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Big Data?
Difficult to treat by conventional information

processing method because it is too large, too
many kinds and too frequently changing

So what Is

Medical Big Data?
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Conventional Big Data of Japan

NDB: National Database
— Database of reimburse claim data
— 2011-2012 trial use : strict MLHW inspection, only 18 applications
— More than 6 billion data.
Japanese Sentinel Project Database
— DB of drug prescription, adverse effect
— 2010- MLHW, PMDA
— Aiming at accumulating 10 million patients’ data,
— 10 national University Hospitals’ Data to PMDA
— 2016- open for public
Surgeons’ Operation Registry Database
— National Clinical Database
— Academic association qualification for specialist
DPC data
— Diagnosis Procedure Combination,
— Japanese version of DRG/PPS, Data are available

Dr. Kimura talked conventional Big data yesterday
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New type of Big Data emerges
Era of Big Data in Medicine

1) Clinical Information -

— Conventional Clinical Information
.. Conventional
- Lab test, Image, Prescription etc. _ Medical

2 ) Socio-medical Information Big data

— Population Medicine Information
- Epidemiological data, medical pollcy

3 ) Molecular Information

— Genome, omics information
— Personalized medicine/prevention

o

—_—

New type of
Medical Big Data

TMDU



New type of Medical Big Data

No. attributes

- Conventional Medical Big Data S |
— “Big Small Data” | ‘

* For one subject(sample)
— several tens items (attributes)

* Big number of subjects(samples)
« Conventional statistics framework

- Molecular Big Data (genome, omics)
— “Small Big Data”

- Enormously many kinds of data for one sample (patient)

* Whole genome sequence, 100Gbp for one sequencing
* Gene expression profiles ~40000 probes data (L.Chen)
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Genome and Omics

1990 Human Genome Project
2003 HGP finished

Omics '
= -Ome (Whole)+—ics (study)
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The second genome revolution

Next generation sequencer
al (5

13years=>1day, 350 B dollar =1000 dollar

llumina 2500 lon Torrent
llumina 2500
WGS(Whole genome sequencing) dltﬁ)o
ollar

3GB (1 person) X 30 = about 100Gbps
1 person WGS 27 hours

DNA Sequencing Cost: the National Human Genome Research Institute

WES(Whole exome sequencing)
60Mb (1 person) X 100 = 6Gbps
15 persons WES for 27 hours

1 ) TMDU

1000 dollar NGS
llumina Hiseg X (10set)



Sequence data

24 kb o

WGS |

SRA database growth

2,329,915,470,559,967 total bases

1000
W‘a 1,067,314,413,997,660 open access bases

~2P bps
(p53: 17chr p13.1)

sssssssssssssss

NCBI Sequence Read Archive (SRA)
http://mww.ncbi.nim.nih.gov/Traces/sra/ @ TMDU
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Generation of Medical Big Data

Rapid advances in high-throughput biotechnology
Next generation sequencer etc.

Spread of Clinical Sequencing in Hospital

WGS 100Gb WES 6Gb

Tens of hospitals in US practice
—I_T

Accumulation of genome/omics d

ata

Clinical Information <: Clinical
Integration u Phenotyping

Medical Big Data
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Genome omics medicine and Big Data

NGS, high-throughput technology

Clinical Implementation of genome sequencing, omics.

Accumulation of Genome, omics data

Integration
Molecular &
Medical Info.

N

(=

Clinical phenotyping
(EMERGE project)

Medical Big Data

@ <i Knowledge Discovery

Genome-omics knowledge

TMDU



Medical Big Data

Big Data for
Healthcare, Drug Discovery

 Healthcare, Medicine

— Personalized Medicine,
« Genome omics medicine = Precision Medicine
 Large scale Biobank, disease cohort

— Personalized Prevention
« population biobank cohort spreading all over the world
* Drug Discovery
 Drug discovery/repositioning
by connectivity map and gene expression profle DB
— In silico screening

TMDU



Personalized Medicine
Clinical Implementation in United States
Genome/Omics Medicine

