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Critical Challenges for Biomedical R&D

acceleration of discovery phase knowledge without
parallel gains in successful clinical translation and
commercial ROI

paucity of validated biomarkers for early detection
and Rx response/resistance profiling

unacceptable high rates of failure of candidate Rx in
clinical trials

major knowledge gaps for rational discovery
strategies to provide solutions for late onset chronic
diseases

— cancer, diabesity and neurodegeneration



Data: The Fastest Growing Resource on Earth
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Managing iMega-Datao in Biomedicine










Data Analysis and Utilization in Biomedicine

more need for rapid,
real-time data access

more need for
guantification and
precision analytics

more complexity,
uncertainty and faster
response:decision
times

Increasing rate of
change

but

but

but

but

data trapped in balkanized and
hierarchical organizational
structures/databanks

insufficient trained personnel
for large scale data ensembles
and analytics

escalating gaps in
institutional/individual
cognitive and analytical
capabilities

Increasing rate at which
knowledge and competencies
depreciate









The Rise of Data-Driven, Data-Enabled Science and Technology

data changed by computing

computing changed by data

data are now fundamentally networked
Increasing fraction of data is oborn digital6

ever larger data sets become increasingly
unmovable with existing infrastructure

simulations using data and meta-analytics amplify
the data metaverse






_ arewe building systems and infrastructure
that merely support the collection of data?

or

an integrated knowledge ecosystem that
supports data validation, sophisticated
analytics, evidence generation and actionable
knowledge to drive a learning healthcare
enterprise?
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Computational Chemistry, Molecular Modeling and
Ligand-Target Design For SAR







Rigorous Selection of Specimen Donors and
Specimen Collection

primacy of standardized clinical
phenotyping and ability to correlate
biomarkers with disease stage and
outcomes via stringently annotated
health records

poorly standardized
challenge of biospecimen collection, uncertain value of
obtaining fresh control of pre-analytical legacy tissue blocks

tissue variables and assay :
standards (technical/regulatory)





http://www.issnaf.org/web/images/stories/nih-logo-blue.gif

Pervasive Problems in Biomarker
ldentification and Validation

JAMA (2011) 305, 2200 Nature Rev. Drug Disc. (2011) 10, 643








http://www.massgenomics.org/wp-content/uploads/2012/02/MinION_in_laptop.jpg









http://www.ihec-epigenomes.org/index.html






















Mapping Pathways, Modules and Subnetworks in Biological Systems:

The TCGA Glioblastoma Multiform Dataset and Protein Interaction Networks
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http://www.innatedb.ca/
http://dip.doe-mbi.ucla.edu/dip/Main.cgi
http://www.hprd.org/index_html
http://amigo.geneontology.org/cgi-bin/amigo/search.cgi?session_id=4813amigo1327011546
http://www.geneontology.org/
http://www.pathwaycommons.org/pc/home.do




Big Data in Drug Discovery

D. J. Wild (2010) Indiana Univ.



Mapping Dysregulation of Biological Networks in Disease

Disease Profiling to
ubtypes

X Target)







Network Pharmacology

. elucidation of definitive network ichokepointsi as optimum
targets

— subvert adaptive cellular options to use alternate
compensatory fescapeo pathways

the design challenge for multi-target polypharmacology

>

— multi-agent therapy (patient tolerance?)

— controlled multi-target promiscuity in a single moiety
(low feasibility?)

a disturbing question

>

— at what point does level of network dysregulation
eclipse feasible Rx ihomeostatic reseto?






Representation of Datasets and Abstractions

controlled vocabularies and formal ontologies

minimal information checklists and open source
repositories

algorithms and source code for analytical tools
exchange formats and semantic interoperability

cross-domain harmonization/integration/
migration/sharing

— community-driven (eg. SMBL.org, BioSharing
catalogue), industry-driven (eg. Pistoia
Alliance), regulatory-driven (eg. CDISC,
Sentinel), clinical (eg. HL7), HITECH (EHR/MU)
reimbursement (CPT, ICD), legal (HIPAA, GINA)












_ What Is? s
The Evolution of Computation Capabilities for Natural
Language Q&A In Large Datasets
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Open Data Systems and Crowd Sourcing
In Biomedical R&D

Sage T
COMMONS

&) CROWDMAP

w Worldwide Innovative Networking
in personalized cancer medicine

PARTNERS FOR A CURE
FOUNDATION, INC.

ASHOKA


http://www.cancercommons.org/
https://www.ebi.ac.uk/chembldb/index.php
http://www.thesgc.org/
http://www.winconsortium.org/index.html
http://www.taverna.org.uk/

Public Availability of Published Research Data in
High-Impact Journals

A. Alsheikh et al. (2011) PLoS ONE 61, e24357

- review of 500 papers (2009) in 50 journals with
highest impact factor

- variable editorial policies about data sharing and
deposition

- only 47/500 (9%) deposited full primary raw data
online

- 73% did not deposit microarray data

- 59% did not comply with data access instructions of
the journal/funding agencies






Now Comes the Hardest Part:
Driving Molecular Medicine and IT-Centric Capabilities
Into Routine Clinical Practice












The Cancer Journey

Goldberg et al / Am ] Prev Med 2011;40(552):5187-5197

Patients, Friends, Family on a Cancer Journey
Personas for Cancer.gov
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Figure 3. For the National Cancer Institute’s www.cancer.gov, the map of consumer personas considers both technology
and health literacy, but also differing needs at various places along the cancer joumey.

From: L. Goldberg et al. (2011) Am. J. Prev. Med.




Proactive Engagement of Patient Communities in
Investigational Clinical Trials and Observational Outcomes Studies

Collate, Annotate, Curate and Host
Clinical Trial Data with Genomic
Information from the Comparator
Arms of Industry- and Foundation-
Sponsored Clinical Trials

. Building a Site for Sharing Data and M
Models to evolve better Disease pa,me,mgl
VETS for Cures | Meeting

Neutral Conveners: Sage
Bionetworks and Genetic Alliance
[nonprofits].










Planning for Big Data and
Cyberinfrastructure in e.Science

February 2012

Cyberinfrastructure for 21# Century Science and Engineering (CIF21)
Advanced Computing Infrastructure

Vision and Strategic Plan

*




Cyberinfrastructure for High Performance Computing (HPC) and Cloud
Computing (CC) for Large Scale Biomedical Datasets
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Not All Pipes Are Created Equal
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From Silos to Systems
Changing Minds and Changing Behaviors

technology is only the enabler

emergence of new organizational structures,
alliances and business models

engage and educate multiple constituencies with
long entrenched behaviors

healthcare space will be increasingly decentralized
for data generation but increasingly centralized for
data analytics/decision support

from episodic patient encounters to increasingly
real-time monitoring and new e.interactions

new business opportunities in customized health
services and health broker/concierge services



Technology Acceleration and Convergence:
The Escalating Challenge for Professional Competency,
Decision-Support and Future Education Curricula















Adapting to Data-Intensive, Data-Enabled Biomedicine



Managing Massive Data:
Disruptive Changes and New Products, Services and Partnership Models

e silos subvert
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