate their digital 
biomarker strategy, they must be guided by a number 
of important considerations:

•  Digital biomarker integration into evidence 
generation: Where do opportunities exist for digital 
biomarkers to enrich and enhance evidence, both 
during clinical development and in the real world? 

  Selecting suitable, possibly complementary 
endpoints creates opportunities for digital 
biomarkers to support key regulatory and market 
access decisions and inform clinical practice by 
strengthening product value messages. Crucially, 
digital biomarker design must be firmly anchored 
in a product’s broader evidence strategy. When 
seamlessly integrated into holistic evidence packages 
comprising RCT data and RWE, digital biomarkers 

help communicate differentiated, patient-relevant 
benefits to an expanded stakeholder audience from 
regulatory bodies, payers, HCPs to patients.23 

•  Novelty of a potential digital biomarker: Is the 
clinical measure underlying the digital biomarker and 
its association with a known clinical outcome well 
established (e.g. ECG monitoring for cardiac risk)? 
Are we looking at novel ways to capture a known 
measurement with an established clinical outcome 
association (e.g. replacing the 6-minute walk test with 
accelerometer recordings of gait to assess severity 
of Parkinson’s)? Or are we exploring an entirely novel 
measure for an as-yet-to-be-established clinical 
outcome association (e.g. facial expressions to 
determine a patient’s mental health status)?24

  The answer to these questions will define the 
development path for a digital biomarker, including 
technical and analytical challenges to overcome, 
such as device/sensor suitability and the accurate, 
reproducible and reliable data capture, its processing 
and analysis. It will also determine the regulatory 
burden and level of validation required, for example 
how to interpret a digital biomarker and robustly 
correlate observed values with known, or indeed 

Figure 6: Embedding Digital Biomarkers Along the Product Life Cycle
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novel, clinical outcomes, for it to be acceptable for 
regulatory decision making and fit for use in clinical 
practice.

•  Digital biomarker practicality: How do we ensure 
our digital biomarker can be seamlessly embedded in 
existing care pathways, clinical research practice or a 
patient’s everyday life?

  As patient-generated health measures, successful 
digital biomarkers first and foremost must be 
practical. Therefore, fit with current processes, 
routines and ways of working for the relevant target 
setting and interoperability with existing technology 
infrastructure must be considered in the strategic 
plan for a potential digital biomarker to ensure its 
smooth implementation and widespread adoption.

•  Data privacy and cybersecurity: How do we protect 
individual privacy and maintain strong information 
security in implementing our digital biomarker?

  The handling of patient-generated data is guided 
by fair information practice principles and 
privacy-enhancing best practices, including, for 
example, appropriate notice, transparency, robust 
de-identification, secure storage, transfer and 
processing of sensitive data, and sound information 
governance. Furthermore, connected devices 
represent a potential cybersecurity risk to protect 
against. Given the sensitive nature of digital 
biomarker-related information, close engagement 
with relevant stakeholders is vital when developing 
implementation plans.

•  Patient attitudes and broader ethics questions:  
How do we convince patients of the benefits of digital 
biomarkers and assure them of the responsible 
handling and appropriate use of such sensitive 
information?

  In addition to regulatory requirements, patients’ 
attitudes to digital biomarkers must be addressed, 
too, which may be ambivalent, for example, 
due to concerns about the inappropriate use of 
information such as a patient’s cognitive function 
and its predicted evolution. While patients may be 
comfortable with the increasing use of connected 

devices in a controlled clinical trial setting, their 
widespread adoption in the real world, especially 
beyond wellness and fitness applications, could 
possibly prove more delicate.

  Questions about the ethics and broader implications 
of the extensive, possibly continuous digital capture 
of highly personal health data and how such 
sensitive information is used will require an open 
debate about its benefits and risks, not dissimilar 
to the debate about genomics data. It will be critical 
to engage in an early, ongoing and transparent 
dialogue, to establish the benefits of digital 
biomarkers and provide assurance of the integrity 
with which such sensitive information is handled and 
of its responsible use.

To succeed with clinical-grade digital biomarkers, 
pharmaceutical companies need to focus on five 
strategic priorities:

1.   Clear business case 
Systematically identify opportunities for digital 
biomarkers along the product lifecycle and 
understand both risks and benefits, e.g. where and 
how different use cases create value, including via 
deeper insight, stronger evidence, leaner processes 
or novel engagement models.

2.  Viable technology  
Proactively scan the technology landscape for state-
of-the-art solutions including, sensors, devices, 
measuring concepts, data capture, processing and 
analytics. Assess maturity, scope and limitations 
to understand risks and suitability of technology 
solutions for potential use cases. Build early viability 
evaluations into the business case.

“Crucially, digital biomarker 
development must be firmly 
anchored in a product’s broader 
evidence strategy spanning  
RCTs and RWE.”
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3.   Robust validation strategy 
Informed by stakeholder needs, especially 
regulators and payers, develop a comprehensive 
strategy for establishing the clinical meaningfulness 
of a potential digital biomarker, including the 
analytical and clinical validation, to demonstrate 
its patient relevance and robust association with 
pertinent clinical outcomes.

4.  Early stakeholder engagement 
Engage stakeholders early on, such as regulators, 
payers, HTA bodies, KOLs but also patient 
organisations, to understand their respective 
‘burden of proof’ and create buy-in for a potential 
digital biomarker, the benefits it delivers and its 
underlying validation strategy.

5.   Partnering 
Extensively explore partnerships, for example 
with technology start-ups, big tech, CROs or 
academia, including co-development models, 
to tap into cutting edge technology and bring 
together complementary, specialist capabilities, 
especially in digital, advanced analytics, data 
privacy and cybersecurity, the latest of which often 
reside outside pharmaceutical organisations – to 
dramatically accelerate both the development and 
commercialisation path for digital biomarkers with 
the right partner.

Digital biomarkers are coming of age and are here to 
stay. Pharmaceutical companies should embrace the 
unique, transformative potential of digital biomarkers 
to capture the patient experience – and finally add the 
missing piece to complete the patient-centricity puzzle. 

Figure 7: How to Succeed with Digital Biomarkers

Source: IQVIA European Thought Leadership
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