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I statistics making sense
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Cumulative Number of Human Genomes

Big data pipeline in biomedicine

Growth of DNA Sequencing

oy Recorded growth
b Double every 7 months (Historical growth rate)
2 Double every 12 months (lllumina Estimate)
Double every 18 months (Moore's Law)
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Large amount of diversity
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(o Epigenetics

e Genomics

Multiomics

— RNA

e Transcriptomics
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®* Proteomics
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e Vetabolites

e Metabolomics
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Microbiome




The expanding universe of big data
in the biomedical enterprise
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Must focus on breaking siloes

Unstructured
content

Biometric/sensor
technologies







We are nearing the limits of siloed
approaches

“Driver” mutations in non-small cell lung cancer (NSCLC):

Frequency
Mutations
KRAS 32:2%
EGFR 113% e
Adenocarcinoma  Squamous-cell carcinoma NE1 g3% O
BRAF 7:0%
EGFR 5-15%" <5%t MET exon 14 skipping 4:3%
ALK 5-15% <5% RIT1 2:2%
HER2 <5% 0 ERBB2 1.7%
BRAF <5% 0 HRAS, NRAS, MAP2K1 1.7%
Translocations
KRAS >15% <5% — %
PIK3CA <5% <5% ALK 13%
AKT1 0 <5% RET 0-9%
MAP2K1 <5% 0 Amplifications
MET 22%
MET <5% <5%
ERBB2 0-9%
Pao W, et al. Lancet Oncol. 2011 Feb;12(2):175-80. Devarakonda S, et al. Lancet Oncol. 2015 Jul;16(7):e342-51.
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mycancergenome.org

NSCLC: 2016

Gene Alteration Frequency in NSCLC
AKT1 Mutation 1%
ALK Reamangement  3-7% |
BRAF Mutation 1-3%
DDR2 Mutation ~4%
[EGRR  Mumton  1035% |
FGFR1 Amplification 20%
HER2 Mutation 2-4%
KRAS Mutation 15-25%
MEK1 Mutation 1%
MET Amplification 2-4%
NRAS Mutation 1%
PIK3CA Mutation 1-3%
PTEN Mutation 4—-8%
RET Rearrangement 1%
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Siloed:dataé

Reductionist

e One-gene one-drug
e Trials with strict eligibility criteria
e Leap of faith clinical development

\.

> Sma:rt Data

Holistic
e Multiomics

e Pragmatic trials

e Systems biology, predictive
analytics

.
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Information Exchange and Data Transformation
(INFORMED)

A holistic approach to oncology regulatory science and big data analytics
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New data pipelines
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Data exchange/visualization/analytics*

working group

[ Real world data

] Data exported for further analysis if needed
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*Technology and software development



Uncertainty management

e Using novel pipelines of high quality data in regulatory
decision making can reduce uncertainty
— RWE
— Patient reported
— Biometrics (wearables, implantable, etc)
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Risk _
Benefit
Substantial evidence

from adequate and well
controlled investigations

Efficacy

time >
Premarket Postmarket

Uncertainty Reduced data quality

Vv

data quantity :
f(time) V

Marketing approval
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Challenges

More
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than just technology

Data linkage
and sharing
Data standards
Education Blurred
boundaries

Adapted with modification from Kohane IS. Science.

> Sociopolitical
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Avoid data standards proliferation

SITUATION:

THERE ARE
|4 COMPETING
STANDPRDS.

17! RiDIcULoLs)

WE NEED To DEVELORP
ONE UNNERSAL STANDARD
THAT COVERS EVERYONES
USE CASES. YERH!

GOON:

SITUATION:
THERE ARE
|5 COMPETING
STANDPRDS.
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Big picture: today

[ Preclinical } >[ Clinical trials } >[ Real world ]

Dose, delivery, and manufacturing PK/PD

process optimization Patients Patie'nts
. Omics
'OmICS Outcomes
Biosensors Biosensors
Outcomes Unstructured content

Predictive
analytics
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Bigger picture: tomorrow

-

The learning health system Real world Cl”_“cal
(I0M) outcomes trials
A system where science, informatics, °
incentives, and culture are aligned for
continuous improvement and innovation
Discovery as a product of the
healthcare delivery experience Regulatory Regulatory

action i review
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