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— HFENDFI5ER - ER{LERE
s TFIL  AZSVIRERE
« S AT IDFIEEE - Precision Medicine

3E)\1ILEE

FREH (mHealth)

Sk WY VRN =N Y

2 BE1p ]

HRDR A TD
T ERT 50
ARE=1t

LW ATD
EREVI T4

TMDU



EED Ev Yy Tr—42Fdn]
~{a[HEF L LD Hh~

<BMBT—IRHELRERELES >
B
HEXODEREFHRD EvIT—4%1

@ | DOooo
Big “Small Data” g | Emmm
ERIER - EFAE BHIER  HTHEEREE l Deso
— B#Y : Population Medicine® Big Data Sl=I==
SEREEHT TESHED] 285 oooo
/L F 2y XERE, mHealth D e
EwvwH5F—4 BiEH —»
Small "Big Data® I e = =
1{EERIZBHET 2T —4& EED I ¥ | ooooooooooo
~ BHICHARTEGESR A% boBooBRn0ooas
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- Population medicine®/\5 & 4 Lk
— <One size fits for all>DEFE (L £ X O/ Y 3L =78 LY
— Personalized (Precision) medicine
- BERAMEEEZERT S-OIC<ERENZ—2>%
WEMIZEARD - HFLWIASATDOEY T T—4
« ECFTOHETHEIET NIE LD
» Clinical research (B&ER®FZE) D/NS5F A LERik
RIRIAZR B T%MIEEEO)EE RIRCT
— <stat|st|cal evidence based>
— RERDORCTDWLIED 5 DEFHR
— [EAR] et - THERL HMEAFTEGORRKRMBESRE
— Real World Data: E v 97— ’)‘l%ﬂnﬁkﬂé?%(BDZK)
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FE1DHRN

R —4oHDA4 /N0 k
KRR —4 oY ZFRED EF SHhigh-

throughput7 FIEHINE D 2L HE FEE

SRGEERIEEEME B MY/ LESETE134,3500(EM=>1H,105H

2005~ NGS Cost per Genome
(454,Solexa, SOLID) 2 N g i
2007/8~ i

S—ir o REmW « : =

HiSeq2500 Ion Proton
A AE(TE #1EA #3500 M
E—-R/FvT VAS G dw Nl S AN S ZEY RS, Ton Proton I
BRARBSRE 118 27850 2685
U—RKE (bp) 2x 100 2x 150 200 T
>—ASEHE(Gb) #1600 #9120 10 ﬂlm&
5 T
(EraAEs ) AR .

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Hiseq X AT L 1068HH BE1/5)

DNA Sequencing Cost: the National Hll.lll;ll Genome Research Institute
—lr R R
7L (BRIRE) MIBROES L. SHERDL—TDEMNEBAI TS !
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KD 2 DNDERHAREIEFIZ2010F (ZFta

(1) [REASBA 5t X B9 ¥E B (undiagnosed disease) M

[RREEFDERRDIRIES Troc) MEZHT

R —T7 o DOEXEMREREZTT
Wisconsin EfI KETHDE I XY — LT
2) ZEHIDODRHEROLZHEDIRE
FERDBEIE CTEFHILTOELS(FEEXIE)
Vanderbilt X ZJR[E D St Hll 52 |

T BE-DEGRFOERZRARNDIERE EEFER] TY/ LERICEEDHLZL
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2005~ NGS
(454,Solexa,SOLID)

77 LBEED 2007/8~

#2:%.Hapmap2002 =l U RER

AR, GWAS
Undiagnosed

HRIRBEBEEZDZEME DiseaselREIE EEEA AT

DHF| - EFHILTT IFDPOCREE YT L

24 - Preemptive PGx  MCW/NE &5 2008BHE D

Vanderbilt X AR2011

Cancer Driver
GeneD[EIFE &
MAAFIRER
Mayo Clinic

|

Yk
S

20104

2012/34

T/ L-FIvIR
PSS
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7/ LEROKVIDERRKREE

Nic Volker

XIAP X:EEHT7 R b— RAEEZ VNV BEIR

ZE  TGT(cysteine)—TAT(tyrosine) (203 H)

