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convergence complexity computing



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



convergence complexity computing

® new analytical platforms for research, translation
and care delivery

® data science, machine learning (ML) and artificial
intelligence (Al)

® entry of new private sector participants

® implications for organization of care delivery,
continuity of care and clinical decision support

® MD/HCP workforce education and training



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 3
Organ-on-a-Chip | '
Lab-on-a-Chip |
Microfluidics T

Precision Health

Exposome
Microbiome
Epigenome
Proteome
Metabolome
Circadian Rhythm

Optogenetics

Electronic Medical Records
, Data Visualization
| SO, Ridge Regression
| ; Natural Language Processing
Artificial Intelligence
Machine Learning
Brain-Computer Interface

2 Bioinformatics

T

ﬁ ) Learning Health System
28, Open Online Medicine
'\_‘, Patient Generated Data
5“"., Blockchain
1 DNA Storage
B 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



Individual Data Population Databanks

scale, diverse
data categories

Deep Phenotyping:
integration of (epi)genomic and multiOmic profiles,
clinical, environmental and socio-behavioral data




“l don’t 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.”

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




® every monitored event (clinical and non-
clinical) Is a potential data point

® every individual is a data node
® every individual is aresearch asset

® every individual is their own control



Diabetes + Obesity
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remote health status monitoring

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

reduced cost/cycle time of clinical trials

robust capture of RWE and value-based payment
systems

machine learning/artificial intelligence and large
scale data analytics

facile integration of new data classes (multi-Omics,
clinical, environmental, social) for improved
clinical decisions and continuity in care
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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
occur largely outside of formal interactions with
the healthcare system

® daily decisions by individuals have greater
effects on their health than decisions controlled
by the healthcare system



Remote Health Status Monitoring

Smartphones, Wearables, Devices
and Telemedicine Services

AORTA: Always On, Real Time Access

M4: Making Medicine More Mobile




_/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
- 55% of the most 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

clinical value still viewed as marginal by many
physicians/payers

lack of robust RCT data on improved outcomes
need for third party evaluation and/or regulation
- accuracy, security and privacy

vulnerability of many current Apps, devices and
text messaging to hacking

lack of policy transparency for sharing of
consumer-patient data with third parties by Apps
developers and data aggregators



restricted analyte menu

novelty item, rapid abandonment and lack of user
‘stickiness’

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

Inadequate incentives: users, payers and
physicians



Patient Data Privacy/ Mitigation of Acceptable Acceptable Clinician
Usabili Security Malpractice Financial Clinician Workflow JA-ETs1ICT)
&) Assurances Risk Incentives & Usability To-Date

Wellnezs &
Prevention

Condition
Management

Emerging Accelerators of Adoption

Potential Inclusion
in Standard of
Care Guidelines

None D A Significant Number : . All

Source: American Medical Association, Digital Health Study, Sep 2016; IQVIA Institute Analysis, Sep 2017

App Curation FDA Permitted Privacy/Security
Platforms Marketing Claims Guidelines

Merit-Based Interoperability
Incentives Standards




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

payment of ‘virtual check-ins’ and review of
patient photos/videos or ‘store and forward’
transmissions

new billing codes for prolonged preventative
services

three new remote monitoring billing codes
recommended by The APP Association



10,000 ® boomers turn 65 every day

® increase in boomers age 80 or older
from 2010 to 2030

® projected increase in number of
caregivers aged 45 to 64 from 2010

to 2030

VN0l @ projected number of home
health aides needed in next decade
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in-home support and reduced
readmissions

reduced office visits
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lo Primary Care—Designed Especially
for Older Adults




® M. Nochounite et al. JAMA (2017)e17094

® therise of virtual consultants
- tertiary to primary care

® investment by larger enterprises in centralized
telehealth command centers

- service provision across broad geographies
Including international

® |ack 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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Propeller Health Gecko (now Teva) CapMedic Biocorp Inspair

