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AGENDA 

May 9 
 
 

Continental Breakfast (7:30 – 8:00 a.m.) 

8:00 – 8:30 a.m. Welcoming Remarks & Overarching Objectives for Concepts-of-Interest 
Stephen Arnerić (Critical Path Institute)  

8:30 – 9:25 a.m. The Potential of BMDs in Assessing Real-World Function  
Jeffrey Kaye (Oregon Health Sciences University) 

9:25 – 9:45 a.m.   Voice of the Patient-Advocate  
David Levine 

9:45 – 10:00 a.m.  Questions  
                

Break (30 minutes) 

SESSION I: Mobility/Frailty 

10:30 – 10:50 a.m. 
 
10:50 – 11:10 a.m. 
 
11:10 – 11:30 a.m. 
 
11:30 – 11:50 a.m. 

Luxembourg Centre For Systems Biomedicine (LCSB) 
Venkata Satagopam 

Michael J. Fox Foundation 
               Lauren Bataille 
Evidation Health 

Luca Foschini 
APDM Wearable Technologies 
               Matthew Johnson 

 Lunch (1 hour) 

SESSION II: Sleep 

1:00 – 1:30 p.m. Device Comparisons to Polysomnography 
              Rebecca Spencer (University of Massachusetts) 

1:30 – 2:00 p.m. IXICO 
              Derek Hill 

Break (20 minutes) 

SESSION III: Cognition 

2:20 – 2:40 p.m. Cerebral Assessment Systems, Inc., Cognivue® 
               Charles J. Duffy 

2:40 – 3:00 p.m. ImPACT® Applications, Inc. 
               James Gyurke 

3:00 – 3:20 p.m. Cambridge Cognition 
               Krystyna Zaluski 

3:20 – 3:40 p.m. Akili 
               Ashley Mateus 

Break (20 minutes) 
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May 10 
 

Continental Breakfast (7:30 – 8:00 a.m.) 

8:00 – 8:10 a.m. Welcoming Remarks  
Stephen Arnerić (Critical Path Institute)  

8:10 – 10:00 a.m. Discussion of Key Themes and Messages from May 9 
All 

Break (30 minutes) 

Key Metadata and Concept Maps 

10:30 – noon Where do we need to focus? Next Steps… 
All 

Lunch (1 hour) 

 
Adjourn at 1:00 pm 

 

ACTI 

O 

 

Actions 
 

ACTION ITEMS LEAD/RESPONSIBLE DEADLINE 

1. Complete CAMD survey on “The Voice of Those Who Care” 
(LINK) 

All 7/31/17 

2. Create a draft BMD concept map. All 7/31/17 

N ITEMS  

4:00 – 5:15 p.m. Panel Discussion: Michael Davis (FDA, CDER), Jay Gupta (FDA, CDRH), Sean 
Khozin (FDA, CDER), Leonard Sacks (FDA, CDER) 

5:15 – 5:25 p.m. Summary and Closing Remarks  
              Stephen Arnerić (Critical Path Institute) 
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Day 1 
 

HIGHLIGHTS AND SUMMARY 

Advancing CDISC Standards for BMD Use in Clinical Development of Neurologic and 
Psychiatric Treatments, Dr. Stephen P. Arnerić, Critical Path Institute 

Dr. Stephen Arnerić, PhD, Executive Director, Coalition Against Major Diseases (CAMD), Critical Path 
Institute (C-Path), welcomed all attendees to the meeting on behalf of Critical Path Institute’s Coalition 
Against Major Diseases. Dr. Arnerić briefly provided an overview of the Critical Path Institute’s fourteen 
consortia that are focusing on neuroscience, global health, patient perspective, internal medicine, data 
collaboration, or pediatrics. Clinical data contributions to C-Path have about doubled since 2015; 97 
clinical studies with over 54,000 subjects are available in C-Path’s databases across several consortia; all 
managed by C-Path’s Data Collaboration Center [LINK]. The Coalition Against Major Diseases’ (CAMD) 
mission is to develop, as a pre-competitive consortium, new technologies and methods to accelerate the 
development and review of medical products for treating Alzheimer disease (AD) and dementias of 
related neurodegenerative diseases. Focus is on the advancement of regulatory science supporting Drug 
Development Tools (DDTs) for Alzheimer disease and related dementias with impaired cognition and 
function. CAMD is dedicated to the development of data standards, the creation/maintenance of an AD 
drug-disease-trial model (the regulatory path to qualification took more than 3.5 years), and utilization 
of the available tools (as to create better power, cost, and time savings). CAMD’s AD database and the 
clinical trial simulation tool are being accessed by numerous organizations, academic institutions, and 
individuals. It is CAMD’s goal (as approved by CAMD’s membership) to move focus from mild-to-
moderate AD towards the MCI and pre-symptomatic stages. 

Symptoms and signs of disease/concepts-of-interest are prominent across neurodegenerative diseases 
(Alzheimer disease, Parkinson disease, Multiple Sclerosis, Huntington disease). Age-related 
neurodegenerative diseases are prevalent with ~477,000 new AD patients diagnosed each year in the 
U.S. resulting in significant burden on our national healthcare budget. 

Defining disease requires a composite assessment of observable signs (observer/performance 
outcomes) and symptoms (patient and physician-reported outcomes). Elements that can be applied for 
Biometric Monitoring Device (BMD) assessments include understanding the disease or condition, 
conceptualizing treatment benefit, and selecting/developing the outcome measure. BMDs have the 
potential to provide observer and performance outcome assessments. 

The “What”, “How” and “Why” of BMDs: 
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Various symptoms and signs are impacting the patient’s/care-giver’s quality-of-life (QoL) and are 
prevalent across multiple disease areas; initial concepts-of-interest are sleep, mobility/frailty, and 
cognitive performance. CAMD’s proposed vision for digital drug development tools starts with initial 
(years 1 through 3) focus on development, socialization, and implementation of a regulatory roadmap 
that will enable the advancement of regulatory science supporting the use of BMDs in clinical trials. In 
parallel and in a slightly staggered approach (years 2 through 5), a data repository will be created of de-
identified patient-level BMD data where quantitative disease-progress modeling and exploration of 
novel clinical outcome assessments can be examined at the earliest stages of disease to support specific 
contexts-of-use. It is recognized that standardization across common concepts-of-interest are needed. 

Since December 2016, CDISC standards are required for FDA and PMDA registration submissions. CDISC 
standards are foundational in creating actionable databases; CDISC standards are available for multiple 
neurodegenerative diseases, including the Therapeutic Area User Guide (TAUG) for AD (currently as 
version 2.0). 

Based on an earlier CAMD-organized workshop (Mobile Devices in Clinical Trials for Neurological 
Diseases: CDISC Standards Development, March 10, 2017, Phoenix, AZ; LINK), key learnings emerged 
that are to be considered. These learnings include the realization that many foundational CDISC 
standards do exist and are available, metadata is critical to understand context of an assessment, 
composites may provide a more powerful and contextually meaningful assessment, mood (e.g., 
depression) and pain may be important factors in assessments, and the need to understand the 
priorities of patients and caregivers. A key focus area at the March 2017 workshop were discussions 
around frailty (as presented by Dr. Jane Mohler, University of Arizona) and the realization that frailty 
represents “biological aging”; it was demonstrated that frailty is associated with mild cognitive 
impairment, MCI (Ohara et al. [LINK]). CAMD launched a survey to assess “The Voice of Those Who Care” 
(LINK), a quality-of-life survey for neurological and psychiatric diseases, with the aim to understand what 
is most valued by the patient and their caregivers regarding innovative treatments for chronic diseases; 
and area that is of growing interest to regulators. 

CAMD’s long-term aim is to qualify BMDs for specific contexts-of-use. Cognition impacts how the world 
is viewed and how we focus/functionally organize our “instrumental activities of daily living”. BMDs 
have the potential to measure signs related to all domains of function comprising what is viewed as 
Instrumental Activities of Daily Living (including mental function, physical function, social engagement, 
and health maintenance). BMDs can create more-sensitive assessments of physiological and behavioral 
signs of health and, in comparison, disease, allowing for shifting focus towards early detection and pre-
symptomatic signs. In summary, application of BMDs may improve sensitivity to detect/assess disease 
progression and treatment interventions, support label claims for innovative treatments, create novel 
assessments of pre-manifest disease, provide assessments in compliance of Good Clinical Practice, and 
provide novel quantitative composite assessments of QoL, and health care delivery. 

In closing, Dr. Arnerić identified the envisioned deliverables for this meeting: The aims are to identify 
current gaps in data standards required to advance clinical Drug Development Tools that assess Physical 
Function/Frailty, Sleep and Cognition using Biometric Monitoring Devices (BMDs); and to fill these gaps 
to enable the use of BMDs in Registration Studies, and the creation of actionable databases of disease 
progression, and treatment responses across neurological diseases. In addition, it is envisioned to create 

https://c-path.org/programs/camd/
https://c-path.org/mobile-devices-in-clinical-trials-for-neurological-diseases-cdisc-standards-development/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5390291/pdf/srep46419.pdf
https://www.surveymonkey.com/r/quality-of-lifesurvey


 
 
 
 
 
 

 
https://c-path.org/programs/camd/                                                                   Page 7 of 28 
 

a publication outlining the state of the field and considerations for advancement of these devices for use 
in clinical registration trials. 

