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Industry Career Experience 



• largest US public university

• fastest growth in research revenues of any US university  





A Transformative Decade







Nature Biotechnology, 16 (Supplement), 19-21.







Precision Medicine and Digital Medicine: 
Evolving Inter-Dependencies

Individual Data 

populations 

matching individual profiles to 

“best matched” cohorts for clinical decisions

$ 3.2 trillion

Deep Phenotyping:

integration of (epi)genomic and multiOmic profiles, 

clinical, environmental and socio-behavioral data 

Individual Data Population Databanks 

integration and 
analysis of large 

scale, diverse 
data categories



• 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 

• transitioning from the current black box of 

multiOmics signatures of unknown significance to 

increasingly accurate causal associations and 

clinically actionable information

• risk mitigation 



Individual Data 

$ 3.2 trillion

“digital siblings and imputed phenotypes”

• matching individual profiles to ‘best fit’ data cohorts

to identify risk and selection of optimum treatment regimens  

Population Databanks 

Precision Medicine and Digital Medicine: 
Evolving Inter-Dependencies

Individual Data 

populations 

Individual Data Population Databanks 

integration and 
analysis of large 

scale, diverse 
data categories



The ‘Analyte Space’ for Profiling Health Status 

and Risk Monitoring

Stakeholder Perceptions of the Use of Mobile Technology in Clinical Trials

Ethical and Privacy Considerations of Mobile Technology by Camille Nebeker

• multiOmics

• clinical phenotypes

• social determinants 

of health 

• exposome

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

Behavior Environment

The “Geno-Enviro-Pheno’ Triad



The Growing Burden of Chronic Disease

cancer neurodegeneration
cardiovascular/

metabolic disease
mental illness

• economic unsustainability of current care  

• insufficient clinical infrastructure

• 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
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Expanding ‘The Analyte Space’ 

in Health and Disease 

Monitoring Health Beyond the Clinic 

Precision Health and Digital Health 



⚫ 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



“People Analytics” and Large Scale Databanks:

Blurring the Boundaries Between Medical Research, 

Clinical Care and Daily Life 

⚫ 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



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



Leadership and Vision:

Joint University Task Force in Biomedical Innovation





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 



Wellness Apps for Fitness, Diet and Exercise 

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


Building Value in Wellness Apps and Wearables

⚫ 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





Remote Health Monitoring and Reduction

in Hospital Readmissions 



Readmission Rates

# 1 CHF (22 - 30%) 

# 2 behavioral health and substance abuse (20 - 26%)

# 3 respiratory (158 - 26%)

# 4 diabetes mellitus (15 - 22%)

# 5 acute renal failure (15 - 22%)



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


Trends in Sensors and Devices

⚫ real time data

⚫ miniaturization

⚫ automation

⚫ multiplex analytes

⚫ wireless

⚫ power source

⚫ patient comfort

⚫ interactive

⚫ security



The Eldercare Gap 

10,000

1%

348,000

79% 

⚫ 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



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
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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

⚫ 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 



“The Medical Virtualist” and “Website Manners”: 
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







Mobile Apps, Wearables, Sensors and
Continuous Health Status Monitoring

⚫ who sets the standards?

⚫ who integrates and interprets the data?

⚫ who pays?

⚫ who consents?

⚫ who owns the data?





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 

– ‘spillover’ benefits on co-morbidities 





Digital Platforms and Clinical Trials

⚫ 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





“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

Digiceuticals: Software as Therapy 





https://www.dtxalliance.org/about-dta/

Digital Therapeutics Alliance 







Digital Psychometrics and Mental Illness 

• 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



Digital Psychometrics and Mental Illness 

• 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 







Robot–Human Directed Interactions 





http://fortune.com/2019/01/09/virtual-reality-surgery-operating-room/



VR/AR and Neuromodulation

• promote behavior change via altered sensory inputs and feedback

• mental illness: PTSD, physical rehabilitation, substance abuse and 

pain control  



The New Yorker. Artist: Andrew Toos 



Empowered Patients:
Social Networking Sites (SNS) and Their Role in Clinical Care

• 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 



Major Investments in Digital Health by Major Corporations 

From Within and Outside of Traditional Healthcare Services  





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 









The Next Competitor for Amazon ? 

