








New Value Propositions in Healthcare

 social and economic value of reducing disease 

burden will rise

– earlier disease detection and mitigation

– rational Rx and guaranteed outcomes

– integrated care for complex chronic diseases

– extension of working life

 progressive shift from „reactive‟ medicine to 

„proactive‟ care and „integrated‟ delivery

– prospering in an era of increasing constraints

– managing the limit(s) of society‟s willingness and 

ability to pay for innovation



Disruptive Innovation in Healthcare:
Redefining the Value Equation in Healthcare
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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.nccn.org/default.asp
http://www.nature.com/ng/journal/v40/n8/pdf/ng.175.pdf


Molecular Profiling of Chemotherapy-Refractory Metastatic 
CRC and Resistance to EGFR-Targeted Therapy

W. DeRook et al. (2010) Lancet 11, 753

 900 patients profiled for K-RAS, BRAF, NRAS, PIK3CA 

and response to cetuximab

 all wild-type genes

– 41.3% response rate (RR)

 wild-type K-RAS

– 36.3%RR

 K-RAS mutants

– 6.3%

 BRAF mutants

– 8.3% of RR

 N-RAS mutants

– 7.7%

 PIK3CA mutants (exon 20)

– 0%





Cancer Therapeutics:

Some Perplexing Questions

 have next-generation „targeted therapies‟ 

(versus cytotoxic agents) resulted in improved 

OS and QOL?

 can „all comer‟ cancer trials without 

stratification of patients on molecular profiling 

be afforded or ethically justified?

 can the high cost of targeted therapeutics ($40-

100K) be justified for disease control of a few 

weeks or at most months?



UK National Institute for Health and Clinical 
Excellence  (NICE)



What Are We Willing to Pay for Added Months of

Survival in Cancer?

Lifetime cost above 

standard care

If cancer is on par with other 

diseases ($150,000 per life year 

gained), months of added overall 

survival benefit needed

Treating cancer as worthy of 

much higher reimbursement 

($250,000 per life year gained), 

months of added overall 

survival benefit needed

$50,000 4 months 2.4 months

$100,000 8 months 4.8 months

$150,000 12 months 7.2 months

$200,000 16 months 9.6 months

$250,000 20 months 12 months

$300,000 24 months 14.4 months

$350,000 28 months 16.8 months

$400,000 32 months 19.2 months

$450,000 36 months 21.6 months

$500,000 40 months 24 months

Source: Pink Sheet 13 Sept. 2010.  Adapted from S. Ramsey FHCRC, ASCO 2010







Biospecimens, Biomarkers, Biosignatures and 

Molecular Diagnostics:

The Key Value Drivers for Personalized Medicine, 

Improved Healthcare and Maximizing Wellness





 literature dominated by anecdotal studies

- academic laboratories

- small patient cohorts

- lack of standardization

- poor replication and confirmatory studies

 very few biomarkers subjected to rigorous validation

- inadequate stringency in clinical phenotyping

- case-control studies with sufficient statistical 

power

 widespread lack of understanding of regulatory 

requirements in academic research community

- complexities imposed by multiplex tests

- new regulatory oversight (IVDMIAs)

Disease-Associated Biomarkers and 

Validation of Novel Molecular Diagnostics



Biomarkers and Personalized Medicine:

Promises, Pitfalls and Yet Unrealized Potential

“The output (for drug discovery/biomarkers)

has been as close to zero as you can come.

We have achieved nothing substantial

that‟s the bottom line.”

Dr. Tommy Nilsson

McGill Univ.

Nature Biotechnology (2010) 28, 669

“Biomarkers have been the biggest disappointment of the 

decade, probably because proteomics role in their 

discovery was overhyped.”

Dr. John Yates

Scripps Institute

Nature Biotechnology (2010) 28, 665



Translation of the Major Potential of Molecular 

Medicine into Routine Clinical Practice

A Complex Multi-Dimensional Challenge

Success Demands a Systems-Based Approach



Biomarkers, Biosignatures and

Molecular Profiling of Human Diseases

Agnostic

 analytes

 analytical platforms

Success Determinants

 systems-based 

strategies

 specimens

 standards/

standardization 

 scale/statistics 

 silos and sociology

 sustainability
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Identification and Validation of 
Disease-Associated Biomarkers:

Obligate Need for a Systems-Based Approaches



Molecular Diagnostics and Miniaturized Devices:

A Key Future Driver in the Healthcare Value Chain

Signature Detection, Deconvolution and Multivariate Analysis

Complex Biosignature Profiling

genomics proteomics immunosignatures

automated, 
high throughput 
multiplex assays

novel test formats 
and devices (POC)

new algorithms
for complex 

signal/deconvolution
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Biomarkers and Personalized Medicine:

The Imperative for New Research Approaches

Its the Specimens, Stupid!











