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Background

• Wearable technology is being increasingly implemented in clinical drug 
development (330 clinical trials: clinicaltrials.gov; 2017). 

• Allows the collection of observable data non-invasively, in real-time, in a 
patient’s natural setting.

• Enhances understanding of the effects of treatment and how symptoms 
change during daily life.

• Much enthusiasm contrasted with the need for more rigorously produced 
data for the field to progress and establish validated methodologies.

• Opportunities and challenges related to emergence of digital biomarkers.

Rogozinska, M. Z. (2018). Can the use of novel digital devices improve the productivity of drug development?. Clinical Pharmacology & Therapeutics, 104(1), 35-37.



Objective measurements of biological processes that reflect physiological 
responses to disease progression or therapeutic intervention collected using 
a digital device. These can ideally be correlated to clinical endpoints of 
interest or can access novel or additional markers of disease prognosis or 
progression

3

Digital Biomarker: Definition

Kothare, P. A., Jadhav, P. R., Gupta, P., Harrelson, J. C., & Dickmann, L. (2018). Harnessing the Potential of 

Emerging Digital Health and Biological Sampling Technologies for Clinical Drug Development: Promise to 
Reality. Clinical Pharmacology & Therapeutics, 104(6), 1125-1135.



3. Steinhubl, S. R., Muse, E. D., & Topol, E. J. (2015). The emerging field of mobile health. Science translational medicine, 7(283), 283rv3-283rv3.
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Use of a biosensor to collect objective data on a biological, anatomical, or 
physiological parameter
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Multi-Stakeholder Collaboration 
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Limited data-sets have been used to characterize endpoints 

DATA POINTS 

Visible & Episodic 

Invisible & Continuous

TIME

• Currently data collection occurs with a protocol-specified schedule of events 
• New paradigm includes continuous measurements outside the clinic
• Consider how we interpret the data and how we think about validating the 

methods?

Traditional Outcome Measures

Digital Outcome Measures
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Minute level data provides insights on an individual’s activity patterns via accelerometry. 
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The Importance of Metadata for Interpretation
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Device Selection



• The device chosen should have an explicit context of use; meet appropriate 
requirements for accuracy and precision.

• Accompanied by the metadata required for analysis and interpretation.

• Both consumer grade and research grade devices are being assessed for the 
development of digital biomarkers e.g. Fitbit.

• Data protection and security. In the EU the General Data Protection 
Regulation not specific to device type and covers all data generated by 
wearables or apps in a medical context. 
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Fit-for-Purpose Device Selection

Wright, S. P., Collier, S. R., Brown, T. S., & Sandberg, K. (2017). An analysis of how consumer 
physical activity monitors are used in biomedical research. The FASEB 
Journal, 31(1_supplement), 1020-24.
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Research vs Consumer-Grade Wearables

• Research devices: 
• Large scientific evidence 

base e.g. ActiGraph
• Raw data for algorithm 

development

• Consumer devices:
• Influence of Real World Data.
• Challenging to meet clinical 

trial grade outcomes. 

Coravos, Khozin, and Mandi. Npj Digital Medicine (2019) 14

Framework for FDA’s Real World Evidence Program. December 2018. www.FDA.gov
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Designing studies with Digital Devices 

Outcome

Select the outcome of interest (e.g. sleep duration, heart rate)

Relevant to a specific condition

Likely to respond to treatment

Device

Study

Data

Develop data integration system
3rd party vendor(s)
Multiple devices
Compliance and Privacy regulations

Select fit-for-purpose device(s)  
The outcome of interest, target population
The context of use (clinical trial design, etc.)

Design feasibility studies
Tolerability and adherence (study duration)
Device performance and data quality 
Validation and interpretation of the data (eDiary)
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Examples of Digital Biomarkers 



CTTI & ePRO CONSORTIUM RECOMMENDATIONS FOR OPTIMIZING NOVEL ENDPOINT SELECTION

• Focus on measures that are meaningful to patients

• Select the device after selecting an outcome assessment.

• Is the device fit for purpose to measure concepts of interest identified? 

• Is there satisfactory evidence of data reliability and validity from the device?

• Include novel endpoints as exploratory endpoints in existing clinical trials.

• Early regulatory engagement is essential if the dossier reliant on these data

Guidelines and Frameworks for Deploying Wearables

Byrom, B., Watson, C., Doll, H., Coons, S. J., Eremenco, S., Ballinger, R., ... & ePRO 

Consortium. (2018). Selection of and evidentiary considerations for wearable devices and their 

measurements for use in regulatory decision making: recommendations from the ePRO 

Consortium. Value in Health, 21(6), 631-639.

Developing Novel endpoints generated by mobile technology for use in clinical trials. Available 

at: <https://www.ctti-clinicaltrials.org/projects/novel-endpoints>



• Value of incorporating new technologies will need to be justified against 
upfront investment and costs.

• A reliable and robust evidence base for demonstrating the clinical validation 
of devices relative to existing “gold standards” is largely missing.

• Still need systems that are configured to ensure privacy and security of 
patient information powerful analytic platforms capable of real‐time 
analysis.

• Early development expertise essential to enabling rapid clinical evaluation 
of technologies and advancement of the field.
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Moving Forward
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