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Introduction to Rare Diseases

Between 5,000 and 8,000 rare diseases are known, and 250 to 280 more 
are discovered each year.  More than 70 percent of these are genetic 
disorders, and 70 percent of these genetic disorders are pediatric-onset 
diseases, affecting three percent to four percent of all births. Although 
the number of individuals suffering from a single rare disease is small, 
the total number of individuals that rare diseases impact is significant, at 
approximately 25 million people in the U.S. (almost one in 10), 30 million in 
Europe, and 400 million worldwide.1,2  

Prior to the passage of the Orphan Drug Act of 1983, only a small number of 
rare diseases had approved therapies. Since then, there has been a marked 
increase in rare disease research funding and development efforts, thanks 
to regulatory changes, multiple international initiatives, and development 
incentives. Today more than 300 rare diseases have approved therapies—
which constitutes less than five percent of the currently known rare diseases.

Along with regulatory incentives, there have been major advances in 
science, helping elucidate many more targets for rare disease therapies.  
Despite a long dry spell, there have been some recent successes in the cell 
and gene therapy space. For the first time in decades, there is potential for 
a cure for many of the rare diseases that involve a single gene mutation. 
Scientific progress, coupled with regulatory incentives and the promise of 
favorable pricing, has led to a burgeoning of rare disease drug development.

Rare disease drug development represents one of the fastest-growing 
areas for biopharmaceutical R & D investment. According to Market Watch, 
the market for nonbiologic products is estimated to grow at a compound 
annual growth rate (CAGR) of 20.5 percent from 2019 to 2026.3 And in its 
2021 report, Prophecy Market Insights projected the overall growth of the 
rare disease market to be 13.1 percent until 2030.4

Yet, despite this robust growth, numerous inherent challenges pose 
significant risks that sponsors must anticipate and navigate in the 
rare disease space to be successful. These include the extreme 
heterogeneity among rare diseases; the many unknowns about rare 
disease pathophysiology and natural history; the very long and often 
frustrating (and emotionally wrenching) diagnostic journey many patients 
and their families must travel; complex and changeable global regulatory 
frameworks; lack of validated primary and secondary endpoints; uncertain 
reimbursement landscapes; and the limited availability of rare disease 
research expertise along with the rare disease patients necessary to 
participate in clinical trials. 

Rare disease  
drug development 
represents one of the 
fastest-growing areas 
for biopharmaceutical 
R & D investment …
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Introduction to Biomarkers

Regulatory bodies recognize the need to accelerate 
rare disease drug development and may endorse the 
use of biomarkers or surrogate endpoints if validated 
endpoint measures are not available for the intended 
patient population.5 

In the next 20 years, personalized medicine will 
be at the forefront of clinical applications, and the 
customization of individualized treatment will be 
guided by the individual’s specific biomarker panels.6

According to the National Institutes of Health (NIH), 
biomarkers are objectively measured and evaluated 
indicators of normal biologic processes, pathologic 
processes, or pharmacologic responses to a therapeutic 
intervention. In December 2018, the U.S. Food and 
Drug Administration’s Center for Drug Evaluation and 
Research (FDA CDER) and the Center for Biologics 

Evaluation and Research (CBER) jointly published 
a draft guidance, titled Biomarker Qualification: 
Evidentiary Framework,7 which provides a framework 
and recommendations for developing and qualifying 
biomarkers for drug development. Biomarkers can 
be digital (novel), or traditional (well qualified and 
established) but with a change in the context of use or 
method of measurement. (See Table 1 for a comparison 
of digital and traditional biomarkers.) Remote monitoring 
in real-life settings when the subject is not being 
supervised is an attractive approach for clinical trials. 
In February 2020, the Foundation for the National 
Institutes of Health (FNIH) Biomarkers Consortium 
hosted its Remote Digital Monitoring for Medical Product 
Development Workshop National Institutes of Health 
(NIH) to analyze cases and establish standards.8 

Select case studies are discussed in this white paper. 

Table 1: Comparison of Traditional and Digital Biomarkers11

Traditional Biomarkers Digital Biomarkers

Approved and well embedded in trials Novel features

Snapshot (static) view Longitudinal and continuous measurements

Invasive and expensive Noninvasive and less expensive 

Limited analytic complexity Complex validation process

Established laboratory standards Lack of standardization; resource-intensive 
qualification process

Established regulatory standards in all regions  
of the world

Varies by region; an example is software as a medical 
device (SaMD), established by the International 
Medical Device Regulators Forum (IMDRF) and the U.S. 
Food and Drug Administration (FDA)

Higher patient burden Lower patient burden

Standardized lexicon and semantics Merging of several fields—lack of semantics

Established data privacy standards Variable data ownership and privacy
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Digital biomarkers are defined as objective, quantifiable, 
physiologic, and behavioral data that are collected and measured 
by means of digital devices such as portables, wearables, 
implantables, and digestables.9 The collected data can be used 
to explain, influence, and/or predict health-related outcomes 
by, for example, explaining a patient’s disease and predicting a 
drug response or influencing behaviors (e.g., fitness). Data, in 
essence, become digital biomarkers when a relationship is drawn 
to a health-related outcome. However, this relationship may be 
problematic, even with traditional biomarkers in situations when 
the reference ranges are established in static settings but not in 
ambulatory (or other movement) settings. In these cases, data 
interpretation may be challenging.