 

The potential of BMDs in assessing real-world function, Dr. Jeffrey Kaye, Oregon Health & 
Science University 

Dr. Jeffrey Kaye, Layton Professor of Neurology & Biomedical Engineering, ORCATECH - Oregon Center 
for Aging & Technology, NIA - Layton Aging & Alzheimer's Disease Center, started his presentation by 
pointing out the generally high interest in digital technologies and related workshops – in particular at 
the National Science Foundation (NSF; Homeshare program), National Institutes of Health (NIH; 
Precision Medicine Initiative), the National Institute on Aging, and interagency initiatives such as the 
Collaborative Aging (in Place) Research Using Technology (CART), an initiative to create a national 
infrastructure of available in-home technologies for up to 10,000 dwellings. 

While clinical disease markers tend to be insensitive and change late/at late stages of the disease, 
biomarkers can aide in early detection of disease. Based on the ADNI (Alzheimer’s disease Neuroimaging 
Initiative) cohort, Jedynak et al. (LINK) demonstrated earlier detection when applying standardized 
biomarkers; functional changes could be shown in earlier stages of disease MCI. Changes in Instrumental 
Activities of Daily Living (IAFDL)/performance changes precede dementia by 7-10 years; even before 
onset of MCI (Nygård [LINK]; Wadley et al. [LINK]; Jekel et al. [LINK]; Howieson et al. [LINK]; Buracchio et 
al. [LINK]). The identification of functional and cognitive change is challenging using episodic testing and 
self-reporting (Austin et al. [LINK]; Quinn et al. [LINK]). 

Utilization of BMDs in dementia trials allows for real-time, continuous, home-based, objective, 
unobtrusive, and ambient collection of data (pervasive computing, wireless technologies, “big data” 
analytics), creating evidence of change in disease progression (reviews by Pillai and Bonner-Jackson 
[LINK]; Dorsey et al. [LINK]). The number of dementia trials utilizing noninvasive digital technologies, 
including smartphones/PDAs, wearable devices, biosensor devices, computerized systems, multiple 
components is high and growing steadily (Vegesna et al. [LINK]; review of 62 studies between 2005 and 
2015). 

Considerations for BMD development must include ecological validity (user and use-cases), data 
encoding, and evidence creation with validation, analysis of meaningfulness, and adoption. Data need a 
secure storage environment to ensure HIPPA compliance, and must be collected in a standardized 
format. A technology-agnostic pervasive computing platform for continuous home-based assessment 
has been developed (Kaye et al. [LINK] and Lyons et al. [LINK]) and is being deployed in several study 
cohorts (including Life Laboratory Cohort, AIMS Transitions, EVALUATE AD, CART, etc.). 

Measurement of physical activity and mobility behaviors (activity patterns, Hayes et al. [LINK]; 
trajectories of gait speed over time, Dodge et al. [LINK]) allows for differentiation of early MCI vs. late 
MCI, as well as MCI vs. non-MCI (Aki et al. [LINK]). Using a determined window of observation can allow 
for prediction of MCI. 

Critically, when BMDs are applied passively to monitor night-time behavior and sleep, differentiation of 
MCI was demonstrated (Hayes et al. [LINK]; Hayes et al. [LINK]), while self-report measures did not 
reveal those differences. Computer/Internet-based online testing for cognition allows for surveying for 

https://c-path.org/programs/camd/
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memory, attention, and response time (face-valid cognitive tasks, mouse/touchscreen movements, 
mouse velocity, movement hesitation, typing speed, dwell time, etc.). Furthermore, it has been 
demonstrated that cognitive function is affected by sleep history (Seelye et al. [LINK]); impacts of sleep 
the night prior, the week prior, and the month prior to a neuropsychological evaluation on cognitive 
performance were researched; disturbed sleep is associated with reduced memory. 

Continuous monitoring of medication adherence may identify patients experiencing slow cognitive 
decline (Austin et al. [LINK]). It was demonstrated that individuals with lower cognitive function have 
more ‘spread’ in the timing of taking their medications and show increase over time in the spread of 
timing of taking their medications. Computer use in the assessment of cognition, behavior, motor 
function, etc. is highly promising; however, self-report data are still necessary (Kaye et al. [LINK]; Silbert 
et al. [LINK]; Seelye et al. [LINK]; Seelye et al. [LINK]). 

Additional factors need attention: Associations between observed in-home behaviors and self-reported 
low mood in community-dwelling older adults (Thielke et al. [LINK]) demonstrated correlation of low 
mood/depression with reduction of walking speed, number of room transitions, time out of home, and 
significant reduction of computer use. Furthermore, phone use (number of calls, etc.) appears to be a 
good indicator of mood and cognitive function (Petersen et al. [LINK]). 

When considering trials with integration of digital devices/measurements, using objective in-home 
monitoring to identify meaningful behaviours changing during a loneliness intervention can be a 
powerful tool (Austin et al. [LINK]). Recent trial results (Austin et al., 2017, under review) utilizing 
probability maps and changes in outcome indicate that loneliness can be reduced significantly, while 
time out-of-home, the number of computer sessions total number of phone call, and walking speed are 
increased. Using home-based technologies, active, frequent assessments and interventions can be 
delivered everyday via video chats (Dodge et al. [LINK]; Dodge et al. [LINK]); in a 6-week trial led by H.H. 
Dodge, subjects showed exceptional adherence and significantly increased social engagement (social 
markers of cognitive function including communication and swear word categories [Asgari et al. (LINK)]). 

In closing, several ongoing trials/trials in planning were introduced:  

 Internet-based conversational engagement clinical trials (I-CONNECT), performed by H.H. Dodge 
and coworkers. This trial recruited 50% African American participants. 

 ADCS PEACE-AD trial (a randomized controlled trial of Prazocin for agitation in AD), utilizing 
BMDs in assessing agitation via a wrist-worn device, measuring motor activity and collecting the 
percent change in total activity counts at 1 week vs. 12 weeks. 

 EVALUATE – AD (Ecologically Valid, Ambient, Longitudinal and Unbiased Assessment of 
Treatment Efficacy in Alzheimer’s Disease), an investigator-initiated study supported by Merck 
and NIA, that evaluates the use of BMDs in a longitudinal naturalistic observational cohort study 
spanning up to 18 months with the goal to establish outcome assessments using BMDs that are 
sensitive to clinical change associated with conventional AD therapies. Sixty subjects (30 
patients and 30 care partners) will be recruited. Core functions and measures include: physical 
capacity/personal mobility, sleep/nighttime behavior, physiologic health, medication adherence, 
socialization/engagement, cognitive function, community mobility – driving, health and life 
events, and care partner engagement. 

  

https://c-path.org/programs/camd/
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A Physician/Patient Hybrid Perspective on Biometric Monitoring Devices (BMD), Dr. David W. 
Levine 

Dr. Levine opened his presentation with on overview of his objectives: to highlight key points for BMD 
development and use in clinical trials from his perspective, and to help identify and address “digital 
divides” and gaps in neurodegenerative disease research, care and support. 

With his versatile background, Dr. Levine offers a unique view as a physician (orthopedist, clinical 
epidemiology), researcher in biotech and as a patient. In early 2006, he was diagnosed with Parkinson 
disease (PD). Since then he received a Deep Brain Stimulation (BMS) implant and has served as a clinical 
research subject in several trials investigating BMDs. 

Dr. Levine provided his specific considerations and associated challenges: PD is a multi-organ/system 
disease, not just a movement disorder, non-motor symptoms can be as important and disabling as 
movement symptoms (e.g., GI, speech, swallowing, sleep, cognition, mood, fatigue, pain syndromes, 
vision), and disease progression generally involves increasing severity of symptoms in increasing number 
of systems, but the extent/linkage/timing of co-morbidities are variable. Some of the non-motor 
symptoms are challenging to measure with BMD’s only; additional measurements are needed to 
demonstrate how symptoms affect patient function. He stressed that both active patient and caregiver 
input into standardized PRO instrument(s) supplemented by “passive”/automatic collection of BMD data 
will be required to advance the field. 

Assessing traditional Activities of Daily Living (ADL’s) (e.g., walking, bathing, eating) is well developed in 
clinical medicine and research. Computers/smartphone devices are now an essential part of daily 
functional activities. However, PD markedly reduces the ability and endurance to use digital devices 
(tremors, dyskinesia, dystonia, bradykinesia, freezing, fatigue, posture – kyphosis, muscle and joint pain, 
speech difficulties, vision, standard touch screens and mice make use of BMDs challenging). Better 
assessment, technology and support for PD patients and other patient populations are needed to 
effectively use digital devices. 

BMD use provides significant opportunities including real-time, continuous, and automated data 
collection, reduced recall bias, some data collection is independent of patient education/”clinical 
sophistication” background, and reduced observer variability. Challenges include noise to signal ratio 
issues, data interpretation, establishing/validating clinical correlations, the danger of missing important 
symptoms/functional problems due to measurement or patient input difficulty, lack of comfort/ease of 
use, and device reliability. BMDs offer the potential to make traditional types of studies more efficient, 
(e.g., faster data collection, reduction of missing data, reduction of intra- and inter observer variability) 
while new types of data with the potential for enhanced data analysis and interpretation can be 
gathered (e.g., better measurement of progression rates, help in identification of rate predictors and 
sub-populations of “rapid progressors”, reduction of false negative risks). 

