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Disclaimer

• The views and opinions expressed in the following slides are those of the 
individual presenters and should not be attributed to their respective 
organizations/companies, the U.S. Food and Drug Administration or the 
Critical Path Institute.

• These slides are the intellectual property of the individual presenters and 
are protected under the copyright laws of the United States of America 
and other countries. Used by permission. All rights reserved. All 
trademarks are the property of their respective owners.
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Session Outline

• Chronic Heart Failure Working Group: Overview
• Case study: Highlights of the Wearable Assessments in The Clinic and 

Home in Parkinson’s Disease (WATCH-PD) study 
• Digital health technology measures in Parkinson’s disease: A Digital 

Endpoints Ecosystem & Protocols (DEEP) perspective
• Recommendations for defining and reporting adherence to digital health 

technology tools
• Panel discussion

• FDA perspectives

• Question and Answer
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Chronic Heart Failure Working 
Group: Overview

Maria Mattera, MPH - Scientific Director, PRO Consortium, C-Path



Outline

• Background of ongoing Chronic Heart Failure (CHF) Working Group efforts
• Completed activities

• Summary of concept elicitation study
• Summary of advisory panel member feedback on proposed activity monitor 

metrics
• Points for consideration
• Remaining steps
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Background

• The Chronic Heart Failure (CHF) Working Group has been developing 
evidence for the qualification of 3 clinical outcome assessments (COAs) for 
use in CHF clinical trials: 

• Two patient-reported outcome (PRO) measures
• Chronic Heart Failure-Symptom Scale (CHF-SS)
• Chronic Heart Failure-Impact Scale (CHF-IS)

• One activity monitor-based endpoint measure
• Letters of Intent (LOIs) were submitted to the U.S. Food and Drug Administration 

(FDA) and all measures were accepted into FDA’s COA Qualification Program in 
April 2019. 

• In its response to the LOIs, FDA requested a Qualification Plan for each COA. 
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Background for Activity Monitor-based 
Endpoint Measure

• Main challenge has been determining what variable(s) from the activity monitor 
will be used to derive an endpoint that would reflect a meaningful aspect of 
physical activity to persons with CHF. To help answer this question:

• A concept elicitation study was conducted to generate qualitative evidence regarding day-
to-day physical activities that bring purpose and meaning to the lives of persons with CHF 
and the dimensions reflecting how these activities are performed.  

• A parallel observational study using an activity monitor, funded by Amgen, was conducted 
to understand the relevance of measure output from the device and to provide data with 
which to evaluate the activity monitor metrics’ measurement properties.

• A review of recent literature was performed as an informal step to guide the overall efforts.
• An advisory panel was convened to provide feedback on the proposed metrics for an 

activity monitor-based endpoint measure in CHF.
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Concept Elicitation Study: Participants

• N=31 participants were interviewed by telephone from 4 sites across the US; 
completed in December 2020 

• Mean age of participants was 68 years old
• 51.6% (n=16) were female
• New York Heart Association (NYHA) HF severity: 

• Class II: n=15; 48.4%
• Class III: n=12; 38.7% 
• Class IV: n=4; 12.9%

• CHF Type: 
• Heart failure with preserved ejection fraction (HFpEF): n=12 
• Heart failure with reduced ejection fraction (HFrEF): n=19
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Concept Elicitation Study: Findings

• Activities frequently reported involved light to moderate physical activity (e.g., 
cleaning, cooking, doing laundry, self-care, and gardening), and walking (e.g., 
shopping, exercise, and going to appointments).

• When asked to rate the importance of key activity dimensions for the 3 activities they 
found most meaningful.

• Fulfillment/completion of a task was rated as most important
• Speed of activity was rated as least important 
• Ratings for duration, frequency, and intensity were the dimensions suggested for consideration as 

concept(s) of interest (as fulfillment of a task cannot be measured by a wearable device).

• Participant narratives included multiple discussions of distance walked, suggesting it is 
another important concept.
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Moving from Meaningful Physical Activities 
to Activity Monitor-based Metrics 

• Based on results from the concept elicitation study, along with supplemental 
information from Amgen’s observational activity monitor study and an informal 
literature review, it was decided that advisory panel expertise would be critical in 
enabling the CHF Working Group to identify the specific metrics that could 
capture clinical benefit and inform potential activity monitor-based endpoints in 
CHF treatment trials.
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Forming the Advisory Panel

• The CHF Working Group and C-Path were asked to provide recommendations of 
potential candidates with relevant experience in the identification of clinically 
meaningful activity monitor-based outcome measures, particularly in the context of 
drug development.

