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HEODEEBHRD TEvIT—4]
Big “Small Data” Bt
ERIFHR - BEFRAERMER  10IEEEE @ | 2ooo
— B # : Population Medicine®Big Data Dooo

Z

M

EAMEHD S EBREEE B EEO#HE) l Sooo

B )1\ A =y RERE, mHealth @ Sooo

EvJT—% oo
Small “Big Data”

1 {EKIZEEY 57 —43 8OV B —
— FEE3XR b, BEICHEARTEAFER small

e e e o e Y e
EERDMEAZEDNES p>n f | ooooooooooo
— BH® : Personalized Medicine @71=¢p  #*|booooooooon
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» Population medicine®/\5 & A LER#R
— <One size fits for all>DEEIL E (XA Y 3L F- 1LY

— Personalized (Precision) medicine
- ERAMEEERZRIRT H=OIC@ERE/ N2 —2%
WEMIZEARDS - FHILWIATDEY T T—4
« ECFEFTORETHEAMET NIE K LD
- Clinical research® /N5 & A L Eg5ih
— BRARAIR =R FICT 2 HEXKDERRCT - stat. EBM
— RCTO WL b DB
— BAME - AR F B A BRRANBESRE
— Real World Data: E v 77— 4 #0138 % 13 (BD2K)
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—  Wisconsin X2 &[5z
- RETEADEEGREEDZH

—  Vanderbilt K= fw[EPREDICT&t &
- ERIRKBEBEZTOZEME

— Mayo ClinicQfgKR>7 / L—7 R
s NABKUVIEEBICHRLTECKRERER
- 105 A%/ LDB

— DFREMEERFROMEZEHELT
MET—FIR—X
- HEERERXE

* Mofit Cancer Center

iCOD
(Oracle HRI )

Genome sequencing program

BEBRREZER

R—5—

ERXF

Whole genome laboratory %
ERiE, In-houseTL—4 2R

Z M ftI=MayoClinic, Washington, PartnerN LR & 7 11 &

NHGRI Working Group® ') X k

Institution Major Projects Major Projects

MC Wisconsin | Using whole genome sequencing to establish diagnosis in patients Alabama Planning stages for projects in risk assessment, pharmacogenetic
. i " _— is, identification of families for further research

with current} enetic disorders analysis, ident
Mount Sinai . CYP2C19 Y ing f = Ig ’ Baylor Whole exome and whole genome sequencing in Mendelian
ount Sinai ( llesung or antiplatelet rx post percutaneous coronary disordars to improve dlagnass
intervention Geisinger * Selection for gastric bypass surgery vs other wt loss means based
* Personalized decision support for CVD risk management on genetic variants predictive of long-term benefit from surgery
incorporating genetic risk info * |L288 variants and response to hepatitis C treatment
Nor Using pharmac ics evidence (from GWA genotyping) to guide * KRAS and BRAF analysis in thyroid cancer patients
prescriptions in primary care and assess risk for other conditions Ohio State . Personal.lzed genornlc med study of CHF and HTN pts randomized
such as HFE/ & to genetic counseling vs usual care
— = = * CYP2C189 testing in inter i p for

Cleveland Clinic | Tumor-based screening for Lynch syndrome, endometrial cancer idogrel

ucsb * Screening for actionable mutations in malignant gliomas and Harvard Whole genome sequencing with integration in EMR and CDS; pilot of
glioblastomas for biomarker based RCTs 3 patients to start

* Targeted rx (such as RET inhibitor) of metastatic solid tumors UPenn Genotyping for assessment of M risk in Preventive Cardiology
based on tumor status program

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

orehouse Exome seguenclng of 1200 early onset severe African American - ~ ptive PGx genotyping for clopidogrel, warfarin, or high-dose
hypertension cases and 1200 controls :

