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Agenda

» Precision medicine overview

 Impact of big data on precision medicine

» Precision medicine analytics and Cloudera Omics overview
 Use cases toward precision medicine

« SUMmMary

CIOUdera © Cloudera, Inc. All rights reserved. 3



Precision Medicine Overview

cloudera



Precision medicine is an emerging approach for disease
prevention and treatment that takes into account people’s
individual variations in genes, environment, and lifestyle.

The Precision Medicine Initiative® will generate the
scientific evidence needed to move the concept of
precision medicine into clinical practice.

cloudera http://www.nih.gov/precisionmedicine/infographic-printable.pdf

© Cloudera, Inc. All rights reserved. 5




The time is right because of:

Sequencing Improved New tools
of the human technologies for for using large
genome biomedical analysis datasets

cloudera

http://www.nih.gov/precisionmedicine/infographic-printable.pdf



RO | ONGER-TERM GOALS TErueutsstssssspsro

Create a research cohort of > 1 million American volunteers who will
share genetic data, biological samples, and diet/lifestyle information, all
linked to their electronic health records if they choose.

0060

CIOUdera © Cloudera, Inc. All rights reserved. 7
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S . ! Table 1. Examples of Conditions in Which Precision Medicine Has Been Used.*
Precision Medicine - Use of an
Medical Field Disease Biomarker Intervention
. d L d I 7 . f' I Cancer Chranic myeloid leukermia ECR-ABL Imatinib*
In IVI UCI S gen etlc p ro I e to Lung cancer EML4-ALK Crizotinib®
Hematology Thrombuosis Factor ' Leiden Avoid prothrombotic drugs®
. . _» .
U I d e d eCISI ons mc de In re c rd 'I',o, Infectious disease HIV/AIDS CD4+ T cells, HIV viral load Highly active antiretroviral
therapy®
o . - Cardiovascular Caronary artery disease CYP2CI19 Clopidogrel®
th tion, d d |=
e p reven I onf IG gnOSIS Gn Pulmonary disease Cystic fibrosis G551D Ivacaftor*
. Renal disease Transplant rejection Urinary gene signature Antirejection drugs?
tre CI 1. m e nt o d I S e Cl Se. Hepatology Hepatitis C Hepatitis C viral load Cirect-acting antiviral agents™
Endocrine disease Multiple endocrine neo- RET Prophylactic thyraidectomy!
plasia type 2
Metabolic disease Hyperlipidernia LDL cholesteral Statingh
Meurzlogy Autoimmune encephalitis CHCL13 Immunotherapy™
Psychiatry Alcohol-use disorder GRIK1 Topiramate!!
Pharmacogenemics Smoking cessation CYP2ZAG Yarenicling!®
Ophthalmology Leber's congenital RPEGS Gene therapy™
armauresis

* |n the biomarker column, proteins or genes that are probed to find the specific variants of interest are shown. AIDS de-
notes acquired immunodeficiency syndrorme, HIV human immunodeficiency virus, and LDL low-density lipoprotein.

Jameson JL, Longo DL. N Engl J Med 2015. DOI: 10.1056/NEJMsb1503104

CIOUdera Public domain slide, by Brian Wells, Penn Medicine, http://tinyurl.com/zsayqld © Cloudera, Inc. Al rights reserved. 8



Big Data in 2025 Per Year Growth Estimates
— Astronomy, Genomics, Twitter, Youtube

Youtube
1-2 EBYear

O

Astonomy
1 EB/Year .
Genomics
S 2-40 EB/Year
Twitter
1-17 PBYear

Ref : Big Data Astronomical or Genomica
2015 Stephens 2t al.
Image Shutterstock

CIOUdera © Cloudera, Inc. All rights reserved. 9

Courtesy Cloudian




One Driver: Price of Sequencing Plummets

Falling fast

In the first few vears after the end of the Human Genome Project, the cost of
genome sequencing roughly followed Moore's law, which predicts exponential
declines in computing costs, After 2007, sequencing costs dropped precipitously.

“In 10 years we’ve come from a
S300M genome to one that’s
Moorss aw fo realistically available at around

100,000

10,000 7 V4
S3000. That’s a 100,000 fold drop!
& - James Hadfield,
3 0 Next Generation
- The price o Sequencing, 2014
g .
10 -
1

2002 2003 2004 2005 2008 2007 2008 2009 2010 2011 2012 2013

CIOUdera source: Nature, 2014 © Cloudera, Inc. All rights reserved. 10



The Race to n
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Figure 2. Harnessing the network effect of genome sequencing.