• 21 candidate names were provided; several working group meetings took place to extensively 
discuss the merits of each potential candidate; a balance of technology expertise and clinical 
expertise was sought

• 5 advisors with varied expertise in development, testing, validation, and use of 
wearable device technology in clinical trials participated in 2 advisory panel meetings

• Tyler Guthrie, MS – ActiGraph: Lead of Scientific Partnerships and Communication 
• Raj Khandwalla, MD – Cedars-Sinai Medical Care Foundation: Director of Digital Therapeutics 
• Kate Lyden, PhD – Vivosense: Chief Science Officer 
• Barry Peterson, PhD – BTPeterson Consulting 
• Thierry Troosters, PhD – Katholieke Universiteit Leuven: Professor in Rehabilitation Sciences (led the 

PROActive initiative)
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Advisory Panel Meetings

• Objectives: 
• Meeting #1 – December 1, 2021: 

• Review existing evidence, including qualitative study findings, and discuss potential activity monitor 
metric(s) that best reflect/capture the meaningful aspects of physical activity identified by persons with 
CHF 

• Meeting #2 – March 16, 2022: 
• Align on preliminary rankings of the proposed metrics based on their ability to best quantify a meaningful 

outcome

• Pre-read materials were sent to the advisory panel members before each meeting, 
with request for feedback to inform the discussion during each meeting

• Between Advisory Panel Meetings #1 and #2, the CHF Working Group held bi-monthly 
meetings to debrief on the learnings from Advisory Panel Meeting #1 and align on the 
plan for proposed metrics to be discussed in Advisory Panel Meeting #2
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Advisory Panel Meeting #1: December 1, 2021

• Advisory panel members discussed potential metrics to reflect key concepts identified 
as important in the qualitative interviews:

• Distance, as relevant for certain activities, such as walking/step counts
• Time/Duration of activity using activity counts
• Frequency of activity
• Activity intensity (sedentary time, light- and moderate-intensity activities)
• Activity type
• Sleep parameters were also discussed

• Advisory panel members also discussed appropriate device wear location and explored 
whether we can identify and define a metric that is truly device-agnostic.
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Advisory Panel Meeting #2: March 16, 2022

• In selection of the proposed metrics, the following were considered: 
• Relevance of the proposed metrics supported by existing cumulative evidence from concept elicitation 

study, literature review, Amgen’s device study, and advisory panel feedback
• Proposed metrics were likely to be related and further reduction of the number of proposed metrics 

was expected
• Concepts no longer under consideration following the first advisory panel meeting included: 

• Activity type as specific activity recognition algorithms are not fully developed (exception is recognition of 
walking based on steps)

• Activity intensity based on device-specific algorithms
• Sedentary time due to methodological challenges of differentiating sleep time from sedentary time
• Sleep parameters as it is not reflective of the concept of physical activity
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Minimum Data Requirements of Proposed Metrics

• It was discussed with the advisory panel that final metrics will be:
• Derived from raw acceleration data 
• Applicable to wrist-worn devices incorporating a triaxial accelerometer
• Collected at a specific minimum frequency (e.g., 30 hz)
• Non-device-specific
• Associated with a proposed (to be determined) minimum wear time
• Based on data acquired from devices calibrated to industry standards

Note. Minimum technical standards for a suitable device to capture the proposed metrics will be developed in parallel
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Proposed Metrics

• Based on review of relevant evidence, 2 sets of related metrics were proposed offering complementary information:
• One set based on step counts to capture physical activity related to walking
• A second set based on activity counts to capture general activity, which may include walking

1. Total number of steps per day (cumulative)
2. Longest duration of continuous steps
3. Number of steps in the 30 minutes that contain the most steps per day (not necessarily continuous)
4. Number of steps in the 6 minutes that contain the most steps per day (not necessarily continuous)

Metrics based on step counts 

Exploratory 
Metrics

5. Total activity counts per day (cumulative)
6. Total active time per day (cumulative)
7. Longest duration of continuous activity
8. Activity counts in the most active 30 minutes per day (not necessarily continuous)
9. Activity counts in the most active 6 minutes per day (not necessarily continuous)

Metrics based on activity counts

Exploratory 
Metrics
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Potential Metrics to Move Forward Based on Advisory 
Panel Meeting Discussion

• Advisory panel members were asked to provide preliminary rankings of the proposed 
step- and activity-related metrics based on their ability to best quantify a meaningful 
outcome prior to the meeting. 

