




Sustaining Healthcare Innovation 
in an Era of Constraint 

Biomarkers and Diagnostic Technologies as  
Major Value Drivers in Improving Diagnostic Accuracy  

Treatment Selection and Controlling Costs 

The Challenge of Translation of  
Discovery Advances to Tangible Benefits  

for Patients and Society 









Mapping the Molecular Signatures of Disease, 
Disease Subtyping and Targeted Therapy:  

The Right Rx for the Right Disease (Subtype) 

Her-2+ 
(Herceptin) 

EML4-ALK 
(Xalkori) 

KRAS 
(Erbitux) 
(Vectibix) 

BRAF-V600 
(Yervoy) 

(Zelboraf) 











Translation of the Major Potential of Molecular 
Medicine into Routine Clinical Practice 

The Complexity of Discovery and Validation  
of Biomarkers for Clinical Use is Comparable to 

(Bio)Pharmaceutical R&D 

Success Demands a Systems-Based Approach 

The Poor Productivity of Biomarker R&D 
is a Legacy of Failure to Address Disease Complexity and the  
Need for Multidisciplinary Expertise and Rigorous Standards 



Biospecimens 
and  

Molecular 
Pathway 
Analysis 

Biomarker 
Validation 

and  
Multiplex Assays 

Instrumentation 
and  

Informatics 

Clinical 
Impact 

and  
Patient 

Monitoring 

Identification and Validation of  
Disease-Associated Biomarkers: 

Obligate Need for a Systems-Based Approaches 
 





Rigorous Selection of Specimen Donors and  
Specimen Collection 

poorly standardized 
tissues and erratic 

availability 

challenge of 
obtaining fresh 

tissue 

uncertain value of 
legacy tissue 

blocks 

primacy of standardized clinical 
phenotyping and annotated health 

records and outcomes for 
biospecimen collection 







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



standards 

Influence of Blood Collection Method on Detection of miRNAs 

From: D. J. Kim et al. (2012) J. Mol. Diag. 14, 71 



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

Pervasive Problems in Biomarker  
Identification and Validation 

The Small ‘N’ Problem Failure to Work  
to Industry Standards 



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 
‘Institute of Medicine Workshop, July 2010’ 
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Will Rapid, Low Cost Genome Sequencing Change Everything? 





• disposable USB pocket-sized sequencer 
• $500-1000 unit 
• 150 Mbp sequence/hour 
• smaller instrument versus pending  
  benchtop GridION 2K machine 

Next-Next-Generation Sequencing? 

 
Life Technologies Ion 
Proton DNA Sequencer 
Cost $149,000 
Availability Mid-2012 

Oxford Nanopore 
MinION Sequencer 

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


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 
¸ obligations/duties to recontact/deidentify research 

participants/patients regarding Incidental Findings 
(IFs) and Individual Research Results (IRRs) 
detected in WES/WGS? 
 









Review of Validation Issues for Clinical 
Use of Genome Sequencing 

23 June 2011 

¸ minimum sequencing depth for reliable clinical 
decisions 

¸ appropriate validation sample sets to evaluate 
platform accuracy 

¸ metrics for quality of sequence assembly and 
alignment algorithms 

¸ standardization of pre-analytical variables (e.g. 
preparation of libraries, extraction and quality control 
of nucleic acids, capture methods, amplification)   

¸ source computer code(s) for analytical algorithms 
¸ sequencers as Class III devices? 





Performance Comparison of WGS Platforms 
(H.Y.K. Lam et. al. 2012 Nature Biotechnol. 30, 78) 

¸ sequencing of blood and saliva samples from same 
individual on Illumina and Complete Genomics 
Platforms at 76x coverage 

¸ only 88.1% SNVs concordant ≡ 10,000s platform-
specific calls in exons and intergenic regions 

¸ need to supplement with exome sequencing to fill gaps 
in detection of coding variants 

¸ only 26.5% indels concordant 
¸ implications for use of WGS data for clinical 

decisions/regulatory submissions 





The Data Storage Challenge: 
The Price of Sequencing is Falling Faster Than Computer 

Storage Costs and Availability 

¸ data ‘triage’: store only data deemed relevant and/or 
with differences to reference set 
– risk of bias/ignorance about value of discarded 

data elements 
¸ data compression and ‘loss of precision’ 

