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convergence complexity computing

the triple aim and the learning healthcare system

accelerated adoption of digital platforms in
healthcare

Impact on all aspects of the patient journey
massive data streams: exabyte/zettabyte scale data

the V7 challenge: volume, variety, velocity,
validation, virtualization, visualization and value






Digital Health
Nanobots
3-D Printing
Robotics
Handheld Ultrasound

Implantable Sensors
Telemedicine
Mobile Clinics

Activity Tracking
Wearable Devices
Short Messaging Service
Smartphone-Device
Smartphone Microscopy
Smart Tattoo i
Organ-on-a-Chip ||
Lab-on-a-Chip
Microfluidics T

Precision Health

Exposome
Microbiome
Epigenome
Proteome
Metabolome
Circadian Rhythm

Optogenetics

Electronic Medical Records

Ridge Regression
& Natural Language Processing
Artificial Intelligence
Machine Learning
Brain-Computer Interface
2 Bioinformatics
A\ 3\ Learning Health System
8\ Open Online Medicine
/,Z“'\\ '\f, Ifatient Generated Data
~_w Blockchain
" ¥ DNA Storage
{4 ‘:‘ Phenotypic Clustering
Social Media
Knowledge Banks
Crowdsourcing

Big Data

iPSC
Embryonic-Structural Variants
CRIPSR
Genome Engineering

Exome Sequencing
SNP

Pharmacogenetics : RNA-seq

Epigenetics
WGS Nanopore Sequencing

http://www.onlinejacc.org/content/accj/70/21/2696.full. pdf






nl dondt think of Humana
S0 much as an insurance company
as an IT company who is helping us with
the data that we need in order to deal
with our population health tools.o

Dr. Roy Beveridge, M.D.
CMO, Humana
Cited in Fierce Healthcare 9 May 2017




ever} monitnred avant (elinicg|l and non-
clinical) Is ¢ potential data point

every individual is a data node
every individual is a research asset

every individual is their own control



Diabetes + Obesity

DIABESITY




remote health status monitoring

AR/VR and novel brai -computer interface systems
digital psychiatry

reduced cost/cycle time of clinical trials

robust capture of RWE and valu -based payment
systems

machine learning/artificial intelligence and large
scale data analytics

facile integration of new data classes (mul -Omics,
clinical, environmental, social) for improved
clinical decisions and continuity in care
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https://www.xenex.com/resources/blog/envisioning-the-digital-hospital/attachment/attachment-cbinsights-illustration-digital-hospital-png/
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https://catalyst.com/research_item/chronic-care-market-map/

the majority of events that influence
wellness/disease risk and treatment adherence
ncclir larnelv nilitside of formal interactions with
the healthcare system

Aailv decisinns hv individiials have areater

effects on their health than decisions controlled
by the healthcare system






_/R‘ Accelerometer
Headbands
. m Altimeter

P4 Digital camera

Electrocardiogram

Electromyograph

; Electroencephalogram
Camera clips '

Q i < _/R“ ‘ Electrodermograph

9 Location GPS

Smartwatches

908%

Sensors embedded in clothing

Bm.-

&
&) Microphone

& Oximeter

g Thermometer

From: Piwek L, et al. (2016) The Rise of Consumer Health Wearables: Promises and Barriers.
PLoS Med 13(2): €1001953. https://doi.org/10.1371/journal.pmed.1001953




327,000 apps available

200 added each day
43 apps account for 52% of downloads
85% have less than 5,000 installs

RR0A nf the mgst downloaded apps use
sensor data

370 consumer wearable devices available

Integration into over 1000 ongoing clinical
trials

*IQVIA Institute for Human Data Science. November 2017





https://www.amazon.com/Samsung-Gear-Smartwatch-Verizon-Wireless/dp/B00PTC036U




restricted analyte menu

novelty item, rapid abandonment and lack of user
ostickiness)

limited data integration into EHR and alerts for
anomaly events requiring prompt intervention

Inadequate incentives: users, payers and
physicians






Candidates for Adoption
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estimated use by 60% healthcare institutions
and 50% hospitals*

virtual consults in Kaiser Permanente
exceeded in-person visits in 2016

healthcare consumerism and UX

215t Century Cures Act and efficacy evaluation
projects for Medicare services

*R.V. Tuckson et al. (2017) NEJM 377, 1585






CM

CENTERS FOR MEDICARE & MEDICAID SERVICES

expansion of telemedicine reimbursement beyond
rural areas and outside of healthcare facilities

payment of ovirtual check-insi and review of
patient photos/videos or istore and forwardo
transmissions

new billing codes for prolonged preventative
services

three new remote monitoring billing codes
recommended by The APP Association
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lo Primary Care—Designed Especially
for Older Adults




M. Nochounite et al. JAMA (2017)e17094

the rise of virtual consultants
- tertiary to primary care

Investment by larger enterprises in centralized
telehealth command centers

- service provision across broad geographies
Including international

lack of direct training of MD/HCPs in using virtual
systems for patient consultations (website manner)

