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Sustaining Innovation in an Era of Economic Constraint

Molecular Medicine and Personalized Medicine:
Key Drivers of Improved Diagnosis and Rational Therapeutics

Silos Subvert Solutions:

The Imperative for Systems-Based Approaches to Integrate

Diagnostics, Therapeutics and Informatics to Improve

Health Outcomes and Control Costs

Managing Massive Data:

Radical Reform of the Organization and Funding

of Research, Healthcare Delivery and Industry Engagement

The Environment for Biomedical R&D

and Healthcare Delivery



The Healthcare Challenge

increasing cost of care

and acceleration of new technologies
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and
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Outcomes
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The Economic, Social and Clinical Benefits of Proactive Mitigation

of Disease Risk and Chronic Disease Co-Morbidities
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P4 Medicine + Two More ‘P’s’

• research 

innovation

• products

• delivery of care

Dr. Leroy Hood, Institute for Systems Biology, Seattle.  Lecture on P4 Medicine  (posted online at http://www.slideshare.net/osumedicalcenter/dr-leroy-hood-lecuture-on-p4-medicine)

Dr. Leroy Hood 

Institute for Systems Biology, 

Seattle, Washington

Price

Policy

• predictive

• preventive

• personalized

• participatory

P4 Medicine 

• organization of 

biomedical research

• healthcare delivery

• large scale 

information

infrastructure



ID of Causal Relationships Between
Network Perturbations and Disease

Genomics

Mapping The Molecular Signatures of Disease:

The Intellectual Foundation of Rational Diagnosis and Treatment Selection

Patient-Specific Signatures of Disease or 
Predisposition to Disease

Proteomics Molecular Pathways
and Networks

Network Regulatory 
Mechanisms





From Pharmaceuticals to Pharmasuitables:
Right Rx for the Right Disease (Subtype)

ID Molecular Targets
for Rx Action

Disease Profiling to 
Identify Subtypes 
(+ or - Rx Target)

*

*

*



http://www.imclone.com/
http://www.nccn.org/default.asp
http://www.nature.com/ng/journal/v40/n8/pdf/ng.175.pdf
http://www.cms.hhs.gov/


Use of Tumor-Associated Biomarkers as Potential 

Rx-Response Prediction Assays

Mechanism Marker Drug

Somatic Mutations KRAS

BRAF

PI3K

EGFR

cetuximab; panitumumab; gefitinib; erlotinib

cetuximab; panitumumab; gefitinib; erlotinib

cetuximab; panitumumab; lapatinib; trastuzumab

gefitinib; erlotinib

Germ Line Mutations BRCA1/2 olaparib

SNPs UGT1A1

CYP450

Fc RII/III

irinotecan

tamoxifen

trastuzumab; rituximab; erbitux

Gene Amplification or 

Copy  Number Variant

HER2

EGFR

Top2A

trastuzumab

gefitinib; erlotinib

anthracyclines

Protein Over-

Expression

EGFR

HER2

ERCCI

B-tubulin

cetuximab

trastuzumab

platinum compounds

taxanes

Protein Loss;

Mutations, Copy 

Number Variant

PTEN trastuzumab









Large Scale Profiling of Cancer Patients to Identify 

Cohorts Expressing Rx Target(s) for Phase II Trials

Target # Patients 

Screened

# Eligible 

Patients

# 

Centers

# 

Countries

EML4 ALK+: lung cancer* 1500 82 9 1

HER2+: gastric cancer** 3803 549 122 24

*   E.L. Kwak et al. (2010) NEJM 363, 1693

** Y. Bang et al. (2010) Lancet 376, 687
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Whole Genome Sequencing (WGS)

 rapid improvements in instrumentation, cost and 

speed

 higher information content than exome profiling

 combination with transcriptome profiling to ID 

chimeric fusion transcripts

 cost:performance trajectory for WGS may soon be 

cheaper than cumulative cost from expanding panels 

of individual MDx tests

 eliminates IP challenge/royalty mountain issue with 

multiplex MDx panels



Big Genomics and Managing Massive Data

 sequence data generation outstripping analytics

 1000 Genomes Project (2010) generated more data in 6 

months than GenBank accumulated in 21 years

 NGS storage as high-resolution images imposes 

disproportionate archiving burden

– shift to discard raw data and easier to resequence samples 

(assumes availability)

 data analytics and bioinformatics personnel as major choke 

points for large scale population profiling studies 

 customized data conversion for different decision categories 

and decision-makers

 causal correlations with disease and Rx responsiveness 

established by metanalysis of large WGS datasets will shift 

many clinical sequencing needs back to specific genomic 

regions
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We Are Not Alone:
Variation in the Human Microbiome as a Potential Factor 

in Health and Disease

















Genomic Complexity, Individual Variation and 

the Challenge of Genotype-Phenotype Prediction

 recognition of genome organizational and 

regulatory complexity

 non-linear relationship between genotype and 

phenotype

 formidable analytical challenges for biomedical 

and mathematical sciences

 has the gap between basic science and 
realizable therapeutic applications widened?

 how can systems complexity be deconvoluted
to identify tractable approaches for diagnosis, 
therapy selection and disease risk 
predisposition assessment?