Duke * Computer-based family hx collection and CDS tool with 1-yr follow- U Maryland Develop and apply evidence-based gene/drug guidelines that allow
up for perceptions, attitudes, behaviors related to thrombosis and clinicians to translate genetic test results into actionable medication
breast, ovarian, and colon cancer = 9':;;'::":5 decisions - -

: A layo * PGx driven selection/dosing of
. -
SLCO1B1*5 gevlnot.ymf\g and s(atl'n adherence ) . CYP2C19 a o x post PCI
* Effect of genetic risk info on anxiety and adherence in T2DM Inter Tumor-based ing for Lynch
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H.Tanaka:
"Genome and Omics Medicine

—Principles, Clinical Implementation and BigData Approach—“

Springer 2016
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7/ LER (1990~IRT)

Manolio (2009)

¢ r E ?ﬁa: E/‘] fd: (germ_l i ne)J 72 / A %E ‘b 7]"‘/1’]:].’;0.0/\ ﬁﬁ;ﬂﬁ Missing Heritability
_ o _ HHI ' Rare alleles ”ax>‘
gﬂﬁlvgg L\T:ﬂﬁlﬂlj’”: ggﬁ soll M:"E“E’ - GWAS
- KRBT/ L s (00 Wy
- EMIETEEZBLTR—99.5%F k@ ==
- J&kHE R [KJE{GF (Disease causative gene) = —T——— 0
~ — %S 17
. 1980ERM B NUTF U kU BN
— CAGY F— M HTTEEF, 99%2EH
© FTOMIST I Y URBEH TR O T« — BIRMEREE e o
- HFF400fEEDDNAY—H £ MY/ LREETEIA
« & B2 %15 {5 F (Disease susceptibility gene) el

— 28 . —15EE LRI (SNP),30007 i,

s FRIFEMNIA0OYTS4 b, CNVLEE
- 245/ LBEE#EF (GWAS) EEXBOH
- FRRHBROZEMYE (PGX)
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- T#RXM - FRIKEFHNIZELT 5BENS FREEZ
BXRIVAMEYT / LB - A2y I RAELEICEDISCER

- REAIVIURTAT7AILIZK B0 FHIRER ABAOELLif - Tt
- BERMYS/ LER - BEFREIOI AL - TOTH
— LG E, MEEITOREEICIKTE

« REBOETEDFE - FRIEER - £HER
— Ongoing state of disease progressionz &I

GIRIERORELZIE XL Y B < ZE1E Predictive Omics

a2 .
; T N ToL J:

VWA § genomics
] . !

il """ Mo genoration

sequencer

l

DNA mlcroarray

S . .
transcriptomics
RNA L 4 pPLOTRE

\ /. iﬂi_ﬁ_i ~1000,000
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distortion (dysregulation) of molecular network
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77 I A2y AEBRDEEREZEDRIR

RRECFEEDREE

Driver B FZEZNDME

EHESNTWBAY/ LA IV RERE
1. WMARIMDEGREEDWGS/WESIZ K 5

Wisconsin K=", Baylor K=& [5E
2. $AEDNADWGS/WESIZ L S

TE

3. EEEENADEFHR

Vanderbilt K=& -

X

BRCA1/27: E DS
4 ER|RBIBEZEDZSEIEZI &
BFHILTADEZE (DNA7 L A1)

MayoClinic, MD Anderson

BILF

Mayo Clinic

BE1HANBAETHS
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KEIDT /) LAy AEED
HEAE - ST{dRE #E

