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Outline

e Real-world data
A new buzz word; rationale for EHR and mHealth data

e eCohorts and mHealth data collection

e Health eHeart Study > Eureka Research Platform
e Some examples of mHealth data we collect
e Linking mHealth and EHR data

e Future directions, and ?’s for BRAID
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Real-World Evidence and Real-World Data
for Evaluating Drug Safety and Effectiveness

For hundreds of years, the development of new medi-
cal treatments relied on "real-world™ experience. Discov-
eries such as ditrus fruit curing scurvy described in the
1700s or insulin as a treatment for diabetes in the 1920s
long preceded the advent of the modern randomized
clinical trial. What these diseases had in common was a
reliable method of diagnosis, a predictable clinical course,
and a large and obvious effect of the treatment.

In the late 1940s, the medical community began
to adopt the use of randomized clinical designs for
drug trials.” The recognition that anecdotal reports
based on clinical practice observations were often
misleading led to the nearly complete replacement of
this “real-world evidence” (RWE) approach to evi-
dence generated using the modern clinical trial model.
Although moving medical science toward greater
scientific rigor, this transformation simultaneously
diminished the use (and minimized the value) of avi-
dence generated from practice-based observations.
Randomization and blinding became the gold stan-
dard for determining the effect of treatment. With
strict protocol-specified definition of eligible patients,

JAMA. 2018 Sep 4;320(9):867-868

records (EHRs), together with rising costs and recog-
nized limitations of traditional trials, has renewed inter-
est in the use of real-world data (RWD) to enhance the
efficiency of research and bridge the evidentiary gap
between dinical research and practice. RWD can be
defined as data relating to patient health status or the
delivery of health care routinely collected from a vari-
ety of sources, such as the EHR and administrative data.

Underthe 21st Century Cures Act. the Food and Drug
Administration is tasked with developing a program to
evaluate the use of RWE to support approval of new in-
dications for approved drugs or to satisfy postapproval
study requirements.” RWE can be defined as the clini-
cal evidence regarding the usage and potential ben-
efits or risks of a medical product derived from analysis
of RWD. A framework for this program will be pub-
lished by the end of 2018.

The FDA routinely uses RWD to provide evidence
about drug safety, drawing on claims and pharmacy data
from maore than 100 million individuals in its Sentinel
System.? In addition, FDA regulations have long recog-
nized that historical controls taken from practice set-

tings can be used as reference groupsin


https://www.ncbi.nlm.nih.gov/pubmed/30105359
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e Allows us to study “everyone”



Real-World Evidence

e 2 rationales
 Enhance efficiency

* Reduce problems with generalizability

* Insisting on “research-grade” measurements is:

* Expensive

e Time-consuming/demanding for patients

e Use sources of data that are being collected anyway

e Cheaper
e Allows us to study “everyone”

~

Claims data
EHR data
mHealth data
Other?



Real-World Evidence

* FDA: Types of real-world data
e Claims and billing activity
EHR data
e Product and disease registries
e Patient-generated data including in home-use settings

e Data gathered from other sources that can inform on
health status, such as mobile devices

https://www.fda.gov/scienceresearch/specialtopics/realworldevidence/default.htm



https://www.fda.gov/scienceresearch/specialtopics/realworldevidence/default.htm

Real-World Evidence

 FDA mandate from 215t Century Cure Act (Dec 2016)

e Develop a program to consider how/when to use real-
world evidence for new indications and post-marketing

surveillance

 Framework for program coming by end of 2018

e Likely to include both observational studies and “pragmatic
trials” / “large simple trials”



Real-World Evidence

* How does one collect patient-generated and
mHealth data for research studies?



Our team’s motivation

Can we use emerging technology to
improve health?