Published in: Susan K. Delaney; Michael L. Hultner; Howard J. Jacob; David H. Ledbetter; Jeanette J. McCarthy; Michael Ball; Kenneth B. Beckman; John W. Belmont; Cinnamon S. Bloss; Michael F.
Christman; Andy Cosgrove; Stephen A. Damiani; Timothy Danis; Massimo Delledonne; Michael J. Dougherty; Joel T. Dudley; W. Andrew Faucett; Jennifer R. Friedman; David H. Haase; Tom S. Hays; Stu
Heilsberg; Jeff Huber; Leah Kaminsky; Nikki Ledbetter; Warren H. Lee; Elissa Levin; Ondrej Libiger; Michael Linderman; Richard L. Love; David C. Magnus; AnneMarie Martland; Susan L. McClure; Scott E.
Megill; Helen Messier; Robert L. Nussbaum; Latha Palaniappan; Bradley A. Patay; Bradley W. Popovich; John Quackenbush; Mark J. Savant; Michael M. Su; Sharon F. Terry; Steven Tucker; William T. Wong;
Robert C. Green; Expert Review of Molecular Diagnostics Ahead of Print

I d DOI: 10.1586/14737159.2016.1146593
C OU era Copyright © 2016 The Author(s) © Cloudera, Inc. All rights reserved. 11



Impact of Big Data on Precision
Medicine

cloudera



Big Data Bringing Clinicians & Researchers Together

Standard
of Care

Big Data

Capacity

Body of
Knowledge

clouders Courtesy: Todd Sharpe, Children’s Healthcare of Atlanta/Emory

Innovation

© Cloudera, Inc. All rights reserve
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Big Data Needs a New ‘core’

Impacts

* Focus on genomics drives attention
to the research function Technology P —

e Clinical genetics drive to sequencing
drives attention to the hospital

Collaborations

e Big Data’s history in open source is
adding weight to ‘open data’ Academia

p, Inc. All rights reserved. 14
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engineering and

® wearables device-based ® remote health

® Sensors monitoring
® smart medicine ® telemedicine

implants ® robotics

molecular (precision) information-based
medicine healthcare

® panOmics profiling ® m.health/e.health

® analysis of disruption ® data- and evidence-
in biological networks based decisions and
in disease Rx selection

BIG DATA

cloudera Public domain slide, by Dr. George Poste, Univ. of Mich, http://tinyurl.com/j7nr27x © Cloudera, Inc. All rights reserved. 15




The Big Data

The ‘Long Tail” starts with linking full electronic medical record & the whole exome

::::::::

nnnnnnnn

rrrrrrrr

200200

200100

2070

2050

20140

20130

20026

20020

. . . N N N
Electronic Health ADT & Patient ngom_lcs/RNA/ WHO Signal PubMed 1000 Genomes, EXAC
Record Documents Microbiome

. . . . N N N
Clinical Genetics Dictionaries / Proteomic/ AHRQ Datasets Social Signal ENCODE
Ontologies Metabolomic
. N N N
Image Repository Study Data gterr::r:\es Monitor CMS Datasets Licensed/POS Signal Geuvadis
Labs & Screens Custom Exchanges Inpatient Bedside US HHS OpenData Elsevier Datasets GTex
Streams
Claims Clinical Trials Wearable Streams USAID DHS GNS REFS SRA
. N N N X N
Real-Time NPDM NaviNet Provider NIH Datasets Premier COSMIC
Location Portal
. . X \ \ \
Flna_nC|aI & Supply Measures/HEDIS Apple HealthKit / IMS Health, Symphony Thoms_on Reuters TCGA
Chain PHR Cortellis
N\ ) n N\ N
Registries TeleHealth Partner Data CERNER HealthFacts R Cll'nlcal Genetic HGMD
Exchanges Toolkit

cloudera

© Cloudera, Inc. All rights reserved.
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BIG DATA » BIG ANALYTICS BIG INSIGHTS

= ._:_;- _: :__F‘} ) "_;-;..- . : = - -—

B February &, 2015
* The Bright Future of Semantic Graphs and Big Connected

The Resource Description Framework (RDF) is a family of World Wide
Web Consortium (W3C) specifications originally designed as a metadata
data model.

Resource Description Framework - Wikipedia, the free ...
hitps.//fen. wikipedia.org/wiki/Resource_Description_Framework Wikipedia
y Ubpeia

http://www.datanami.com/2016/02/08/the-bright-
future-of-semantic-graphs-and-big-connected-data/

— )
atusMat | ' StatusMet |

CIOUdera S— o . . © Cloudera, Inc. All rights reserved.
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Precision Medicine Analytics &
Cloudera Omics

cloudera



The Genomic Analytic Pipeline & Cloudera Omics

Upstream Downstream Multiple
Whole Public
Alignment Annotation 2L Databases Cloudera Omics
AR Solution
o
c
T — | |
Genotyping Analysis
Internal
Clinical

— 1 — 1
Velvet, GATK, VEP,
BWA...n Samtools...n SnpEff...n
clouder

© Cloudera, Inc. All rights reserved. 19



Cloudera Omics Reference Architecture

Reports & : . External :
P Visualizations e Data Sharing
Dashboards Applications

Private
Patient Queries &
Data Exploration

Ingestion Interactivity Egress

Storage
Batch Parsing, Transformation, Integration Study-specific Collections (examples)
Hive / Ipala Immunodeficiency Undiagnosed
Cohort Disorder Cohort
Morphlines Kite CLI
Compressed Raw

i Parsed Data
Raw Archive Landing
(Sequence
File)

