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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?



Conventional Big Data of Japan
Å NDB: National Database
ï Database of reimburse claim data

ï 2011-2012 trial use strict MLHW inspection, only 18 applications

ï More than 6 billion data.

Å Japanese Sentinel Project  Database
ï DB of drug prescription, adverse effect

ï 2010- MLHW, PMDA

ïAiming at accumulating 10 million patientsô data, 

ï10 national University Hospitalsô Data to PMDA

ï 2016- open for public

Å Surgeonsô Operation Registry Database
ï National Clinical Database

ï Academic association qualification for specialist

Å DPC data
ï Diagnosis Procedure Combination, 

ï Japanese version of DRG/PPS, Data are available

Dr. Kimura talked conventional Big data yesterday



New type of Big Data emerges

Era of Big Data in Medicine

ểṖClinical Information

ïConventional Clinical Information
ÅLab test, Image, Prescription etc.

ỄṖSocio-medical Information

ïPopulation Medicine Information
ÅEpidemiological data, medical policy

ễṖMolecular Information

ïGenome, omics information

ïPersonalized medicine/prevention

New type of 

Medical Big Data

Conventional

Medical

Big data



New type of Medical Big Data

ÅConventional Medical Big Data

ïñBigSmall Dataò
ÅFor one subject(sample)  

ï several tens items (attributes)

ÅBig number of subjects(samples)

ÅConventional statistics framework

ÅMolecular Big Data (genome, omics)

ïñSmall Big Dataò

ÅEnormously many kinds of data for one sample (patient)

ÅWhole genome sequence, 100Gbp for one sequencing

ÅGene expression profiles 40000 probes data (L.Chen)
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Genome and Omics
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The second genome revolution 

Next generation sequencer 
13yearsҜ1day, 350 B dollarҜ1000 dollar

1000

dollar
WGS(Whole genome sequencing)

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

1 person WGS 27 hours

WES(Whole exome sequencing)

60Mb (1 person) X 100 =  6Gbps 

15 persons WES for 27 hours

Ilumina 2500

Ilumina 2500 Ion Torrent

1000 dollar NGS

Ilumina Hiseq X   (10set)



Sequence data  

(p53: 17chr p13.1)

WGS

WES

NCBI Sequence Read Archive (SRA)

http://www.ncbi.nlm.nih.gov/Traces/sra/

~2P bps



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 

Accumulation of  genome/omics data

Clinical 
Phenotyping

Medical Big Data

Clinical Information

Integration 
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Genome omics medicine and Big Data

NGS, high-throughput technology

Clinical Implementation of genome sequencing, omics. 

Clinical phenotyping

EMERGE project

Medical Big Data

Integration

Molecular &

Medical Info.

Genome-omics knowledge

Knowledge Discovery

Accumulation of Genome, omics data
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Medical Big Data

ÅHealthcare, Medicine

ïPersonalized Medicine,
ÅGenome omics medicineהPrecision Medicine

ÅLarge scale Biobank, disease cohort

ïPersonalized Prevention
Åpopulation biobank cohort spreading all over the world

ÅDrug Discovery
ÅDrug discovery/repositioning 

by connectivity map and gene expression profle DB

ïIn silico screening

Big Data for

Healthcare, Drug Discovery



Personalized Medicine

Clinical Implementation in United States 

Genome/Omics Medicine

Manolio: Genomic Colloquim I 

More than 20 hospitals have implemented Genome/Omics medicine



1st generation ñGenomic Medicineò(1990
ï Human genome 0.5% different, mutation /polymorphism, SNPs

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

ï Aiming at ñPersonalized medicineò

Estimation of constitutionalrisk  of  contracting disease
ï disease causative gene for genetic disease, 

ï disease susceptibility gene for ñ common disease (hypertension, Diabetes)

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

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

2nd generation ñOmics-based Medicineò(2000
ï Based on  and direct use of ñacquired omics profileò

ï Aiming at ñPredictive/Preemptive medicineò

Å Using omics profile of disease(gene expression profile, etc) 
ï Diseases due to acquired somaticcell mutation /alternation