* 3 Mechanisms:
" Do research more efficiently
= Collect new types of measurements
" Design and test new types of interventions



The “eCohort” Vision

e eCohort ~= Electronic Cohort Study
e Approach, consent, enroll over the internet
e Use online surveys for self-reported data

e Use electronic health records for health measurements
and outcomes

e Use sensors to collect and transmit real-time/real-life
data

e Use online social networks to collect social data, engage
ppts, deliver interventions



The “eCohort” Vision

e eCohort ~= Electronic Cohort Study
e Approach, consent, enroll over the internet

'vCheaper, faster,  suements
‘Jeasier, better? freal-lfe

e Use online social networks to collect social data, engage
ppts, deliver interventions



The Health eHeart Study

Using big data to reduce heart disease

"o



The Health eHeart Study

e Overarching Goal:
e Do research that improves cardiovascular health

e Approach:
e Collect “big data”
e Keep marginal costs low
e Support ancillary studies, including RCTs



¢ Welcome

& — C' £ https://www.health-eheartstudy.org
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Join the study to end heart

disease.

Be a part of an ambitious study to end heart disease. It only takes a few
minutes to make a big difference. Anyone can join — whether you have

heart disease or not.

Join the Study

Brought to you by
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»  [C] Other bookmarks

Play Video




BASIC INFORMATION

Contact Information

Basic Demographics

MEDICAL HISTORY

Mother Family History

Father Family History

Sibling Family History

ACTIVITY & WELL-BEING
DASI Survey

IPAQ

SA-NYHA

SF12

HABITS & LIFESTYLE

Detailed Smoking History

CONNECTIVITY

Social Demographics

Second Hand Smoke

Emergency Contact
Information

Alcohol Use

Internet/Smartphone Use

Epworth Sleepiness Scale

Internet Use for Medical
Information

Pittsburgh Sleep Quality

FFQ

Coronary Disease Survey

Seattle Angina Survey

General Family History

Heart Failure Survey

KC Cardiomyopathy
Survey

Medical Conditions

AF Survey

AF Severity Scale Survey

Symptom Overview

Chest Pain Symptoms

Past Cardiovascular
Procedures

Shortness of Breath
Symptoms

Medications

Palpitations Symptoms

Fainting Symptoms

Calgary Syncope
Survey

AF Effect on Quality of Life
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collection from smartphone
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iHealth
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Modular Consent System

e “Umbrella” consent to answer surveys and use data
for research

e Then add short, just-in-time consent modules



2-Step Fitbit Consent Module

Connect your Fitbit

It's easy. Clicking the button will take you to their website to enter your
Fitbit login and authorize the connection,

Once you do this, we can import the data from you Fitbit
devices into your profile, and we'll use it to fight heart disease!

#fitbit

We'll keep your Fitbit data (privats ure), just like we do

with all your study data.

—>

- Use API hosted by company

- OAuth 2.0 protocol

Health eHeart Local by UCSF would like to
access your profile and data on Fitbit.com:

©0 + ¢ READ AND UPDATE ACCESS

FORGOT PASSWORD?

Not using Fitbit yet?

alle

=5k TRACK ACTIVITY & SLEEP
B manace weigHT

[E) WATCH YOUR PROGRESS

Fitbit motivates you to turn fitness
Into lifestyle, challenge friends, set
goals, and watch your progress.

Learn more about Fitbit

CREATE A NEW ACCOUNT ©




Total # Enrolled

300000

s Recruitment as of 9/20/18
(now over 210,000 consented)

200000

150000

100000

S0000




Measurements collected
As of 11/10/17

Self report

e 1,453,424 surveys completed (from 61,421 people)
e 242,776 vital signs (from 40,918)

e 87,482 lab results(from 14,221)
Participant-triggered device measurements

e 1,336,158 weights (from 3,656)

e 302,537 blood pressures (from 2100)

e 18,657 EKGs from Alivecor (from xxx)

Passively collected device/app measurements

e 3,244,488 daily step counts (from 7,823)

* 314,519 days of movement/communication patterns (from 2,263)
* 2,429 possible hospitalizations from 179 hospitals
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e 1,453,424 surveys completed (from 61,421 people)
e 242,776 vital signs (from 40,918)

e 87,482 lab results(from 14,221)
Participant-triggered device measurements

e 1,336,158 weights (from 3,656)

e 302,537 blood pressures (from 2100)

e 18,657 EKGs from Alivecor (from xxx)