THRE—=ADEERF REZRDIGZHREST HEHCRE
#BE HETOE LT/ LEHITREIN TV
LY 230 aoNnNIheFUoNID—RINEET

Clinical Seguencing

Wisconsin /MNRJERE (£2K44G1) 20094, 3F D EBEF,
2EMLIRETRBADIHZEERT. BOW=5 & ZAHITEBNRE,
JO—V@mMhEERSHA, Y a— /F@Eﬂ&wg‘fzx?j"iﬁb
2B TLI0ED AN B IUIBRFMZITONERZE
1BURT, SHLLETTSEEMN A o T=(A. Mayer) S

pmwé:#v/wmw&kﬁﬁ/ 71/&&m ‘

Medical College of
Wisconsin, Human &
Molecular Genetics

PRI~ & 2 BB L R (20104654) Foward Jacob
2010 7R XICIE, BENENSHETICEIEL =, (@ major mover of
B, EEORFLEEDOBREELEFEE > TS, i
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ERRFNERES &

ARD T/ LER

-roedtert ;

« WisconsinEFKE G

— NicEIZ#H LT (BF3R FT6HI) Wisconsin
— {&##H:E&R (nomination) INE TS

enome sequencing program

e Rl G LS E AAY e
© WEDIRE - ZSE TR G EH Wisconsin EER A (MCW)

— Multidisciplinary & :EIRZESTLEa1—
— G- 8RN T EARAA LV NEADUEY VY
— 32245/ L, 550 8T XY —L (2015548%T)

~ 7 AU NKEEEE (CAP)S & UClinical Laboratory
Improvement Amendments(CLIA) Z#E : sz @)I&5);F  Froedtert flke

— T—AR T : in-house?Bio-informatician T

 Baylor

ERASERE 2E&F r =hl
— Wisconsin[Z#eWNTERER Y / LECHIfE AT o

— J&BEMIZWhole genome laboratory £%37 (2011.0Ct) pgeem

— In-house T —4 VL U JIER DI .
— CAP/CLIAGEREDIREEZMRAICI b EIT 5,
- BRIRS FIEEREIC & o THRAT - #REE @r¥.

. ZOIEMNIZWashington X2, Partner’s &2 3 < TMD
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Pharmacogenomic Resource for

oS Enh d
. P R E D I CT 7 D 7 I\ Dgcilasrllgre\s inCare and Treatment

15 H DFEFIKHERCYP yﬂ*”'li#umcmp
gEfﬁO)M?ﬁ‘ FRIZELSERT (2010M5)

8 HEO Popup

Clopidogrel Poor Metabolizer Rules

>
Genetic testing has been performed and indicates this patient may be at risk 7 D E I~ 7 I/}LMﬁ
for inadequate anti-platelet response to clopidogrel (Plavix) therapy i; ﬁ }l} — ii
TOESHEMT

This patient has been tested for CYP2C 19 variants, and the presence of the "2/°2 genotype has identified this patient as a poor metabolizer of

clopidogrel. Poor metabolizers treated with clopidogre! at normal doses exhibit higher rates of stent thrombosis/other cardiovascular events. ?ﬁ % 70 i t V) 9 X *J'L .[ﬂl*i ﬁ“

Tr is if not

© Prescribe prasuarel (EFFIENT) 10mg daily and stop clopidogre! (PLAVIX) startdate, 10 AM X / |\ EJEJ % $ 1TI 0) 1& '\ L ﬁ

Due to increased risk of to should
notbe given to patients:

9 P pidogt P g

@ that have a history of stroke or transient ischemic attack *** Not known; please check StarPanel
® that are greater than 75 years of age
& whose body weight is less than 60 kg

ot s e more normation CYP2C190) £ EItE T2 2D 15HH 1
If prasugrel (EFFIENT) not selected, please choose desired action: 1‘% ngj*%ﬁg 7b§1g l, \ 0) 'G‘ (poor m etabo“zer)

@ -Increase maintenance dose of clopidogrel (PLAVIX) 150 mg daily, startdate, 10AM N
© Maintain requested daly dose of clopidogrel (PLAVIX) 75 mg dally, startdate, 10AM MmN EET 5