• Preliminary rankings were discussed at length.
• Initial findings:

• All advisory panel members agreed to move forward:
• Longest duration of continuous steps

• Additional exploratory metrics may include:
• Number of steps in the X continuous minutes that contain the most steps per day

• e.g., 2 minutes, 6 minutes, and potentially one higher interval
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Other Points for Consideration

• Acknowledge that there are some challenges with definition/conceptualization of 
“continuous” steps

• Need to determine how to define “continuous” 
• Need to account for those with shuffling-type walking behaviors

• Still may want to account for non-walking activity
• Although inconclusive at this point, may want to consider retaining at least 1 activity-related metric, 

even as exploratory, such as: 
• Total activity counts per day, and/or 
• Longest duration of continuous activity

• Focus on something that will truly reflect clinical benefit 
• Determine most appropriate wear time 

• e.g., 8 to 10 hours of standard waking time
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Remaining Steps

• Alignment among the CHF Working Group on metrics to move forward
• Interim meeting with FDA to confirm proposed metrics
• Development of analysis plan to generate novel algorithms (if needed) and separate 

statistical analysis plan for data analysis
• Development and submission of Qualification Plan to FDA
• Development of novel (non-device specific) algorithms for chosen metrics, if needed
• Analysis of device study data to evaluate measurement properties of chosen metrics
• Submission of Full Qualification Package to FDA
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A qualitative study to generate content 
validity evidence to support the use of 
digital health technologies among people 
with early Parkinson’s disease

Rebecca M. Speck, PhD, MPH - Clinical Outcome Assessment Scientist 
COA Program, C-Path



Outline

• Digital health technology (DHT) in Parkinson’s disease (PD) background
• FDA’s DHT draft guidance and need to demonstrate DHTs are fit-for-

purpose
• Wearable Assessments in the Clinic and Home in PD (WATCH-PD) study 

background
• WATCH-PD qualitative study objective 
• WATCH-PD qualitative study methods
• Take-aways
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DHT in PD
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DHTs in clinical trials

• FDA issued a draft guidance on DHTs in clinical investigations on December 
23, 2021 

• Section IV, Part D, Number 3 – Novel Clinical Endpoints

• Is the endpoint a clinically meaningful reflection of how a participant feels, 
functions, or survives?
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Critical Path for Parkinson’s 3DT Initiative

• The Critical Path for Parkinson’s (CPP) Consortium is one of many 
precompetitive public-private partnerships led by C-Path

• CPP’s Digital Drug Development (3DT) initiative launched in 2019 as a 
dedicated effort aiming to advance regulatory maturity of DHTs for PD 
clinical trials 

• Use of DHTs to aid measurement of PD onset and progression

• Actively involved with WATCH-PD
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WATCH-PD study overview
“A multicenter, prospective, longitudinal, digital assessment study of disease progression in subjects with early, 
untreated Parkinson’s disease” 

Study period 12 months, baseline visits completed between July 2019-December 2020

Population 82 participants with early, untreated PD from 17 Parkinson Study Group sites
Age, years 63.3 (9.4)

Male, n (%) 46 (56.1)

Race, n (%)

White 78 (95.1)

Hispanic or Latino, n (%) 3 (3.7)

Parkinson’s disease duration, months (SD) 10.0 (7.3)

Primary objective To compare the ability of objective sensor-based measures and subjective clinical examinations to 
characterize symptom progression in early, untreated PD over 12 months

Data collection Standard clinical assessments with novel digital tools that objectively measure motor and 
cognitive function. Clinic visits post-baseline at months 1, 3, 6, 9, and 12, and twice monthly at-
home assessments.