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






Digital Platform Formularies

⚫ 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



The Principal Forces Shaping Biomedical R&D 

and Healthcare Delivery

engineering and

device-based

medicine

information-based

healthcare
molecular (precision)

medicine

outcomes-based
healthcare and sustainable health

⚫ sensors
⚫ smart 

implants

⚫ remote health
monitoring

⚫ telemedicine
⚫ robotics

⚫ panOmics profiling
⚫ analysis of disruption

in biological networks

⚫ m.health/e.health
⚫ data- and evidence-

based decisions and 
Rx selection

BIG DATA

new value propositions, new   
business models and services  



Driving Precision Medicine and Data-Driven Healthcare

Into Routine Clinical Practice

Now Comes the Hard Part!



The Problem with Real World Data is the Real World

Now Comes the REALLY Hard Part!



Welcome to 

The World of 

Biomedical Research 

and 

Healthcare Information Systems



The Health Information Supply Chain

⚫ 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, IoMT)

⚫ legislative 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) 





Precision Medicine and Computational Medicine:
Evolving Inter-dependencies

molecular

classification

of disease

and

elucidation of

disease

mechanisms

RWE

and

learning

healthcare

systems

large

scale

data

aggregation,

curation

and

analysis

The Big Data Challenge

V7: volume, variety, velocity, veracity, 

visualization, virtualization, value 

D3: distributed, dynamic, decision support 

I3:   infrastructure, investment, intelligent systems





From Bedside to Bench

⚫ reverse engineering 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



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







Nature (2018) 562, 203

Science 04 Jan 2019:

Vol. 363, Issue 6422, pp. 18-20

DOI: 10.1126/science.363.6422.18





Protection and Privacy Provisions 

for Personal Healthcare Data

⚫ informed 

consent

⚫ legal 

provisions/ 

penalties for 

breach

identifiable

individual

data

aggregated

de-identified

databanks

and

metadata

⚫ variable 
levels of 
consent

⚫ probabilistic, 
multi-
parameter 
individual 
‘match’





National Security Implications of Genome Data on Populations 

Population Databanks Individual Profiles 

Foreign Access to Data Data Security 



Big Biology and Biomedicine Meets Big Data

The Pending Zettabyte Era

1,000,000,000,000,000,000,000

Integration of Large Scale, 

Multi-Disciplinary Datasets



Artificial Intelligence, Pattern Analysis

and Medical Practice

“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



“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


90+ Startup AI Companies in Healthcare





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



Automated Context: Data Finding Data
“Intelligence at Ingestion”

Feature

Extraction

and 

Classification

Context

Analysis

Persistent 

Context

• Relevance

Mapping

• Learning 

Systems

• Situational 

Awareness

• Rapid,

Robust

Decisions





The Pending Era of Cognitive Computing 
and Decision-Support Systems:

Overcoming the “Bandwidth” Limits of Human Individuals

• limits to individual expertise

• limits to our 

multi-dimensionality

• limits to our sensory systems

• limits to our cognitive 

experiences and perceptions

• limits to our objective 

decision-making



The Emergence of Big Data Changes the Questions 

That Can Be Asked

Isolated

Data   

Complex 

Networked Data
Complex 

Computational Data





“Digital Darwinism”:

A Looming Digital Divide

⚫ understanding data structure and its productive 

application/customization for improved 

decisions and clinical outcomes will become a 

critical institutional competency

⚫ major skill gaps and personnel shortages in 

biomedicine 

⚫ 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 



Machine Intelligence and Algorithms for 

Clinical Diagnosis and Treatment Decisions

Just What the Data Ordered

Black Box Medicine?



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

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 

and the underlying technology.”
C. Ross (2018) STAT 25 July 



Living in a World Where the Data Analytics and Interpretation 

Algorithms Are Obscure to the End User

⚫ 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?



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?



Machine Learning (ML), 

Artificial Intelligence (AI) and Healthcare

⚫ which clinical specialities/processes be at risk of 

replacement by ML-AI 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 



“Explainable AI”

Keeping Humans in the Decision Loop

⚫ 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 AI-directed manipulation of social 

networks, advertising and personal data

⚫ corruption of critical military and civilian systems 

and decision tools 



The Future of Work and The Future Workforce 







Major Opportunities (and Needs) in Education and Training in 

Complexity Science, Computing and Decision Science

• online interactive learning

• web-based collaboration tools

• multi-institutional education and training

• externships, public: private partnerships for 

future workforce preparation





The Future of Healthcare: 

Precision Medicine and Digital Medicine 

multiOmics

profiling

automation

and

computing

sensors,

robotics

consumer

patient

engagement

social media 

and life style

metrics

wearables,

sensors, 

telemedicine

new technology 

platforms
the expanded 

care space

remote monitoring of 

health status

deep phenotyping 

and risk profiling





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

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