Passively collected device/app measurements

e 3,244,488 daily step counts (from 7,823)

e 314,519 days of movement/communication patterns (from 2,263)
e 2,429 possible hospitalizations from 179 hospitals



Measurements collected
As of 11/10/17

n/N
Weight
1.3 o 48,741 self-reported (from 37,977)

365 e 1,336,158 device (from 3,656)

Blood pressure
1.6 e 39,847 self-reported (from 25,092)
144 e 302,537 device (from 2,100)



Measurements collected
As of 11/10/17

n/N
Weight
1.3 e 48,741 self-reported (from 37,977)

365 e 1,336,158 device (from 3,656)

Blood pressure
1.6 e 39,847 self-reported (from 25,092)
144 e 302,537 device (from 2100)

Much more efficient (and less error-prone) to get
measurements directly from a device...



Meanwhile...

e “Mobilizing Research” Award from NIH

) RFA-OD-15-129; Mobilizine x /' M UCSF Awarded $3.75 Millic

&« C | & https://www.ucsf.edu/news/2015/10/131911/ucsf-awarded-975-million-create-platform-accelerating-mobile-health-research w| B2
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NIH Award a Response to Health eHeart Study Success

By Scott Maier on October 02, 2015 o o o e o e

Undoing the Harm of
i Childhood Trauma and
Adversity

Human Neurons
Continue to Migrate
After Birth, Research
Finds

' | IModerate Alcohol Use
Linked to Heart
Chamber Damage,
Atrial Fibrillation in
New Study -




XY Eureka

Discoveries to make the
world healthier



Eureka Research Platform

Aims:

1) Create infrastructure for efficient mHealth
research

2) Build cohort of engaged participants willing to
volunteer

3) Governance, tech, procedures to support rapid
access, data sharing, integration with other
projects

4) Financial sustainability



Eureka Research Platform

Features
1) Web portal and app, with synchronized back end
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Cut2Quit

Login

Cut2Quit Study

Join the program that guides you to take control of how you quit smoking.

Join the Study

Eureka

It's different.

The UCSF Cut2Quit Study is a disruptive approach to quitting smoking. Most treatments will tell you to pick a Quit
Date and simply stop smoking. Say what? It's no wonder why most people relapse.




eeeco T-MOBILE 7 1:20 PM £ 7% D
Awesome! Pick your first study.

Select a study that sounds interesting or
important to you

The Social Heart Study

@ Social Heart

This study will help us understand if social
interaction might prevent heart disease.

Participants will be asked to connect their
Facebook account, report on their real-life
social interactions, and overall heart health.

6. 20= 50

[ LEARN MORE

see00 T-MOBILE 7 1:20 PM * F7%
Awesome! Pick your first study.

Select a study that you care about most! You
can select as many as you like later! Most
studies only take a few minutes each month

This study will help diabetic people figure out
the best way to manage blood sugar

People will be randomly assigned to use
different kinds of methods, and we’ll see
which one works best.

CAUSE LENGTH TIME REWARD

6.. 20 <50

l LEARN MORE

T-MOBILE & 1:20 PM

@ Social Heart

This study will help us understand if social interaction

might prevent heart disease

Participants will be asked to connect their Facebook
account, report on their real-life social interactions,
and overall heart health.

Why is this study important?

It will help us understand the connection
between social interaction and heart disease

What's involved?

You'll be asked to report on your social life,
answer simple health questions
your Facebook account.

O D Mystify

This study will help diabetic people figure out the best
way to manage blood sugar.

People will be randomly assigned to use different kinds
of methods, and we’ll see which one works best.

CAUSE LENGTH TIME REWARD

6. 20 b0

Why is this study important?

It will help us create better tools for diabetics
to control and manage blood sugar levels.

What's involved?

You'll be asked to take daily blood sugar
measurements, answer simple health
questions, and provide twa blood samples.

How much time will it take?

#ee00 T-MOBILE 5 120 PM

< @ Social Heart

Now, let’s get started with the first
step of the study.

Lorem ipsum dolor sit amet, consectetur
adipisicing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna.

Hospitalization survey

1-3 minutes

Physical activity survey

10 minutes

1:20 PM 3 77% M

@ D.Mystify

We want to learn about your current
health status.

