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The Strategic Landscape for Healthcare

convergence complexity computing cost consumerism

 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 





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

Convergence: Precision Health, Digital Health and Big Data 





ñI donôt think of Humana 

so 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.ò

Dr. Roy Beveridge, M.D.

CMO, Humana

Cited in Fierce Healthcare 9 May 2017



Population Health Research and Precision Medicine:
Blurring the Boundaries Between Daily Life 
and Interactions with the Healthcare System 

 every monitored event (clinical and non-
clinical) is a potential data point

 every individual is a data node

 every individual is a research asset

 every individual is their own control



The Chronic Disease Burden: 

Confronting the Largest Clinical and Economic 

Disruptions and Threats to Sustainable Healthcare

cancer neurodegeneration
cardiovascular/

metabolic disease
mental illness



Innovation and Competitiveness in the Use of
Digital Platforms in Healthcare

 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



https://www.xenex.com/resources/blog/envisioning-the-digital-hospital/attachment/attachment-cbinsights-illustration-digital-hospital-png/


https://catalyst.com/research_item/chronic-care-market-map/

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 

Healthcare Beyond the Clinic 

Changing The Touch Points in Healthcare Delivery



Wearables and Health Status Monitoring

From: Piwek L, et al. (2016) The Rise of Consumer Health Wearables: Promises and Barriers. 

PLoS Med 13(2): e1001953. https://doi.org/10.1371/journal.pmed.1001953 



Health Apps and Wearable Devices*

 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



Wellness Apps for Fitness, Diet and Exercise 

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




Current Limitations of Consumer-Based Wearables
for Health Status Monitoring  

 restricted analyte menu

 novelty item, rapid abandonment and lack of user 

óstickinessô

 limited data integration into EHR and alerts for  

anomaly events requiring prompt intervention 

 inadequate incentives: users, payers and 
physicians 





Maturity of Digital Health Efficacy Studies by Use Category (2017)
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Remote Monitoring of Health Status

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=SiCvslZP9rhEZM&tbnid=CwrQuXLoqJwAxM:&ved=0CAUQjRw&url=http://www.slashgear.com/roomba-makers-irobot-trialling-rp-vita-medical-robot-24239947/&ei=PmQRUYDLJajqigKf6oH4BA&bvm=bv.41934586,d.cGE&psig=AFQjCNERSKYCsjqCVWYB64F9rxkTY_457Q&ust=1360180665513369


The Growth of Telehealth and Telemedicine:
Expanding the Care Space

 estimated use by 60% healthcare institutions 

and 50% hospitals* 

 virtual consults in Kaiser Permanente 

exceeded in-person visits in 2016

 healthcare consumerism and Ux

 21st Century Cures Act and efficacy evaluation 

projects for Medicare services

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





July 2018 Proposals for Year 3 of Physician 
Payment Program Under MACRA

 expansion of telemedicine reimbursement beyond 

rural areas and outside of healthcare facilities

 payment of óvirtual check-insô and review of 

patient photos/videos or óstore and forwardô 

transmissions

 new billing codes for prolonged preventative 

services

 three new remote monitoring billing codes 

recommended by The APP Association





Grey Technologies and Ageing in Place:
Independent But Monitored Living for Ageing Populations

Rx adherence
cognitive

stimulation
Rx adherence

in-home support and reduced 

readmissions
reduced office visits

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=0_AyaRwdrTRRsM&tbnid=ljDC7oQ0g11StM:&ved=0CAUQjRw&url=http://www.piperreport.com/blog/2011/06/09/medication-management-using-health-information-technology-for-the-care-of-elderly-and-chronically-ill-patients-ahrq-webinar/&ei=ybR6UcPEGOaYiAKLo4HYDg&bvm=bv.45645796,d.cGE&psig=AFQjCNESoCL2MKd9NltLk045wtDzanMX6A&ust=1367082562168149
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=54okOY020bOeNM&tbnid=_SBp3HC-azGOcM:&ved=0CAUQjRw&url=http://a11y2020.wordpress.com/2012/10/01/my-grandma-and-her-smart-home/&ei=17V6UcvdGoH-iwL2oYHADA&bvm=bv.45645796,d.cGE&psig=AFQjCNGEsKXMoQE0I7908WA6vfzc5ZJ1Lg&ust=1367082777812090




ñThe Medical Virtualistò and ñWebsite Mannersò: 
The Next Clinical Specialty ? 

 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 







Smart Devices for Automated Drug Delivery          

and Improved Therapeutic Adherence 

Aterica

Veta

EpiPen





Implantable Devices and Wireless Monitoring
(and Modulation)

security and 

hacker protections

next-generation

miniaturized 

power sources







Software as Medical Device (SaMD)

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

 ill-suited for SaMD for mobile 
Apps and other digital platforms

 21st 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 

April 2018



Defining Value

 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, HbA1c moderation

- improved Rx adherence

- symptom scale improvements in mental 
health 

- QOL

- earlier return to workforce/school and 
duration of benefit 

- óspilloverô benefits on co-morbidities 



Estimated Annual U.S. Cost Savings for Five Initial Uses 

with Potential to Reduce Acute Care Utilization ($Bn)

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



The Increased Importance of 
Real World Data (RWD) and Evidence (RWE)