In summary, the conceptual advantages of BMD use to patients include the ability to measure 
continuous change vs. a “step function” that traditional clinical studies capture. The ability to capture 
disease progression/regression in real time vs. when patients come for scheduled visits or when they 
become aware of symptom/functional changes, the potential for “mapping/navigating” disease vs. static 
GPS coordinate-like "point in time” description, and BMDs may help in finding the “Holy Grail” and aide 
in slowing, stopping, or reversing disease progression. 

https://c-path.org/programs/camd/
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Dr. Levine urged BMD developers and organizations that utilize BMDs to be practical, persistent, 
prepared, and patient-centered. BMDs need to measure what is important to the patient, the 
technology needs to be adapted to the patients’ needs and abilities, and the approaches to collect this 
data need to be pragmatic vs. perfect. Both, clinical validation and correlations with historical/existing 
literature and data is needed. 

 

SESSION I: MOBILITY/FRAILTY 

Mobile Health: Towards cross study clinical research in Parkinson’s disease, Venkata 
Satagopam, Bioinformatics Core, Luxembourg Centre for System Biomedicine (LCSB), 
University of Luxembourg 

Dr. Satagopam, Senior Research Scientist at LCSB, University of Luxembourg, introduced the LCSB (an 
interdisciplinary research center that aims to understand the mechanisms of complex biological systems 
and disease processes and to enable new ways to cure and prevent human diseases) and the National 
Centre for Excellence in Parkinson Disease (NCER-PD) project, with focus on the NCER-PD platform and 
its “mobile” involvement that is using CDISC to support NCER-PD data management. The Luxembourg 
Centre for System Biomedicine (LCSB) BioCore provides services, research, and outreach across data 
integration, network analysis, text-mining, clinical and translational IT, visualization, and data analysis 
pipelines. 

The NCER-PD aims to improve the Health of the Elderly Luxembourgish Population, focused on 
Parkinson Disease (HELP-PD cohort). The project (with a long-term funding commitment of 8-12 years) is 
focused on early diagnosis and stratification of PD, on building a national PD registry, and trans-
institutional collaborative research. The NCER-PH/HELP-PD cohorts, in collaboration with the Parkinson’s 
Progression Markers Initiative (PPMI) and DeNoPa (De Novo Parkinson) cohort (Kassel, Germany) 
perform prospective recruitment over four years with 800 patients with typical and atypical 
symptoms/800 control subjects. Clinical data collection will include factors such as motor function, 
cognition, neurosensory aspects, psychiatric aspects, sleep, autonomic aspects, quality-of-life, and 
environmental aspects. Biosampling will include blood (DNA, RNA), urine, saliva, nasal washes, stool, 
CSF, skin biopsy, and colon biopsy. A complex computation platform is being utilized; the clinical team 
(in-clinic and mobile team to reach patients), together with eGaIT and mPower (see below), are 
supported by biobanking, analytical labs, data integration and an analysis platform, an electronic data 
capture (EDC) system, a data and computing platform, and private cloud storage. 

Mobile involvement in NCER-PD included utilization of EDC systems, devices such as the “smart shoe” 
(eGaIT), and patient involvement via the mPower App. Mobile devices are being utilized in situations 
when the internet is not available and when measuring walking patterns and for prediction of 
“freezing”. Direct patient involvement is highly beneficial since mobile technology-based “self-care” 
accounts to 8,765 hours vs. one hour of in-clinic neurological healthcare. The patient can observe and 
report on effects of his/her own treatment. NCER-PD manages significant challenges of data 
management including data integration among different systems and languages, as well as cross-study 
comparison/analysis ability. The LCSB’s REDCap (Research Electronic Data Capture) EDC system, in 
collaboration with their data integration and analysis platform, and using the CDISC (Clinical data 
Interchange Standards Consortium) Clinical Data Acquisition Standards Harmonization (CDASH) 

https://c-path.org/programs/camd/
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Operational Data model (ODM), is remapping the DeNoPa and PPMI cohort datasets and the NCER-PD 
case report forms (CRFs) to the CDISC Study Data Tabulation Model (SDTM) PD therapeutic area 
standard. Ninety different scales/forms with more than 3,000 fields/variables are being processed, 
multi-lingual support is being utilized, multi-center (multi-standards) ontologies are being addressed. A 
graphical user interface, the ATR (annotation tool for REDCap) tool, was developed and is being utilized 
in annotating eCRFs. This tool allows for users to map specific CDISC domains to the associated REDCap 
variables, entering of annotations, easy export and ease of field population. 

Benefits of using CDISC in the NCER-PD study include data integration using a standardized data model, 
application of standardized and re-usable data collection instruments, reduced post-collection curation, 
and facilitation of cross-study comparison and re-use of data. However, CRF annotation is time-
consuming and the capability to automatically generate SDTM format is lacking. In addition, the present 
PD CDISC standard covers only 20 of about 90 data collection instruments; MoCA (Montreal Cognitive 
Assessment Test), PDQ39 (Parkinson’s disease quality of life questionnaire), Starkstein Apathy Scale, 
SCOPA-AUT (SCales for Outcomes in PArkinsons disease), PDSS (Parkinson's Disease Sleep Scale), BDI 
(Beck Depression Inventory) need to be added. 

The LCSB’s ongoing aim is to create a Parkinson’s disease map (LINK) highlighting the associated systems 
biology by applying machine-learning and deep-learning efforts (“Ada”) and visual analytics (“SmartR”). 

 

The Michael J. Fox Foundation’s digital health strategy, Lauren Bataille, Senior Associate 

Director, Research Partnerships, Michael J. Fox Foundation 

The Michael J. Fox Foundation (MJFF) is the world’s largest non-profit funder of PD research with the 
mission to accelerate the development of improved therapies, and ultimately a cure, for people living 
with Parkinson disease today. More than one million active PD community members are engaged in 
foundation communications. 

MJFF’s portfolio in support of mobile and sensor technology includes the goal to improve the 
development of PD therapeutics through the use of trusted digital endpoints. Objectives are to drive the 
development of PD-centric novel digital endpoints, to determine whether digital objective measures are 
non-inferior or superior to traditional clinical assessments, and to facilitate development of a digital PD 
biomarker. MJFF has built partnerships with key opinion leaders to use mobile and sensor-based 
technology in Parkinson’s research. Efforts include baseline studies (sensor-derived data vs. gold 
standard clinical assessments), population studies (feasibility of long-term use, user-behavior), clinician 
input (impact of remote-capture sensor and PRO data on clinical care), ecological validation (analytical 
tools development and validation dataset for application in real-world environment). MJFF is 
implementing sensor sub-studies in MJFF cohorts (e.g. PPMI, Fox Insight; with integration of wearables 
into PPMI via a targeted request for proposal process), soliciting open requests for applications 
(computational aspects, device development, etc.), and partnering with thought-leaders and/or funders 
to support external research efforts. Digital Analytical Tools Development included initiatives to develop 
open-access analytical tools for the Parkinson research community with the goal to make datasets 
publicly available and to promote challenges, such as the Parkinson’s Disease Digital Biomarker DREAM 
Challenge, a feature engineering challenge (to be launched in summer 2017) focusing on gait and 
balance. Data sharing and collaboration are key focus items for MJFF. 

https://c-path.org/programs/camd/
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While the Clinical Trials Transformation Initiative (CTTI; LINK) Novel Endpoints Project is working on 
issuing recommendations to clarify a pathway for developing novel endpoints for use in clinical trials, 
MJFF’s Mobile Tech Advisory Council, a consortium-like approach representing 12+ pharma companies, 
has the aim to accelerate use of mobile technology in regulated trials. In the long-term, the proposed 
roadmap for digital analytical tools prioritization is focused on development of novel measures, quality-
of-life issues (mood, depression/anxiety, socialization), and novel validation strategies. Starting with 
active patient assessments, a gradual shift towards passive data collection is envisioned. 

MJFF is collaborating with CTTI and CTTI’s Mobile Clinical Trials (MCT) program will develop evidence-
based recommendations that affect the widespread adoption and use of mobile technology in clinical 
trials. Four projects to increase the number of clinical trials appropriately leveraging mobile technology 
are planned including focus on legal and regulatory issues, novel endpoints, mobile devices, and 
stakeholder perceptions. The MCT Novel Endpoints Project is aiming to describe best practices for 
developing novel endpoints, generated using mobile technology, for use in clinical trials. Novel 
endpoints are defined as either new endpoints that have not previously been possible to assess, or 
existing endpoints that can be measured in new and possibly better ways. An interdisciplinary project 
team comprised of pharma, tech, regulatory, patient organizations is engaged; recommendations and 
tools will be officially launched during a webinar on June 26, 2017 (LINK). 