Collaborators Biogen, Takeda, University of Rochester, Parkinson Study Group 26



WATCH-PD iPhone and Apple Watch 
data collection 

Self-reported Symptoms (2 min)
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WATCH-PD qualitative study objectives

• To understand from the patient perspective the relevance and 
comprehensiveness of the performance outcome (PerfO) measures 
administered via DHTs in the WATCH-PD study

• Generate evidence of content validity needed for regulatory support of 
the COAs included in the WATCH-PD study
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WATCH-PD qualitative study methods

• A subgroup of CPP 3DT members including academics, industry 
representatives, and people living with PD designed this qualitative study 
with advice from FDA

• Purposive sampling of WATCH-PD participants (N=40) after 12-month data 
collection

• Semi-structured interview guide containing open-ended questions, follow 
up prompts, and cognitive interview questions

• Part 1: open-ended symptom mapping exercise
• Part 2: cognitive interviewing techniques to demonstrate understanding, relevance, 

and comprehensiveness of tasks
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Example cognitive interview content
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Take-aways

• The role of DHTs in PerfO measure administration is evolving, and it is 
critical that demonstrating that digitally-derived endpoints are fit-for-
purpose remains a focus 

• The content validity evidence generated from this qualitative study is 
essential to achieving regulatory support

• Our unique approach through a precompetitive consortium ensures 
involvement of all relevant stakeholders, including patients
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Digital Health Technology 
Measures in Parkinson’s Disease

Kai Langel, Senior Director, Strategy and Innovation, Global Regulatory Policy and 
Intelligence, Janssen Research and Development



Unlocking 
new science 
with the 
power of 
digital health



The digital measures 
ecosystem is 
still on its 
growth 
journey.

There are 
pockets of 
greatness and 
scattered building 
blocks.

The utilization 

of digital health technology 

is not optimized, limiting 

our ability to directly 

measure how patients 

function. 
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Decentralisation of 
clinical trials

Measure what 
matters the most

Meeting patients where they 
are through connectivity 
solutions and remote data 
capture

Evidence generation focusing 
on concepts most meaningful 

to patients

Trends are putting 
patients at the center

Prevent, treat, and manage 
disease - targeting what 

patients care about

Collaboration mindset is 
in place but lacks the 
right infrastructure

More Personalised 
Medicine

Collaboration key to 
transformation
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A New Era of Drug Development



1 Asset Catalogues

Mission Collaboration Platform

Engage with the 
broader 
ecosystem

Co-develop 
solutions

Dynamic regulatory 
workflow

New measurement 
standards

Partner Services

Services Eco-System

DEEP Services

2 3

Partner ecosystem to assist you with 
everything you need

Network of public and private catalogues

Public 
Catalogue

Private 
Catalogue

Asset Discovery

Asset Curation

Develop Standards

Facilitation

Intelligent Analytics
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A Holistic Solution is Required
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Recommendations for defining and 
reporting adherence to digital health 
technology tools

Jessie P. Bakker, PhD, MS - Executive Vice President of Medical 
Affairs, Signifier Medical Technologies 
(Presenting on behalf of the Digital Medicine Society)



Background

• Sub-optimal adherence is a key cause of failed clinical trials
• Contributes to missing data
• Introduces several sources of bias
• Dilutes the effect of the intervention

• Adherence is challenging to measure
• Self-report
• Pill counts
• Pharmacy refill rates
• Biomarkers

Connected sensor technologies represent a potential solution to measuring 
adherence accurately, objectively, and continuously, with minimal burden
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Background

• Best practices for measuring and reporting adherence to digital 
health technology tools are unclear

• Recommendations to date have focused on improving digital medicine study 
design and reporting quality
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Background

Adequate 
measurement 
and reporting 
of adherence

FIRST STEP

Understand 
the 

determinants 
of adherence

INTERMEDIATE 
STEP

Maximize 
adherence 

within a 
clinical trial

GOAL

• Best practices for measuring and reporting adherence to digital 
health technology tools are unclear

• Recommendations to date have focused on improving digital medicine study 
design and reporting quality
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Background

Adequate 
measurement 
and reporting 
of adherence

FIRST STEP

Understand 
the 

determinants 
of adherence

INTERMEDIATE 
STEP
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adherence 

within a 
clinical trial

GOAL

• Best practices for measuring and reporting adherence to digital 
health technology tools are unclear

• Recommendations to date have focused on improving digital medicine study 
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Background

Adequate 
measurement 
and reporting 
of adherence

Gather the 
evidence

Understand 
the 

determinants 
of adherence

Understand 
the problem

Maximize 
adherence 

within a 
clinical trial

Address the 
problem

• Best practices for measuring and reporting adherence to digital 
health technology tools are unclear