The Systems-Based Approach to Biomarker 

Validation

Subject

Selection

Standardization

- preanalytical

- analytical

- data

Specimens

Study Design

and

Statistical

Analyses



Challenges in Establishing Rigorous Correlations Between 

Perturbations in Molecular Pathways and Disease

 more stringent criteria for clinical phenotyping

 obtaining the right phenotypes in the right 
quantity

 obtaining enough investigators with the right 
training and right resources

 right funding mechanisms to support the right 
studies



Access to Quality Biospecimens for Medical Research:

A Critical „Choke Point‟ in Biomedical Research

Ease of Acquiring the Quality 

of Biospecimens

Question Their Data Because 

of the 

Quality of Biospecimens

Limit Research Scope of Work

Due to the Shortage of 

Quality Biospecimens

Source: Office of Biorepositories and Biospecimen Research, 2009.

http://biospecimens.cancer.gov/cahub/



Challenges in Tissue Procurement

 informed consent

– specific or broader „research use‟

– workflow logistics, time and cost to clinical centers

 IRBs

– variability, delays, risk averse

– AMC versus community practices

 disruption to clinical workflows

 sample mishandling

 sample loss

 labeling and documentation errors and unreliable 

provenance

 dedicated staff

 access policies

 data collection, curation, annotation





The Formidable Challenge of Standardization of 

Pre-Analytical Sources of Variation in Clinical Biospecimens

Pre-Sampling Post-Sampling

 pre-existing medical 

conditions

 Rx

 type and duration of 

anesthesia

 vessel clamp time and 

tissue anoxia

 blood pressure variation

 intra-operative blood/fluid 

shifts

 room temperature

 time at room temperature

 rate of freezing

 fixative type and time in 

fixative

 collection container(s)

 biomarker extraction 

methods

 storage conditions

 transport conditions



Indivumed-NCI Study: Courtesy of Dr. C. C. Compton



Quotes for Prominent Display in Every 

Biomarker Research Laboratory

“The technological capacity exists to produce low-quality data

from low-quality analytes with unprecedented efficacy.”

“We now have the ability to get the wrong answers

with unprecedented speed.”

Dr. Carolyn C. Compton

Director, Office of Biorepositories and Biospecimen Research

National Institutes of Health

„I0M, July 2010‟

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






“The study of cancer cells in two dimensions 

seems quaint if not archaic”

T. Jacks and R.A. Weinberg (2002) Cell 111, 923

“Medline search reveals that more than 80% 

of cancer and molecular biologists still use  

two-dimensional techniques”

D.W. Hutmacher (2010) Nature Materials 9, 90





A Global Map of Human Gene Expression

M. Lukk et al. (2010) Nature Biotech. 28, 322

 5372 microarray samples 

 206 different laboratories 

 163 different laboratories

 369 cells, tissues,  disease 

states and cell lines

 solid tissue cell lines cluster 

together rather than with 

respective tissues of origin 

or neoplasms from same 

lineage

– 1217 genes upregulated 

in all cell lines

– cell cycle, division and 

mitosis genes

http://www.ebi.ac.uk/gxa/array/U133A







Complexity in Biological Systems:

The Challenge of Predicting Genotype/Phenotype 

Relationships

 non-linear relationship between genotype and 

phenotype

 formidable challenges for biomedical and 

mathematical sciences

– individual diversity in genome organization 

(SNPs, haplotypes, CNVs)

– gene-gene interactions

– epigenetics and imprinting

– non-coding RNA regulatory networks

– gene-environment interactions

– gene-Rx interactions









True or False?

“It is time for the debate about the reproducibility

of mass spectrometry to end.”