“Digital” refers to the method of data collection. Instead of blood 
tests and medical imaging, digital biomarkers use sensors and 
algorithms across myriad hardware and software tools. In the 
digital biomarker space, the patient is increasingly a consumer 
who wears, ingests, or has had a digital device implanted. The 
digital biomarkers can be active (patient collaborates in an activity) 
or passive (information is collected on daily activity without the 
patient doing anything proactively). These patient consumers 
may have autonomy over when information is collected and with 
whom to share it.

Connection with portable, personal, or home-based products 
defines the landscape of digital biomarkers. Given their wide 
and global access, smartphones are the natural home base for 
collecting, analyzing, and distributing the information gained from 
cameras, microphones, and other sensors embedded in digital 
technology.10

Technical advances in platforms employed for molecular analysis 
have permitted the identification of a wide range of candidate 
biomarkers for rare diseases; however, very few of these 
candidates have been validated sufficiently by global regulatory 
agencies for integration into the clinical management of patients.

In this white paper, the authors will discuss the use of digital 
biomarkers, providing validated examples and examples of those 
that appear promising. They will also discuss the potential impact 
of digital biomarkers as well as the challenges that lie ahead. 
Since many of these biomarkers are being used in the context of 
decentralized clinical trials (DCTs), an overview of this exciting and 
growing field is also provided.

According to MarketsandMarkets:12

•  The global market for wearable healthcare
devices is projected to reach $46.6B
by 2025, up from $18.4B in 2020, at a
CAGR of 20.5 percent from 2020 to 2025.
Emerging economies such as India, China,
and Brazil are expected to provide a wide
range of opportunities for players in the
industry.  Additionally, the adoption of
mobile platforms, increasing adoption of
AI and 5G, and growing awareness and
preference for home healthcare will boost
market growth even further.

According to EMA’s “Qualification 
opinion on stride velocity 95th centile 
as a secondary endpoint in Duchenne 
Muscular Dystrophy measured by a  
valid and suitable wearable device,”  
the CHMP, on April 26, 2019, announced 
the following:13

•  Stride Velocity measured at the ankle
95th centile (SV95C) is deemed as an
appropriate endpoint in studies to support
regulatory decision-making on medicines
for the treatment of Duchenne muscular
dystrophy (DMD).

•  SV95C is for ambulant DMD patients 5
years of age and older.

•  SV95C is an acceptable secondary endpoint
in pivotal or exploratory drug therapeutic
studies for regulatory purposes when
measured by a valid and suitable wearable
device* to quantify a patient’s ambulation
ability directly and reliably in a continuous
manner in a home environment and as an
indicator of maximal performance.
–  SV95C may be used to quantify a patient’s

baseline performance in such studies.

It was also noted that: “Regarding use as 
primary endpoint for pivotal trials in this 
setting, although promising, more robust 
data gained with additional patients and 
longer follow-up could be beneficial: thus, 
strengthening the long-term correlation 
of SV95C with functional tests, expanding 
normative data and further supporting 
the justification of the clinical relevance of 
the proposed minimal clinically important 
difference (MCID) in the portable electronic 
presentation (PEP) setting is recommended.”
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The Use of Biomarkers for Regulatory Approval

As of July 2021, more than 7,600 active trials and studies involving biomarkers were registered, 
according to the ClinicalTrials.gov database, including approximately 1,350 for rare and 
orphan conditions.14 More than half of all drugs approved by the EMA and the FDA since 
2015 used at least one biomarker for approval during at least one of the development stages 
(biomarker acceptance). The proportion of approvals with biomarkers is comparable between 
the EMA and the FDA, with averages of 69 percent and 59 percent, respectively. There has 
been a slight increase in acceptance of biomarkers in recent years, even though the growth is 
not continuous.15

Biomarker acceptance varies significantly with the pharmacotherapeutic group of the drug 
and is very promising in the rare and orphan disease space due to an urgency of unmet need 
and overall expectation in acceleration of the development timelines. Mutual communication 
improvement, alignment of stakeholder expectations, and improvements in overall scientific 
understanding are still required to enhance biomarker use during the regulatory review and 
approval process.

