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The Strategic Environment for
Biomedical Research and Healthcare Delivery

Technology
Convergence

Large
Scale
Data
Analytics
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e argest US public university
fastest growth in research revenues of any US university
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STRATEGIC PLANNING

Molecular medicine and

information-based targeted
healthcare nNeture Biotechnology, 16 (Supplement), 19-21.

The convergence of genomics and informatics heralds a new era of biomedical
research, offering unbridled opportunities for bioentrepreneurs.

George Poste

I'he accelerating momentum of The development of Future progress will depend pri
technological innovation in the g .
: informatics tools to

life sciences has been accompa / genomics and on detailed insight

nied by equally profound gnnotate, arChive, and into cell-specific gene expression

changes in  the competitive and transcription patterns, plus

manly on advances in functional

landscape for industrial R&D analyze the vast volume
New  entreprencurial compa and diversity of data- . zation and architecture influence

nies have emerged on an , specificity and plasticity

unprecedented scale to exploit sets that will be gener- ‘
advances in molecular biology, ated will be a key factor - abundance genes and the full

genomics, combinatorial chem dimension of proteomic diversity

istry, robotics, microelectron in research progress. represent  knowledge gaps that

ics, and informatics to generate must be filled in order to under

knowledge of how genome organi

Similarly, characterization of low

new products and services for medicine, agri prediction and the prevention df disease risk stand cell differentiation and the perturba










Individual Data

scale, diverse
data categories

Deep Phenotyping:

integration of (epi)genomic anc




anticipated expansion of molecular data profiles on
millions of individuals

value will reside in defining robust correlations
with clinical outcomes and integration into clinical
workflows

tfransitionnina from the clirrent hlack hox of

multiOmic¢ signatures of unknown significance to
Increasingly accurate causal associations and
clinically actionable information

risk mitigation



Individual Data

scale, diverse
data categories



miitioOmics
linical phenotypes

social determinants
of health
exposome

Stakeholder Perceptions of the Use of Mobile Technology in Clinical Trials
by Camille Nebeker



https://www.ctti-clinicaltrials.org/sites/www.ctti-clinicaltrials.org/files/2.3_nebeker_ethical-privacyconsiderations-mobiletechnology.pdf

Systematic Integration of Diverse Data for Population Health Analytics
Continuity of Care Record: From Womb to Tomb
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cardiovascular/
cancer .
metabolic disease

Diabetes + Obesity

DIABESITY

« economic unsustainability of current care
« insufficient clinical infrastructure
e disparities in access to care and patterns of care

* Inadequate health information systems and poor coordination and
continuity of care

« cost of innovation (Rx price as political target)

* rise of consumerism in healthcare and entry of new corporate players



The Growing Burden of Chronic Disease

cardiovascular/
cancer .
metabolic disease

rrent care
ructure
Ss to care and patterns of care

ealth information systems and poor coordination and
Ity of care

« cost of innovation (Rx price as political target)

* rise of consumerism in healthcare and entry of new corporate players






® 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



4 everv monitored event (clinical and non-clinical)
1< a potential data point

€ every individual is a data node
® cvery individual is a researct asset

® every 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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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






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

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






Remote Health nd Reduction




#1
# 2
# 3
#4
#5

CHF (22 - 30%)

behavioral health and substance abuse (20 - 26%)
respiratory (158 - 26%)

diabetes mellitus (15 - 22%)

acute renal failure (15 - 22%)
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real time data
miniaturization
automation
multiplex analytes
wireless

power source
patient comfort
Interactive

security



348,000 |

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

projected number of home health aides
needed in next decade
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® estimated use by 60% healthcare institutions and
50% hospitals*

® Vvirtual consults In Kaiser Permanente exceeded In-
person visits in 2016

® healthcare consumerism and UX

® 21stCentury Cures Act and efficacy evaluation
projects for Medicare services

® investment by larger enterprises in centralized
telehealth command centers

- service provision across broad geographies
Including international

® MD/HCP certification and cross-state licensure
*R.V. Tuckson et al. (2017) NEJM 377, 1585



® M. Nochounite et al. JAMA (2017)el17094
eothe rise 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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® who sets the standards?