Anonymous Editorial:

The Call of the Human Proteome

Nature Methods (2010) Sept. 7 (9) 661

Nature Methods (2010) 7, 681



Reproducibility:  Consistency Using Different Analytical Technologies

T.A. Addona et al. (2009) Nature Biotechnol. 27, 633

 analysis of C-reactive protein (CRP) by 7 labs using 

MS-CRM and ELISA

– MS: 0.31 to 1.8 fmol μl-1 

– ELISA: 4 fmol μl-1

– CRP comparatively abundant but source of 

discrepancies between platforms unresolved

 even for MS 25% between-lab quantitative variation 

is too high for clinical laboratory adoption



Common Problems in MS-Based Proteomics
A.W. Bell et al. (2009) Nature Methods 6, 423

 evaluation of test sample of 20 purified proteins at 

5 pmole equimolar abundance

 7/27 labs with initial correct characterization

 raw data from all sufficient to identify full 20  protein 

catalog and 22 derivative 1250 Da peptides 

 diverse and poorly standardized databases and search 

engines as principal sources of erroneous reporting

– variation in curation, annotation, comprehensiveness

• real world challenges: high complexity samples and large 

preanalytical (collection/storage) sample variation

• education and training to use complex technologies

• publication standards, formats and open-source dbases





“We may be lost,

but we‟re having a good time”

Yogi Berra





The Imperative for Rigorous Clinical Sampling Protocols 

in Biomarker Profiling and Validation of IVD Tests

 statistical powering

 rigorous case-control studies

– retrospective

– prospective (piggy back on clinical trials)

 prospectively defined endpoints

– diagnostic marker(s)

– Rx responsiveness and resistance markers

– staging, stratification, progression markers

 regulatory validation of software algorithms for 

multiplex tests



Validation of Disease Associated Biomarkers

 disease related differences are small compared to 

biological variability

 many variables behave as QTLs with graded continuum 

rather than binary normal: disease separation

 the high dimensionality small sample size (HDSS) 

problem

– high number of variables (2000-10000) and low sample 

size (10-100)

– increased risk of selection of variables due to chance 

(overfitting)

 standardization and statistical powering of validation 

studies

– “the 20:200:2000 rule”

 new regulatory complexities for multiplex „signatures‟



Payor Perspectives and Reimbursement for Molecular Diagnostics

 #1  will test alter patient management?

– reduce cost of  care

– improve outcomes

 #2  what additional resources/services/training are      

affected by test adoption?

 #3  perception of RCT as only „gold standard‟

– narrow interpretation that discounts value of 

observational studies

 #4  mindset of „lab data‟ as low cost (<1% total cost)     

despite role in most treatment decisions (>85%)

– unianalyte versus multiplex tests

– outdated US reimbursement codes

SHIFT FROM COST-BASED TO

VALUE-BASED REIMBURSEMENT



Standards for „Omics‟ Data,

Cross-Domain Integration,

Open-Source Data Sharing

and

Computational Analysis







OBO Foundry Ontologies

Nature Biotechnology 25, 1251 - 1255 (2009)

Cell Ontology (CL) Gene Ontology (GO)

Zebrafish Anatomical Ontology
Chemical Entities 

of Biological Interest (ChEBI)

Disease Ontology (DO)

Plant Ontology (PO) Sequence Ontology (SO)

Ontology for Clinical 

Investigations (OCI)

Common Anatomy 

Reference Ontology Environment Ontology Ontology for Biomedical Investigations

OBO Relation OntologyPhenotypic Quality 

Ontology (PATO)
Protein Ontology (PRO)

OBO Relation 

Ontology

RNA Ontology 

(RnaO)

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


Data Exchange Standards

 integrate data from multiple sources

 inter-operability challenge from discovery to clinical 

practice

 leveraging existing HL7 standards

– Draft Standards for Trial Use (DSTU)

 engage major data generators to adopt

– CDISC, ICH

 Digital Imaging and Communications in Medicine 

(DICOM)

 seamless federation with healthcare system and 

reimbursement databases

– CPT, ICD (USA)

 certification of compliance with HITECH EHR 

Standards (HIMSS, AHIMA)



http://www.illumina.com/
http://www.pacificbiosciences.com/index.php
http://www.completegenomics.com/default.aspx
http://www.bionanomatrix.com/home
http://www.iontorrent.com/
http://www.ge.com/index.html
http://www.helicosbio.com/Default.aspx?base