- multi-specialty, multi-skill teams

MD/HCP certification and cross-state licensure
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next-generation
miniaturized
power sources

security and
hacker protections










medical device regulatory
frameworks enacted in 1976
designed for hardware-based
platforms

Ill-suited for SaMD for mobile
Apps and other digital platforms

21 Century Cures Act
requirement for FDA to codify
SaMD standards and related
cybersecurity vulnerabilities

FDA Pre Cert program to exempt
romnaniac with damnnectrate(d
predicate standards from
multiple submissions due to
constant software updates



direct acute care savings

reduced ER visits, rehospitalization
services with easily captured financial metrics

mnra rnmnlav ~linical and nnnnnmetric

evaluation for chronic conditions

weliaht control. HbAlc moderation
Improved Rx adherence

cvmntnm scale improvements in mental
health

QOL

earlier return to workforce/school and
duration of benefit

ospilloveri benefits on co-morbidities



37.0Bn

Diabetes Diabetes Asthma Pulmonary Cardiac Rehab TOTAL

Prevention Rehab (COPD) (MI)

. Other Intervention Costs Reduced Hospitalization Costs Reduced ED Costs

Source: IQVIA AppScript Essentials Value Model, Aug 2017 (data on file)

Key Assumptions

¢ Use of 5 Curated Apps used in
5 underlying studies suggesting
acUte care utilization benefits

* Delivery to each target patient
for the given use case (but not
1ecessarily used by patient)

* No "Spill Over” Benefits
to other conditions (l.e., no
reduced healthcare utilization
for stroke based on improved
blood sugar control in diabetics)

Reduced Ambulatory Costs Reduced Prescription Costs




expanded payer requirements to
demonstrate efficacy/utility/value in
Intended-use population(s) with
different characteristics to
Investigational trial population(s)

- age, co-morbidities,
polypharmacy

- clinical setting (AMCs,
community hospitals, primary
care)

analyze treatment outcomes in
sub-populations

guantify treatment outcomes for
value-based contracting






FOA

patient data capture from hinsensnrs wearahles
smartphones, wel based platforms, social media

exnansion from investigational clinical trials to RWE
capture

exploration of blockchain protocols for data sharing
at scale and enhanced security
























objective measurements of nuanced behavior

and visit deltas

(micro) saccades, facial dynamics,

motor functions, gait

speech prosody (rhythm, tone, volume)

stimulus response reactions and interaction speed
- mobile EEG and BCI devices

Interaction with digital assistants/chatbots

machine learning and Al analytics of large video banks
- bipolar disorder, schizophrenia, depression

- suicidal ideation

- PTSD

signal alerts to care teams when immediate intervention

Indicated



nNWe envision empowering individuals
with digital therapeutic solutions
that address underlying motivational and
technical deficits
by deciphering neural pathways
that support motivation, decisio -making
and reinforcement to prompt health.o

Dr. Ben Wiegand
Glohal Head .1Janssen R&D

World Withoiit Disease Accelerator
PharmaVoice 2017



ABOUT US SCIENCE PRODUCTS NEWS CAREERS

* PEAR

== THERAPEUTICS

About Prescription
Digital Therapeutics

Prescription Digital Therapeutics, or PDTs, are a new therapeutic class.

Similar to traditional biologics or drugs, PDTs:

« Directly treat serious diseases

* Are built under current Good Manufacturing Practices

» Demonstrate safety and efficacy in randomized clinical trials

* Receive labeled claims from the FDA

« Are used by physician prescription

» Are reimbursed as products, via Pharmacy and Medical benefits

* Have barriers to entry that span regulatory exclusivity and intellectual property

https://peartherapeutics.com/




The message of protests in lran
The Blue-state Republicans: no right left
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Mobile Biometrics
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AMAZON'S

JEFF BEZOS
“THERE ARE BUSINESSES

HE’'S BUILT THE MOST INNOVATIVE AND FEARED JUGGERNAUT
OF THE 21ST CENTURY—AND EVERY INDUSTRY IS NOW FAIR GAME.

WH%LE amazon
F(X)DS J.PMorgan

BeErksHIRE HATHAWAY e




leverage distribution logistics and supply chain scale
AWS, cloud storage and large scale data analytics
310M active customers, 100M Amazon Prime members

Alex -Al
- I home health concierge and support services?
- real time HCP resource?

dicintarmedigtion of PBMs and pharmacy wholesalers
PillPac )?

rlaime adminictratinn and nrphnssing (AWS) and new
iInsurance offerings AM -JPI -BH)?

Whole Foods and creation of new primary care sites?