MJFF’s Mobile Tech Advisory Council’s (MTAC) mission is to accelerate the development and use of 
novel endpoints in Parkinson disease clinical research to benefit people living with Parkinson disease. 
Goals are to understand the rate-limiting steps of using mobile technology in PD drug development, to 
identify strategies to overcome barriers (including identification of funding priorities and specific 
projects for MJFF and Council members to support and collaborate on), and to achieve buy-in and 
adoption from key stakeholders. The priorities for 2017 include a case study and best practices sharing, 
the engagement with the patient community, and mobile-generated data standards development. Long-
term goals include generation of validated analytical tool(s) for use in PD trials that improve quality of 
clinical research, including data standards (development of a set of standards that provides contextual 
information for individual data points collected from a mobile device), data collection (establishing a 
repository of datasets that can be used to (1) develop research tools for use in PD research, and (2) 
identify new insights about PD (e.g. symptoms, disease subtyping and progression), and data analytics 
and tools development (MJFF to incentivize data sharing and algorithm sharing). 

Mobile-generated data standards development hinges on metadata ontology development, a bottoms-
up approach (to be kicked-off during a workshop in August 2017) creating specifications outlining what 
information needs to accompany mobile-generated data in order for it to be meaningful. The rationale 
driving this effort includes automated analysis of datasets, interoperability and reproducibility of 
mobile-generated data (enable meaningful data sharing), and facilitation of development of trusted 
digital endpoints. In parallel, MJFF is driving the development of CDISC PD version 2.0 standards, 
including a pilot mobile PD standard component. This effort aims to identify key motor endpoints for 
Parkinson disease research and develop standardized specifications for regulatory submissions. 

 

  

https://c-path.org/programs/camd/
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The missing 99%, Dr. Luca Foschini, Co-founder and Chief Data Scientist, Evidation Health, Inc. 

The number of published studies using devices such as the Fitbit® have increased exponentially since 
2012, with the evolution from simplistic devices (around 2005) to sophisticated devices (such as skin 
attached devices that automatically measure arterial oxygen saturation, perfusion index, remote 
intervention, etc.) today/in the future. Evidation Health works with partners across the healthcare 
ecosystem to understand to help them use data from wearable and sensors to monitor and affect health 
outcomes. Evidation Health provides a study platform for retrospective and prospective analyses and 
built many partnerships and platform and libraries that make working with these data seamless. 

When time spent at point of care is compared with the entire lifespan, 99% of the time is being missed. 
Health data are only collected at brief intervals with a majority of daily information missing. The 
capability to capture high-frequency data longitudinally does allow for detection of change (Pourzanjani 
et al. [LINK]; a study where weight, food intake, and workout behavior of 14,000 participants was 
tracked longitudinally [2012-2015]). Furthermore, responses to therapies and intervention, adherence 
vs. non-adherence, individual response, etc., can be logged as actionable information, and missing data 
can be identified. New digital outcomes can help track patient recovery with activity monitoring over 
time from an event and the capability of estimation by when a certain level of performance can be re-
achieved (Shah et al., unpublished). 

The remote nature of BMD application allows the capability to collect information about remote 
patients, including the potential to monitor and intervene remotely and to recruit virtually (6-12 times 
faster and more diverse than traditional recruitment methods; Kumar et al. [LINK]). 

However, the fast pace of digital health technologies poses challenges to adoption: standardization is 
lacking (the Apple Watch measures steps differently than the Fitbit®; new devices are released 
constantly), user experience has a prominent role, and dedicated patient engagement is required 
(understanding of how to operate a certain device). mHealth data can help monitor and improve health 
outcomes allowing to “observe the otherwise unobserved”. We, as a community, are charged with 
making sense of what devices/technologies/ capabilities are available and help making them useful. 

 

APDM Wearable Technologies, Matthew Johnson, General Manager 

APDM (Ambulatory PD Monitoring) Wearable Technologies was founded in 2007, is located in Portland, 
OR with 20+ employees, 200+ publications, and 10+ patients. APDM is unique in that it is based on a 
strong scientific foundation and peer-reviewed evidence. APDM’s technology is utilized by over 500 
clinical researchers worldwide with deep experience in clinical trials, solid engineering capabilities 
(hardware, software, algorithm), access to neuroscience and movement disorders experts, and sound 
federal funding commitments (NIH, National Cancer Institute, Department of Defense. 

APDM’s strategic roadmap is focused on research & development, scientific validation, market 
deployment, product maturation, and creation of a “Gold Standard” across neurology (clinical research, 
clinical trials, home monitoring) and the orthopedic space. APDM focused on highest quality signal 
output from inertial sensors with optimized sampling time and customized firmware. ADPM’s Mobility 
Lab, a sensor-based gait and balance analysis system, has the capability to capture clinical endpoints 

https://c-path.org/programs/camd/
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including stride length, gait speed, step time variability, foot clearance, arm swing range of motion, 
trunk range of motion, sit-to-stand lean angle, turn speed, steps per turn, and postural sway. 

This wearable technology for movement disorders can be applied reliably in-clinic environment or at the 
patient’s home. Validated populations include Parkinson disease, multiple sclerosis, ataxia, Huntington 
disease, cerebral palsy, fall risk, oncology, traumatic brain injury, orthopedic applications, and stroke. 
For in-clinic monitoring, 10+ years of validated endpoints are available. 

Currently, Phase 0 trials in HD, PD, and MS are being performed, and Phase II/ III trials in PD and ataxia 
are ongoing. Primary outcomes will be submitted to FDA. 

While limited validation has been completed for the at-home monitoring space, this is a next-step 
objective to enable monitoring in a real-world setting. At-home monitoring generates about 1Gb of data 
per patient per day. In ADPM’s roadmap (5-7 years for the at-home monitoring space), more scientific 
validation is planned, hardware and form-factor updates are required, Phase 0 clinical trials need to be 
performed, industry/regulator/patient advocacy input is required, and data transfer standards need to 
be created. Research trials via NIH-funded projects are planned with three years of planned data 
collection on 150 subjects. 

In summary, not all wearables can be considered equivalent. Both, scientific and clinical validation is 
critical (typically, it takes 3-7 years for rigorous internal/external validation). It is important to use 
technology in a controlled setting before initiating at-home monitoring. Sensor placement is extremely 
important in order to ensure accurate measurements and use of multi-sensors arrays are a future 
direction to more completely understand an individual’s orchestration of movement. 

 

SESSION II: Sleep 

Measuring sleep and sleepiness with mobile devices, Dr. Rebecca M. C. Spencer, Center for 
Personal Health Monitoring, University of Massachusetts, Amherst 

Dr. Rebecca Spencer, Associate Professor, Department of Psychological and Brain Sciences, Center for 
Personal Health Monitoring, University of Massachusetts, Amherst, started her presentation by asking 
the question: “Why measure sleep?” Good sleep is important to sound memory function, decision 
making, stress management, cleaning of “brain waste” (i.e., glymphatic clearance), emotion regulation, 
and immune function; sleep quality and quantity is influenced by aging, social/economic factors, 
parenting, psychological disorders, adolescents, and neurodegenerative diseases. Sleep can be 
influenced/treated behaviorally with sleep hygiene being an important factor (Jacobs et al. [LINK], 
McClusky et al. [LINK]). 

Sleep is not homogenous. Different stages of sleep including REM sleep (important for emotion 
regulation), non-REM sleep (nREM, transitional sleep stage), and Slow Wave Sleep (SWS, memory 
consolidation) can be differentiated. Each stage serve a unique function. SWS may be particularly 
essential in neurodegenerative diseases given the role in glymphatic clearing. Key features of sleep that 
influence quality-of-life include sleep quantity (more sleep supporting all of these functions), sleep 
quality (less time wasted awake in bed improves function), and sleep sufficiency (i.e., does it meet the 
sleep need without resulting in sleep during the day). 

https://c-path.org/programs/camd/
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Polysomnography is considered the “gold standard” in monitoring sleep activity, and it requires the 
concurrent measurement of electroencephalography (EEG), electrooculography (EOG), and electro-
myography (EMG). Devices such as the Actiwatch Spectrum (Philips Respironics; LINK) have been utilized 
for comparison to polysomnography. Dr. Spencer presented some example sleep recordings and 
introduced the audience to how to interpret results. Open questions include if the devices capture sleep 
accurately. Sleep start and stop logs/diaries (taken by the patients) help in interpretation. 
Polysomnography relies on EEG to identify sleep, while EMG/EGO are used to identify sleep stages; it 
represents a montage of EEG, EOG, and EMG and can also add leg EMG, a snore sensor, 
electrocardiogram (ECG) function, pulse oximetry, and plethysmography capability. 

Key features of sleep that impact quality-of-life include sleep quantity with total sleep time equaling 
sleep period minus sleep onset latency and wake time after sleep onset; and sleep quality with sleep 
efficiency equaling total sleep time divided by [sleep period x 100]; often referred to as the “sleep 
score”. Actigraphy relies on BMDs such as the ActiGraph® device or the Actiwatch®. These devices utilize 
triaxial accelerometers and can provide an estimate of the sleep/wake cycle via movement (or absence 
of); based on many assumptions. These BMDs summarize the frequency of motions into epochs of 
specified time duration and they store the summary in their internal memory or through cloud-based 
storage. Research-based actigraphy has many advantages (such as objectivity [compared to 
questionnaires, observation], they can be worn over multiple days/weeks, correlation between 
actigraphy and PSG-defined sleep estimates). Disadvantages include the fact that the accuracy is lower 
for some groups, they cannot score sleep architecture, scoring of data is tedious, and validated data 
requires a simultaneous diary. 