Pattern-Based Recognition Is An Intrinsic, High Fidelity 

Element of Human Cognition and Decision Making

http://aem.asm.org/content/vol71/issue2/images/large/zam0020551800001.jpeg


Now Comes the Hard Part!
Building Large Scale, Standardized Resources for 

Biomedical Research

 the primacy of high quality biospecimens as 

the foundation for understanding disease 

pathogenesis, precision diagnosis and rational 

Rx

 acquisition of rigorously 

phenotyped/matched/consented normal and 

disease samples

 standardization of pre-analytical and analytical 

methods and data reporting

 curation, ontologies, annotation, analytics for 

large scale databanks and federations

 new statistical/mathematical/computational 

approaches to multivariate, non-linear events

 regulatory validation of analytics 

 customized data conversion for different 

decision categories and decision-makers



http://geology.com/world/world-map.gif






Biobanks and Biomarker Discovery and Validation

“Biobanking is a gift and

a partnership between patients

and medical science”

Dr. David Kerr,

Professor of Clinical Pharmacology

and Cancer Therapeutics, University of Oxford

“Patients must be assured that

their tissue gifts will be dedicated

to advancement of medical science.”

Dr. Fortunato Ciardiello

Professor of Oncology,

Seconda Universita di Napoli





From Silos to Systems-Based Strategies

 extravagant waste of uncoordinated, fragmented 
research

 fragmentation reinforced by anachronistic 
government funding policies

 insufficient interdisciplinary leverage of convergent 
technologies (academia and industry)

 inadequate standards for molecular profiling data

 systemic deficits in electronic connectivity in 
healthcare as major obstacle in integration of 
molecular profiling with disease patterns and 
treatment outcomes

 inadequate market incentives for integration of Dx, 
Rx and Ix products/services and healthcare delivery



Adapting to the Scale and Logistical Complexity

of Translational Medicine

 single investigator awards 

and incremental (at best) 

progress

 single discipline focus

 funding agencies ill-

prepared to review  inter-

/cross-disciplinary research

 „islands‟ of individual 

datasets with minimal 

standardization, diverse 

ontologies and poor 

inter-operability

 high risk, high reward 

projects with prospect of 

radical, disruptive 

innovation

 obligate assembly of diverse 

expertise for multi-

dimensional engagement

 new study sections with 

broader expertise, including 

industrial experience

 large scale, standardized, 

inter-operable open-source 

databases with professional 

annotation, curation and 

analytics



Forging the Complex Interactions Required to Build a 

Productive Translational Medical Research Capacity

 cross-disciplinary education and training

– mathematical and computational biology

– complex systems design and optimization

– status of translational medicine as legitimate research 

domain

 reform of the medical curriculum

 incentives and career structure

Academia



Coordination of the Complex Interactions Required to Build 

a Productive Translational Medical Research Capacity

 reform current CTSA awards for obligate assembly of full expertise 

spectrum and obligate industry participation

 promulgation of standards and centralized orchestration of 

resources (national/international)

– biorepositories and biospecimens

– „omics‟ analytics reference standards

– informatics platforms (BIX, HIX)

– ID/recruitment of, relevant case:control patient cohorts

 proactive design of regulatory frameworks to address new 

technologies

– complex multivariate assays

– remote health monitoring

– review process for combination products

– new CER tools/metrics

Government



Forging the Complex Interactions Required to Build a 

Productive Translational Medical Research Capacity

 greater recognition of value and participation in          

pre-competitive, open-source networks/consortia

– drive standards

– defray risk

– broaden partnerships

 more proactive role in shaping new trans-disciplinary 

education/training/employment opportunities

– translational medicine

– large scale dbase analytics

– new analytics/models for non-linear dynamics in 

complex systems

– health economics outcomes/systems modeling

Industry:  Products and Services





 courage

- to declare that major change is needed versus safe refuge 
of status quo

 heavy lifting

- engagement will impose great demands without 
immediate short-term benefit(s) to individuals/institutions

 integrity

- hope, hype, overselling and hubris

- with patients (current and future)

- with next generation of researchers (competency and 
competitiveness)

- with investors (public and private sectors)

Culture

Forging the Complex Interactions Required to Build a 

Productive Translational Medical Research Capacity








