


The Healthcare Challenge:
Sustaining Innovation and Controlling Cost
In an Era of Constraint

clinical, economic, quality-of-life

Increasing cost of care
and acceleration of new technologies









Personalized Medicine:
Defining Disease and/or Predisposition to Disease
as Disruptions in Molecular Information Networks

Molecular Signatures Understanding Biological Large Scale Data
of Health and Disease Systems, Their Regulation and Analysis
- expression/regulation and Disease-Associated - causality

Perturbations In Terms of - rational Dx, Rx

- modules, pathways, o
P y Digital Networks

subnetworks and
networks

- improved outcomes












Mapping the Genetics of Drug Metabolism:
Profiling Patient Risk to Adverse Drug Reactions

1.5 to 3 million annual
hospitalizations (US)

80 to 140 thousand
annual deaths (US)

est. cost of $30-50 billion










Genetic Profiling to Identify Risk of Predisposition to Disease










The Principal iticso in the Evolution of US Healthcare

somics (profiling technologies)

geriatrics (aging populations and chronic disease
burden)

Informatics (data analysis)
economics (value)
ethics (societal, law and policy)



Analytical Platforms for the Elucidation of the Design
and Regulation of Complex Biological Networks

genomics proteomics immunosignatures
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automated, novel test formats complex signal

aliplox asays and devices (POC) deconvolution
















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

pervasive tFanSCription %3
alternate transcription g
/translation

SNPs, CNVs
indels, SVs
NCRNAS
phasing
epistasis
imprinting
silencing










Regulatory Issues in Genome Sequencing
for Clinical Decisions

accuracy, depth of coverage, validation set,
Impact of pre-analytic/analytic variables

CLIA/CAP facilities
sequencers as Class lll devices?

RUO and IUO materials based on fireason to knowo
will be used on clinical samples

source computer code(s) for analytical algorithms

performance thresholds and QA/QC requirements
for error detection (instrumentation + analytics)















Frequencies of Molecular Alterations in CRC
and Responsiveness to Cetuximab or Panitumumab
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From: M. Martini et al. (2012) Nature Rev. Clin. Oncol.



Market Incentives and ROI from R&D Investment in Disease Subtype
Profiling (MDx): Targeted Treatment (Rx) Combinations will Depend on
Extent of Disease Subtype Segmentation

#
cohorts

# and
genetic ( individual
henomes
o] P
SHPYRES with

Rx target






Different Numbers (Ns) for Personalized Medicine

N=1 =individualized (personalized
therapy)

N = 100 = predictable treatment
outcome/avoidance

N=0 =avoidance of adverse events



Different Numbers (Ns) for Personalized Medicine

N = 20,000 individuals for deep sequencing
(100x) to detect rare variants

N = 10,000 plus individuals for Genome Wide
Association Studies

N = 2000 = typical size of disease cohort (+
matched control) with statistical power for
regulatory validation of target/biomarker for
use in N =1 clinical decisions

N =? = size of pooled N =1 observations to
satisfy reimbursement
cost:benefit/outcomes/QALY analyses



Large Scale Profiling of Cancer Patients to ldentify
Cohorts Expressing Rx Target(s) for Phase Il Trials

Target # Patients  # Eligible # #
Screened 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






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

A Biopsy Sites
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From: M. Gerlinger et al. (2012) NEJM 366, 883









The Spectrum of Disease-Induced Disruption of Molecular
Networks and Prospects for Successful Rx Therapy
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o Extent of Molecular Network Dysregulation
(# nodes, modules) = # of disease subtypes
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Data: The Fastest Growing Resource on Earth
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Information-Based Services for Healthcare and Wellness

Precision Profiling of
Health Status

Actionable
Information

facile
integration
exposome and risk
analysis identification
phenomes ¢ and
genome (clinical _ 0 - :
and diverse mitigation
subclinical) datasets

behavioral
and
social
networks



Silos Subvert Solutions:
Protecting Turf and Sustaining the Status Quo












Technology Acceleration and Convergence:
The Escalating Challenge for Professional Competency




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

Incentivized supply and demand to networks to
reinforce the disruption

value-pasea vVersus cost-nasea reimpursement
new billing codes

reimbursement for professional analysis of remote
monitoring data streams












The Key Strategic Elements in the Evolution of Molecular Medicine

e targR?(ted biomarkers

molecular l for health status
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