In spring 2015, the FDA-NIH Joint Leadership Council formed its BEST (Biomarkers, EndpointS, 
and other Tools) working group focusing on terms related to the study of endpoints and 
biomarkers. The BEST glossary is meant to be a “living” resource that will be periodically 
updated with additional terms and clarifying information and will remain relevant, thus 
fostering consistent usage and ultimately helping to accelerate development and refinement of 
medical products that lead to improvements in health outcomes.16

BEST defines “biomarker” as “a defined characteristic that is measured as an indicator 
of normal biological processes, pathogenic processes, or responses to an exposure or 
intervention, including therapeutic interventions. Molecular, histologic, radiographic, or 
physiologic characteristics are types of biomarkers.” In general, biomarkers as measures of 
disease presence and status include susceptibility/risk, diagnostic, prognostic, monitoring, and 
predictive biomarkers. In addition, biomarkers as measures of response to treatment, such as 
pharmacodynamics, response biomarker, including surrogate endpoints and safety biomarkers. 

See Table 2 for additional examples of biomarkers and their uses.17
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Table 2: Examples of Digital Biomarkers and Their Uses

Regulators expect substantial evidence of effectiveness showing that a drug improves meaningful clinical 
outcomes: how a patient feels, functions, or survives.18

From an approval perspective, biomarkers are helpful in determining the benefit-risk profile for a drug under 
development, thus allowing for more straightforward decision-making by regulatory agencies. There are three 
main pathways to integrate biomarkers into the regulatory decision-making process:

1    IND pathway: based on 
agreement with the division, in 
the context of a specific drug 
development program

2    Scientific community 
consensus: broadly/widely 
used biomarker, appropriate 
scientific support, generally 
accepted by experts in the field

3    Biomarker qualification 
program: review and acceptance 
based on appropriate 
submission qualification 
package; available for use in 
any development program 
within approved context of use

Biomarker Examples Use

Disease focused

Susceptibility/risk Body mass index (BMI) or two-hour post-meal 
glucose for diabetes risk
Apo E genotype risk for Alzheimer’s disease (AD)

Define population for more 
efficient prevention trials

Diagnostic Blood pressure in hypertension
Forced expiratory volume 1 (FEV1) for chronic 
obstructive pulmonary disease (COPD)

Define disease population for 
study

Monitoring Hepatitis C virus (HCV) ribonucleic acid (RNA) 
prostate-specific antigen (PSA) in prostate cancer

Monitor patient status in trials

Prognostic Gleason score in prostate cancer
Total kidney volume in adult patients with 
polycystic kidney disease (AD-PCKD)

Define higher-risk disease 
population, enhancing trial 
efficiency

Treatment focused

Predictive Cystic fibrosis genotype response to ivacaftor
Microsatellite high predicts response  
to pembrolizumab

Trial enrichment—improves 
efficiency, reduces sample size, 
increases response to treatment

Pharmacodynamic 
response

Blood pressure in hypertension
FEV1 or six-minute walk test
Low-density lipoprotein C (LDL-C)

Demonstrating drug-target 
engagement, dose-ranging 
Surrogate endpoints (validated 
or reasonably likely)

Safety Alanine transaminase (ALT), creatinine/estimated 
glomerular filtration rate (eGFR)  
Urinary kidney injury biomarkers (KIM-1, etc.)

Detecting/assessing drug toxicity
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Important Regulatory Initiatives: FDA

It is beyond the scope of this white paper to discuss in detail all of the FDA initiatives;  
however, it is worth mentioning that much progress has been made. Highlights include the 
creation of the Digital Health Center of Excellence,19 whose mission is to empower stakeholders 
to advance healthcare by fostering responsible and high-quality digital health innovation. 
Objectives include the following:

•   Connect and build partnerships to accelerate digital health advancements

•   Share knowledge to increase awareness and understanding, drive synergy,  
and advance best practices

•   Innovate regulatory approaches to provide the most efficient and least-burdensome 
oversight while meeting the FDA standards for safe and effective products

Another initiative worth mentioning is the FDA’s Digital Health Incubator (INFORMED). The initial 
focus of this new technology incubator is the conduct of regulatory science research in areas 
related to health technology and advanced analytics to cancer. The goal of this program is to 
modernize the FDA framework for advancing promising digital health tools.

Other notable FDA programs include the Digital Health Innovation Action Plan and the 
Premarket Digital Safety Program, a certification approach to artificial intelligence (AI) and 
machine learning (ML).

According to Mercom’s Q4 and Annual 2020 Digital Health Funding Report,20 68 digital health 
products received FDA/CE approvals in 2020, compared to 63 in 2019. In addition, since Q1 
2017, more than 250 digital health products have received FDA/CE approval. 
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The Advantages of Using AI/ML and Digital Biomarkers 
in Healthcare and Clinical Trials

According to our AI expert’s extant research, 
improvements in machine learning (ML) and artificial 
intelligence (AI) algorithms and high-performance 
computing (HCP) are rapidly changing every area of 
individualized healthcare, from diagnosis to prognosis 
to intervention and treatment. 