LI

LY —BREYZEEL-REAN IO k=
HBDRE Z R T 5 EZFKProject¥2Consortium~

H

*  NACHR:
— National Advisory Council on Human Genome Research : NHGRIA &
— NACHR working group
— early adopter z RO TEADEBRZHEL., FLHTY / LEEOREZRAT S
- EGAPP:
— CDCP (Center for Disease Control and Prevention) H8%3Z(2005)
— Evaluation of Genomic Applications in Practice and Prevention
— BEFZWEOFM. BRI RO B4R M
- CPIC: E®E7/ LFHREREEI VY —2T L
— Clinical Pharmacogenomics implementation Consortium,
~ EEY/ LHERY T—% (PGRN) D # /3, PharmGKBD R 4 v 7 THERL,
— EBY5 ) LH4AF 2 X(CPIC guideline) #E&ERR. BRIKREEICIRRL. PGXEERMNA
CERIRTHAWLWLNAZEZHM
«  ACGM (American College of Medical Genetics and Genomics)
— Incidental findingD #f2E 1) X kb (56:815F)
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“Big Data to Knowledge” (BD2K)initiative

- BD2K: "Big Data to Knowledge” Initiative Bfifh
- I'¥—4% - EHRFICET HANIHRERBBZEESR] WG

— ERiEL=7—0 a3y T, MERRIBEEZELCAMERDO=6HDCOE
[ZX T HIREDHEE
— WIEZEDES 2014FEH 5

- F—4HBD-HDEIRE (Associate Director of Data Sciences)
#{Ed7 Bourne, PhD.

« Francis CollinsEE#% INIHEHE COELIHE |
— HAMEEMEICEROEEMRZFED. BEHMNICEXRIT 2EGERER
T—3 % ERT S
C By F— 4 OBRIETIE L)

— NIHBNZCDEGZFEY LTS, RERG - F=-T—2BEHICHT S
77txwﬁA SPIZEFBNLEREIZER-T,

http://bd2k.nih.gov
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http://bd2k.nih.gov/

NIH BD2KETIE D E it
. EFIZHT BT — 2 HEOLKCOERIRK

— Center of Excellence in Data Science

+ Uni. Pitts: Center for causal modeling and discovery of
biomedical knowledge from big data

« UCSC: Center for big data in translational genomics
- Harvard: Patient-centered information commons

- ZDM, AaBVETKE, 41U/ A XREGZE1EE 32M$
- Data Scientist AMERL

T — A FH F 5| DDI (Data Discovery Index) Consortium
— Data discovery index coordination consortium (DDICC)
~ T—AR—AHZ2OTDFHE - PUbMED®DB}

— UCSD: BioCADDIE Z Hily [ZDDIFFZE R F

- Biomedical and healthCAre Data Discovery and Indexing
Ecosystem TMDU

Ll



BEE_RAT Y FeMERGE

BII5E : Nat. Ctr for Biomedical Computing : i2b2 e X DEET—4
phasel (2007-2011)
— BF HILT %iE L TEeRKRphenotyping% 1T >
— EMR : E&FRphenotyping & BiorepositorylZ& 2 < GWASH 7]
geH (EMR-based GWAS) FIAIZEEY HELSIAIE 1% 5T
— eMERGE-I: Mayo Clinic, Vanderbilt X%, Northwestern X
1 & 5 HEEk o S
phase Il (2011-2015) oy Nt \ T .
- BFOALTLEEGEROMEERE), W ol
- BFOLNTADT/ LIFROKE || L U X ;".;.";:; P Gk
- PGxDEERICAICEY 2HTIAC LY |~ L7} N
- $52[E{F Return of Result (RoR) Y | LA/
- 47jﬁn27b\eMERGE ”ct L) j]ﬂ*)%) \ . * . e
R &Pz & Mount Sinai/Gesinger A Ly ™
CSER Consortlum & liason Hospital Medice Comer  Uniersty  Coordinating Center

“Clinical Sequencm% Exploratory Research” 2>V —v 7 L
 NHGRIIZ& Y F &1

e RMERIRZNET BT=ODES / LITX — LT

TMDU



—

MK 7

i2b2 (Informatics for Integrating Biology and

the Bedside)
« BMIREHoWDIFEHRZE
FiE (sub;ect) ihiE (predicate) HHIEE

(object DRYTUY b (ZD8HA
RDF : resource description framework)

