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• NT1 caused by severe loss of neurons that
produce the orexin (hypocretin) 
neurotransmitters in the hypothalamus.

• Longitudinal objective measures of symptoms
are limited making it difficult to evaluate
therapies.

• Cataplexy is assessed by Weekly Cataplexy Rate 
(WCR) recorded in patient diaries.

• NT is assessed via polysomnography  (PSG); 
overnight clinical multi-parametric analysis 
including electroencephalography (EEG).  

Case study outline: Narcolepsy

Scammell, T. E. (2015). Narcolepsy. New England Journal of Medicine, 373(27), 2654-2662.



Translational Murine models of NT show narcoleptic mice have less 
distinct and more labile states of sleep and wakefulness

Diniz Behn, C. G., Klerman, E. B., Mochizuki, T., Shih-Chieh, L., & E. Scammell, T. (2010). Abnormal sleep/wake 
dynamics in orexin knockout mice. Sleep, 33(3), 297-306.



Deep learning based analysis of sleep & wakefulness signatures

Stephansen, J. B., Olesen, A. N., Olsen, M., Ambati, A., Leary, E. B., 

Moore, H. E., ... & Mignot, E. (2018). Neural network analysis of sleep

stages enables efficient diagnosis of narcolepsy. Nature 

communications, 9(1), 1-15.

Rapid 
transition to 
REM at start 
of night vs 
control

Key Features of article:
• Novel scoring output: probability in a given stage.
• Accurate automated sleep scoring. 
• State-of-the art NT1 detection based on unusual sleep stages + genetics.
• Long-term potential for fast sleep staging, at home NT1 diagnosis



Novel Exploration of Alternative Definitions of Sleep States

B. Tracey ‘Machine Learning to Study Narcolepsy’ Sleep 2020



Physiological Markers of Cataplexy

Scammell, T. E. (2015). Narcolepsy. New England Journal of Medicine, 373(27), 2654-2662.

• Sudden, emotionally triggered episodes of muscle weakness with preserved consciousness. 
• Typically begin with weakness of the muscles of the face and neck.
• Spreads to involve the muscles of the limbs and trunk.
• Cardiovascular activity changes pre-during-post cataplexy to monitor episode

Donadio, V., Plazzi, G., Vandi, S., Franceschini, C., Karlsson, T., Montagna, P., ... & Liguori, R. (2008). 
Sympathetic and cardiovascular activity during cataplexy in narcolepsy. Journal of sleep research, 
17(4), 458-463.



Portable Devices for EEG, Accelerometry, and EGG for 
scalable approaches in clinical trials

1. Based on algorithms developed by Stephansen et al, 2018 *A. Dowling, SCOPE SUMMIT, Miami,  2021



Study: Wake and Sleep State Transitions on a Portable Electroencephalogram 
(EEG) Device in Narcolepsy Patients and Healthy Participants*
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Screening

1. Study includes 16 people with narcolepsy and 16 age/gender matched healthy controls
2. Digital devices include night-time EEG, 24/7 accelerometry and ECG monitoring, and ePRO diary
3. 2 nights of in-patient testing to enable testing EEG device against gold-standard nPSG
4. 5 nights of out-patient testing for at-home use of digital devices
5. Subjects kept an ePRO diary for sleep quality as well as narcolepsy symptoms

*A. Dowling, SCOPE SUMMIT, Miami,  2021



✓ Overcome the limitations of static snapshots 
of clinical visits

✓ Establish novel efficacy endpoints linked to 
primary clinical measures

✓ Ultimately enable Phase III with quantifiable, 
extended outpatient measures that correlate 
with established clinical endpoints

Clinical Validation of Portable EEG
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Study: Wake and Sleep State Transitions 
on a Portable Electroencephalogram 

(EEG) Device in Narcolepsy Patients and 
Healthy Participants

• Validation
• Concordance of sleep state scoring
• Correlation of sleep transitions
• In-clinic comparison to gold standard PSG

• Digital Biomarker
• Night to night variability in sleep patterns

• Sleep transitions

• Healthy vs Narcolepsy

• At-home data 

*A. Dowling, SCOPE SUMMIT, Miami,  2021

From subjective 
measurements

Hand-scored PSG

• Expand knowledge of narcolepsy and other sleep disorders

• Better patient stratification

• Provide objective sensitive and reproducible endpoints for 
dose-response relationship

Continuous quantification of sleep structure in 
clinic and at home to better capture disease 

phenotype



• Target Population
• Target Markets
• Intended Use
• Use Environment
• Safety
• Approval dates
• Regulatory requirements (US/EU)
• Access to device
• Cost
• Supply chain and Distribution 

Strategy
• Manufacturing Capacity 
• Subject compliance
• Site compliance
• Device storage at site
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Device Considerations 

• Kitting

• Training

• Device Service and maintenance

• User – Device interface

• Quality and Reliability

• Life of Device (years)

• Battery

• Portability

• Data storage and accessibility (CRO and 

Sponsor)

• Software

• Study design

• Licensing & contracts



Clinical Validation: Meaningful Metric to Specific Population
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Goldsack, J.C., Coravos, A., Bakker, J.P. et al. Verification, analytical validation, and clinical validation (V3): the foundation of 
determining fit-for-purpose for Biometric Monitoring Technologies (BioMeTs). npj Digit. Med. 3, 55 (2020). 



Public-Private Collaboration IMI: Sleep & Fatigue 

https://idea-fast.eu/



2022

2020 2021

EMA approved stride velocity 95th centile as an acceptable secondary efficacy endpoint
in clinical trials of ambulant DMD patients > 5yrs.

Quantifies patient ambulatory ability as the minimal velocity of 5% of the most rapid
strides taken by the patient.

Only device currently validated for the assessment of this endpoint is the Actimyo device

Guidelines and Frameworks for Developing Digital Endpoints



Key Messages

Measurements
Novel digital end-points or 
biomarkers

Taking measurements away from 
clinic to home

Delivering higher-resolution, faster, 
or cheaper measurements

Clinical validation requires extensive 
resources and multi-disciplinary 
collaboration

Analytical Tools
Advanced analytics of existing data 
streams (AI/ML)

New insights from existing datasets

Novel analytics / algorithms for 
clinical decision making

Pre-competitive collaboration 

Patient-centricity 
Patient Input needed at each stage 
of development

Patient education and support during 
clinical trials

Patient engagement and compliance 
tools

Digital data collection tools: 
Understanding symptom burden
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Questions and Comments