These technological advances also aid in the birds’-eye 
view of healthcare in such areas as disease prediction, 
treatment developments and behavioral modification 
techniques, predictive drug responsiveness, 
smart electronic health records, and public health 
interventions such as epidemic outbreak prediction. 

Finally, the full life cycle of drug and treatment 
development is impacted, from the clinical trial 
through to the commercial space, via efficient drug 
discovery; more streamlined, cost-effective, and  
potentially more accurate clinical trial research; and 
faster drug manufacturing.

Digital Biomarkers and Clinical Trials

AI/ML has several deployment use cases within the 
clinical trials space, especially with the help of digital 
biomarkers—physiologic and behavioral data gleaned 
from innovative technologies that integrate with the 
human body and experience to relate them to health 
outcomes. For instance, ML models can be trained 
to enhance patient selection; this is accomplished by 

algorithmic scoring of patients based on probabilities of 
having a measurable clinical endpoint. Also, to improve 
efficiency of lead compound selection, a critical step 
in clinical trials, AI has the ability to map correlations 
between indications and biomarkers, thus increasing 
the chance of success during clinical development. 

Multiple research examples have showcased how  
AI and ML technologies have advanced clinical trials. 
They include the following:

•  AiCure, an AI-based mobile application to
measure medication adherence, increased
compliance by 25 percent in a Phase II trial
of schizophrenia, compared to conventional
modified, directly observed therapy2

•  ML models, coupled with wearable devices, have
been applied in automatic detection of cognitive
and emotional states in monitoring participants
in Parkinson’s disease trials, and in assessing
quality of sleep in neurology trials2

•  DSP-1181, a molecule for treating obsessive–
compulsive disorder created using AI, has
entered a Phase I trial2

Other use cases involve digital biomarkers, which can 
be developed using even a small training dataset from 
a digital therapeutic. According to Nicole et al., 28 days’ 
worth of data on patients’ blood pressure were enough 
to transform the data features into digital biomarkers 
with the help of machine learning, which was used 
to predict treatment response—that is, whether a 
meaningful drop in blood pressure will occur at the end 
of the treatment period.1

Also, according to Nicole et al., a “meaningful step 
towards more personalized medicine” is possible by 
identifying more specific digital phenotypes, which 
in turn help identify subpopulations of patients who 
share the same diagnosis. These phenotypes are 
identified by applying machine learning to a large 
enough dataset of digital biomarkers. In other words, 
the more data we have to be algorithmically analyzed, 
the broader the impact will be on public health and on 
holistic individual wellness.1
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The Advantages of Using AI/ML and Digital Biomarkers  
in Healthcare and Clinical Trials (continued)

A Powerful Use Case: Fighting the Opioid Epidemic

Our AI expert has also researched AI/ML and digital biomarkers as they pertain specifically to the opioid addiction 
and treatment space: for instance, in monitoring patients’ health and further predicting their physiologic state, 
such as whether they are craving an opioid. Wearable devices such as Garmin Connect and Empatica E4 collect 
data such as basal metabolic index, accelerometer, cardiac interbeat intervals (IBIs), heart rate variability (HRV), 
and electro-dermal activity (EDA) at a constant rate. These real-time data combined with GPS data enable ML 
algorithms to predict a patient’s risk of relapsing by monitoring their opioid craving as indicated by, for example, 
an increased heart rate and abnormal IBI. These technologies can inform the patient as well as their caregiver of 
any potential risks they might face to provide timely intervention in the right location. 

Drawbacks of AI and Digital Biomarkers for Clinical Trials

Despite the benefits of machine learning, there are certain limitations:

•  Poor patient compliance: Digital biomarker data 
collection is entirely dependent on the subjects in 
the clinical trial and does not omit the possibility 
of missing time-series data 

•  Erroneous predictions: Diagnostic tests are 
traditionally evaluated based on their specificity. 
Digital biomarkers are analogous to diagnostic 
tests, and thus, metrics such as sensitivity and 
specificity are utilized to measure the ML model’s 
performance. ML models can sometimes cause 
erroneous predictions (e.g., low sensitivity or high 
false negative rates) where a digital biomarker 
fails to diagnose specific individuals correctly, 
showing that digital biomarkers do not fully 
obviate the need for traditional biomarkers or in-
office visits

•  Human error: The likeliest source of error in 
healthcare-related data collection is the subjects 
themselves. Self-reported variables are heavily 
subject to human error, which means reliance 
of the algorithm on a small set of explanatory 
variables may be faulty

•  Correlation vs. causation: According to Nicole  
et al., “a predictive model can identify variables 
that are predictive of a given outcome, but 
this does not mean highly predictive variables 
caused the outcome, nor does it mean that 
poorly predictive variables are not causative.” 
This means, in essence, that the natural desire to 
“prove” causation may be out of reach depending 
on the nature of the model and the data used1,3