More than 20 hospitals have implemented Genome/Omics medicine

Institution Major Projects
MC Wisconsin Using whole genome sequencing to establish diagnosis in patients
with currently undiagnosed genetic disorders
Mount Sinai * CYP2C189 testing for antiplatelet rx post percutaneous coronary
intervention
* Personalized decision support for CVD risk management
incorporating genetic risk info
Northwestern Using pharmacogenomics evidence (from GWA genotyping) to guide

prescriptions in primary care and assess risk for other conditions
such as HFE/hemochromatosis

Cleveland Clinic

Tumor-based screening for Lynch syndrome, endometrial cancer

ucsD

* Screening for actionable mutations in malignant gliomas and
glioblastomas for biomarker based RCTs

* Targeted rx (such as RET inhibitor) of metastatic solid tumors
based on tumor mutation status

Morehouse * Exome sequencing of 1200 early onset severe African American
hypertension cases and 1200 controls
Duke * Computer-based family hx collection and CDS tool with 1-yr follow-

up for perceptions, attitudes, behaviors related to thrombosis and
breast, ovarian, and colon cancer

* SLCO1B1*5 genotyping and statin adherence

* Effect of genetic risk info on anxiety and adherence in T2DM

Institution Major Projects

Alabama Planning stages for projects in risk assessment, pharmacogenetic
analysis, identification of families for further research

Baylor Whole exome and whole genome sequencing in Mendelian
disorders to improve diagnosis

Geisinger * Selection for gastric bypass surgery vs other wt loss means based

on genetic variants predictive of long-term benefit from surgery

* |L28B variants and response to hepatitis C treatment
* KRAS and BRAF mutational analysis in thyroid cancer patients

Ohio State * Personalized genomic med study of CHF and HTN pts randomized

to genetic counseling vs usual care
* CYP2C19 testing in interventional cardiovascular procedures for
lopi |

Harvard Whole genome sequencing with integration in EMR and CDS; pilot of
3 patients to start

U Penn Genotyping for assessment of Ml risk in Preventive Cardiology
program

St. Jude’s Pre-emptive PGx genotyping in children

Vanderbilt Pre-emptive PGx genotyping for clopidogrel, warfarin, or high-dose
simvastatin

U Maryland Develop and apply evidence-based gene/drug guidelines that allow
clinicians to translate genetic test results into actionable medication
prescribing decisions

Mayo * PGx driven selection/dosing of antidepressants

* CYP2C19 genotyping for antiplatelet rx post PCI

Inter-Mountain

Tumor-based screening for Lynch syndrome

Manolio: Genomic Colloquim |

TMDU




Personalized Medicine

A1A3 A2A2

1st generation “Genomic Medicine”(1990~)

— Human genome ~0.5% different, mutation /polymorphism, SNPs

— Based on the inborn (germline) individual differences of genome

— Aiming at “Personalized medicine” ‘}f T
- Estimation of “constitutional risk” of contracting disease 5 : i

— disease causative gene for genetic disease, £

— disease susceptibility gene for “ common disease (hypertension, Dlabetes) SNP

— No treatment for genetic disease, low genotype relative risk for common disease

* Personalized medication based on pre-diagnosis of drug response
— Pharmacogenomics (PGx) diagnosis of different individual response to drug

A1A2 A3A2

2nd generation “Omics-based Medicine”(2000~)

— Based on and direct use of “acquired omics profile”
— Aiming at “Predictive/Preemptive medicine”
« Using omics profile of disease (gene expression profile, etc)

— Diseases due to acquired somatic cell mutation /alternation gene expression
— It changes depending on disease stage and sites ( “molecular phenome™ )

- Estimation of degree of on-going state of disease progression
— Discover of disease subtype based on “omics profile”, ex. breast cancer
— Directly related to prognosis or early detection of disease
more precise than clinico-pathological findings TMDU
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The Third Generation of Molecular Medicine
« “Systems Molecular Medicine”

— Methodological basis: Disease systems biology Molecular systems
— Understand disease as an unified system f

i i . : systems
— Disease Is system distortion of molecular network pathology

— “Pathway centric” diagnosis/therapy, not “molecule centric”
— Main approach is Using omics profile to identify the
patient —specific dysregulated (distorted) pathway branches
« Application to Cancer medicine
— “Cancer systems biology”
— More than 10 institutes for cancer systems biology in US

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
* .