ïIt changes depending on disease stage and sites ( ñmolecular phenomeò )

Å Estimation of  degree of on-going state of disease progression
ï Discover of disease subtype based on ñomicsprofileò, ex. breast cancer

ïDirectly related to  prognosisor early detection of disease  

more precise than clinico-pathological findings

Personalized Medicine

gene expression

SNP



ÅñSystems Molecular Medicineò

ïMethodological basis: Disease systems biology

ïUnderstand disease as an unified system

ïDisease is system distortion of molecular network

ïñPathway centricò diagnosis/therapy,  not ñmolecule centricò 

ïMain approach is Using omicsprofile to identify the 

patient specific dysregulated (distorted) pathway branches

Å Application to Cancer medicine

ïñCancer systems biologyò

ïMore than 10 institutes for cancer systems biology in US

The Third Generation of Molecular Medicine

Patient-specific 

Molecular Network of 

Diseased Somatic CellTranscriptome

Proteome

Clinical Phenome

Diseased somatic 
cell genome

Personalized/Predictive
Preemptive
Medicine

Systems Molecular Medicine

Patient-

specific

network

systems
pathology

Molecular systems
medicine



Major Areas of Genome/Omics Medicine is 

mainly first generation (genomic medicine)

Identification of unknown disease causative gene

at the point of clinical routine practice

Wisconsin Univ. Baylor Medical Colleage

.  Identification of cancer driver mutation 

Mayo Clinic, MD Anderson cancer center

.  Identification of well-known disease causative gene

BRCA1/2 etc.

.  Identification of polymorphism of drug metabolizing 

enzyme (EMR implementation)

Vanderbilt Univ.הMayo Clinic

Genome sequencing 

program, Patient Section
Wiscon

Baylor 

Medical 

Colleage

Whole genome laboratory 

In-house, Seq

Vanderbilt

EMR



Genome/Omics medicine in Japan

- trial stage-
Å National Cancer Center: Hospital East

ï Research Center for Innovative Oncology (2014 ~)

ï Targeted sequence to find driver mutation of cancer

ï Allocate a patient to the clinical trial for 

anticancer molecular target drug

ï Supported by research fund

Å Sizuoka Cancer Center
ï HOPE project

(High-tech Omics-based Patient Evaluation)

ï Multi-omics based evaluation technology

for driver mutation of cancer

ï Supported by research fund

Å The University of Tokyo: Center for Genome Medicine
ï Identify genomic cause of intractable disease

ï Genetic counseling and reference

ïResearch fund and Patientôs own expense

Å Juntendo University Hospital
ï Personalized medication based on polymorphism of drug

metabolizing enzyme (preparing)



Omics measurement
Å Gene expression profile is established in

ï Breast Cancer  Intrinsic  classification

ï Prediction micro arrat

ï mammaprint (70 genes)  oncotype D   (25 genes))

Å microRNA, exosome
ï Excellular RNA exRNA

ï 84%  correct,  Salve test for  spleen cancer 

ï National Cancer Center NEDO 5yr.project 7.9 B¥
Å Serum  miRNA, miRNA chip, Biobank

Å Liquid Biopsy
ï Circulating Tumor Cell

ï Circulating miRNA

ï Circulating DNA

ï Exosome

ï Cancer metabolome

Kosaka,et al Cancer Sci. 101, 2087-2092,2010, Ochiai Mod.



ÅBridging the molecular omics information and   

clinical/pathological, life style information 

ÅGovernment commissioned project of

Integrative database with more than 800 cases

based on the concept of    ñomics-based systems pathologyò

Integrated Clinical 

Omicsdatabase (iCOD)

Omics
Clinico-

pathology

Systems

Pathology

Omics data

Clinical, Pathological, 

Life style data

iCOD integrated Clinical Omics DB

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

iCOD: an integrated clinical omics database based on the 
systems-pathology view of disease. BMC Genomics . 11: 
S19. (2010) 