Overall, the advances in AI/ML and digital biomarkers have the ability to revolutionize our 
methodologies around health data collection and clinical trial development and processes, 
enabling faster progress toward improved health outcomes around the globe.
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Diverse Companies Developing Digital Biomarkers

Realizing the power of big data and the scientific insights it could provide, smartphone and 
data-rich companies such as Apple and Google have been developing digital health programs 
of their own. Using AI and ML technologies, they are forging the path of not only collecting, but 
also analyzing the large data sets that digital biomarkers create, so much so that they have 
helped usher in a new class of medical device known as “software as a medical device” (SaMD).  
SaMD is also recognized by the FDA and is discussed on its Digital Health Center of Excellence 
website.21 The Apple Watch is an iconic example of a SaMD, with its ability to detect elevated 
heart rates and atrial fibrillation.  

Notable approvals in Mercom’s Q4 and Annual 2020 Digital Health Funding Report include the 
following:

•  Alphabet’s research organization Verily Life Sciences received FDA 510(k) clearance for its
Verily Study Watch, which is designed to record, store, transfer, and display single-channel
ECG rhythms.

•  Abbott, a medical device and healthcare research company, received FDA clearance for its
wearable (on the back of the upper arm) FreeStyle Libre 3 patch, a real-time glucose
monitoring system for people with diabetes. Abbott has secured FDA approval for its
seven digital health products (including the FreeStyle Libre 2 and Abbott Patient
Controller App) in the past four years.

•  Philips, a consumer electronics company, received 510(k) clearance from the FDA to
market a wide range of its ultrasound solutions (including the Affiniti series, Lumify, CX50,
EPIQ series, and Sparq diagnostic ultrasound systems, as well as off-cart solutions such
as its QLAB Advanced Quantification Software). These solutions will help manage
COVID-19–related lung and cardiac complications, according to the company. Philips has
acquired 13 digital health companies since 2010 and has invested more than $100 million
in 13 digital health startups since 2016, according to the Mercom database.

•  Fitbit, a consumer electronics and digital fitness tracker maker, has received 510(k)
clearance from the FDA and CE marking from the European Union for its ECG app to
assess heart rhythm for atrial fibrillation.

Using AI and ML technologies, they are forging the path of 
not only collecting, but also analyzing the large data sets 
that digital biomarkers create …
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Privacy Challenges  
of Launching a Digital 
Biomarker Platform

Whether utilizing a digital biomarker platform with a single touch 
point or multiple touch points, the biggest regulatory challenge is 
protecting the privacy of identifiable patient data as it flows 
through each touch point. This challenge is exacerbated by the 
bidirectional flow of data between the digital biomarker platform 
and the patient.

Digital biomarker platforms use various technologies for two-way 
communication with patients, such as social media networks, 
mobile apps, remote monitoring devices, email, text messaging, 
and web portals. Each is covered by different regulations.

Protecting patient information that will flow through the various 
touch points (e.g., SMS gateways, email servers, business analytics 
platforms, etc.) is critical and subject to penalty if security is 
compromised. For example, if such information is lost or stolen, 
the result can include severe fines from regulatory and/or 
enforcement authorities and substantial intangible costs 
associated with reputational damage.

Using Decentralized 
Methodologies 
The COVID-19 pandemic accelerated the 
uptake of decentralized approaches to 
conducting clinical research. Rare 
disease patients may in fact be the 
patient group most familiar with 
receiving their care off-site. Given the 
long distances they typically must travel 
to receive care, they often receive a mix 
of care from both local and specialist 
providers. However, in a clinical trial 
setting, historically we saw procedure 
needed to be conducted at specialist 
centers, causing significant burden for 
patients and their caregivers alike. With 
the advent of regulatory openness to 
DCTs and the available technologies, 
supported with mobile research nursing 
a decentralized trial is now a reality. 
Digital biomarkers play a significant role 
in the DCT journey. By using devices 
often supported by applications (“apps”) 
we can monitor patients away from the 
site. This allows for a number of things:  
Firstly, we can mitigate the risk of patient 
having less direct site oversight by 
adding continually monitoring and 
building in alerts to support with the 
early detection of side effects or lack of 
response. We can also generate new 
types of evidence in new ways 
uncovering insights that can help inform 
the continued drug development. We 
can also easily provide data back to the 
patients and this in turn can give them 
better insights and help them to manage 
their disease better. Finally, we have the 
opportunity to create new measures and 
endpoint that once validated, can be 
adopted into clinical care. 