Patient-specific : .
Proteome Molecular Network of Personalized/Predictive

nscriptome Diseased Somatic Cell

ased somatic w
cell genome Systems Molecular Medicine

- .
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------




Major Areas of Genome/Omics Medicine is
mainly first generation (genomic medicine)

|dentification of unknown disease causative gene
at the point of clinical routine practice
Wisconsin Univ. Baylor Medical Colleage
. ldentification of cancer driver mutation
Mayo Clinic, MD Anderson cancer center
. ldentification of well-known disease causative gene
BRCA1/2 etc.
. ldentification of polymorphism of drug metabolizing
enzyme (EMR implementation)
Vanderbilt Univ. = Mayo Clinic

Genome sequencing
program, Patient Section

Baylor EMR
Medical Whole genome laboratory

Colleage In-house, Seq




Genome/Omics medicine In Japan
- trial stage-

National Cancer Center: Hospital East
— Research Center for Innovative Oncology (2014 ~)
— Targeted sequence to find driver mutation of cancer
— Allocate a patient to the clinical trial for
anticancer molecular target drug
— Supported by research fund
Sizuoka Cancer Center
— HOPE project
(High-tech Omics-based Patient Evaluation)
— Multi-omics based evaluation technology
for driver mutation of cancer
— Supported by research fund
The University of Tokyo: Center for Genome Medicine
— Identify genomic cause of intractable disease
— Genetic counseling and reference
— Research fund and Patient’s own expense
Juntendo University Hospital
— Personalized medication based on polymorphism of drug

metabolizing enzyme (preparing) 5 TMDU




Omics measurement

Gene expression profile is established in _Pm —
Breafst 'Canc.er Intrinsic classification | R RN
Prediction micro arrat teot) ¥
mammaprint (70 genes) oncotype D (25 genes), i - !

microRNA, exosome : _@]
Excellular RNA (exRNA) \

84% correct, Salve test for spleen cancer "r —

National Cancer Center : NEDO 5yr.project (7.9 B¥) G

Serum miRNA, miRNA chip, Biobank L

Liquid Biopsy

Circulating Tumor Cell

. ) . Glioblastoma miR-21
Circulating miRNA S Glioblastoma  miR-21, miR-10b
Circulating DNA : Oralcances miR-200a, miR-125a

Exosome ¥ Tongue cancer MiR-184a
el L miR-25, miR-223
Cancer metabolome sorumy /| /| BTN | HNaCANSET  miR-21, miR-17-3p, miR-155
eru Breast cancer miR-195
Plasma }
Liver cancer miR-500

Colorectal cancer miR-17-3p, miR-92

W Spinal fluid

Ovarian cancer miR-141, miR-200
Prostate cancer miR-141

Bladder cancer miR-126, miR-182
it AML miR-98

Circulating microRNA in body fluid: a new potential iR
biomarker for cancer diagnosis and prognosis 1 DLBCL mlR 21

Kosaka,et al Cancer Sci. 101, 2087-2092,2010, Ochiai Mod. TADU
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ICOD - integrated Clinical Omics DB

* Bridging the molecular omics information and
clinical/pathological, life style information

« Government commissioned project of
Integrative database with more than 800 cases
based on the concept of “omics-based systems pathology”

Omics data

Shimokawa ,K., Tanaka, H. et.al,

ICOD: an integrated clinical omics database based on the
systems-pathology view of disease. BMC Genomics. 11: % TMDU
S19. (2010) -
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Integrated Clinical Omics Systems
IS an Institutional LHS

Aiming at realization of Personalized medicine

: Lea:rn the molecular- Patients ->Samples-> Data
clinical phenotype
Information relation

VANTAGE (vanderbilt
Technologies for Advanced
DAL~ —

BioVU

a b el il

(Plasma from a portion of Samples)