TR,
© AL EOV—LDEAEDHLE TRERATEE

E9 5. BFEBERET
- Star Schema: 77— X—XXF—T N 1
D, ZTOHDIZAET 5
observation_factT— JJLIZE#HEN 5,
tranSMART - FS5 A L—23FILEY
EEMED TS5y bik—A
«  tranSMART Foundation|Z & Y) B %
ShTWEA—T>Y—R(GPL3)
Uk IoikE:

DTZv bTAH—L
- ExJ® (outcome) R EIZ & i
L. B k<, *HF‘aE]ﬁﬂﬁ DSR4
AT, F R 5, Eﬁﬁf‘aﬁ’ #
7‘8: & O)ﬁg*ﬁb\ﬁf Fll:.

Node

i
/

7]

Description

Biomarker Data

BEERER

Patient Dimension

PK | PatientID Integer
Gender Character
Age Real
Mother Tongue | Character
Religion Character
other attributes

\

Eitor> has—h

Concept Dimension

PK | Ontology Path | Character
Attribute ID Character
Attribute Name Character
other attributes

2 DEREFEFEKIE (Phenotyping) DRERE

REFFEL IR

+ @ demotransmart.etriks.org

Search [T Gane Signature/Uists.

Soarch Toms | Navigate Terms  Acros Traks

e

1Pt Swapes

402 vcun P e Gt G3€5108

278

o GSE1382 (387

4 Endomairal_Carcer_Selveson_GSEIAS60 (5T)

I Projecs

4 1 Mutple_Scieross_Gurevich GSEVB245 (84)

53 TCGA e

5 Broast Vv Carcnoma [BRCA (40}

Measurements of biomarkers such as RBM antigens, gene expressions,

antibodies and antigens in ELISA tests, and SNPs.

Clinical Data

Primary and secondary endpoints, and other measurements from the
study.

Samples and Timepoints

Tested samples (such as tissue or blood) and time periods when the
samples were taken.

Scheduled Visits

Periodic stages of the trial during which patients are seen.

Design Factors

Sample Factors

Compounds invalved in the study, dosages, and regularity with which
the compounds were administered.

Note: With clinical trials, this node is typically named Treatment
Groups.

Patient information, such as demographics and medical history.

3N -Nods wnges (270}

Visit Dimension
1 PK | RecordID Integer
= Patient ID Integer
/)-lo);R DF H) Location Character
AN
7b/|~|ﬁ$& Start Date Date
Observation Fact End Date Date
(%) other attributes
PK | RecordID Integer
PK | PatientID Integer
PK | Attribute ID Character
PK | DoctorID Character
PK | Creation Date Date
Value (Character) | Character "
Value (Number) Real
other attributes Provider Dimension
PK | Hospital+DoctorID | Character
o \
Doctor ID Character
Doctor Name Character
other attributes
<
Gansrate Sumemary Stsstics | || Summary || (@O | S Mo | G| @
Comparison  Advanced Woriflow  Results/Analysis  Grid View  Dms Dpot  Beport Jobs o

Summary Statistics.

Query Summary for Subset 1

(1Publc SugeuPubic Sud

Count

Mistogram of Age

TC0A Stus
oo (SO Sanei Feco End Porwid
HBLNING )

Subject Totals

[ Query summary for Subset 2
| (Pt Stoseneusic S1.0esTCOA SudesCoon
nncarcioma (COAD] S FacsondE e Pty st
\ FIOECEASED )

Comparison of Age ©

Subset 1 Botn Subset2

20 o =
Subset 1

Mean 085

Subsat 2
Woan: 71.27

| Wactam: 705 |
1o 17 |
|0 10m

Dt Poiets: 26 |

[ °
FEWAE

" °
e
unnown | 0

o

0 amn
o

= 2
o

m-m:() sml(h)
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N 7 - EEIZE T 5Big Data

M2 FIEER (Genome/Omics)
— 7/ L - A2y REH,R. multi-omics
SIRIRIERIFE (Phenotyping)