– different compression methods depending on 
desired end use/reuse needs 

¸ unmapped reads cannot be compressed using 
current alignment frameworks 
– 10-40% of reads remain unmapped to traditional 

reference genomes 
– 60-70% for short RNA sequencing reads 

¸ many samples may not be accessible/renewable 
– cancer 

 





“The Incidentalome” 

¸ 2012 NIH proposal for screening exome-and WGS sequence data 
for findings of potential health or reproductive importance 

¸ obligation to recontact/deidentify individuals in research studies 
¸ criteria for “relevant” and “risk” in returnable findings? 
¸ requirement to reidentify original donor in deidentified samples? 
¸ resources and cost to implement with anticipated rapid growth in 

datasets? 
¸ why limit to genomic research using biobanks and archived 

data? 
¸ if research participants are accorded duties why not all patients 

sequenced as part of clinical care? 
¸ expanded IRB responsibilities and competencies 
 





Individual Variation, Genome Complexity and the 
Challenge of Genotype-Phenotype Prediction 

recognition of genome 
organizational and regulatory 

complexity 

Cell-specific Molecular 
Interaction Networks 

Disease Perturbations 

Junk No More! 
pervasive transcription 
alternate transcription 
/translation 
SNPs, CNVs 
indels, SVs 
ncRNAs 
phasing 
epistasis 
imprinting 
silencing 



  

Mapping Causal Perturbations in Molecular Pathways and 
Networks in Disease: Defining a New Taxonomy for Disease 

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

  ID Molecular Targets 
for MDx and/or Rx Action 

* 

* 

* 
* 

* 





From: M. R. Trusheim et al. 
(2011) Nature Rev-Drug 

Disc 10, 817 

Scenario-Modeling of NPV for 
New Investigational Drug  

Based on Probability  
of Technical and Regulatory 

Success (PTRS) and  
Biomarker Patient Selection 

http://www.nature.com/nrd/journal/v10/n11/pdf/nrd3557.pdf 







Intratumor Genetic Heterogeneity in Multiple Regions at Primary Clear 
Cell Tumor and Three Metastases (Perinephric and Chest Wall) 

From: M. Gerlinger et al. (2012) NEJM 366, 883 target 





  

Mapping Dysregulation of Biological Networks in Disease 

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

  ID Molecular Targets for Rx Action 
and Blockade of Compensatory  

“By pass” Pathways 

* 

* 

* 
* 

* 





Mandatory Use of Research Biopsies in Clinical Trials? 

Pre-enrollment/             
Pre-treatment 
 
 
 
During Treatment Protocol 
and/or  
Post-Protocol Termination 

¸ ID of biomarkers to determine 
eligibility 

¸ patient stratification in 
enrichment/adaptive clinical 
trial design 

 

¸ evaluate biomarkers/ 
biosignature profile and Rx 
responsiveness 

¸ identify mechanisms of 
acquired resistance to 
investigational Rx 
 

Time Point Purpose 







Palliative Care as Evolving Standard of Oncology Care 

patients 





Defining The Molecular Taxonomy of Disease 

¸ subtypes of disease 
¸ individual segmentation and unique patient-specific 

perturbations in biological networks 
¸ increased segmentation and what will constitute an 

orphan disease? 
¸ ‘the incidentalome’ 
¸ longitudinal tracking of health status and early 

detection of disease 
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Bob Langer micro chips and drug 
delivery 





Mobile Devices, Remote Health Monitoring and 
Rapid Data Expansion 

¸ expand concept of biobank to include ‘virtual and 
living repositories’ 

¸ individual becomes their own control 
– longitudinal monitoring of individual ‘deltas’ 

versus comparison with averaged larger cohort 
¸ rich data streams for outcome analysis and 

epidemiological studies 
– consent, privacy and security 
– compliance monitoring 



Data: The Fastest Growing Resource on Earth 







The Need for Facile, Seamless Data Exchange Formats 
for Large Scale Biomedical Data Systems 

research 
and  

discovery 

translation 
and 

clinical 
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regulators 
payors 

outcomes 
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decision 
support tools 

patients 

consumers 

m.health 

healthcare 
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PACeR (www.pacerhealth.org) 
The Partnership to Advance Clinical Electronic Research 

¸ use of aggregated EMR data to facilitate clinical 
research 





Regulatory Science 





How Much New Technology Can We Afford? 
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