If not using prasugrel, please select a reason: ﬁﬁu :]:Q'—}'_- o) Ft; % lj: Z: _|_ éj\ -G & 6

I Contraindicated for prasugret
1™ Potantial side effects
1™ Patiert opts for clopdogrel

ey DEEDBEF22)TSRAIT LI

Chck here for more Informstion - (Pé‘ﬁnn% 7 4 Iy f\)‘\gz_ %)75\

(f not should replace f I thi is not possible
dose However, there Is not a national Inthis

NEE2UBIZLALEEEFELTLS
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Genome/Omics

2005~ NGS (Life sci 454,Solexa,SOLID)
2007/8~ S —4r Vo R &R

2010

2013
GIEES

F2H .

2015

ERDKE

TDFEE

7/ LEREEKREZEORMB - MCW NicEREAFBEEE WES

XIAPOZERRFIE - BHEBIE
« Vanderbilt preemptive PG

BRERWESD & (MCW)
EHPGXOTZE# (VU)

— (PREDICTE&tH) Btk

<:| “Roar in the world”

Wisconsin

Early adopter
B 2
Vv
577 LEROERKIREH

NIH BD2K initiative B4
giEH ) LAY —T A

v

FNIKEE FEHE

Precision Medicine initiative

BURDER

BaylorEEH# X
Mayo Clinic
Vanderbilt K& 4 &

NIH “Big Data to Knowledge” §HE (2012/13)
ACGM incidental finding list 56 genes (2013)

NACHGR report “Future is here” (2013)

CPIC guideline, EGAPP guideline 2013.14

E R EBUE/£EConsortium
AF 5

NIH “BD2K COE in Data Science”, DDI (2014)

ASCO “CancerLinQ”, Cancer Common
1 M genomic cohort “Precision oncology”

R K RETREI TIZHTOERMKRT
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TMDU



W—|\3; & T, 35 PR

S S SR B~ N\,
A

Ef Ly AT

GFﬁmﬂ%w%a

E1ERRE S/ LERORE

| 20003k (2 Pb)

.....................

;kﬁfﬁ =T /7 O)Euufiﬂé“&<201o~) :
£4') L (x30 : 100Gb) = TH Y —LEEH (X100 : 6Gb) '
ﬁlé E 3 "CS (i%&_l_d)%% a-ﬁ B?EF%HE i H & EX(NCBI:SRA)
- = [ -
/L A2y AEROER

- %25&5‘52#%: v I T—5EH

ERIFHREDIRE

r71/947

EREYITT—4

MayoClinic TI&
1085 AEEWGS

1 #BFALTUXL

7/ LERM#E

NI ENEE
TMDU


http://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&docid=4bqzV7O9gj1ibM&tbnid=vCGyjPtDRXWxmM:&ved=0CAUQjRw&url=http://changeobserver.designobserver.com/feature/5-health-the-risk-of-catabolic-collapse-and-peak-fat-in-modern-health-systems/30458/&ei=g79lUt_oAoenkQWY2YDoDg&bvm=bv.55123115,d.dGI&psig=AFQjCNFA7f1ufo_nGksIqo3Po3eH_4NRGQ&ust=1382486216353063
http://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&docid=4bqzV7O9gj1ibM&tbnid=vCGyjPtDRXWxmM:&ved=0CAUQjRw&url=http://changeobserver.designobserver.com/feature/5-health-the-risk-of-catabolic-collapse-and-peak-fat-in-modern-health-systems/30458/&ei=g79lUt_oAoenkQWY2YDoDg&bvm=bv.55123115,d.dGI&psig=AFQjCNFA7f1ufo_nGksIqo3Po3eH_4NRGQ&ust=1382486216353063

—

MK 7

12b2 (Informatics for Integrating Biology and
the Bedside)
c BT REHS @ é'l‘%#&”é
F:E (subject) #hzE (predicate) BHHRIEE
(object; ) I~ 'J TLw b (=2

