





“It from BiIts”

understanding how encoded genome information creates
complex multiscale biological systems (“It”)

and

defining health and disease in terms of patterns of
Information flow in biological information networks (“bits™)



Medical Progress:
From Superstitions to Symptoms to Signatures







The Intellectual Horizons and Aspirations of Modern Biomedicine
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http://www.illumina.com/
http://www.pacificbiosciences.com/index.php
http://www.completegenomics.com/default.aspx
http://www.bionanomatrix.com/home
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The Epigenome




We Are Not Alone; |
Variation in the Human Microbiome as a Potential Factor
In Health and Disease
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Computational Chemistry and Molecular Modeling














































What Is A Healthy Genome?

Early Members of the 3 Gigabyte WGS Clu.













The Cost of Sequencing
Versus
The Cost of Computational Analysis and Storage

the $1000 genome,
- the $? analysis and interpretation cost
- the $? storage, retrieval and security costs

turn around time (TAT) and analysis for clinical value
cost

regulatory and reimbursement policies


















Mapping Information Flow in Biological Systems:
Modules, Pathways, Circuits, Subnetworks, Networks and Systems

A “An Algebra for Theoretical Genetics”
Ph.D. Thesis, MIT (1939)

A “A Mathematical Theory of Communication”
Bell System Technical Journal (1945)

A “It is obvious from the analysis
of these (bacterial genetic regulatory)
mechanisms that their known elements could
be connected into a wide variety of ,circuits”
endowed with any desired degree of stability.”

Francois Jacob and Jacques Monod (1962)




The Non-linear Relationship Between Genotype and Phenotype:
Coding for Complex Molecular Networks (Modules, Pathways, Subnetworks)

the current ,black box" of major knowledge voids that
create poor predictability in accurate ID and selection

of biomarkers/Rx targets with resulting high failure
rates in clinical trials

predlsposmon assessment?




Mapping Modules, Pathways and Subnetworks in Biological Systems:
The TCGA Glioblastoma Multiform Dataset and Pathway Analysis

From: C. J. Vaske et al. (2011) From: J. H. Morris et al. (2010)
Bioinformatics 26, 1237 Molec. Cell. Proteomics 9, 1703








http://bidd.nus.edu.sg/group/cjttd/TTD_HOME.asp
http://www.sunsetmolecular.com/index.php
http://bidd.nus.edu.sg/group/bidd.htm













Understanding Complexity

“It takes a network
to stop a network.”

Lt. Gen. S. McChrystal
(on combating the Al-Qaeda and Taliban in Afghanistan)










Network Pharmacology

elucidation of definitive ,chokepoints" as optimum targets

1 subvert adaptive cellular options to use alternate
compensatory pathways

the design challenge for multi-target polypharmacology
T multi-agent therapy (patient tolerance?)
T controlled multi-target promiscuity in a single moiety

does chronic progression in complex, multigenic diseases
amplify pathway/subnetwork dysregulation?

1 greater complexity of multi-target Rx for homeostatic
Jeset’

1 role of Rx in driving selection of variants with Rx-
resistance (,escape") pathways (e.g. oncology)









An Unavoidable Transition to Data-and
Computation-Intensive Methods



An Unavoidable Transition to Data-and
Computation-Intensive Methods

Pending Era

“massive data”: automated, high throughput, massively
parallel profiling tools to study body function

technology acceleration and convergence (life sciences,
engineering, telecommunications, computing)

adoption of stringent analytical QC/QA and consistent
ontologies for data reporting

new annotation tools for ,big data“ and interoperable
dbase designs for facile cross-disciplinary/cross-sector
Integration

new computational architectures and services for
mega-data and machine-based mining and analysis



The Imperative for Integrated Inter-Operable
ACKM Capabilities Across the Full Continuum

from Discovery to Patient Care

A discovery

Atranslation

Aclinical
IELS

A clinical
validation

Aregulatory
A reimbursement

A optimized
healthcare
delivery

A EHRs

A outcomes
analysis
A CER

A consumers/
patients

A mHealth

Aremote
health status
monitoring



IT-enabled Ecosystems for Discovery
and Translational Research

dptdf mKB etow, NCI 2011
http://sagecongress.org/Presentations/Buetow.pdf



Data Integration and Exchange Standards

chaotic state of discovery stage semantics, standards

limited research dbase inter-operability with
iIndustry/regulatory standards for clinical trials

leveraging existing HL7 standards for clinical trials
1 Draft Standards for Trial Use (DSTU)
1T CDISC, ICH

Digital Imaging and Communications in Medicine
(DICOM)

seamless federation with healthcare system and
reimbursement databases

T CPT, ICD (USA)

certification of compliance with proposed HITECH EHR
Standards (HIMSS, AHIMA)






A Learning Healthcare System
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The Status Quo is Neither Desirable Nor Sustainable

continued undisciplined, free form tagging and
idiosyncratic researcher/clinician-centric approaches

- fragmented data silos and poor database
Interoperability/integration

versus

adoption of highly engineered ontologies and formal
logic
- reference structures, vocabularies and semantics

- automated machine-based algorithmic or rules-
based scoring





http://www.ebi.ac.uk/chebi/init.do;jsessionid=E5E0D986FF16B3F83915D66751E4BE9F
http://plantontology.org/
http://www.obofoundry.org/ro