® who integrates and interprets the data?
® who pays?

® who consents?

® who owns the data?






€ 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



> CLINICAL

TRIALS

> TRANSFORMATION
INITIATIVE
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faster recruitment by improved screening of
potential subjects

emote 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

onhanraond natiant ratantinn hyv 11icoa nf vvirtiial

Vvisits to reduce time and cost of travel to trial
centers






| — e .. i i ..
Jjanssen )' We envision empowering individuals
with digital therapeutic solutions

that address underlying motivational and
technical deficits
hv decinherina neliral nathwavs

that siinnart motivation deniginn-making
and reinforcement to prompt health.”

NDr Ren Wienand
Glohal Head .Janssen R&ED
World Without Disease Accelerator
PharmaVoice 2017
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* high variation in assessment of same patients by
different psychiatrists

* 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



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















http://fortune.com/2019/01/09/virtual-reality-surgery-operating-room/
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* promote behavior change via altered sensory inputs and feedback

« mental iliness: PTSD, physical rehabilitation, substance abuse and
pain control



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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¢ 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 nrocessina (AWS) and new
iInsurance offerings (AMz JPN BH)?

® \Whole Foods and creation of new primary care sites?



HIPAA Compliance Lead

Job ID: 602824 | Amazon.com Services, Inc.

DESCRIPTION

The HIPAA Compliance Lead is an experienced HIPAA professional who will own and operate the security and compliance elements

of a new initiative. You will work alongside product managers, software developers, bizdev, and legal teams to ensure that our

Apply now

Job details

o Seattle, Washing

services are in compliance with HIPAA security and privacy requirements. Core responsibilities include: l
<

Creating a HIPAA security and compliance program to ensure that technology and business processes meet our HIPAA Busin

222 Alexa Information

Associate Agreement (BAA) requirements, as well as all applicable federal and state laws, regulations and standards

Managing all aspects of the program, including employee education and training, monitoring and auditing, conducting and
documenting investigations, addressing violations, and monitoring corrective actions

Tracking & reporting against the program’s operational readiness goals, to ensure all milestones are met, and that blocking issues
are escalated and resolved effectively

Delivering data analysis, metrics and executive dashboards for the program

Owning and managing stakeholder communications, providing status as needed and be the point of contact for questions and
concerns.

Maintaining the program's audit- and inspection-readiness posture

Monitoring relevant federal and state regulations, and modifying the compliance program to accommodate any changes.

Acting as a consultative resource for health care regulatory matters

I  ProjectProgram/Product
Management--Non-Tect Was
removed
Share this job after
ﬂ ﬂ 3 = u reporters

saw the
listing

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






https://www.microsoft.com/en-us/legal/intellectualproperty/trademarks/usage/logo.aspx
https://1000logos.net/walgreens-logo/







® analogy with current Pharmacy and
Therapeutics (“P&T”) Committees

® well developed P&T ecosystem for therapeutics
— FDA approval
— SOC guidelines
— data available for comparative evaluation
— facile integration into workflow and EHR
— coding schemes for reimbursement

¢ comparable and robust ecosystem not yet
available for digital platforms



® sensors
® smart
implants

® panOmics profiling
® analysis of disruption
in biological networks

\/ \J C

medicine

® remote health
monitoring

® telemedicine

® robotics

information-based

healthcare

® m.health/e.health

® data- and evidence-
based decisions and
Rx selection

BIG DATA

new value propositions, new
business models and services

I
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HELL IS THE PLACE WHERE NOTHING CONNECTS B0




® fragmented, disconnected, incomplete and
Inaccurate data

® incompatible data formats as barrier to data
Integration and sharing

® obstacles to EHR integration of new data classes
(multi-Omics; wearables, loMT)

® |egislative barriers to data transfer based on well
Intentioned privacy protections (HIPAA)