When different commercially-available BMDs are compared, it becomes obvious that the measured 
outcomes (total sleep time, sleep efficiency/sleep score, deep vs. light sleep) can differ significantly. 
Other current devices include smartphone apps (sleep cycle, sleep time, SleepBot®, MotionX®) or 
devices such as the Beddit® sleep monitor (LINK). While actigraphy-based sleep measures are generally 
reliable for total sleep time and sleep efficiency there are still some challenges to overcome. BMDs do 
not capture sleep stages accurately. Given that SWS may be key, and nREM may be of limited use, total 
sleep time measurement may not be enough. Potential improvements may include portable 
polysomnography devices, etc. Commercial BMD usability (battery life, auto-detection of sleep, 
Bluetooth upload capability, waterproofness, price, iPhone/Android compatibility, limited opportunities 
to take the device off) needs improvement. Self-monitoring requires interpretable information that goes 
beyond a “sleep score”/ better defines the value of a sleep score. 

A key gap is that most studies are limited to healthy young adults. Additional work needs to be 
completed to characterize the elderly, obese and diabetic populations, and those with chronic 
neurodegenerative diseases. 

 

BMDs for sleep: Sleep from actigraphy in normal elderly and neurodegenerative disease, Dr. 
Derek Hill, IXICO 

IXICO is a digital healthcare company focused on brain health, neurodegeneration and progressive 
diseases. Primary focus is on the needs of the pharmaceutical industry to support development of drugs 
in clinical trials and use of drugs in the clinic to improve patient safety and outcomes. IXICO is focused 

https://c-path.org/programs/camd/
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on operational delivery; IXICO’s capabilities include a 12-year track record in imaging-derived 
biomarkers for enrichment, safety and efficacy with pharma and biotech companies, digital health 
technologies and services as digital companions to drugs, and wearable biosensors throughout clinical 
trials and alongside marketed drugs. IXICO’s imaging solutions, such as the TrialTracker™ Platform, 
supports quantitative analysis, regulatory-compliant data handling, and radiology reads – at the imaging 
site (set up, etc.), with IXICO site management (training, etc.), image reading (quantitative analysis, etc.), 
and contract research organization (CRO) support (site qualification, etc.). IXICO leveraged its existing 
imaging technology utilizing IXICO’s actigraphy algorithms, regulatory-compliant data handling, and 
data-driven artificial intelligence with continuous improvement to enable its biosensor deployment. 
Third-party devices, such as Axivity®AX3, the Withings device, etc., are being utilized. IXICO provides 
support at the clinical site (distribution, training, support, etc.), CRO support (training and monitoring, 
data handling, etc.), subject training and processing of raw data, and, when working with sponsors, 
protocol development/compiling of study results. 

Data was presented on CYGNUS, a real-world study of patients with symptoms of cognitive impairment 
and possible dementia. Core disease symptoms that are closely interconnected and influence each other 
were measured including(symptom severity, overall disease control, activities of daily living, cognitive 
function, pain), sleep (total sleep time, sleep efficiency, wakes after sleep onset, sleep onset latency, 
sleep time during day), activity (total activity, intensity of activity, timing of activity, steps, gait metrics, 
bradykinesia), mood disturbances (depression, anxiety, agitation)/circadian rhythm disturbances (day-
time drowsiness, night-time activity). The CYGNUS study assesses the feasibility of collecting high-quality 
and actionable wearable BMD data in real world settings across several sites. Thirty-five subjects 
(memory clinic patients and their study partners) have been recruited (target is n=200), clinical 
assessments are planned for 0, 3, 6, 9, and 12 months; home assessment is scheduled weekly for three 
months and includes self-reported outcomes, quality-of-life, mood, finances, burden information; 
actigraphy is utilized for two weeks (or three months) with raw data collection and weekly mood ratings. 
Overall, this study aims to define the best methods of data collection, and create correlations between 
different methods (subjective, objective, passive, remote, clinical). 

Extracting clinical value from actigraphy metrics requires analysis of the subject’s daily profile (including 
activity and sleep parameters) to allow for building an individual signature (indicating evolution/ 
progression) and a reliable disease signature (risk, diagnosis, prognosis, treatment response). The 
CONTEXT study collects data for training algorithms to measure sleep. Outputs from actigraphy vs. 
polysomnography (PSG) measurements and sleep diaries are being compared; 30 subjects (patients and 
controls) are involved; clinical and sleep assessments include a REM Behaviour Sleep Disorder Screen, a 
restless legs syndrome questionnaire, the Pittsburgh Sleep Quality Index and the Epworth Sleepiness 
Scale [daytime sleepiness]). Data were collected both in a sleep lab and at home. From this study, 
endpoints and algorithms are being defined for control and disease groups. 

When comparing actigraphy and polysomnography in the CONTEXT study (Cole-Kripke algorithm [Cole 
et al.; LINK] that measures “counts per minute (cpm)” and ESS algorithm [Borazio et al.; LINK], that 
estimates stationary sleep segments) poor correlation is apparent (r2 value around 0.3). In contrast, 
when IXICO’s deep-learning (DLS) methodologies are applied to sleep measurements from actigraphy, 
improvements are detected (r2=0.70) and correlations are uncovered. The precision of sleep 
measurements (recall [sensitivity] and precision [positive predictive value]) for classifying sleep/awake 
state and sleep efficiency is significantly higher in the deep-learning environment. A test:re-test 
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assessment revealed that when a DLS algorithm is utilized, differences in sleep efficiency are detectible 
(p< 0.05). Operational challenges that need to be addressed include: device acceptability (ensure that 
the subjects use the devices, recharges, etc.), data quality (collect usable data for the study), site 
training (ensure subjects are provided with devices with instructions/training), distribution of devices 
(get devices to the subject and link to the subject IDs), information security (address privacy and 
integrity of data), data handling (get data from devices into any clinical trial systems with no loss or risk 
of mis-labelling), and recording of adverse events (handling adverse events from devices). 

IXICO’s regulatory approach includes validation of computer system as “fit for purpose”, analytical 
validity based on context-of-use, and clinical validity (depending on context-of-use). IXICO applies 
learnings from their imaging work where one image analysis platform supports data from multiple 
scanners (Philips, Siemens, GE), one set of acquired images can generate multiple endpoints (e.g., 
hippocampal volume, whole brain volume), acquisition device and analysis device can be separate 
medical devices, and biomarkers can be output of analysis device, using standardized data from 
acquisition devices. 

Analogous to the imaging platform previously validated, it is envisaged that one BMD analysis platform 
supports data from multiple BMDs. Today’s approaches are deliberately kept simple; in future 
applications, continuous raw data collection for three months is planned with auto-synchronization, 
where possible, of summary data, and utilization of additional sensors. In summary, there are numerous 
applications of passive measurement of sleep on elderly patients and those with neurodegenerative 
diseases knowing that operational and regulatory challenges can be significant in this population. Multi-
center studies in these populations are being performed and it was demonstrated that performance can 
be increased using deep learning methods to provide good correlation with PSG for sleep efficiency. 

 

SESSION III: Cognition 

Cognivue®, Dr. Charles J. Duffy, Founder and CEO 

Cerebral Assessment Systems, Inc’s Cognivue® is an artificial intelligence neurological tool that promotes 
cost-effective dementia care in primary care office practices and aims to align patients, families, and 
practitioners. Analysis of psychophysics/reviewing the motion coherence threshold, in a study that 

compares young normal subjects with elderly normal subjects and AD patients, allows Cognivue® to 
distinguish aging phenomena from AD symptoms. 

Cognivue® can: 1) detect and monitor disease neurological deficits utilizing longitudinal data; and 2) 
differentiate between decline in early AD subjects vs. “stable aging” in normal subjects. It does so by 
applying an optic flow stimulus paradigm and measures an optic flow field evoked response to assess 
correlations of navigational performance. Linkage to aging and Alzheimer’s are detectable when 
focusing on hyperactivity of soluble Aβ/loss of activity with Aβ plaques and loss of signal coherence in 

aging and early AD. Key features of Cognivue® include detection of functional impairment, monitoring of 
disease progression, assessment of therapeutic efficacy, accessing of neural mechanisms, foundation of 
complex behaviors, and domain-specific impairment measures; providing “bottom-up processing” and 

“top-down control” across cortical function domains. Cognivue®’s psychophysical testing (including 
sensory-motor testing, perceptual testing, and memory testing) is complemented by report generation, 
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cloud archiving, post-hoc analyses (accessible to practitioners and researchers). Ten tests in ten minutes 
are part of the standard performance profile. An average score of <50 indicates impairment; a score of 

>50-75 indicates early impairment. During the last six years, Cognivue® has participated in several FDA 
validation and reliability studies and, in 2015, received de novo 510(k) compliance clearance. 

Cognivue®’s advantages include the ability to apply objective psychophysics, neurological assessments, 
linkage to brain electrical activity with a 10-minute testing session in a doctor’s office, and the results 
immediately available for explanation to patients and families. Future target areas for application 
include other cognitive disorders (dementias, deliriums, syndromes), movement disorders (parkinsonism 
and overlap syndromes), affective disorders (depression, mania, psychoses), acquired disorders (head 
injury), and developmental disorders. 