Help patients get I
with injections

Aterica
Veta
EpiPen

8889115646 GoMNoblecom/Onbody







next-generation
miniaturized
power sources

security and
hacker protections




Wearable
Magnetoencephalography

Wearable EEG-BCI

« cognitive monitoring < device control < integration with Rx regimens

« ‘brain leaks’ and privacy
From: M. lenca et al. (2018) Nature Biotechnology 36, 805



Apps used as accessory to regulated medical
device

Apps which transform mobile platform into a
regulated device

application of existing FDA risk-based
complexity thresholds (510K vs PMA)

requirements for software review and constant
V" updates

security and privacy

SEC/State AG enforcement of false claims



April 2018

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

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

215t Century Cures Act
requirement for FDA to codify
SaMD standards and related
cybersecurity vulnerabilities

FDA Pre-Cert program to exempt
companies with demonstrated
predicate standards from
multiple submissions due to
constant software updates



® direct acute care savings
- reduced ER visits, rehospitalization

services with easily captured financial metrics

® more complex clinical and econometric
evaluation for chronic conditions

weight control, HbAlc moderation
Improved Rx adherence

symptom scale improvements in mental
health

QOL

earlier return to workforce/school and
duration of benefit

‘spillover’ benefits on co-morbidities



37.0Bn

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
necessarily 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)

|
Diabetes Diabetes Asthma Pulmonary Cardiac Rehab TOTAL
Prevention Rehab (COPD) (MI)

[l Other Intervention Costs Reduced Hospitalization Costs Reduced ED Costs ] Reduced Ambulatory Costs Reduced Prescription Costs

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




expanded payer requirements to
demonstrate efficacy/utility/value in
iIntended-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



® FDA and payer receptivity to use of external
(virtual) control arms generated from EHRs

® Rx approval from single arm trials and RWE-
generated historical trials

Blincyto for ALL (blinatumomab: Amgen)

Bavencio for Merkel cell carcinoma (avelumab:
Pfizer-Merck KGAA)

Tecentriq (atezolizumab) for 2L NSCLC (Roche-
Genentech-Flatiron)*

Alecensa (alectinib) for NLSC (Roche-Flatiron)*

Opdivo (nivolumab) for esophageal cancer
(BMS-Flatiron)*

*use for reimbursement pricing (US) and UK (NICE)



FOA

® patient data capture from biosensors, wearables,
smartphones, web-based platforms, social media

® expansion from investigational clinical trials to RWE
capture

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



faster recruitment by improved screening of
potential subjects

remote health status monitoring, real time data
uploads and additional PRO data

reduced cost and cycle times by fewer site
VISIts

Improved patient compliance with study
protocol

enhanced patient retention by use of virtual
visits to reduce time and cost of travel to trial
centers



Co-evolution of Human-Machine Interactions, Robotics and Augmented Cognition




Improved communication, comprehension and
retention of complex information

Integration of multi-sensory and motor inputs
spatial and temporal parameters

simulation of complex surgical interventions
multi-level education of HCPs

Improved patient education regarding
Interventions, Rx MOAs and importance of
treatment adherence

promotion of HCP empathy with patients’
situation
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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



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

Dr. Ben Wiegand
Global Head, Janssen R&D
World Without 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/
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Mobile Biometrics
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“Do you solemely swear to have no involvement in your own care?”

The New Yorker. Artist: Andrew Toos



logical extension to healthcare of rapid rise of
web/apps in mainstream culture

Increasingly proactive and engaged
consumers/patients/families

greater access to information on treatment
options, cost and provider performance

new clinical practice tools to optimize
physician-patient relationships

Ux and formation of senior executive level Chief
Patient Experience Officer posts in large provider
organizations
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Alphabet ~ @MaZoN ' a5 Microsoft

|

® data storage ® distribution ® consumer ® cloud
and logistics and products storage and
analytics for expansion as patient analytics for
population into multiple health population
health and healthcare hubs health and
precision segments precision
medicine medicine

® Verily/Grail
biomarkers
for disease

detection
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leverage distribution logistics and supply chain scale

AWS, cloud storage and large scale data analytics
310M active customers, 100M Amazon Prime members

Alexa-Al
- In-home health concierge and support services?
- real time HCP resource?

disintermediation of PBMs and pharmacy wholesalers
(PillPack)?

claims administration and processing (AWS) and new
iInsurance offerings (AMZ-JPM-BH)?