— eMERGE-I, PheKB. EWAS
¥z R X 7L (DataScience)

— Data-mining, Knowledge Discovery, A L&

ZEEOHITHAEY I T—4

7/ LIEER +  BRER - IRIRIEHR(EMRE)

M F R (learning) X T L




KEDBD2KOFEDODHIDEIZE (1)
CancerLiQ

Learning system®M A B R4 : ASCOCKEERKREFES)

« The ASCO CancerLinQ initiative

— “Learning Health System”# % L\ME"Rapid Learning” D=
ENAVRBDBWTERT S,

— T—ADNINSOREZHRE. &1t - ZEDHIZ(EHR)
MO REDZET—XERODTHI S

— FLWERIKAER., A4 K314

— RREDEFSBICK >TITAADHNAEBR T —IRN—X %
BE, EPAVIZTDONTI~2FANDEHZEEDH S

FEUATLZEEL., REGZERT SaBEM# = Hia

5, HAFE, —a—0Oxy FEERELTEE,

« 20134 CancerLinQ A F 2 A4 TE#FERK. 100FALLED

ANAZER. TERBRARGREES
TMDU



KEDBD2KDOEDODHDENE (2)
¥ EHEREER & IBM Watson

Learnlng system®D A\ X% IBM Watson

BAREELIE, KET—FIR—XZFER. HEEMZTHESE: Deep QAL X T L (jeopardy)
MITOSTARTEMEENSF T4 VERSEQAV AT L BRZI UV TIVGEMICH#E
CMU®M Open Advancement of Question-Answering Initiative (OAQA) ¥ X T LM EIE
Eﬁbgnﬁ”ﬁ”;;(ér%ﬁ@f&?#x FEREEET AMBREILETILI) XL, TFRAMGHEBEZR
KIRFEFERBLE . BXET. RERICKY REORBRHREMZ AT LO—BRABFERRICEHER
BREEERICEASNLIMAFNERTER BRI, A—RILE) HERE

Memorial Sloan-Kettering Cancer Center (MSKCC)

The Oncology Expert Adviser software (OEA)

IBM7 kY UDEERASLIUVBAEZNERTE ., MSKCCHFE->TWAEEKMRE (F -4
J LT—4. b\A/FJ*_*O)H IR IRD R E) HHHAEDE, 1131/:'0)%%% aor?—"%@ BE
FHERTETBDIZENLD. BHEOFEICEDS - A S EHROABEDERKEE BT

New York Genome Center

AAEFENNABERICH L TEIYRIMER T 7 ZIRETELLIXETHY—ILELTY / A
MEERICTHA > EIn=WatsonDHAIEL AT L

RODXIR E L THEER Dglioblastoma (7'') 7 FMAEE) . 4/ LB & ERIGFHR. B
MNoERMEAEEFIRE

Z D fthDWatsonD i F

Cleveland Clinic

BREARES2E IO S L, REGRMEER I A L—2 3 OF T, WatsonZ 55T L
THREHIZ 7247, WatsonDHEiTZFIAL-EREDEEHEY—IL
MDA Anderson

