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a new molecular taxonomy for disease

intellectual foundation for improved diagnostic
accuracy and rational therapy selection

profiling individual variation in disease risk,
patterns of disease progression and therapeutic
responses

mapping the diversity and dynamic range of
disease-associated alterations in the architecture
of molecular signaling (information) networks
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Genes For ....

The Over-Simplified Perspective That
While Exome-and Whole Genome-Sequencing
Will Reveal the Full Etiology of Disease Pathogenesis
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Science Translational Medicine, 22 April 2016, 8,335,335ps10, 2



® 2015 estimated 3.6 petabases raw sequence data
(all species)

® c.7 month current doubling time of archived sequences

® projected 100 million to 2 billion human WGS by 2025

® projected production 1 exabase and 1 zettabase of
sequence/year by 2020 and 2025 respectively

® Additional need for multiple sequence datasets:
(epi)genome, RNA universe, microbiome)

*Adapted from: Z.D. Stephens et al (2015) PLOS Biology 1002195



Genome Sequencing Alone Will Not Suffice:
The Need for Deep Phenotyping

Phenome-Association Data (PheWAS):.

Integration of panOmics Profiling with Clinical Disease
Patterns and Treatment Qutcomes

Understanding the Complex Interplay Between
PanOmics, Environment and Behavior




Junk No More: Pervasive Transcription Cell-specific Molecular

Interaction Networks

recognition of (epi)genome
organizational and regulatory
complexity
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The Challenge of Translation of Burgeoning panOmics
Into Clinically Relevant (Actionable) Knowledge
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Continuity of Care Record: From Womb to Tomb
=

Behavior Environment




The Majority of Events Affecting Individual Health Occur
Qutside of Formal Interactions with Health Systems

Wearables, Remote Sensors, Mobile Devices and
Real-Time Monitoring of Risk, Health Status and
Treatment Compliance




%rey technologies and
reatment compliance

guantified self telemedicine

in-home support and wireless monitoring of loT: escalating device
reduced readmissions implantable devices connectivities
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® wearables and continuous sensors (individual, populations)

® theoretical rationale but integration of data with EHR
platforms poses numerous challenges

- lack of developer access to high quality healthcare data to
validate app platforms

- cross-platform standardization and application
programming interfaces (APIs)

- regulation: accuracy, reliability, security and privacy
- reimbursement (developers and healthcare providers)

® FDA focus on apps that transform phone/tablet into a
regulated medical device

® renewed FTC interest on apps making unsubstantiated
claims



® every encounter (clinical and non-clinical)
IS a data point

® every individual is a data node

® every individual is a research asset

® every individual is their own control



engineering and

® wearables _ ® remote health

® Sensors device-based monitoring

® smart medicine ® telemedicine
implants ® robotics

molecular

information-based

(precision)
medicine

healthcare

® m.health/e.health

® data- and evidence-
based decisions and
Rx selection

BIG DATA
outcomes-based new value propositions, new
healthcare and sustainable health business models and services

® panOmics profiling
® analysis of disruption
in biological networks




Now Comes the Hard Part!
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HELL IS THE PLACE WHERE NOTHING CONNECTS = ELIOT
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sloppy science (the reproducibility problem)

statistics (underpowering, overfitting of small N sample
sets profiled by large N panOmics feature sets)

silos (data tombs)
sharing (what’s that?)
semantics (limited use of common ontologies)

standards (incompatible data formats and dbase
Inter-operabilities)

safety (source of medical errors, problematic patient 1D
and match across different records)



scale (exabyte and zettabyte and beyond)
structure (80% unstructured; need for NLE methods)

speed (latency, inadequate infrastructure and few fat
pipes)

storage (cost)

security (healthcare records most frequently
attacked category in 2015)

surveillance (privacy, consent, data ownership)

states (compliance with patchwork of US state-laws;
EU data directive)



Longitudinal Data
Migration and
Inter-operable Dbases

PB and TB
Data Streams

Ontologies and Formats
for Data Integration
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New Data Analytics,
Machine Learning, NLP
Methods

Data Science
and Data Scientists

Infrastructure, Storage
Security and Privacy
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limits to individual expertise

limits to our
multi-dimensionality

limits to our sensory systems

limits to our experiences and
perceptions

limits to our objective
decision-making



Advanced Computing and Artificial Intelligence:
The Rise of ‘Learning Machines’ in the Analysis of Massive
Datasets and Decision Algorithms
I,
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® changing the nature of discovery

- unbiased analytics of large datasets (patterns, rules)
vs. traditional hypothesis-driven methods

® changing the cultural process of knowledge acquisition

- large scale collaboration network, consortia and open
systems versus individual investigators and siloed
data

® changing the application of knowledge

- increased quantification, big data analytics and
decision-support systems

® changing education, training, research and care delivery



Cognitive Bandwidth Limits

Data Deluge
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Automated Analytics and Decus]on Support

Facile Formats for Actionable Decisions



“l Can’t Let You Do That Dave”




® ceding decision authority to computerized support
systems

® culturally alien to professionals in their 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?
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Precision Population Health: Real Time Health Big Data: Escalating Data

Medicine: Pattern Analytics Monitoring: Interpretation Complexity:

Managing for Risk/Outcomes |IOT and Sensor and Intelligence Machine Learning,
Individual Risk Management Networks at Ingestion Decision Support
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Precision Population Health: Real Time Health Big Data: Escalating Data

Medicine: Pattern Analytics for Monitoring: Interpretation and Complexity:
Managing Risk/Outcomes IOT and Sensor Intelligence at Machine Learning,

Individual Risk Management Networks Ingestion Decision Support
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New Patterns of Technology Convergence,
Evolution and Adoption
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