This will enly take 12 minutes to complete.

General DM Status
3mins

DM Distress

iPAQ

#ee00 T-MOBILE 5 1:20 PM

{ o ——

How long do you exercise each time,
on average?

90 minutes or more

60-90 minutes

30-60 minutes

15-30 minutes

MOBILE ¥ 1:20 PM k 77%mm

e Baseline Surveys

What was your most recent weight?

172




Synchronized and integrated

Participant Interface Cloud Backend Study Team Interface

\ /\’ Study & Participant Management
‘ — B = =t | .l.

Synchronized Experience -
.




Fureka Research Platform
Features

2) Single sign-on registration system



Enables multi-study engagement

eeeco TMOBILE 5 3 #eeco TMOBILE & % seec0 T-MOBILE &

< <

Now, choose your causes.

fight for these causes,

Heart Diseases

Diabetes

Join a cause Make an impact

Asthma

Cancer

Mental lliness




Eureka Research Platform

Features

3) Flexible consent sequencing



Eligibility/Understanding Check

- -

eeeco T-MOBILE & 1:20 PM

< *

First, we have to verify you're right
for the study.

I’'m 18 years old (or more)

I'm taking at least one medication
for my diabetes Awesome! You're a good fit for this

study.

| haven't been hospitalized in the Everything checks out. Next, we'll

last month take a look to make sure you're up
for all the things the study will ask

I'm not pregnant, or intending to you to do.

become pregnant in the next 6

months




Simple Consent

eseeco T-MOBILE &

Consent and Privacy Policy

y and data is extremely

LTtous

Video Consent

Informed consent agreement

Lorem ipsum dolor sit amet, consectetur adipisicing
elit, sed do eiusmod tempor incididunt ut labore et
dolore magna. Lorem ipsum dolor sit amet,
consectetur adipisicing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna.

Lorem ipsum dolor sit amet, consectetur adipisicing
elit, sed do eiusmod tempor incididunt ut labore et

dolore magna. Lorem ipsum dolor sit amet,

Signed Consent

seeco T-MOBILE =

< *

Details

Lorem ipsum dolor sit amet, consectetur
adipisicing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna.
Lorem ipsum dolor sit amet, consectetur
adipisicing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna.

Lorem ipsum dolor sit amet, consectetur
adipisicing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna.




Eureka Research Platform

Features

4) Deliver online surveys, eVisits, randomization



SPUK

Alcohol Use

Did you drink any alcoholic beverages in the past year?

|-- No | ‘ Yes

‘ | refuse to answer
A s -~

| Don't know

Do you believe alcohol is good for your heart?

Yes No Don't know

Do you believe the type of alcoholic drink matters to the health of your heart?

‘-' No ]

s ps -

Yes

How does your understanding of the potential health effects of alcohol influence the

amount of alcohol you drink?

There is no influence. | drink more alcohol than | otherwise
would for what | perceive to be health
benefits.

I deimls lames alaabhal sham | st amariaa LT S



Eureka Research Platform

Features

5) Email/text/app-based programmable messaging



Messaging

 Timed vs. event-triggered

* Modality options
e Email/text/app push notification
e Participant preferences (text messaging enabled?)

e Reminders or actual study interventions



Eureka Research Platform

Features

6) App- and sensor-based data collection
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Eureka Research Platform

e 10 studies launched
e 7 slated for launch by end of year
e 43 more in pipeline

e Ready for business! (though some hiccups)
e http://info.eurekaplatform.org/



http://info.eurekaplatform.org/

Activity data
e |s step count data useful?

e 4668 consented to connect Fitbit account with
Health eHeart Study
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Steps by the minute

e Fitbit also provides step counts by the minute for
researchers through their API
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Density
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Distribution of minutes in the day with non-
zero step counts

- People walk to meetings...
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Activity, con’t

 We also have survey data

e IPAQ — International Physical Activity Questionnaire

* Minutes sitting, walking, moderate and vigorous activity
per week

e METS/day

* Does Fitbit data correlate?
e Which is “better”?

Alex Beagle, UCSF Medical School
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Which predicts BMI more
strongly?