¢ EXtraCt Cllnlcal Zefit:fi:::edpﬁon Synthetic Derivgﬁve x
knowledge to feedbackto == | ool
CI I n ICaI p raCtlce giteﬁover) Research Derivative *
Soniteises | ‘
* Develop genome EMR

system
* Similar to Vanderbilt
SyStem Vanderbilt Univ. Hospital system

TMDU




Basic DB Structure for Genome/Omics Medicine,

Integrated DB

Integrated Clinical - Omics DB

1. Molecular (disease omics)

(next generation iCOD)

analysis
Molecular Similar Knowledge
Clinical Inf. case |
correlation retrieval Discovery

KN {r /A

Integration of Molecular inf.
Clinical phenotype inf.

Phenotyping of Diagnostic/Therapeutic
Clinical inf. interpretation
=

EMR Disease
Clinical DB Genome/omics
DB

and clinical phenotypic data
integrated to form the unified
profiles of disease by network
representation

2. Each kind of data must be

preprocessed before integration
Phenotyping of clinical data
Interpretation of genome/omics
data

. From integrated representation

of unified disease profile, we
1) molecular-clinical phenotype
correlation analysis
2) similar patient case retrieval
case-based inference
3) clinical knowledge discovery

- TMDU



Basic Structure of genomic EMR

Integrated Clinical - Omics DB
(next generation iCOD)

analysis
Molecular Similar
Clinical Inf. case Knowledge
correlation retrieval Discovery

A AP

Integration of Molecular inf.
Clinical phenotype inf.

Phenotyping of Diagnostic/Therapeutic
Clinical inf. interpretation
||

EMR
Clinical DB

Disease
Genome/omics
DB

Genomic EMR consists of two parts

1. Integrated clinical omics database
2. Hospital implemented system of
Genomic EMR

< > Case
Examination
Conventional EMR
M
= e
; Advi
et Of. | Genome Omics Su\::c(?rt 5 \‘_:_:2
Molecular inf. I:> Medicine Decision T i
Clinical inf. Support E\ = —
) e A
I- — e e e - - 1 (0]
|:> Clinical :y Clinical Genome Omics :
Summary | " Findings DB I
L e e e e e e e e e e e e - - -
T

5 TMDU



Making New type of Medical
Big Data



NIH
“Big Data to Knowledge” (BD2K)initiative

* Previous Project: “Biomedical Information Science and
Technology Initiative (BISTI)”

- BDZ2K: Big Data to Knowledge Initiative 2013 start

— WG on Data and Informatics for Advisory Committee to the
Director (ACD) of NIH

- several focused workshops, calls for proposals for centers of
excellence, for a data discovery index, for training programs,

 Associate Director of Data Sciences---New Position

— Francis Collins : “lead an NIH-wide priority initiative to take
better advantage of the exponential growth of biomedical
research datasets, which is an area of critical importance to
biomedical research. The era of ‘Big Data’ has arrived, and
It is vital that the NIH play a major role in coordinating
access to and analysis of many different data types that
make up this revolution in biological information.”

— http://bd2k.nih.gov

TMDU


http://bd2k.nih.gov/

NIH “Emerge Project’

 The Electronic Medical Records and Genomics
(eMERGE) Network

— National Human Genome Research Institute (NHGRI) —
funded consortium

— Developing methods and best practices for the utilization of
the electronic medical record (EMR) as a tool for genomic
research.

— nine groups: each with its own biorepository (DNA etc) linked
to phenotypic data contained within EMRSs.

Group Health Cooperative Children’s Hospital of
Marshfield Clinic Philadelphia
Essentia Rural T—
University of N Health Institute Universs Boston Children’s
| e niversity -~ F e
Washington 4 . ' ospital
] — o) Geisinger
% 4 . HealthSystem |/ 1) * o
AL — N\ Mount Sinai
f V4 /" School of Medicine
|3 7 ’r A 3
{ — L! \ Columbia
( 9 T University
'(‘ \ | | ) #v— CIDR
0 o i -
: L e ~ NHGRI
7 .
W, = S TN\ Pennsylvania State
Mayo Clinic ™ : e S | A \ University

Cincinnati Children's ™ vanderbilt .