Whole Foods and creation of new primary care sites?



HIPAA Compliance Lead

Job 1D: 602824 | Amazon com Services, Inc
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THE ALEXA DIABETES CHALLENGE

Sponsored by Merck & Co., Inc., Kenilworth, New Jersey, U.S.A.

FINALISTS

DiaBetty My GluCoach PIA: Personal intelligent Sugarpod T2D2: Taming type 2
agents for type 2 diabetes diabetes, together

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



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/






Rockpointe and AudioEducate Launch First
Ever Accredited CME Program on Amazon’s
Alexa

8 By Thomas Sullivan | ast Updated Jul 9, 2018 | CME |

-

e Rockpoinre

CME - QUALITY

CME Program on Amazon'’s
Alexa




Driving Precision Medicine and Data-Driven Healthcare

Into Routine Clinical Practice
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MultiOmics Profiling of Molecular Signaling Networks
and Disruption in Disease

(Epi)Genomics
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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




® molecular profiling of large N cohorts of
stringently clinically phenotyped patients

- plus outcomes data and socio-behavioral
parameters

® mapping genetic overlap between different
diseases involving shared pathogenic elements
and co-morbidity risks

- cardiovascular-metabolic
- autoimmunity
- psychiatric disorders
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® need for generalizable computational infrastructure
for diverse deep phenotyping data classes

— HL7 Fast Healthcare Interoperability Resources
(FHIR)

® 215! 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,
descriptive
information of
variable quality and
provenance

complex ecosystem
of largely

unconnected data
sources

guantitative data
of known

provenance and

validated quality

evolving,
inter-connected
networks of data
sources for robust
decisions and
improved care




@ Business associate
Health plan
® Health care provider
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2010 2011 2012 2013 2014 2015 2016 2017

Year

Cumulative records breached, millions
Business associate 1.5 10.5 12.6 25.0 28.5
Health plan 3.6 3.7 . 4.1 109.1 110.0
Health care provider 0.8 5.0 12.1 20.5 32.7

From: T. H. McCoy and R. H. Perlis (2018) JAMA, 320, 1283
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® every monitored event (clinical and non-clinical)
IS a potential data point

® cvery individual is a data node
® cvery individual is aresearch asset

® cvery individual is their own control



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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“I don’t think any physician today

should be practicing without artificial
Intelligence assisting in their practice.

It’s just impossible otherwise to pick up on
patterns, to pick up on trends to really monitor
care.”

Bernard J. Tyson
CEO, Kaiser Permanente
Cited in Forbes: The Future of Work
1 March 2017



Prototypic algorithm

Generative adversarial networks

Convolutional neural networks

cision- Making Effort

Random forests

Regression analysis

an-to-Machine De

Human decision making
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Deep learnd Risk calculators
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Adapted from: A.L. Beam and |.S. Kohane (2018) JAMA 319,1317
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The Future of ‘Search’ and ‘Retrieval’

Deep Understanding of Content and Context

Collapse Time to Decision: Intelligence at Ingestion

Automated and Proactive Analytics:
Why Wait for the Slow Brain to Catch Up to the Fast Machine




Feature
Extraction
and
Classification

Context
Analysis

Persistent
Context

Relevance
Mapping
Learning
Systems

Situational
Awareness
Rapid,
Robust
Decisions




>

pathology radiology dermatology ophthalmology

® |arge scale training sets and classification parameters
® standardized, reproducible and scalable
® 260 million images/day for $1000 GPU



Data Deluge Cognitive Bandwidth Limits

Automated Analytics and Decision Support Facile Formats for Actionable Decisions



Just What the Data Ordered

Machine Intelligence and Algorithms for

Clinical Diagnosis and Treatment Decisions

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-AI platforms alter payment schemes?



® which clinical specialties/procedures/admin processes be
at risk of replacement by ML-Al and when?

® how will professional competencies in using ML-AI
decision-support tools be developed and sustained?