 Head to head comparisons in adjusted models:

BMI units per 1 SD change in activity

Overall R2added
Fitbit -1.19 (-1.82- -0.56) .044
IPAQ -0.29 (-0.18--0.23) .003

Alex Beagle, UCSF Medical School



Fitbit steps versus MS disability

EDSS vs Daily Step Count
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Fitbit steps versus MS disability

2 EDSS vs Daily Step Count
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Using smartphone sensors

e Everybody has a smartphone (?), and they have
built in sensors

e Location, accelerometers, camera, use indicators

* And they are programmable

e Can we use smartphones to collect useful data for
research?



Validation of a 6MWT app

E Home Validation
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Brooks et al. Circ Heart Fail 2015;8(5):905-13. PMID 26283292



Smartphone screen time

A  Heatmap of hourly average max. B Box plots of hourly average screen-time across
screen-time scaled by participant min the population for each hour
fr [ ]
3
g =
% E ™ . .
5 £ '
3 g T ] L] . ¢ ™ ;
" T o s a'.%*"* (] sefe
2 o N . s 24
e g .:‘l.’i.:z .!;Il'.
- w . l ' l ]
2] [1}] .
£ & '
8 °© 241 iy
S ® . o}
£ z “
o 3
[s)
I !
C) -
rrT1717 17171717 1717 17T 1T 1T 1T T T T T T 1T T T T
0O 3 6 9 12 15 18 21 0O 3 6 9 12 15 18 21
Hour of day Hour of day

Higher average screen time in African-Americans than Whites

Christensen et al. PLoS One 2016; 11(11): e0165331



App-detected hospitalizations

3443 ppts with app T *

in all 50 states Ul - e Lt e

243 hospitalizations S
at 119 hospitals — _": EE

PPV = 65% (57%-72%) S O O et o

Nguyen et al. Circ Cardiovasc Qual Outcomes 2017;10(3):e003326



 Can we use mHealth data together with EHR data?



mHealth + EHR data

* Synergy
* |n medical center + out of medical center
* mHealth data to fill in the blanks between visits

e Patient-reported outcomes along with physician-
reported outcomes



mHealth + EHR data

* Synergy
* |n medical center + out of medical center
* mHealth data to fill in the blanks between visits

e Patient-reported outcomes along with physician-
reported outcomes

 Main challenge
e How do we access both, and link



mHealth + EHR data

e Example: The PCORnet Blood Pressure Control
Laboratory



The PCORnet Blood Pressure
Control Laboratory

e Goal: Enable efficient RCTs of blood pressure control

e Aim 1: An EHR-based BP control registry

e Clinic-level stats on BP control and process measures

e Aim 2: A cluster-RCT comparing 2 versions of a Ql
Intervention

e Clinic-level stats will be the outcomes for the trial

* Aim 3: An individual-level RCT comparing 2 different
Iﬁ_ okme)BP monitoring devices (with and without smartphone
inkage
* Need to link EHR data with mHealth data



e How will we link EHR data with mHealth data?



mHealth + EHR data

e “Golden Ticket” System
 EHR data search to find eligible ppts

e Send individualized invitations with a Golden Ticket
e Unique linkage ID on ticket or email

e |Individual enters Golden Ticket # when they enroll in
Eureka



mHealth + EHR data

e Experimenting with “Eureka on FHIR”

e FHIR APl at UCSF now enabled
e Eureka can pull FHIR data for UCSF patients



mHealth + EHR data

e Experimenting with “Eureka on FHIR”

e FHIR APl at UCSF now enabled
e Eureka can pull FHIR data for UCSF patients

e Could we do a multicenter Eureka on FHIR study?



Collecting Real-World Evidence at UC

e PCORnet 2.0 continues to develop; we are no longer
formally involved

e Will CTSA Consortium efforts reach fruition?
e New CD2H has some momentum? ACT?

e How can we use our Cross-UC data warehouse to
support pragmatic trials?
e EHR queries + Recruitment + Eureka/other
* Governance, services, contracting
e Lessons to be learned from others...



Thanks

e Questions or comments?
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