HIPAA Compliance Lead

Job 1D: 602824 | Amazon com Services, Inc

DESCRIPTION

The HIPAA ( D an axpenonc

Jevelopers, bzdey, and e

of @ new initiative will work alongside product managers, software

vices are |ir with HIPAA s¢ cy requirements. Co 5

Creating a HIPAA security and compliance program 1o ensure that lechnolo
clate Agreement (BAA) requirements, as woll as all applicable federal ar

Managing yram, including employee & ation and training
and monitoring corrective actions

jocument ng inves addressing vwlations

Track g & repont @ pro NS Oparatiorn gadiness goals, o ensure all milestone

are escalatled and resolved effectivel

C ng dala analysis, metnc xecutive dasht
and be the

Owning and man nmunicationt

NCems

Maintaming tr n-readiness posture
Monitoring modifying the compliance program 1o :

Acting as a consultalive resource for health care regulatory matiers

https://www.chinsights.com/research/report/amazon-transforming-healthcare/

1 HIPAA profession: will own and operate the &

S INC
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Development of Third-Party Alexa Apps

Allows seniors to verbally report

- LIFE HEALTH | FREEDOM 3 .
g; N BéRT A N A" medical data, get exercise and
/ Qa
\‘%_

adherence reminders, call a
caregiver, and coordinate transport

CLINIC ¥ Mayo Clinic First Aid

"Tell me about spider bites' "Help for o burn”

Ask My Buddy

Alexa, osk My Buddy to alert
everyone.”

https://www.cbinsights.com/research/report/amazon-transforming-healthcare/









Now Comes the Really Hard Part!

Driving Pregisi










Growth of molecular biology datasets

— Whole-genome sequencing
RNA sequencing
- Whole-exome/fractional sequencing
— Other
Methylation
Protein-nucleic acid binding
Targeted sequencing

]
?
©
9
q
2
0

Chromatin state
Clone sequencing
3D DNA structure

From: M. Wainberg et al. (2018) Nature Biotechnology 36, 829

Sizes of individual molecular biology datasets

RNA ® Whole-genome
Targeted  sequencing sequencing
sequencing ® Other
® Whole-exome/fractional

Clone ¢ sequencing

Sequencing  protein-nucleic

acid binding @ Methylation

® Chromatin state

Number of datasets

3D DNA

structure
TR T T T T —————

0.1 1 10
Average gigabases per datasel

https://www.nature.com/articles/nbt.4233.pdf










need for generalizable computational infrastructure
for diverse deep phenotyping data classes

— HL7 Fast Healthcare Interoperability Resources
(FHIR)

215t Century Cures Act requirements for EHR
Interoperability

Increased payer focus on RWE and value based
contracts

— new RWE observational trial designs and patient
registries



qualitative, quantitative data
descriptive
information of
variable quality and

provenance
complex ecosystem inte | bnnected
of largely 1 ‘e of data

unconnected data
sources




Reportable Healthcare Data Breaches (201 -2017)

From: T. H. McCoy and R. H. Perlis (2018) JAMA, 320, 1283









who knows why people do what they do?
— the fact is that they do!

these actions can now be traced and
measured with unprecedented precision

with sufficient data, the numbers reveal
Increasingly predictable behavior and
individual risk patterns

the confessional of social media
the blurring of private and public spaces

complex ethical and legal issues
— consent, privacy, security, surveillance
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JAMA evidence

“jamaevidence.com







Feature , Relevance
Extraction Mapping
and Learning
Classification Systems




Machine Learning and Image Analysis in Clinical Medicine

pathology radiology [ dermatology | ophthaimology
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large scale training sets and classification parameters

standardized, reproducible and scalable
260 million images/day for $1000 GPU






Just What the Data Ordered

Black Box Medicine?




how will ML-Al algorithms/decision analytics be
validated/regulated?

how will ML-Al tools be integrated into current work flow?
will radical reorganization/re-training be required?

how will ML-Al platforms alter payment schemes?


















understanding data structure and application
to improve decisions and outcomes will
become a critical institutional competency

maior <skill gaps and predicted personnel
shortages

traininn of : new cadre of data scientists
(medical and non-medical)

Institutions lacking adequate computational
infrastructure and critical mass in data
analytics will suffer ocognitive starvationi and
relegation to competitive irrelevance
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20 A% Complexity | [PROCEEDINGS OF AWORKSHOP

o o
MEDICAL EDUCATION .
Graduate Medical Education

IN THE 10M ROUNDTABLE ON EVIDENCE.BASED MEDICINE

UNITED STATES AND CANADA

Outcomes and Metrics

THE LEARNING
HEALTHCARE SYSTEM
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mastery of escalating complexity

and massive data (network-centric)







the expanded

care space

automation wearables
and EHR sensors, |
computlny Population telemedicine
I Ere:clzggion consumet
multiomics Medicine patient
profiling Digital ehgagement

Medicine social media
SEnsors, ML-A and life style
robotics metrics

analytics for
improved decisions and

clinical outcomes at lower

cost (value)



% Arizona State
University

fiThe Vision Beyond the Visiono

Michael D. Dake, M.D.
Seniar \/P for Health Services,

University of Arizona




Implementation and integration of digital
health, big data and precision health into new
models of patient care and research

Identify highest priority opportunities for
validation pilots

Aafina avaliiatinn processes and metrics for
new innovations

dentify and build collaboration networks to
accelerate innovation and adoption of new
digital technologies



Technology Mapping
Convergence Geno-Phenotype
and Acceleration Complexity
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Artificial Intelligence

and
Decision Support



https://bmcbiotechnol.biomedcentral.com/articles/10.1186/1472-6750-7-53