 

ImPACT® Applications Advantage, Dr. James Gyurke, Chief Marketing and Sales Officer, 
ImPACT® Applications, Inc. 

ImPACT® is a 25-minute online test for ages 12-59, for traumatic brain injury post-injury testing. It is 
delivered via a secure web portal and taken via a desktop computer that has an internet connection, 
administered in the presence of a physician, nurse, athletic trainer, athletic director, or coach (currently, 
only a licensed healthcare provider can administer an ImPACT® post-injury test). The test provides highly 
reliable neurocognitive data, such as measurement of attention span, working memory, sustained and 
selective attention time, non-verbal problem solving, and reaction time. The test records current 
severity of 22 concussion symptoms via a 7-point Likert scale and produces a comprehensive report of 
test results. Available products include an ImPACT Quick Test®, ImPACT Pediatric®, with ImPACT® 
Passport providing global access. FDA has granted de novo clearance as a computerized neurocognitive 
test to aid in diagnosis and management of concussion (as did other agencies/countries including the 
EMA, Brazil, Canada, Australia, South Africa, and India). Associated utilities are available: Data 
processing is HIPAA/HITECH- compliant in the U.S., it is internationally compliant with data protection 
laws and regulations (e.g., PIPEDA [Canada], Data Protection Directive [EU, soon GDPR]), data is co-
located on secure servers in the U.S., Canada (and soon to be EU). 

Test data is available to registered providers 24/7 anywhere in the world through the passport 
application. Research support includes over 300 peer-reviewed articles demonstrating clinical utility, 
validity and reliability of ImPACT®. The data already collected on neurocognitive functioning in athletes 
and non-athlete samples are international. Ongoing clinical data are being collected from individuals 
with brain tumors, other cancer treatments that cause “chemo-fog”, and epilepsy patients. Future 
research directions may include additional indications. 

 

Cognitive testing on mobile & wearable devices, Dr. Krystyna Zaluski, International Director, 
Digital Health and Innovation, Cambridge Cognition 

Cambridge Cognition is a neuroscience digital health company with the goal to “measure cognition 
accurately” (validated by over 30 years of neuroscience research, utilized as a measure of cognitive 
function in over 100 indications, and trusted by many top pharmaceutical companies). Cambridge 
Cognition provides expertise in the design, analysis and interpretation of neuropsychological endpoints 
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in cognitive studies and clinical trials with extensive experience using research and analytic approaches; 
providing research tools (tools for clinical and research trials to detect effects of drugs and 
environmental changes), at-home testing (cognitive tests that can be completed by participants at 
home), high-frequency testing (frequent monitoring of cognitive ability using wearable devices), and in-
clinic tools (cognitive assessments for clinical use that can identify those who require further 
investigation). 

The CANTAB® (Cambridge Neuropsychological Test Automated Battery) screening platform has been 
used to assess more than 250,000 participants worldwide. Tests specific to the cognitive domain assess 
psychomotor speed, attention, memory, executive function, and social cognition. Tests specific to neural 
processing mechanisms assess reaction time, rapid visual information processing, episodic memory, and 
spatial working memory. The test is shown to be sensitive to disease state creating “cognitive signature” 
(for example, an episodic memory test can differentiate AD vs. MCI vs. PD subjects). Since cognition is 
subject to daily fluctuations, Cognition Kit® measures the variations of cognition “in the real world”. It 
enables users, patients, and participants to collaborate with researchers, clinicians, and carers via 
implementation of mobile and wearable devices (customization, triggers) and via cognitive test design 
and interpretation (experience, data and insights). Cognition Kit® software enables an individual to 
complete an assessment on a range of mobile and wearable devices (smart phone, Apple Watch, etc.) 
without having to visit a clinic or be helped by a health care professional. For example, the Apple Watch 
enables micro-cognitive (1 minute) testing and mood assessments as key metadata. 

Cambridge Cognition’s best practice approach focuses on patient experience (decisions are made with 
the individual in mind), cognition test validity (cognitive test selection and adaptation designed with 
scientific rigor), and the need for meaningful data (large datasets of objective cognitive measurement 
and passive data points). As part of the Cognition Kit® validation process, a proof of concept study with a 
cognitive test battery for high-frequency testing was developed (Rose and Ebmeier [LINK], Owen et al. 
[LINK], Brose et al. [LINK]). Phase 1 recruited 10 healthy participants, collected sensor data (heart rate, 
skin temperature, galvanic skin response) measured continuously for 10 hours, utilized four CANTAB® 
tasks (spatial working memory [SWM], rapid visual information processing [RVP], attention switching 
task [AST], emotion recognition test [ERT]) and the PANAS administered each day, and performed 
cognitive and mood assessment scheduled hourly. 

Detailed cognitive data are now available demonstrating that one-minute micro-tests capture 
meaningful information across-time variation and correlate with gold-standard computerised tests. 
However, issues with the device and dynamic range of the test were revealed. 

For Phase 2, design refinement using web-based testing and utilizing the Apple Watch, Cambridge 
Cognition recruited 944 patients aged 20-64, with 88 that completed two full-length CANTAB® tests. 
Phase 2 aimed to refine tasks to increase dynamic range, to converted tasks for web-based testing with 
redesigned stimuli, and to create a series of experiments exploring the impact of task parameters on 
participant performance using presentation time, symbol design, and number of unique symbols. 
Results determined significant effect of stimulus presentation time on performance, significant impact 
of number of symbols in trial, symbol design (e.g., number of segments + arrangement) did not 
significantly impact performance. Overall, sensitivity to working memory performance was confirmed. 

Phase 3, the real-world testing in healthy participants, has the goals to confirm that the same 
parameters work on the watch as on the web, to ensure that participants tolerate the paradigm over an 
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extended time/schedule, to ensure that the app is stable and fit for purpose, and to minimize barriers to 
patient adherence and understanding. 

 

Akili, Dr. Ashley Mateus, VP Strategy and Operations, Akili Interactive Labs, Inc. 

Akili Interactive Labs, Inc. is focused on developing clinically-validated digital medicine for cognitive 
assessment and personalized treatment. Targeting key functional cognitive networks in neurological 
processes relevant to disease is part of Akili’s approach. 

As an adaptive, autonomous, closed-loop system, Akili’s Selective Stimulus Management™ (SSME) 
system targets prefrontal cortex-based cognitive control, through interference processing (multitasking), 
with key functional dependency for attention, working memory and executive function (Anguera et al. 
[LINK]). Consumer-grade video game mechanics are being utilized to support treatment (doctor-
prescribed, accessible, safe intervention), screening (highly-sensitive evaluation for clinical research), 
and monitoring (configurable regimen cognitive tracker). 

Akili’s portfolio covers feasibility, Phase 2 and Phase 3 studies in pediatric behavioral disorders, mood 
and affective disorders, AD, and other disorders. Numerous clinical trials utilizing Akili’s products (across 
the treatment, screening, and monitoring spaces) have been recently published. It is Akili’s goal to 
develop groundbreaking science that will transform neurological medicine through clinical validation, 
regulatory approval and market deployment. 

Akili’s treatment arm focuses on real medical options prescribed by physicians, monthly treatments and 
data access, direct relationships with patients and caregivers, and integrated measurement-based care 
application. Evidence has been collected in ADHD, aging adults (Anguera et al. [LINK]), sensory 
processing disorder (Anguera et al. [LINK]), depression (Anguera et al. [LINK]), and Parkinson’s-executive 
function. Remarkably, adherence to treatment is very high (above 100%). 

Akili’s screening arm focuses on highly-sensitive evaluations for clinical research. A study utilizing EVO® 
(proprietary software) investigating autism (16p11.2 carriers and non-carrier siblings) demonstrated the 
ability to discriminate children with neurodevelopmental disabilities, while standard cognitive tests did 
not have that sensitivity (Anguera et al. [LINK]). When applying Aklili’s screening paradigm (EVO) to 
older subjects (age 60-80) that are amyloid positive/negative, confirmed the primary endpoint to 
discriminate an effect of cognitive metrics between amyloid-positive(+) and amyloid-negative(-) healthy 
elderly adult groups (presented at the 9th Clinical Trials on Alzheimer’s Disease Conference, 2016). 

Akili’s cognitive monitoring and treatment platform provides sensitivity to detect and treat cognitive 
deficits. Navigation scores, individual performance (reaction time), single task vs. multi-tasking, etc. can 
be demonstrated. It is a unique platform that: provides fun, is engaging and self-adaptive, suits ultra-
frequent at-home use, collects quantitative data 30-times per second, is centralized on the cloud, and is 
language/culture independent. 
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Panel Discussion 

Dr. Michael Davis (FDA, CDER; Division of Psychiatry Products), Jay Gupta (FDA, CDRH; 
Neurodiagnistic and Neurosurgical Devices Branch), Dr. Sean Khozin (FDA, CDER; Office of 
Hematology and Oncology Products), Dr. Leonard Sacks (FDA, CDER; Office of Medical Policy) 

Questions were posed in three areas: 1) General use, 2) Data Collection, 3) Clinical validation. 

GENERAL USE: 

• Do you agree that input from patients on which functional aspects of mobility/frailty, sleep, 
cognition, and mood should drive where focus should be given in validating BMD assessments? 
Should the data be derived from caregivers too? 