• Recommendations to date have focused on improving digital medicine study 
design and reporting quality
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Objectives

DiMe conducted a systematic review in order to:
1. Identify studies that used at least one BioMeT* to:

• Measure adherence to data collection procedures or
• Measure adherence to the study intervention

*BioMeT = Biometric Monitoring Technologies 
A connected digital tool that processes data captured by mobile sensors using 

algorithms to generate measures of behavioral or physiological health

Definition from Goldsack, Coravos, Bakker, et al. NPJ Digital Medicine (2020)



Objectives

DiMe conducted a systematic review in order to:
1. Identify studies that used at least one BioMeT* to:

• Measure adherence to data collection procedures or
• Measure adherence to the study intervention

2. Describe the methods used to measure adherence
3. Compare the definitions of adherence reported

Describing the current state of the art allowed us to compile 
recommendations for measuring and reporting adherence

Identifying and extracting adherence data:
Adherence must be quantitative;

Non-surrogate (unequivocal reflection of usage);
Sensor-based (no element of self-report or clinician interpretation).



Systematic review
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Wearables, positive airway pressure devices, smart clothing, blood pressure monitors, smartphones, oral 
appliances, glucometers, ingestibles, implantables, smart scales, patches, exercise equipment, and more…
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Adherence data
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Example: Connected weight scales
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Adherence data
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Adherence data
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Adherence data
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Adherence data

0

5

10

15

20

25

30

35

Passive BioMeTs Active; session-
based BioMeTs

Active; task-based
BioMeTs

Adherence reported as a categorical variable

0

5

10

15

20

25

30

35

Passive BioMeTs Active; session-
based BioMeTs

Active; task-based
BioMeTs

Adherence reported as number of measurements

0

5

10

15

20

25

30

35

Passive BioMeTs Active; session-
based BioMeTs

Active; task-based
BioMeTs

N
um

be
r o

f B
io

M
eT

s

Adherence reported as duration of use

N
ot

 a
pp

lic
ab

le
 fo

r B
io

M
eT

si
n 

th
is 

ca
te

go
ry

[None]

53



Adherence data
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Gap #1:
30% of studies did not report adherence

Recommendation #1
Develop and/or utilize BioMeTs to capture sensor-based adherence data in addition 
to their primary purpose

Recommendation #2
Collect and report adherence data that are a direct reflection of actual use rather 
than a surrogate
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Gap #2:
70% of studies did not describe the BioMeT

Recommendation #3
Describe the BioMeT manufacturer/model, the software, and the sensor/s

Recommendation #4
Describe the algorithm/s that convert sample-level data into a measurement of 
adherence

Recommendation #5
Describe the analytical validation data supporting the adherence algorithm
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Gap #3:
Heterogeneity of adherence definitions

Recommendation #6
For passive or session-based tools, report adherence in units of time
…such as hours per day

Recommendation #7
For task-based tools, report adherence as a continuous variable
…such as percentage of tasks completed

Recommendation #8
Report categorical adherence data only in addition to continuous adherence data

Recommendation #9
Develop or adopt categorical definitions of adherence that are clinically validated
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Conclusion

Adequate 
measurement 
and reporting 
of adherence

Gather the 
evidence

Understand 
the 

determinants 
of adherence

Understand 
the 

problem

Maximize 
adherence 

within a 
clinical trial

Address the 
problem

jessie.bakker@gmail.com
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Panel Discussion

59
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– Rebecca M. Speck, PhD, MPH – Clinical Outcome Assessment Scientist, Clinical Outcome Assessment 

Program, C-Path
– Kai Langel – Senior Director, Strategy and Innovation, Global Regulatory Policy and Intelligence, Janssen
– Jessie P. Bakker, PhD, MS – Executive Vice President of Medical Affairs, Signifier Medical Technologies 

(presenting on behalf of the Digital Medicine Society)

Additional Panelists
– Michelle Campbell, PhD – Senior Clinical Analyst for Stakeholder Engagement and Clinical Outcomes, 

Office of Neuroscience, Office of New Drugs, Center for Drug Evaluation and Research, U.S. Food and 
Drug Administration

– Anindita Saha, BSE – Assistant Director, Digital Health Center of Excellence, Center for Devices and 
Radiological Health, U.S. Food and Drug Administration



Thank you! 
Day 2 Wrap Up
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