Total Studies

52
Total Sites

1,956
Total Subjects

16,681

12

THE USE OF DIGITAL BIOMARKERS TO ACCELERATE RARE DISEASE DRUG DEVELOPMENT

BIOMARKERS BEING USED IN INDUSTRY: CASE EXAMPLE

Digital Biomarkers in Schizophrenia 

Schizophrenia is a psychotic brain disorder with a 
definite genetic component that is associated with a 
heterogeneous course of disorganization, reduced 
motor activity, and positive and negative symptoms.22 
The latter are a key psychopathologic dimension and an 
important driver of functional disability in schizophrenia, 
with up to 60 percent to 70 percent of patients exhibiting 
at least one such symptom. Despite the high unmet 
medical need, there is currently no approved treatment 
for negative symptoms of schizophrenia. Factor analyses 
of negative symptoms have demonstrated at least two 
dimensions: one consisting of apathy, amotivation, 
avolition, asociality, and anhedonia; and expressive 
deficits (including affective flattening and poverty of 
speech, and diminished use of gestures). Currently, 
negative symptoms of schizophrenia are primarily 
assessed with clinician-administered rating scales. 
Known problems with rating scales include challenges 
in establishing interrater reliability, reliance on patients’ 
reports for symptoms that are not directly observable 
in the interview, lack of scale accuracy and sensitivity, 
objectiveness of measurements, and expectation bias. 
These factors reduce the likelihood of signal detection 
in clinical trials of novel therapies for schizophrenia, 
increase the risk and cost of drug development, and 
diminish the chance of finding a treatment for this 
debilitating disease. The development of alternative 
methods to objectively assess negative symptoms in 
patients with schizophrenia—in particular, avolition as a 
key dimension—is critical to further drug development 
for this disease.23 

Extensive work on identifying digital biomarkers 
(cognitive, behavioral, physiological) in schizophrenic 
patients, using a battery of observational studies and 
neuropsychiatric and cognitive tests (e.g., PANSS, a 
standardized, clinical interview that rates the presence 
and severity of positive and negative symptoms, and 
BNSS, a brief negative symptom scale, to name just a 
few), actigraphy, sleep duration, and voice analysis has 
been done to date. Since 2015, Syneos Health® has been 
conducting clinical trials involving digital biomarkers 
collected via active and passive data monitoring through 
portable (smartphones) or wearable (wrist-worn) 
devices in schizophrenic patient populations to further 
investigate the correlation between GPS-empowered 
activity tracking and negative symptoms. Recently 
validated, remote, smartphone-based assessments of 
visual behaviors and head movements are enabling more 
accurate classification of schizophrenia diagnosis and 
quantification of negative symptom severity in patients 
with schizophrenia and other mental and physical 
disorders that involve motor symptomatology.24, 25 

Table 3 provides an overview of the Syneos Health 
experience conducting clinical trials involving patients 
diagnosed with Schizophrenia since 2016. 

Table 3: Syneos Health Schizophrenia Clinical Trial Experience

Therapeutic Indication Phase I Phase I/II Phase II Phase III
Phase 
IIIb/IV

Phase 
Others

Schizophrenia 17 — 10 16 7 2
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BIOMARKERS BEING USED IN INDUSTRY: CASE EXAMPLE

Parkinson’s disease: The mPOWER Study

Parkinsons’s disease (PD) affects about seven million 
people worldwide and is considered to be the second 
most common brain disease after Alzheimer’s disease. 
It is estimated that one in 100 individuals older than 60 
years of age have a diagnosis of PD. The pathogenesis 
involves the loss of dopamine neurons, and there are 
signs of Lewy body pathology. The typical symptoms 
include motor (e.g., tremor, slowness of movement, 
rigidity, and balance/gait) and nonmotor (cognitive 
dysfunction, pain, depression, constipation, and sleep 
disturbance) symptoms.

Although the Parkinson’s disease pipeline is rich, 
companies attempting to develop drugs in this space 
face multiple challenges, including heterogeneity, lack 
of biomarkers, high placebo response, and lack of clear 
measurable outcomes. The current measures lack 
precision, are insensitive, and are very subjective. These 
measures are mostly captured in the clinic by a trained 
clinician. Assessing function such as activities of daily 
living in common rating scales like the UPDRS only gives 
a “snapshot in time” and does not capture real-world 
variability. Current measures are one-dimensional, and 
insensitive, and subjective. Digital technologies have the 
potential to allow for objective clinical measures that are 
multidimensional and continuous. They can gather data 
during the person’s day-to-day activities to provide more 
meaningful feedback.

SageBionetworks is a nonprofit organization that 
developed a series of mobile research studies to 
understand the variations and progression of PD in 
individuals. The study has been running since 2015 and 
an additional study on the “mPower progression” was 
added in 2019.