Hospital Medical Center Universi ty Coordinating Center



“Medical BigData”

« eMERGE consortium
« CSER consortium

— “Clinical Sequencing Exploratory Research” NHGRI

— explore the potential of whole-genome and whole-

exome sequencing to generate new knowledge and
Improve patient outcomes

— Many of the issues are also relevant to the eMERGE
consortium (designated liaison)

Medical Big Data

Genome + Clinico - Environmental (EHR)

_I_

Learning System
| TMDU



Big Data and Learning system

« Learning system: ASCO (American Society of Clinical Oncology)
 The ASCO CancerLinQ initiative

— focused on building a “learning health system” composed of a
knowledge-generating computer network

— collect and analyze cancer care data from millions of patient visits and
expert guidelines

— feed the knowledge back to providers at the point of care
— P|Iot prototype in 2013

every patient’s experience to help inform future cancer care would help drive the
advent of personalized medicine

* a 170,000-record prototype Production version by 2015

+ For any given tumor type, database of 10,000 to 20,000 patients, and with 50 to
100 common tumor types, records of at least one million patients

« uses statistical functions and an artificial neural network to learn, structure, and
map data fields

» Cancer centers and IBM Watson

— Memorial Sloan-Kettering Cancer Center (MSKCC)
« The Oncology Expert Adviser software (OEA)

— New York Genome Center
» Glioblastoma as a target

TMDU



Personalized Prevention
Prospective Population Biobank
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Missing Heritability and GXE interaction

Rare Common Disease \ Traits

Odds retio

Linkage analysis

Missing Heritability

.~

uobununy
sa1aqelp |IL

4
sisoiquy onsAD

‘Bap Jejnoep

-

aseasIp uyoid
soporewsaylfig

Linkage analysis and GWAS results [tov
not enough to explain all the heredity [very rare
of disease Allele frequency

Our view
limitation to ascribe disease cause to a single variant

Teri A. Manolio, Francis S. Collins et al. Finding

Gene_gene _I nte raCtlon _ the missing heritability of complex diseases, vol 461, 8 October
- 2009
Pathwa;_/ mtegrated_polygenl(_: effects % TMDU
Gene-Environment interaction -




ldiosyncratic Effect of Combination of
G x E factors

 Interaction between genetic factor and environmental

factor

 Relative risk of colon cancer in Hawai

— Relative risk is not the multiplication, idiosyncratic

—————————————————————————————————————————————————————————————————————————————

Effect
CYP1A2 Phenotype CYP1A2 Phenotype
= Median > Median
Likes Likes Likes Likes
rare/medium | well-done | rare/medium | well done
meat meat meat meat
Non- NAT?2
Non- | 8o 1 | 19| 09 | 1.2
NAT2
e 09 | 08| 08 | 1.3
Ever- NAT?2
S B 1 | 09| 13 | 06
NAT2
e 12 | 1.3 | 09 (88

i L. Le Marchand, JH. Hankin, LR. Wilkens, et alCombined Effects of Well-done Red Meat,
. Smoking, and Rapid N-Acetyltransferase 2 and CYP1A2 Phenotypes in Increasing

i Colorectal Cancer Risk, Cancer Epidemiol Biomarkers Prev 2001;10:1259-1266

HCA (hetero cyclic
amine) Carcinogen

TMDU



GXE Iinteraction In PTSD

 Serotonin transporter

— SLC6A4 (STin2, 5-HTTLPR, rs25531)
variation, effects PTSD

* Follow-up study on North illinois University
Gunfight Incident
— Arch Gen Psychiatry. 2012 Jan;69(1):89-97.

* 5-HTTLPR genotype L/L and anxiety
sensitivity and childhood trauma by GxE

Interaction
— Depress Anxiety. 2011 Dec 21;28(12):1048-57.