 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

 quantify treatment outcomes for 

value-based contracting





Digital Biomarkers in Drug Development
Information Exchange and Data Transformation (INFORMED)

 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 









VR/AR Modulation of Cognition 

and Pain Management 





Robotic Assist Systems and Exoskeletons for Rehabilitation 





Digital Psychometrics and Mental Illness 

• 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 AI analytics of large video banks

- bipolar disorder, schizophrenia, depression

- suicidal ideation 

- PTSD

• signal alerts to care teams when immediate intervention 

indicated 



ñWe 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.ò

Dr. Ben Wiegand

Global Head, Janssen R&D

World Without Disease Accelerator

PharmaVoice 2017

Digiceuticals: Software as Therapy 



https://peartherapeutics.com/



Non-Invasive Brain Computer Interfaces 



Will We Even Call It A Phone In 2020?







Major Investments in Digital Health by Major Corporations 
From Within and Outside of Traditional Healthcare Services  





Amazon and Healthcare 



Strategic Acquisitions and Alliances and Entry into 
Diverse Healthcare Services

 leverage distribution logistics and supply chain scale 

 AWS, cloud storage and large scale data analytics

 310M active customers, 100M Amazon Prime members

 Alexa-AI

- 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 
insurance offerings (AMZ-JPM-BH)?

 Whole Foods and creation of new primary care sites?



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

Was 

removed 

after 

reporters 

saw the 

listing 

Making Alexa HIPPA Compliant 





Amazon Echo and Home Care

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







Driving Precision Medicine and Data-Driven Healthcare

Into Routine Clinical Practice

Now Comes the Really Hard Part!







Growth of Published MultiOmics Data 

From: M. Wainberg et al. (2018) Nature Biotechnology 36, 829      https://www.nature.com/articles/nbt.4233.pdf







Integration of Molecular Profiling, Clinical and 

Social Data for Computable Disease Phenotypes

 need for generalizable computational infrastructure 

for diverse deep phenotyping data classes

– HL7 Fast Healthcare Interoperability Resources 

(FHIR)

 21st Century Cures Act requirements for EHR 

interoperability

 increased payer focus on RWE and value-based 

contracts 

– new RWE observational trial designs and patient 

registries



Precision Medicine and Digital Health:
Building a Learning Healthcare System

quantitative data 
of known 

provenance and 
validated quality

evolving,        
inter-connected 
networks of data 

sources for robust 
decisions and 
improved care

complex ecosystem 

of largely 

unconnected data 

sources



Reportable Healthcare Data Breaches (2010-2017)

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







Social Spaces Become Quantifiable

 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











The Quest for Robust Evidence
When Drinking from the Fire Hose





Escalation of Data Complexity and Automation of Context 
ñData Finding Data-Intelligence at Ingestionò

Feature

Extraction

and 

Classification

Context

Analysis

Persistent 

Context

• Relevance

Mapping

• Learning 

Systems

• Situational 

Awareness

• Rapid,

Robust

Decisions



Machine Learning and Image Analysis in Clinical Medicine

 large scale training sets and classification parameters

 standardized, reproducible and scalable

 260 million images/day for $1000 GPU

ophthalmology dermatologyradiologypathology





Machine Intelligence and Algorithms for 

Clinical Diagnosis and Treatment Decisions

Just What the Data Ordered

Black Box Medicine?



Machine Learning (ML), Artificial Intelligence (AI) and Healthcare

 how will ML-AI algorithms/decision analytics be 

validated/regulated?

 how will ML-AI tools be integrated into current work flow? 

 will radical reorganization/re-training be required?

 how will ML-AI platforms alter payment schemes?













ñDigital Darwinismò:
A Looming Digital Divide?

 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 ócognitive starvationô and 
relegation to competitive irrelevance 



Robotics, Autonomous Systems, Machine Learning 

and Artificial Intelligence 

4-D Jobs ï Dull, Dirty, Dangerous and Digital

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



The Future of Work and The Future Workforce 





Major Transitions in Medical Education and Healthcare

1910 - present 2000 - present 2015 - ?

mastery of escalating complexity 

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

healthcare as a 
learning system

(data-centric)





The Future of Healthcare: 
Precision Medicine and Digital Medicine 

sensors,

robotics

remote monitoring 

of health status

 EHR
 Population 

Health
 Precision 

Medicine
 Digital 

Medicine
 ML-AI

Big Data

new technology 

platforms
the expanded 

care space

deep phenotyping 

and risk profiling

remote monitoring 

of health status

analytics for

improved decisions and 

clinical outcomes at lower 

cost (value)

automation

and 

computing

wearables, 

sensors,

telemedicine

social media 

and life style

metrics

multiOmics

profiling

consumer 

patient

engagement



Michael D. Dake, M.D.

Senior VP for Health Services,

University of Arizona

ñThe Vision Beyond the Visionò 



Challenges and Opportunities 

 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  



The Evolution of Data-Intensive Precision Medicine 

Technology
Convergence

and Acceleration

Mapping 
Geno-Phenotype 

Complexity

V7 
Big Data

Topology of 
Biological 

Information 
Networks 

Data Security
and Privacy

Robotics and Human
Machine Interactions

Artificial Intelligence
and 

Decision Support

Ethics,
Risk and

Regulation

Slides Available @ http://casi.asu.edu/presentations

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