RDF : resource description framework)
TR,
- FrbOP—LDHHAEHLE THREREE
95, fﬁﬁﬂlﬂ’] TLERET
« Star Schema:7T—2 X—XXF—T D 1
D, TDHIDIZFHET S
observation_factT— JJLIZE#HEN 5,
tranSMART = FS VA L—2 3 FILEY
EEHED TS5y bik—L
- tranSMART Foundation(< & Y B
SNTWEF— T2 Y- R(GPL3)
DTSy bId+—L . T—3I—FAK
. EBJ'FH (outcome) & L L YEHZTHH
— k< 7 HERET, VAR
*ﬁ IEJZ ekl R AT
e @ﬁ#*ﬁb‘ﬂﬁ%

Node Description

Measurements of biomarkers such as RBM antigens, gene expressions,
antibodies and antigens in ELISA tests, and SNPs.

Biomarker Data

Clinical Data Primary and secondary endpoints, and other measurements from the

study.

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

Samples and Timepoints

Scheduled Visits Periodic stages of the trial during which patients are seen.

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

Note: With clinical trials, this node is typical
Groups.

Design Factors

lly named Treatment

Sample Factors Patient information, such as demographics and medical history.

Who (F&(EIR)
Patient Dimension I

2 DXRB[EFKIE (Phenotyping) D fElRE

When CEFRIEER)

=i
(& 142001

Visit Dimension

PK | Patient ID Integer 1 PK | Record ID Intager
Patient ID Integer
Gender Character
y y o Location Character
Age Real EII%_EWE{E/\T Start Date Date
Mother Tongue | Character
o Observation Fact End Date Date
Religion Character other attributes
other attributes oo \fl PK | Record D Integer
PK | Patient ID Integer
PK | Attribute ID Character
PK | Doctor ID Character
< PK | Creation Date Date
What (BHEDELR) w
gy Value (Character) | Character H y Prg
w (EER. &&E
¢ . Value (Number) Real < (EE% EE&E%)
Concept Dimension ther attribut
Oheraunpuics Provider Dimension
PK | Ontology Path Ch
o PK | Hospital+Doctor ID | Character
Attribute 1D Character 0
Attribute Name Character Doctor ID Character
t — 3 —-—
other attributes BOEMOEKORIR(C[EE Doctor Name Character
= = L other attributes
PathZfE S D THEFRRNE]

Searcn

+ @ demotransmart.etriks.org

T Genesignature/ists

D, Ganerate Surmmary Statitics
Comparson | Adwenced Workflow | Results/Analysis | GrsView | OwtsBpot | Bt X

Summey | @0 | Hsow M e

Category | Subset 1 (n) Subset 1 (%n) | Category  Subset 2 (n)  Subset 2 (Yon)
° o% G o o
FEMALE e s %
s = [ o ™




(1)

EREY T T—2 8
FEARNEREE

EEM SRR (disease proﬁle)’ﬂ:,

— ) LIF = v A1EHR(Genome/Omics)

[EREIE:
— H1{84T / LBF| (5£XHBJundiagnosed disease)
— BT/ LES (DA FiTHERE)

- [EEER
— BRMENAFT—h (F#izEEdeconvolution)
- R/BEORY FT—YMEELE FEESH)
ERERZ|IREMFER (Clinical Phenome)
- JRREEREE - F1& - ERIF
EFEmM/FME ERBERSZMYE (Therapy Suseptibility)

- EFIBRICHT HRERME
© FMNEICHT SRR

BRI (BRlE) /NI —2 DR EEDHT
MERBRERNEN (mtrmsm)@*ﬁ 1= 57 R

e NBE] BENT

[ZEmis L) 28

EBAle (BRlE) /N2 — 2 DFFMEED T

~ BREBNRY A FRFEE

Panomics(Z & 4% & #%FE1E
BIEEM/INA D A4 ~DIERE
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Precision Medicine