The panel agreed that patient-focused drug development is very important to FDA; drugs for 
neonates, coma patients, and dementia are key focus areas. This has been addressed as part of 
the 21st Century Cures Act. Focus needs to be on understanding what is important to the patient 
and to move towards novel endpoints. In February 2017, the FDA (together with the National 
Health Council and Genetic Alliance) published a document “Patient-Focused Drug Development – 
Recommended Language for Use in Guidance Document Development” (LINK) that offers 
additional information. 

• Given that both neurologic and psychiatric diseases have symptoms of altered mobility/frailty, sleep 
and cognition, would an assessment based on BMD measurements be faced with pseudo-specificity 
issues? 

The panel agreed that pseudo-specificity, from a device review perspective, is not considered a 
significant issue. Focus in drug trials ought to be on safety. It is of importance to demonstrate that 
devices generate clinically-meaningful information and assure measurement of what is intended 
to be measured. That also applies to the interpretation of results/potential diagnosis. An example 
is the 6-minute walk test (6-MWT) that measures specific parameters. When using digital devices, 
those results need to be validated against traditional measures. Overall, the context-of-use and 
the device listed on the label dictate the testing and validation that is necessary. Digital devices 
could be applied as companion-diagnostic test/assay in parallel to utilizing traditional measures. 
The particular design of a sensor my impact how results may be assessed; an alternative use 
would require addressment. 

• What regulatory conversations are encouraged to ensure that that use is developed for a specific 
context-of-use?   

The panel members encouraged early conversations with the regulators; pre-IND meetings. FDA’s 
drug review personnel will consult with subject-matter experts in order to being able to assess 
novel ways of measuring (as encouraged by the 21st Century Cures Act) or more-sophisticated 
methods, such as digital biomarkers. Sponsors are encouraged to engage the Review Division 
early; an available path is offered via the FDA’s Critical Path Innovation Meetings (CPIM) (LINK), a 
“product neutral environment” where regulatory feedback and input can be solicited. 

• What are the considerations between deciding to use a commercial-grade device and a medical 
device for a regulatory submission?  

https://c-path.org/programs/camd/
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– Would this be influenced by use in a label claim? 

Medical-grade devices may offer a deeper history of use and better understanding of action (as 
compared to a commercial-grade device); however, the regulatory questions and process may be 
identical. [Post meeting note: This gap in clarity was recently underscored by the newly appointed 
Commissioner of the FDA, Dr. Scott Gottlieb’s June 15, 2017, blog: “Fostering Medical Innovation: A 
Plan for Digital Health Devices” [LINK]. Dr. Gottlieb stated: 

“This fall, as part of a comprehensive approach to the regulation of digital health tools and in 
collaboration with our customers, FDA will pilot an entirely new approach toward regulating this 
technology. This will be the cornerstone to a more efficient, risk-based regulatory framework for 
overseeing these medical technologies.” 

In addition: 

“FDA’s Center for Devices and Radiological Health (CDRH) is working to implement the digital 
health provisions of the 21st Century Cures Act and, in the coming months, will be publishing 
guidance to further clarify what falls outside the scope of FDA regulation and to explain how the 
new statutory provisions affect pre-existing FDA policies.”] 

 

DATA COLLECTION: 

• What practices must be put into place that ensures data collected is from the intended research 
subject?  

– Fingerprint; facial recognition; behavioral phenotyping; voice recognition 

The panel concurred that authentication is important but should be kept within reason. It should 
be kept in mind that results of patient reported outcomes collected in the absence of a health 
professional are not fully verifiable. A balanced approach is recommended and the utilization of 
wearables should not be an obstacle. It was recommended to fall back on engineering solutions 
that ensure authentication. Data integrity need to receive focus; reviewers are looking for 
“outliers” that may indicate issues with data integrity. 

• As more technologies enter the clinical arena, comparative effectiveness studies should consider the 
impact of user-centric dimensions that have historically not been prominent considerations (e.g., 
easy user interface and user accessibility).  

– What is FDA’s perspective about defining metrics to capture usage patterns, learnability, and 
other crucial traits of consumer-grade technologies?  

Comparative effectiveness in device comparison and equivalency is considered important. Ease of 
use of a device, frequency of use, a risk/benefit analysis all are important factors to consider. The 
potential for a certain device to unintendedly affect the results needs to be evaluated beforehand. 
In general, the regulatory approval standards would not change for a device. Revealing patterns in 
“big data” generation and associations with and insight into the mechanistic workings are of 
importance. When a better solution/equivalent device is available, a side-by-side comparison 
needs to be performed. 

https://c-path.org/programs/camd/
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• How critical is it to collect contextual metadata to integrate into the BMD assessment for 
interpretation? 

– Cases:  Recent knee replacement; hiking the Appalachian trail; -40oF outside in Minneapolis/ 
+100oF outside in Phoenix; wheelchair bound; depression 

Contextual metadata can be of potential concern and need to be factored in, in a reasonable and 
pragmatic context. Until the point when metadata can be completely individualized, 
randomization of patients to treatments should mitigate this potential concern. 

• Many mHealth technologies have started incorporating more active components such as 
notifications and reminders that inevitably affect data collection and, potentially, outcomes. 

– How can study reproducibility be improved in cases where prompting is not standardized? Is 
this a concern? 

– Will use the type of assessment influence whether this is important? 

Depending on the endpoint and in a time-to-event analysis, prompting likely would be a concern. 
This is considered situation-dependent. In other studies, the panel agreed, prompting would likely 
not be a significant impact. Here, too, randomization of patients to treatments should yield data 
that mitigate the potential issue. 

 

CLINICAL VALIDATION: 

• How should the reliability of a BMD be established? 

─ How should test, re-test, and analytical reliability be documented? Should this be done 
across all intended patient populations? 

─ Are longitudinal studies required? 

Reliability is context-of-use dependent; a risk assessment that determines if the patient 
population represents a “real-world” scenario would be recommended.  

• In making assessment with BMDs, is it more important to compare results to normal populations, or 
is it more important to analyze the rate of change for an individual? 

─ Case in Point: If an individual normally resides 1.5 to 2 standard deviations above the norm 
for cognition, but deteriorates to the mean within 3 months, would this be a potential signal 
for acute brain dysfunction? 

In the comparison of a patient population with individuals, the change from baseline, outliers, 
changes across individuals and patient populations need to be considered. Overall, the benefit to 
the patient needs to remain the key focus. 

• For clinical validation of a BMD, would patients at each stage of disease need to be specifically 
explored? 

– e.g., pre-symptomatic, MCI, mild-to-moderate 

https://c-path.org/programs/camd/
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The panel agreed that it is important that clinical validation be performed at each stage of a 
disease. 

• How are individual and patient population differences handled in guiding the assessment of 
‘normal’?  

─ Case in Point: An algorithm may work well in non-obese, non-frail, etc. Will each patient 
population need to be studied for validity, or would reliability for a range of ‘normals’ be 
sufficient to warrant immediate use? 

Devices allow for the collection of high-resolution data (particularly in genomics studies) with the 
precision-medicine approach creating new challenges. In some cases, an arbitrary threshold may 
be needed, decreasing resolution of data collection. Treatment strategies need to be reviewed 
and should be guided by the device’s capabilities/what a particular device can measure. A key 
consideration when applying devices in studies is to get as close to an established reference 
assessment to facilitate cross-validation. 

• Given the multi-dimensional impact of psychiatric and neurologic disease on the physiology 
supporting mobility, sleep, mood, and cognition, should future work focus on individual measures, or 
should composite assessments that probe the constellation of pathophysiologic dimensions most 
important to those affected by a disease drive where the field goes?  

Composite assessments can provide additional insights not seen with single measure assessments. 
Depending upon the concept-of-interest, it may be necessary to examine more than one measure. 

• For BMD tests that have already received FDA approval for assessing cognitive impairment for one 
type of brain dysfunction, what general considerations would need to be addressed to advance the 
use of this device for another brain disease that affects cognitive function?  

The key consideration to advance a BMD for use in one disease vs. another will be providing 
performance reliability in the new patient population. 

• By what regulatory endorsement pathway should these assessments best progress: 

– Fit-for-Purpose (e.g., physiologically-based model of disease progression), biomarker 
qualification, clinical outcome assessment qualification, individual review divisions within 
CDER (e.g., psychiatry or neurology)? 

While devices are bound by the 510k compliance path, biomarker qualification is handled via a 
different path. Drug development tool qualification assesses the biomarker measured by a 
particular device and reviews a new intended use, the co-development strategy, and the pairing 
of drug and device as part of the same clinical trial. 
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Summary of Advancing CDISC Standards for BMD Use in Clinical Development of Neurologic 
and Psychiatric Treatments, Dr. Stephen P. Arnerić, Critical Path Institute 

It has been demonstrated that utilization of BMDs in studies and trials can aide in reduction of trial size. 
Current biomarkers, existing clinical outcome assessments (COAs) and approved treatments are 
targeting the manifested disease state; the utilization of BMDs allows for treating the earliest stages of 
disease detected by more-sensitive assessments of physiologic and behavioral signs. 