Informatics and High Performance Computing

modeling and simulation of biological
networks of escalating complexity

development of new mathematical,
statistical and computing tools for analysis
and modeling of non-linear phenomena in
complex networks

application of advanced machine learning
tools, avatars, robots and automated data
production suites for customized data to
promote optimum decision-actions












Managing Massive Data: Scale, Storage and Cost

the ,lottabyte" problem

widespread strategic failure to assess scale and cost
requirements for high performance computing (HPC)
needs

Intelligent total-cost-of-ownership analysis
1 cost per gigabyte and user allocated charges

1 platform diversity (supercomputers to
smartphones)

1 physical versus virtual storage

1T Impact of new technologies (solid-state drives,
deduplication)

1 data retention policies
1 cloud services versus internal operations





http://edibleapple.com/wp-content/uploads/2009/04/silver-apple-logo.png
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BGI Cloud on the Horizon

“Amazon is slow”

Evan Xiang, BGI Shenzhen
Bio-IT World August 2011 p.8

launch of new platforms
Hecate: de novo assembly

Gaea: SOAP, BWA, Samtools, Dindel,
reals-FS algorithms

November 2011 launch of new journal with
BioMed Central

T ,big data" studies

host citable public datasets on BGI cloud

T
T each with permanent digital object identifiers



Personal Privacy In An Era of Pervasive Computing
and Multi-Parameter Profiling

Time
March 21, 2011



Homomorphic Encryption:
Creating a Secure Cloud?

commercial objective to build secure virtual vault
for medical data

mathematical proof of feasibility by IBM in 2009
(Craig Gentry)

cloud-based tools for statistical analysis of
encrypted data without decryption

results remain fully encrypted for interpretation
only by data owner‘s key(s)

any escape/leak/hack would only be in encrypted
form

next phase to increase speed and use in search
and indexing functions



Development of Vanguard Capabilities in ACKM:
A Fundamental Requirement for Sustained Competitiveness



“If the scientific community can justify
billions of dollars, 100MW of power
and thousands of staff in order
to fire tiny particles that most people
have never heard of around a big ring of magnets
for a fairly narrow science purpose
that most people will never understand.....

..... then how come we can‘t make

the case for facilities needing half the resources
that can do wonders for a whole range

of science problems and industrial applications?”

Andrew Jones
Vice-President, Numerical Algorithms Group
HPC Wire 29 August 2011



Major New Initiatives in Supercomputing for
Analysis of Research and Clinical Molecular Profiling Data

Chan Soon-Shiong
Institute for Advanced Health (CSS Institute)
and
National Coalition
for Health Integration
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http://protectarizonafreedom.com/wp-content/uploads/2010/10/ASU-logo.jpg







Technological Innovation in Different Domains:
A Study in Cultural, Methodological and Organizational Contrasts



http://www.our-twitter.com/
http://www.astrosurf.com/luxorion/Physique/internet-trafic-eick.jpg

Technological Innovation in Different Domains:
A Study in Cultural, Methodological and Organizational Contrasts

increasingly mature knowledge of underlying design laws and principles

mechanism-based, standardized methods and highly predictable outcomes

problem-oriented and focus on robust solutions

organizational/institutional structures address systems scale and complexity



http://www.our-twitter.com/
http://www.astrosurf.com/luxorion/Physique/internet-trafic-eick.jpg







An Unavoidable (But Essential) Transition to Data-and
Computation-Intensive Methods

Strategic Needs

systems-based approaches to define physiology and
pathology in terms of molecular information networks

1T multiscale and hierarchical (cells to person)
1 spatiotemporal breadth (psec to lifespans)

comprehensive knowledge of the topologies, dynamics
and (dys)regulation of molecular networks to increase
the predictability and productivity of all aspects of
biomedicine

1 reduced failure rate of Dx/Rx assets in clinical trials
1T Improved clinical decisions and health outcomes
T risk mitigation and sustainable health



Changing the Sociology and Organization of Biomedical R&D

,flying blind"; current ,voids"
In understanding biological
network dynamics and
disease-associated

perturbations
T limited prediction of -

system behavior

T unacceptable high
failure rates in clinical
trials

pre-competitive 3P consortiato
define ,rules" for biological
network behavior

,connectome dynamics"

ID optimum loci for Rx
multiplex biomarkers for Dx
patient stratification

enrichment/ adaptive
trials

rational Rx selection
and improved outcomes

new analytical services
and data aggregators



IT Future of Medicine

Microsoft
amazon




The Rise of Data-Intensive Biomedicine:
Disruptive Change and New Value Drivers for
Improved R&D Productivity and Healthcare Quality

Productivity

biomedical R&D and healthcare delivery are under siege

T conceptually limited, operationally inefficient, wasteful
and economically unsustainable

radical (disruptive) changes are required across the entire
continuum from discovery to product development to
patient care

mapping disease-induced perturbations in biological
systems and networks as a unifying theme for improved
R&D strategies, rational clinical decisions and improved
health outcomes

realization of this objective will require new technical
capabilities and organizational models to assemble and
analyze biomedical data on an unprecedented scale



The Rise of Data-Intensive Biomedicine:
Disruptive Change and New Value Drivers for
Improved R&D Productivity and Healthcare Quality

new capabilities for engaging escalating complexity

1T new public funding priorities for large scale,
team-based research

T new education and training curricula

T new 3P consortia to solve current major knowledge
,voids" in network dynamics that result in high
product failure rates in clinical development, poor
clinical decisions and less than optimal outcomes

new opportunities to exploit technology convergence
and data-centric platforms to build new business
models and alliance networks