EREER



ObamaXK#i5E &
Precision Medicine Initiative

20154, —HREFEHETRERE
BER{EEE. FBEEHE (precision
medicine) Dt

1008 ADA7KR— MR GXEREMBER

2502 (215M$) OFH

—130M$ : NIH, 10085 Aa7+— O #EBI1E

— 70M$ : NCI, BAD FSAN—ZFE

— 10M$ : FDA, T—42 X—XFH

— 5M$: ONCIZZERR#&,[FHR privacy,security

TMDU



Precision Medicine & Personalized
Medicinel&X & 53& 5 H
#2428 - 9 TIZPrecision medic ine [Z2010Fg[EMN LEHN T LV

“Towards Precision Medicine” (US Nat. Research Council,2011)
REEDCERBRRNDST /L -T2V ABFEN DR EADEE

0's : £AKRILX. Personalized Medicine D& & T4 5 4 LVvAS,
Bis L CULV\=DIFEZH BEDEAETIZLZ BRI THS C & ZBHEIL

BEZ DHLE - Personalized Medicine M E4E SN =BFH 5 LI0BEFEFE > TLVD
EEEY I T—2BROICEIZKDILERSR

(1) EEFEXRREEEFEB)EZEEDRAX—TER
SNPREEZITTIHCIRE - £7FEEER(exposome) DER. KREFIEET2DOD
ZROHEEERZRRICHTE. EFHILTOERKKITE! (Clinical Phenome)

(2) AEEEE=4 ) VI RBROAE

E/31 JLAJL R (mHealth) - wearable sensorlZ & 3 X E# G IHEIRINEDER
(3) %7/ LakR— b - BiobankDEFR

Precision MedicineZzZIR9J & L LT, 4/ La7x— ~/BiobankBhETH S
Z & &3, Real world data® E1R
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4 ERIPerspective~®

RS D/INT X A LELHR

« <BWLWARLD-SMHEHERERD> DERRBREEZN D
- BHEHRERESRD- THEEIIHI4] BRERRE#BEZA

Life-long (course) healthcare D=

BEPD - BEE

- ERERPD (EERER) —

SEE - BESIE (participatory medicine)

Reactive (X iGH)T Proactive (% R 8J)T
Occational (& #)%: L) Life-long (4E89)7%
ExR-T7 ER-T7

FEMER - LHlEENDERH

TMDU



FEITAEERVAT LI
Learning Health System

#LWAEYMEFMENERREEICIESN D ETITE
RRT— 2 ZRAVWTEREER LGN CERERE

IOM “Clinical Data as a Basic Staple of Health Learning”
ERVATLOTOZ)LE (TE) FBHARDIERTH S

—F U OEETNEDON-T—2 (BRXHEBKHARELE->T) A
LHSZXZ 5B TH5]
T—3ZHEBITEHELICEDTEB LTERVATLEZRE
RCTIX TEE€E#%E] THEIN., BEDERVATLOATERESNTILNS,
ERENEERNRET IBEEFAZRARLTLLDH,

R CT (j: H% Fﬁﬁ 75‘ *il‘ 75\ l’) ﬁ % '-b 75\ 75\ %) Digital Infrastructure for the
=L =gy = . IS S Learning Health System: The Best Care at Lower Cost: The Path to
E 5“)] 7:-; ﬂ] Eﬁk 0) % *E 0) JE J-".:"x_ 75\ 7][| JE -d_ 6 Foundation for Continuous Continuously Learning Health Care in
Improvement in Health and America

Health Care

|OM(Institute of Medicine)® L 7R— k
20074 IZEBM/RCT (EMEAHER)
EHBDINTHFALELTRE




LHSOKFEH BioVU
7 LIEEBFHILTHEBRER L
Vanderbilt KEREDEEIFTHR S XA T4

BFHILT
Synthetic Derivative : EFhLTFHLESIE
VANTAGE BioVU BERRIEDT—2 X—X 2305, Optout 2=
INAFIND 5 ) L5F—4
DNA+I#Z (17.575 %) HEFIADH e —
N XNV ) EBIGTFERE
BioVU : Synthetic Derivative & E#5 BT 8548
Synthetic Derivative Genome DNATE#R
atcnrmrmEnCont ¢ VANTAGE Core : #1755, mii

M ODNAHIE - 7/ LT, A ANV D EE

. mEE®Opow |
— PREDICT : BSEL~LOEETFRIFERICLY .