TMDU



|dentification of Gene-Environment Interaction
related to disease development

(simulation data by GENS2* / ToMMo** data J l
*Gene-Environment iNteraction Simulator 2 _ _
**Tohoku Medical Megabank Organization Visualize P value based on

genotype and environment

(2 x 3 Contingency Table J

Environment

-logao(p-value) environment
4 factor

affected

Clustering

smoking

alcohol o/, o o o o o0
[ ]

adAiouso

Calculate P value — >
rs7903146 enetic

‘rsl3266634 rs10505278 - actor

« >

Clustering TmU




G X E Interaction

-logio(p-value) ”

-logio(p-value)
=21.74

) <«— environment
ba of factor

1 TMDU
genetic factor :



Future Trends of Health
Information System



Two Major Trends

- Becoming Wider and Comprehensive

— Regional health information organization (Regional
HIE like MMWIN)

— Information network to share the patient data, now
about 150 RHIOs in Japan

— Becomes wider: 2" medical zone (cities) to 3" medical
zone (whole prefecture) to regional block of prefectures

— Japanese government announce: Until 2008, Regional
Health Information Network cover the whole Japan

* For nation-wide integration of RHIOs

— “Minimum set of medical information items to share
everywhere” (Japanese nation-wide EHR)

— Nation-wide common healthcare ID for all the people

DU



Two Major Trends

* Individualization (Personalization)

» Health information system must be
iIndividualized to support “Life-long
healthcare”

* By two ways
— (1) Omics biomarkers to find disease

occurring beforehand
— (2) dally life monitoring of physiological
guantities

TMDU



IPOP (integrated Personal Omics Profiling)

Personal “Omics” Profiling (POP)

Genome and

/ Epigenome \

Transcriptome
— (MRNA, miRNA, isoforms, edits)™

I Proteome Personal
. —  Omics
T Cytokines Profile
Metabolome

Q Autoantibody-ome

Microbiome

NN

Fourier Transform to

Time series of omics profile
To detect perturbation for
disease

Glycated Hgatc (%) 84 67 49 54 53 47
(Day Number) (329) (369 {476) (532H546) (602)
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150 ‘ o 3
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Integrated Omics clustering
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Protein processing
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Life-long healthcare and PHR

e Quanfied Self

— Movement from San Francisco area

— Combination of wearable computer :
and monitoring sensors to observe ECG: EEG: Skin Conductiviy: EVG
physiological quantities

» COI Tohoku Univ. and Toshiba
— collaborate to develop sensing

- mHealth (mobile healthcare)
— Continua consortium & so on




Life-long (life-course) healthcare

* Goal of daily life monitering
— Life-long healthcare: prediction of
disease occurence

* Precognition of disease by molecular Nanopour sequencer
biomarker

i Preemptive medicine (Zerhouni 2005) !

- pree m pt'Ve m ed |C| n e i By making use of precise molecular
. . . i knowledge to detect disease before !
— qu u |d bIOpSy | symptoms are manifest, and intervening 1

I before disease can strike.

___________________________________

circulating RNA,DNA, precognition
of cancer, Alzheimer disease

— DIY genomics

— Integrated Personal Omics Profile

Reactive medicine — proactive medicine

TMDU
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Future of Health System

EHR/PHR life-long health record

Daily life home health care

Regional

(| uonezienpiApul

{1 Area Widening [

City to prefecture to whole nation
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Thank you for kind attention



Disease Genes

through 12/2012
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. Digestive system disease

@ Cardiovascular disease

() Metabolic disease

() Immune system disease

() Nervous system disease

@ Liver enzyme measurement

(O Lipid or lipoprotein measurement

(O Inflammatory marker measurement

() Hematological measurement

() Body measurement

Q Cardiovascular measurement

@ Other measurement

(O Biological process
@ Cancer

() Response to drug

NHGRI GWA Catalog

@ Other disease
(@ Other trait
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www.genome.gov/GWAStudies
www.ebi.ac.uk/fgpt/gwas/

Il Nat
H|I Genome Research
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» Craig Ventor “Human Longevity Inc.”
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