BERICEY) B E Z 2B IEH 2R (clinical trial) TMDU



KEDBD2KDE DA DENE (3)
ZDI(Fh

Cancer Commons initiative
— Rapid learning® 1 > 7 5 &{i
~ B#® : BEOMEES & xFTOMBEEH
— {@% D EZH D Donate Your Data”(DYD)Z £k
~ ERIELTHEIZEZSELSIZT S, "e-trials”
—  MelanomalZx$ 9 Bipilimumab
Craig Ventor “Human Longevity Inc.”
- FE-RF EBEEF0EE)
—  FJ LEZE, BHEEAE (Hariri& #£(2) #HIEAR7000/ZMHisegX 5sets
—  —%40000%7°/ L ($IR/IZN EE - BEE) INE.
—~ 7/ LDBHEZE. BRKERDLINE
- BARA#EELEL —HS5ADE RS/ LA
—  HA (Moores Cancer Center & 12#£) #ERR. BRAELEDHKAKED
~ ERZEOEMRMN MDD S
Google X7 A< = - +“Baseline” N
- BECETIREXR “9line
—  Conrad AD ¥ & [ZDuke K= +5Stanford XAV
— RET5E. kFIERMGNA AT —HIEE
Deep learning &4/ LA S v 9 REEBE~DIGH
- BEEADIGHA
— ZRE{Za—OxRYy bk
~  ZEEHEHEE
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{2PPERIER T,/ L399 RERAFTHNT

MNADWBIER D Fizlh & BRI A%

— BIAINAMELVZ —FHREE
- BIEFREELY FSAN—EEFDZH
- DFENEDBRRTIL—TIZEIHT

~ BRREIINATEF—
- FRERBEOTOD Y b

SERBIHZEEE

— HKERY/ LEZFE AR —

(7 LEEEH#EERE=] SEE (7.15)
- BRIV ABRBEDORERI
- BREBRELTHRDER - #E - FREE
- EEFRIME a7R— k &common disease
o BKINAANDY DEE
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mHealth, wearable sensing

TMDU



EEEER - SEFERAN DR

Reactive (x1it:8)T
Occational (& 89)7%%
ER-T7

=

o HERIERITIEREE

— Quantified Self (mH

Proactive (¥ RHJ)T
Life-long (& E#) 7%
ER-77

=3V
ealth)

c BN - TISTNVEEBE=ZYLYD
- ZINEIERE - proactive professional consumer

c T VIR - NAFT—hHkEETE
— IPOP (integrated Personal Omics Profiling)
~RBFHMAZI VIR - EHER

TMDU




SFE U IDER

Quantified Self

— KETOEE), Wearable Computer: £4At >
DU EHEELTCEBCORE - THEE=-2—
5, HRICIEND

¢ Ejtxﬁ B i %COI ECG; EEG; Skin Conductivity; EVG
—- &Yt o7 L8 AME
Ky TCEHTHIEEHD] R (R - 32)

cBReVY___ (X)) (WX - W2 - BEXER) 3
e W) ORBY AT FH - HIE

\ - BhT—h—__ (3iBX) OLE - FHE Y (TR MEE . FSBRIE AL, MFRAR. T Dfth)
- 0) i -FETEVY__(RREX)  @HOU—BH QN HBMRET
- BRI (WIEFPRA) @51 IZY A VEHE (D, 7 )LD —)LRM. B {ES5T.

2 ﬁlt/')—..(E!t%I) - lﬂﬁﬁ‘&)

AT A ZaTHREEODIDEEE=2) VY UPIWEA L sy
i EEBDmMHealth®d 7Oy + Eﬁw 4ﬂJ | e
- EEREFNILT (EHR/PHR) ey
- FULE—HBED YRS EHEEM Bt EI:%

TR ERMITEEXFOFA

RIXKZCOl TEYFantero T
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IPOP (integrated Personal Omics Profiling)

Personal “Omics” Profiling (POP)
/ Genome and \
Transcriptome

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

I Proteome Personal
. —  Omics
T Cytokines Profile

Metabolome 7
Q Autoantibody-ome /

HRV Infection | {

RSV Infection |

0 4 21 289290292 294
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- Epitherial-mesenchymal transition (EMT)

* non-motile, polarized epithelial cells, embedded via cell-cell junctions,
dissolve their cell-cell junctions and convert into individual, non-
polarized, motile and invasive mesenchymal cells
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Network biology approach to
epithelial-mesenchymal transition in cancer
metastasis: three stage theory
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Glioblastoma miR-21
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R~ | AML miR-98
Circulating microRNA in body fluid: a new potential DLBCL miR_21

biomarker for cancer diagnosis and prognosis
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