The mPOWER v1.0 app was originally developed and 
deployed in March 2015 in the U.S. through the Apple 
App Store for PD subjects and controls. This is a unique 
iPhone application that uses a mix of surveys and tasks 
that activate phone sensors to collect and track health 
and symptoms of PD, such as dexterity, balance, and gait, 
to understand real-world variations in PD. Participants 
self-navigate through the app, and after providing 
informed consent, are presented with a dashboard of 
study tasks. Additional standard surveys used for PD 
assessment, PD Questionnaire 8 (PDQ-8), and a subset 
of questions from the Movement Disorder Society 
Universal Parkinson Disease Rating Scale (MDS-UPDRS), 
are presented at baseline as well as monthly throughout 
the course of the study. Patients are given the option 
of sharing data narrowly or broadly with qualified 
researchers. mPOWER focused on multiple symptom 

domains (e.g., voice, gait, balance, dexterity, speed and 
memory) by performing tasks on their app before and 
after taking their medications and at some other times 
during the day. The study interrogates aspects of this 
movement disorder through surveys and frequent sensor-
based recordings from participants with and without 
Parkinson’s disease. Benefitting from large enrollment 
and repeated measurements on many individuals, these 
data may help establish baseline variability of real-world 
activity measurement collected via mobile phones, and 
ultimately may lead to quantification of the ebb and flow 
of Parkinson symptoms. App source code for these data 
collection modules is available through an open source 
license for use in studies of other conditions. In this study, 
of the 14,684 email-verified participants who consented, 
9,520 opted to share their data broadly and 2,681 opted to 
share their data narrowly.

The mPower progression study (mPower v2.0) is the 
current IRB-approved study.25 The subjects download a 
free app and are given specific instructions to complete 
simple activities that take about 10 minutes daily for  
14 days every three months for two years.

Key Features of the Parkinson mPower app™ 
(as noted by SageBionetworks) are:

•  Activity-based measurements of PD symptoms,
including a memory game, finger tapping,
voice recording, and walking

• Information about symptom variations

•  Importing of daily physical activity measures
through the Apple Health app

The intent of mPOWER is that it can be used as a POC and 
for Phase II and III decision-making, but not as a primary 
endpoint for FDA approval. The measures are novel 
and reproducible and can be captured remotely using 
a mobile device. The uniqueness of  mPower is that it is 
fully decentralized and is a large-scale real-world data 
collection tool that is available to researchers to inform 
future studies and assist subjects.

As a progression of this research, SageBionetworks has 
developed several interactive digital health assessments 
that are available and are being validated for other 
conditions, including psoriasis and Alzheimer’s disease.26  
SageBionetworks supports responsible data sharing, 
allows researchers to benchmark the assessments, and 
focuses on Real World Evidence (RWE).27, 28
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BIOMARKERS BEING USED IN INDUSTRY: CASE EXAMPLE

Agitation in Alzheimeŕ s disease

Alzheimer’s disease (AD) is the most common cause of 
dementia globally, affecting about 40 million people at 
present and with about 115 million people expected to 
have the disease by 2050. It is a huge healthcare, social, 
and economic issue for the 21st century. Neuropsychiatric 
symptoms are common in AD, affecting almost all patients 
over the course of the illness. Agitation is an important 
and particularly serious neuropsychiatric symptom that 
involves emotional distress, excessive psychomotor 
activity, aggressive behaviors, irritability, and 
disinhibition. Over the five-year follow-up of the Cache 
County study,29,30 42 percent of dementia participants 
developed agitation. Agitation results in impaired quality 
of life (for both patients and caregivers), caregiver 
burden, dangerous behaviors, frequent emergency room 
visits, institutionalization, restraint use, and psychiatric 
admission and can lead to mismanagement of other 
medical conditions. Therefore, the management of 
agitation is a major priority in caring for people with AD.

Agitation with or without aggressiveness has been shown 
to be the most common symptom among patients with 
mild to moderate AD and is associated with greater 
cognitive impairment. There is no gold standard for 
assessing the presence of agitation in dementia, or 
its response to treatment. Endpoints in this target 
population are subjective and highly susceptible to 
“noise,” with symptoms varying from day to day; typical 
precipitants of agitation and aggression including pain, 
medical illness, boredom, loneliness, depression, and 
social and environmental stressors have to be taken into 
consideration. To assess the presence of agitation in this 
patient population a pragmatic approach is applied, using 
the judgment of experienced clinicians combined with 
severity ratings above a cutoff indicative of moderate or 
more severe agitation on an agitation scale such as the 
Neuropsychiatric Inventory (NPI) agitation/aggression 
domain or the Cohen-Mansfield Agitation Inventory (CMAI).

Caregivers play an important role in the management 
of neuropsychiatric symptoms. They not only feel the 
consequences of disruptive behaviors, but may also be the 
cause of those behaviors. Giving caregivers a greater voice 
in management and treatment development should be 
coupled with efforts to improve data quality. Thereafter, 
improving accuracy of caregiver reports is essential to 
reduce the effects of inexperience and subjectivity in 
this group. Technology may offer novel solutions for 
this objective, for example, by using digital assistants to 
capture agitation data. Collection of near real-time data 
on agitation symptoms through daily data collection 
should be pursued.