— MD curriculum, CME
— non-medical data science professionals

® what new malpractice liabilities will emerge by failure to
use/interpret ML-AI platforms?



Internal IBM Documents Reveal IBM Watson Recommended
“Unsafe and Incorrect’ Cancer Treatment

« training used synthetic
case histories versus
RWE

J = 1H ===

HISTORIC * statistically
LIS underpowered training
e cohorts

- 635 lung, 106 ovarian

* input from too few
physicians (typically 1-2)
on recommendations for
each cancer type

C. Ross (2018) STAT 25 July * “raises serious queStionS
about the process for
building content and the
underlying technology.”

https://lwww.statnews.com/2018/07/25/ibm-watson-recommended-unsafe-incorrect-treatments/



need to better characterize the evolution of decision
algorithms

deconvolution of how and why machine learning
algorithms reach flawed conclusions

broad national security issues related to data
Integrity

concern over Al-directed manipulation of social
networks, advertising and personal data

corruption of critical military and civilian systems
and decision tools



Isolated Complex Complex
Data Networked Data Computational Data




« descriptive
gualitative data

 hypothesis-driven
Inquiry

hypothesis-driven
dominant

guantitative data

large scale data
mining
automated analytics

clinical decision
support systems

data mining
dominant



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

major skill gaps and predicted personnel
shortages

training of a new cadre of data scientists
(medical and non-medical)

Institutions lacking adequate computational
infrastructure and critical mass in data
analytics will suffer ‘cognitive starvation’ and
relegation to competitive irrelevance



4-D Jobs - Dulll, Dirty, Dangerous and Digital

Speed of Progressive Redundancy of Human Skills by ML-AI?




CONSENSUS STUDY REPORT

THE
NEXT GENERATION OF
BIOMEDICAL AND
BEMAVIORAL SClIENCES

RESEARCHERS

Independent Task Force Report No. 76 &
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LEARNING FROM THE SCIENCE
OF COGNITION AND PERCEPTION
FOR DECISION MAKING

PROCEEDINGS OF A WORKSHOP

WORKFORCE DEVELOPMENT
AND INTELLIGENCE
ANALYSIS FOR NATIONAL
SECURITY PURPOSES

The Natbma! Asadvnvon of
NWORNCES - ENGINETRNG - MECICINE
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T2l ‘.- Complexity | [PROCEEDINGS OF AWORKSHOP

MEDICAL EDUCATION J
IN THE ummounmm Graduate Medical Education
Outcomes and Metrics

UNITED STATES AND CANADA

THE LEARNING
HEALTHCARE SYSTEM

Wik kshap Summary

ith

High Value

Care

Ethics
uoneAouU|

A el
ST MO MR

Interprofessionalism

1910 - present 2000 - present 2015-7

healthcare as a mastery of escalating complexity

(science-centric) learning system

(data-centric) and massive data (network-centric)




new technology

platforms

the expanded
care space

automation
and
computing
multiOmics
profiling
Sensors,
robotics

deep phenotyping

and risk profiling

wearables,
Sensors,
telemedicine

consumer
patient
engagement

social media
and life style
metrics

remote monitoring of

health status




new technology

the expanded
platforms

care space

automation

and wearables,
ti ® EHR Sensors,
computing ® Population telemedicine
, Health consumer
. . ® Precision )
multiOmics Medicine patient
profiling e Digital engagement

Medicine social media
Segso.rs’ e ML-AIl and life style
robotics metrics

analytics for

improved decisions and remote monitoring

deep phenotyping

clinical outcomes at lower of health status

cost (value)

and risk profiling




% Arizona State A THE UNIVERSITY
., OF ARIZONA

University

“The Vision Beyond the Vision”

Michael D. Dake, M.D.
Senior VP 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

define evaluation processes and metrics for
new innovations

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



Technology Mapping Topology of 7
Convergence Geno-Phenotype Biological

and Acceleration Complexity Information Big Data
Networks
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Artificial Intelligence Ethics,
and Risk and
Decision Support Regulation

Data Security Robotics and Human
and Privacy Machine Interactions



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