Raw Data

Precision Medicine Platform

Integrated Integrated Public
Patient Genomics
Data Platform

Zone OMOP,

TranSMART, _ . _ .
i2bh2 Genomics Genomics

Patient Public

Extended Reference Architecture for Multi-Omics

CIOUdera © Cloudera, Inc. All rights reserved.
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Use Cases that lead us to
Precision Medicine

Signal Detection
Clinical Prediction
Real World Evidence

cloudera



Signal Detection: Epidemiology Treatment Analytics

Top 10 Global Pharma does Epidemiology Research on Cloudera

Application: Comparative Effectiveness Research

Data: Claims data from partners consolidated into
the Observational Medical Outcomes
Partnership data model

Users: 50+ pharmaco-epidemiologists

Challenge: Complex analytics must run in parallel to
ever return results; data sizes large; need a
platform for multiple analytics, R, SAS, SQL, etc.

Benefit: Find differential survival rates for many
drugs by population, dose, other factors, find
new off-label uses for existing drugs

cloudera

http://www.statista.com/statistics/272717/top-global-biotech-and-pharmaceutical-companies-based-on-revenue/

Claims Data,
 Registry Dala

CER at Interface between Courte mouth Hitchcock
Clinical and Health Services Research

Comparative effectiveness research is
designed to inform health-care decisions
by providing evidence on the effectiveness,
benefits, and harms of different treatment
options. The evidence is generated from
research studies that compare drugs,
medical devices, tests, surgeries, or ways
to deliver health care. -US DHHS

© Cloudera, Inc. All rights reserved. 23



Clinical Prediction: Patient Pathways

Health systems adopt predictive analytics for a range of outcome improvement

Using the derived predictions from
the analysis, the Hospital Group

Data: Electronic health records per patient, demographics  Feaps the following annual savings:

Application: Predict clinical events

Users: Care coordinators, CFO, nursing » Reduces 6,000 occurrences of
patlent readmission.
Challenge: Can’t provide care coordination for all patients, » Avoids $4 million in potential

and can’t achieve hot-spotting Medicare penalties.

« Saves approximately $72

Benefit: Readmission rates million in medical service costs.

(random samples vs. “high risk” patients) & Random sample -
» Predictive model « Utilizes resources more

efficiently by providing extra
care to high-risk patients.

70%
G0% -

50% -

» Improves hospital rating based
on lower readmission rate and
increased patient satisfaction.

40% -

0% -

20% -

Percentage of patients readmitted to hopsital

CIOUdera PNM CHF © Cloudera, Inc. All rights reserved.
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Real World Evidence

Top 20 Global Pharma does Compiles ‘Superset of Lives’

Application: Real World Evidence

Data: Licensed data from Symphony Health,
GE, Thomson Reuters, IMS, Optum & others

Challenge: Create a superset of millions-of-
patients’ health outcomes from the
universe of licensed data

Benefit: Create a much larger clinical ‘n’, that can be
used in clinical trials, epi, health economics and
outcomes research, pharmacogenomics,
pharmacovigilance

cloudera

http://www.statista.com/statistics/272717/top-global-biotech-and-pharmaceutical-companies-based-on-revenue/

[ e e e [ R = = e o o e e \".

Spanning the Continuum of Real World Evidence

Evidence. Analysis. Value. Communication

Retrospactive

Retrospective Medical Prospective

Review

Claims
Data

Analysis isease progression
and treatmant

outcomes

Fd  communication

1/

i fourtesy: Indegeneing
v datalinsights with
payers, providers

High level observational Answers to
undarstanding of clinical prospactive rasearch  »
encounters, treatment guestions with real
patterns and resource time feedback to and Internal
utilization providers and payers stakeholders

Real World Evidence (RWE): Millions of patient
experiences in the real world, supplementing
randomized clinical trials that typically involve a
few thousand patients in a controlled setting. Using
RWE, patients, providers of care and those who pay
for it can better assess the value of treatments and
services based on actual health outcomes and the
total cost of care.” -IMS

© Cloudera, Inc. All rights reserved. 25



The Best-in-class Organizations Use Cloudera

#1 Largest

Payer in the Us

will be covering 123
million lives and

pay out S950B to
providers iz

5 out of the top
9 drugs

WO rIdW|de are made

by Cloudera customers.

cloudera

H#1 Largest

B | OtEC h in the world.

#1

Largest

health data The maker of the #1 TO p
company,

with 500M+ Selhng Drug

anonymous patient

worldwide.
records.

H#1 most utilized Patient Centered
Medical Home program.

this H OS p Ita | was one of the first four

to receive Stage 7 status from HIMSS, the

highest possible
d iSti n CtiO n in electronic medical

records implementation, uses Cloudera to host a
variety of data, and was awarded by US DHHS a

Gold Medal of
Honor.

# 1 Largest Health IT

company in the World, S3B+ in
revenue has 1000’s of nodes of
Cloudera.

© Cloudera, Inc. All rights reserved. 26



Summary

Genomics IS upon us

t’s al
Data

Precision medicine is medicine

(very) big data
orings us together

Clouc

era can help you get

started with technical, subject
matter expertise & Omics
accelerators

cloudera

© Cloudera, Inc. All rights reserved.
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Thank You
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