Syneos Health has experience conducting a study in 
agitation in Alzheimer ś patients. The reason behind using 
actigraphic measures of physical activity was not to rely 
on participant or caregiver self-report. Therefore, the 
sponsor decided to evaluate agitation by collecting the 
information through a digital device. Accelerometer-based 
devices (actigraphs) were placed on nondominant wrists 
of Alzheimer ś disease patients for 24 hours per day  
during the screening and treatment periods. These 
devices were expected to bring an advantage including 
simplicity, ease of use, and improved accuracy of 
the information collected by having access to real-
time information. Reality showed a different picture. 
Patients with dementia found it hard to tolerate fixed 
monitoring devices. We experienced a lack of cooperation 
(probably in the context of a demented population not 
understanding why they had to wear a bracelet); when 
patients were agitated they tried to remove the device, 
and in one occasion the patient was successful and threw 
it out the window. We also experienced some logistical 
challenges with replacing the actigraph watch battery 
and downloading the actigraphy data, mainly outside the 
nursing home setting.

There is an unmet need for special care in terms of 
agitation in demented patients, including devices to 
detect and monitor agitation. A possibility will be to 
foresee upcoming agitation indicated by a change in vital 
signs (e.g., an increase in heart and respiratory rates). 
Agitation reflects multiple biological pathways, and these 
biomarkers (both biological and digital) need to be 
validated in populations with a wide range of behaviors 
and in different settings (home vs. assisted living). For 
future clinical trials, use of digital biomarkers could 
improve the assessment of agitation in response to a trial 
intervention. New technologies will help to overcome 
difficulties found in our initial attempts to evaluate 
agitation in demented patients through digital biomarkers.

Patients with dementia 
found it hard to tolerate fixed 
monitoring devices.
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An Integrated Approach to the Use of Biomarkers

It is important to distinguish between a potential biomarker and a reliable biomarker that can 
be universally used to guide important clinical and commercial decisions, during both the 
regulatory process and patient use. As a response to the increasing need to address the quality 
and suitability of biomarkers, concepts and validation have been developed.

Several challenges need to be addressed in the biomarker life cycle implementation 
(and use) and include:31

Many rare diseases have insufficient 
drug development tools to maximize 
trial efficiency (or even feasibility). Long-
term investments in the development of 
sustainable initiatives and infrastructures, 
including public-private partnerships, are 
necessary to facilitate biomarker discovery 
and development.

There are many stakeholders in the mix, 
with different viewpoints. Regulatory 
agencies, healthcare payers, test 
manufacturers, physicians, and patients 
require evidence regarding the safety, 
efficacy, utility, and cost-effectiveness of 
novel tests to inform their decisions. 

Biomarker development is a long, resource- 
and time-intensive task. Generating, 
collecting, analyzing, and protecting 
biomarker data and information, and 
making them available to different users,  
is not straightforward.

Overall, there is a challenge to prioritize 
biomarker needs, focus resources, and 
integrate efforts across stakeholders.

There is no practical and structured process 
of biomarker integration in the life cycle of 
the asset, especially due to the wide range 
of biomarkers available today. Regulatory 
processes and reimbursement procedures 
must be adapted to the specificities of 
novel biomarker-based clinical tests, and 
harmonized across jurisdictions.

Business models are being 
developed within the private sector to 
support research, development, and 
commercialization of biomarker-based 
medical tests.
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Conclusions

•  Rare diseases currently represent one of the fastest-growing areas for
biopharmaceutical R & D investment, and this trend is expected to continue for the
foreseeable future

•  Biomarkers not only need standardization but correlation with clinical and other
measurable parameters

•  To accelerate rare disease drug development, digital biomarkers are increasingly
being scientifically studied, validated, and approved. From the perspective of the
rare disease drug developer, these digital biomarkers must not only be scientifically
validated, but regulatory validated for approval purposes

•  Commensurate with the rapid growth of the rare disease market, approximately
1,350 active trials and studies involving biomarkers were registered according to
the ClinicalTrials.gov database, and more than half of all approved drugs (EMA and
FDA) since 2015 used at least one biomarker for approval

–  Since Q1 2017, more than 250 digital health products have received FDA/CE approval

•  Recently validated smartphone assessments may allow for more accurate
classification of schizophrenia diagnosis and quantification of negative symptom
severity in patients

•  Based on initial feedback from the mPOWER study, digital technologies have the
potential to allow for objective clinical measures that can gather data during the
person’s day-to-day activities to provide meaningful feedback

•  Digital assistants may be used in patients with Alzheimer’s disease to capture
agitation data and do not need to rely on participant or caregiver self-reports

• Because identifying and validating digital biomarkers is a challenging and
sometimes lengthy process, especially in the area of rare disease, it is important to
select partners that are experienced with the regulations, including familiarity with
both hardware and software issues, all in the context of data privacy for each rare
disease patient

… it is important to select partners that are experienced with the regulations, 
including familiarity with both hardware and software issues …
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