Systems Pharmacology

 elucidation of Rx action across multiple spatio-

temporal scales

 analysis of Rx action in context of network 

topology

– edges, nodes and hubs

 same drug: interaction with multiple targets

 same target: interaction with multiple drugs

 mapping chemotypes to pathways and 

subnetworks for targeted (poly)pharmacology





The Challenge of Drug Discovery for Late-Onset, 

Chronic, Multigenic Diseases

 complexity and multiplicity of pathway/network 

perturbations increases the probability of Rx 

refractoriness/resistance via compensatory 

pathways

 amplified pathway and subnetwork perturbations 

with disease progression?

– significant inter-patient and intra-patient 

heterogeneity

– cancer as the most extreme example?







Oncology Therapeutics:

An Unsustainable Enterprise Using Current Approaches?

 highest failure rate in clinical trials of any therapeutic 

class

 unchecked Rx cost for increasingly questionable clinical 

outcomes and QOL

 anachronistic SOC guidelines that have largely failed to 

incorporate the rapid momentum of new insights in 

causal molecular pathologies and tumor subtyping 

 slow adoption of new clinical trial designs using stratified 

patient subpopulations

 testing of new investigational drugs on late-stage 

patients with advanced and/or refractory disease

– cellular composition likely unrepresentative of tumors 

at intitial presentation 

– effect of repeated Rx cycles on clonal phenotypes and 

immune system damage



The Cost of Cancer Care:

The Example of Addition of Bevacizumab to Standard Therapy

 GOG Study 218 (J. Clin. Oncol. 2011 29, 1247)

– $401,088/progression-free life year saved

 ECOG E2100 (Eur. J. Cancer 2009 45, 1397)

– over $200,000/QALY

 AVADO, RIBBON1 and ATHENA studies (J. Clin. 
Oncol. 2011 29, 1222)

– no cost estimate but median PFS lower than in 
ECOG E2100

 NICE (UK) estimated QALY of $170,000 to $400,000

ovarian

breast



How Many Drugs Acting on the Same Target Can The Market Support?

PI3K Inhibitors in Cancer Clinical Trials

Drug Status Mechanism

Bayer BAY806946 Phase I Dual mTOR/PI3K

Exelixis/Sanofi XL765 Phase I Dual mTOR/PI3K

Genentech/Roche GDC0980 Phase I Dual mTOR/PI3K

GlaxoSmithKline GSK2126458 Phase I Dual mTOR/PI3K

Novartis BEZ235 Phase I/II Dual mTOR/PI3K

Novartis BGT226 Phase I/II Dual mTOR/PI3K

Pfizer PF04691502 Phase I Dual mTOR/PI3K

Pfizer PK1587 Phase I Dual mTOR/PI3K

Semafore SF1126 Phase I Dual mTOR/PI3K

Exelixis/Sanofi XL147 Phase I/II PI3K

Genentech/Roche GDC0941 Phase I PI3K

Novartis BKM120 Phase I/II PI3K

Oncothyreon PX866 Phase I/II PI3K

Zenyaku Kogyo ZSTK474 Phase I PI3K

Novartis BYL719 Phase I PI3K

Amgen AMG319 Phase I PI3K

Calistoga Pharma CAL101 Phase I/II PI3K

Genentech/Roche GDC0032 Phase I PI3K a

SOURCES: Semafore, ClinicalTrials.gov
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Blood-Based Multiplex Diagnostics

Source:  For the Record 12-6-10

• blood as highly informative 

biospecimen for Dx profiling

• bathes all organs

• many ‘biosignatures’ from diseased 

tissues expressed in blood

• minimally invasive, low cost 

acquisition and ease of 

repeated sampling versus tissue 

biopsy

• each patient acts as their own 

control for longitudinal monitoring





If You Build It, Will They Pay?

Adoption of Disruptive Innovation

 new technology/service that simplifies a 

complex/costly problem

 business model that allows market adoption of the 

simplified solution at low(er) cost

 value-based versus cost-based reimbursement

 new billing codes

 reimbursement for professional analysis of remote 

patient monitoring data streams

“If it isn’t billable – it isn’t going to happen”



The Most Broad and The Most Valuable

Definition of Personalized Healthcare

The Convergence of Telecommunications, Digital Media 
and Healthcare: The Rise of m.Health and e.Health

Wellness:





Wireless Devices and Health Status Monitoring
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A New Healthcare Ecosystem Arising From 
Convergence of Technologies and Markets



“Managing Mega-Data”

multiscale heterogeneity

scale global networksvolume

integration







The Production, Diffusion and Consumption 
of Information and Knowledge:

An Increasingly Complex Ecosystem

Massive Data

Data Standards and Inter-operable 
Federated Databanks

Increasing Importance of
Open Source Systems

New Organizational Networks
Funding Policies and Infrastructure Investment
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