| Researchoervatie EMBERL A EEERTBLRTLEESD
BATRRISH TN ER SR T ALY M L TERY 5

~20OE RS LIV (nmgH) 0EEFZEE L TABCBI,

- ' CYP2C19, & 5ICPONLDZEAKSA TNV, £ FEHE
KR A HILTHES | & LIBREREBROBE L5 1=, SDH S RBBERT |
BE = | Clopidogrel D 5EDXMRE (7F—R8) $&LVa» hO—)L :

' 7 ELN, BUVUD O EIRREEZRETS 5, COXHICEHRT S
| 7 —RBEL255M, MTDKER. CYP2C19*22E£ABCBIOB (L
BAE. PONLIFEFENHIBAL 1=, 9. TNDU



L LERERFED /NS 4 14 LsReal World

BD2K

- RH¥EDRCTIEXEEDIHNICAIHLIRIE

- T8AR] Moo THE OBE

. FBEMIZELReal World EET—42 AL RTEE

REED THHERFE

- HAEOEE KRFEM®IT BioBank®F| A

RCT

—

Digital Medicine

BioBank

(population/disease)

Precision Medicine

=)

= EEDIIEMEDIEX
Participatory Medicine
RN TOER - 77

=Intelligent Proactive Consumer®1ig X

Real World
LHS

BRME/NZ — 2 DeFMIE - AV T A FEE

=>T—2NDK
« LML, FE=LGNTHTA LEZEBET HFETHRE - ABZHLABE
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15~17%

RIEZ K S

- EELOFEEDEX
- 1EERZLHI HDIZHT00EHM
« FHFEBRINEDRD
—~ 2A~3A5D1DOFEINE
— & ITIERGREAER D S ERRERER A~ DFEIIR
— phase |l attrition (55 2 t818%%)

 ERPREYFRIE

EEmMEARBEOTESHT =EDF A
¢ EEF_ /,\Il _¢._0)I'"JJ:
fEEEDIPSHEAEES
- (f&rm) 4 —— (%)
. t I\ O) t \‘J 9 7__ g €1E j MEMER (ZNERE) mwm&:a(b-?gg)
DRECEN S
1200 - EFENRLEFE L1080 1,125 iy )IT
AW NOBRENS o FIHTHARRIE 0 014
(Bi#)  BTERREE T .
W 652,336 = L
747 A s
HERE 203 1:3,213 60] gag 508 :15_ _621/’ /76.9//'82 ~ 191 s
75 1:2.71 1: 8,698 a8 142 [z 19 .
o W 26 1:2.88 1: 25,090 300
21 1:1.24 1: 31,064 R
0 0

HWEZT—422011 2001 2002 2003 2004 2005 2006 2007 2008 2009



A v REIFEDRE

ZHIHFEMESGRTFHIR (Drug-induced
SDE)

— CMAP : Connectivity Map

HRREICKHEGFRERBEIO77/4IILDEL

- K[E Broad Institute,13091t &%), MCF7,PC57% £5 i A
IS4, 7000 BEFHEREBEITOT7M4IL

- Signature Bz FFHIRZIE : ZEMRITEEF)
Signature of Differential gene Expression

- DBRFIF : HBLIENZEquery, IBRRE THELEDS LIE
ISieEmERR
iR EE{EFFEIR(Disease-
associated SDE)

— GEO (gene expression omnibus),
c KRREROEGFRREIOI7MIILOELL
- KENCBHERK - R 2A5FXEER, 705780774
° ArrayExpressHEBINER. U2 TILBEIRRE
KEIE. B FRY FT—v ) OERRBRERFERN gene
ZEMNER (EI3H#HK) .
BEFREEIOO 74 ILEEL
=Fry FI7—OFEk TMDU

v

subject

NN




BIzFHEIR IO 74)LIC

B FRBE T ARF v 7 HALE

(signature reversion) -

Phenotype .
Classes

BN Gene set S
= K x .

E D]

L ading edge s

(mm ol

~- EFBEMEGTRERECIARFYT
- KERBENEGFREREIRFYT
~ BETFE - mENEIZHEET S
— Non-parametric 78R8 R E T 51
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