Understanding of the needs of the patients: CAMD prepared a survey “The Voice of Those Who Care” 
(LINK) aiming at understanding what is most-valued by the patient and their caregivers regarding 
innovative treatments for chronic diseases; and area that is of growing interest to regulators. 
Participants were encouraged to complete the survey at their earliest convenience (Action #1). 

BMD regulatory qualification: Qualifying BMDs for specific contexts-of-use and answering the “what” 
(data collected from biosensors that measure a biological response), the “how” (continuous 
physiological monitoring with devices [wearables/smart phones, clothing, implants/ingestible, remote 
biosensors]), and the “why” (improve the understanding of real-time changes in function during the 
progression of life in health and disease) needs to be a focus item. 

Data sharing is a key requirement: In a recent review of the AD/cognition landscape conducted by CAMD 
(submitted for publication) using FasterCures’s tool called Consortia-pedia (LINK), it was shown that 80% 
of consortia choose not to invest in data sharing; of the 20% that do, not all make data available outside 
of the consortium. Only 4% of consortia (i.e., Critical Path Institute) listed in Consortia-pedia focus on 
advancing regulatory sciences. 

Standard development: CDISC standards form the foundational framework in creating actionable 
databases. Many CDISC standards are available and are creating aspects of the infrastructure required to 
understand disease progression and treatment impact in clinical drug trials. Since December 2016, 
CDISC standards are required for registrations studies at FDA, PMDA, etc. 

The creation of a global consortium approach with a data sharing commitment to focus on advancing 
regulatory science related to BMDs and modeling of standardized global clinical data and real-world 
evidence would create the most-efficient path to increasing the probability of success for early 
interventions of chronic diseases. 
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Day 2 
 

Dr. Stephen Arnerić opened the second day of the workshop by thanking all participants for their Day-1 
workshop contributions, perspectives, and insight, and invited all attendees to continue moving this 
field forward with open, constructive, and vision-rich discussions on Day 2. Dr. Arnerić introduced Dr. 
Michael Ibara, Head of Digital Healthcare, CDISC (note: Dr. Ibara has left CDISC since the workshop), Dr. 
Barrie Nelson, Vice President, Standards, Terminology and Technical Services, CDISC (note: Dr. Nelson 
has left CDISC since the workshop), and Jon Neville, Program Director Data Standards and Management, 
Critical Path Institute, who served as moderators and subject-matter experts for CDISC-related 
discussion topics. 

Day-1 participants were requested to summarize their impressions and key learnings (Dan Karlin [Pfizer], 
Jane Rhodes [Biogen], Derek Hill [IXICO], Jeff Kaye [OHSU], Charles Duffy [Cerebral Assessment Systems 
Inc.], James Gyurke [ImPACT]): 

It is obvious, that, when BMDs come into play, sponsors are faced with an “unknown gold standards” 
challenge. Evidence needs to be created in a consolidated approach. Similar sensors for similar tasks 
need to be applied – this is not a “one company” situation. Validation is required; pseudo-specificity 
appears to be of minor concern; the community needs to refocus on digital biomarkers. The FDA 
encouraged coming forward to the agency with data and to follow a pragmatic approach. This 
community needs to derive a plan to advance such data. It was suggested to begin with secondary 
outcome measures. Industry was urged to embrace the related risks and make to investment move the 
field forward; with FDA as a partner. However, as experience has shown, it is difficult to move devices 
forward since the path is unclear. The regulatory panel did not provide defined direction; it is up to this 
group to create the path and work together on a scientific approach. It was suggested to identify a 
device that fits all needs of a drug development paradigm. The associate algorithms need to be 
“understandable” while the device itself needs to be capable to demonstrate “value”. 

There is a lot of activity in industry/pharma with utilization of BMDs for specific contexts-of-use; it was 
suggested to involve the “non-profit world” (such as CAMD) and form relationships with pharma. In a 
non-competitive environment, CAMD can leverage the existing relationship with FDA while pharma 
contributes data. 

Device development requires competence to use what is being developed with focus on reliability and 
liability (refer to CSF biomarker qualification efforts at CAMD and assay development). In recent 
applications, some devices did not demonstrate value in Phase 2 submissions. 

With a large number of stakeholders at this workshop representing economic drivers, a coordinated 
forward plan was suggested. A market needs to be created that all parties can be aligned with 
(suggested focus is sleep, mobility, [cognition]) in order to attract a device manufacturer. A framework 
based on evidence from a large study that is fully-validated is needed; standardization is key – 
processing pathway, analyses, chip, device, storage – all need to be standardized while allowing for 
modularity. Demonstration milestones at the end of each module will be needed. 

In addition, data standards are required. It was suggested to initially focus on manageable tasks and to 
play to the strength of the individuals involved. The FDA does not qualify individual algorithms; focus is 
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on datasets. However, these datasets are not yet standardized. “Buckets” of concepts need to be 
established aiding in standardization. While cognition offers richness of data, focus on cognition might 
be challenging for an initial approach. It needs to be evaluated how to differentiate episodic events 
when applying continuous measurements vs. high-resolution periodic tests. Having CDISC define 
endpoints for cognition that companies could adhere to when running trials would facilitate future 
regulatory submission. This would generate event-type data, intervention data, and associated findings 
(accounting for about 60% of the overall data volume). CDISC already has a medical device standard in 
place. Starting with “good digital practice” including algorithms and providence of data are key. 
Requirements for defining the concept-of-interest, and context-of-use, need to be defined first in order 
to define the necessary elements of the standard. 

It was suggested to refocus on the workshop’s goals and to utilize an existing device, collect 
expectations and seek alignment. This diverse group of device developers, researches, and industry, 
together with the regulators ought to “learn together”, align, and develop a pathway. 

It needs to be understood “what to standardize”, the purpose, and the scope. At what level should the 
regulatory decision-making be influenced – at the sensor level or the submission level? Data sharing will 
be a requirement since FDA requires interrogation of raw data. The work needs to be broken up with 
focus on the phenomenon to measure: meaningful target endpoints need to be defined, and parameters 
need definition (device, therapeutic area, algorithm, etc.). Focus on a specific disease, such as AD or PD, 
was suggested; this path should be seen as a novel biomarker approach with defined processes and 
guidelines. 

The ongoing work by Dr. Kaye (OHSU) (see above on pages 7 and 8) was quoted as a viable example for 
endpoint selection filtering into a standard. Other groups could perform similar work. This approach 
would serve as an initial general framework for developing a standard. Later, other parameters such as 
comparison of devices and algorithms could be added. 

The Clinical Trials Transformation Initiative (CTTI; LINK) has strategized, performed detailed analyses, 
and derived decision trees aiding in standardization of regulatory decision-making. Facilitation of data 
sharing, definition of endpoints, scoping of the project, mobility (mobility of agitation could be a starting 
point), behavioral biomarkers, transition endpoints (move towards pre-symptomatic stages; the 
variability of activity can be utilized as an early marker), clinical meaningfulness (as demonstrated by 
“less time agitated”) were considered. Jennifer Goldsack (CTTI) shared a flowchart (“Steps for Novel 
Endpoint Development”) that CTTI developed. The six sequential steps include: identification of an 
aspect of health affected by the disease (e.g., agitation), identification of the scope of the assessment 
(e.g., motion), selection of the measurement (e.g., percentage of reduction), selection of a suitable 
mobile device for data capture (e.g., an accelerometer), development of standards (note: CTTI stated 
that it relies on CAMD and CDISC for data standards development), description of the study population 
(context-of-use, in-scope/out-of-scope, measurement approaches, extent, absence of measurement 
errors, measurement validation, definition of meaningfulness, effectiveness, development of a user 
manual). 

CDISC’s therapeutic area data standards (TAUGs) are serving as clear and simplistic communication tools 
of concepts. They are developed based on an iterative approach. When focusing on the agitation topic, 
patient input will be invaluable. It was suggested to start with a clinical scale and to apply rigor in this 
team’s efforts in order to simplify regulatory reviews. This approach will allow for future application of 
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the new process to other use-cases. In a thorough approach, this team should consider applying the 
entire path, including a controlled trail and subsequent submission to FDA. Once the path is set, it can 
be applied to other diseases. 

As an action to all, it was decided to create a concept map using the digital concept as a template for 
other, future areas (Action #2). Key concepts will include: the claim (time spent agitated), need for raw 
data (output of algorithms, epoch of time, level of agitation per time factor, etc.), definition of 
“agitation” (via video monitoring and accelerometry), subject movement (physical agitation as 
demonstrated by movement). Clinical meaningfulness will be reviewed; existing scales will be accepted 
and correlations performed. Foundational data are needed; domains of agitation need to be explored. 
The agitation endophenotype can be captured by sensor measurement, including parameters such as 
room transitions, verbalization, etc. 

This forward path can be achieved pre-competitively under the leadership of CAMD, CDISC, and this 
team. The regulatory agencies are eager to support this endeavor; but a path is needed first. A data 
standard pathway will be developed with focus on quantity of movement/time spent in motion. All 
activity needs to be captured and subject-matter experts will determine the level/timing of agitation. 
Validation of data will be challenging since the definition of movement quantity may not be clear. 
Participants were requested (Action #2) to draft a concept map, to involve subject-matter experts 
where possible, and to put forward their best expertise in moving this field forward. 
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