® organizational, economic and cultural barriers to
open data sharing

® static episodic snap shots of complex dynamic
systems (patients and delivery channels)






molecular large
classification scale RWE
of disease data and
and aggregation, learning
elucidation of curation healthcare
disease and systems
mechanisms analysis

The Big Data Challenge

visualization, virtualization, value
D3: distributed, dynamic, decision support
13: infrastructure, investment, intelligent systems







® reverse ennineering of disease mechanisms
from multi-dimensional profiling of disease
sub(cohorts)

® increased focus on capture of high quality RWE
via observational trials and patient registries

® end-to-end integration of diverse data classes
- clinical, socio-behavioral, familial pedigrees
— multiOmics

€ dynamics longitudinal mapping of disease risk,
progression and outcome patterns

® premium on more systematic and standardized
clinical phenotyping



® ecxpanded 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









Nature (2018) 562, 203

Engine of productivity

Published papers based on the UK Biobank's bounty
of health and genetics data are piling up fast, in part
because the data are freely available

FEATURES

250

the genetics of dlsease
behavior, and physical traits

By Jocelyn Kaiser and Ann Gibbons

2013 2014 2015 2016 2017 2018

Science 04 Jan 2019:
Vol. 363, Issue 6422, pp. 18-20
DOI: 10.1126/science.363.6422.18







® variable

® informed identifiable aggregated levels of
consent individual de-identified consent

®legal data databanks e probabilistic,
provisions/ and multi-
penalties for metadata parameter
breach individual

‘match’






Individual Profiles
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“I don’t think any physician today

shoiild he nracticina withoiit 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.”

Rernard .l Tvson
CFO Kaiser Permanente
Cited in Forhes® The Futire of Work
1 March 2017



“By far the greatest danger of
artificial Intelligence is that people
conclude too early that they understand it.”

Eliezer Yudkowsky
Machine Intelligence Research Institute , Berkeley
O’Reilly Artificial Intelligence Conference
May 2017





https://twitter.com/i/moments/950391066103922688
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The Future of ‘Search’ and ‘Retrieval’

Deep Understanding of Content and Context

Collapse Tim-ecision: Intelligence at Ingestion




 Situational
Awareness

* Rapid,
Robust
Decisions







 limits to individual expertise

 [imits to our
multi-dimensionality

 [imits to our sensory systems

 limits to our cognitive
experiences and perceptions

 limits to our objective
decision-making




Isolated Complex
Data Networked Data






® 1inderstandina data strictiire and its productive
application/customization for improved
decisions and clinical outcomes will become a
critical institutional competency

® maior skill nans and personnel shortages in
biomedicine

® frainina of A new cadre 0 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






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

« training used synthetic case
histories versus RWE

 statistically underpowered
training cohorts

- 635 lung, 106 ovarian

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

« “raises serious questions about
the process for building content

é. Ross (2018) STAT 2 ’uly i
and the underlying technology.”

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



® ceding decision authority to computerized support
systems

® culturally alien to professionals in their claimed
expertise domain but they accept in all other
aspects of their lives

® who will have the responsibility for validation and
oversight of critical assumptions used in decision
tree analytics for big data?

— regulatory agencies and professional societies?
— humans?

— machines?



® 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?



® which clinical specialities/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



® 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
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online interactive learning
web-based collaboration tools
multi-institutional education and training

externships, public: private partnerships for
future workforce preparation






automation
and
computing
multiOmics
profiling
Sensors,
robotics

wearables,
Sensors,
telemedicine

consumer
patient
engagement

social media
and life style
metrics

remote monitoring of

health status







Technology
Convergence
and Acceleration
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Artificial Intelligence
and
Decision Support

Data Security Robotics and Human
and Privacy Machine Interactions



https://bmcbiotechnol.biomedcentral.com/articles/10.1186/1472-6750-7-53
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Artificial Intelligence
and
Decision Support

Data Security Robotics and Human

and Privacy Machine Interactions



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

