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Precision Medicine & [E4q] A

BADEELEZER - RIEFRRAICEHE f=(tailored) EHE
One size fits for all MPopulation EE & TR % S

s  EXIX. ERIELE®RE Personalized Medicine D& & T 57 LVAY,
B L TW=DIFEZW AEOEANETIELZCERIETHS Z & ZHMEIL

= DHL5E : Personalized Medicine M ZE SN L 108 FEFE > TV S

ZEREY T T—FERDOIEIC L HERIEERDILR

(1) BEEREAXEREEITEE)ERDRF—TER
SNPYOZEE (Genome)f= [+ THE K IRIE - £ FEEZER(Exposome) DETR.
EREREIT2ODODERDHEEEAZRARICHE, EFHILTOERKRERE
(Clinical Phenome) £ & B RIERICIEIFA AR, 3 DDEEDEWR
(2) BHEAEE=-Z2) VJERODIIE
E/31 JLAJL A (mHealth) - wearable sensorlZ & 5 X E#EEIERINEDER
(8) 7/ LaR— b - BiobankD EFR
Precision MedicineZ==X(IH9 2&E L LT, ¥/ La7R— F/Biobank S ETH D
Z & %FR# . Real world data® E 1R
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RER—T o5 DA 2ND b

R —4 YR80 &9 SHhigh-
throughput? FIEHRINE D B GEFHE

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

! 2005~ NGS |
1 ost per Genome
| (454,S0lexa,SOLID) | 2E N 0 B G
| 2007/8~ i o~y
| = U RER ! «w R

HiSeq2500 Ion Proton
b 3 34 #1{EM #3500 M
E—-R/FyvT VAS & 2wl NwAVE S SEv RS> Ton Proton I
HRAT SR 118 27856 285
U—Rk& (bp) 2 x 100 2 x 150 200
>—SEHE(Gb) #9600 #9120 10
(EPaAEr ) & 2l i

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

Hiseq X Y AT L 108K (B&1/5)
.

DNA Sequencing Cost: the National Humln Genome Research Institute

=4 RER 2007/8
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(1) IR Ix

P

Wisconsin

ZRIORFHBERDSEEDRE

fRR DIFIZ TE
Vanderbilt R==RED £ Hll Y / LEEE

ANBA % K B9 & (undiagnosed disease)
BILFDERKR DIRIZ T(Poc) MDEZET

RER—4 G DIGFEF
ERIRFETOEITY —LBEH

REZZIHT

= FAILTDESEEZIER)
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__________________________ 2005~ NGS 20084
B LEEMED | | (454,Solexa,SOLID)
| 25 Hapmap2002 | . 2007/8~
B, GWAs | _YTrvAES 2009
s Undiagnosed . EmAATY
EFIRHBEROZSE T Genetic Disease Y—S7 LICCG | 20104
DFIHE| - EFAHILTT BEREEF 200855%’&‘@&@%
Z4& - Preemptive PGx POCH = 201N BHBR SO114E
) & ! V_#DXEDD |
Vanderbilt K jm ke MCW/NRSRRE &~ .
Cancer Driver
GeneD[EIE & 20124
N AFRER
Mayo Clinic 20134

\ 4
)L AV REE

fies R 32 2% (clinical implementation)
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A4
H.Tanaka: IRED
"Genome and Omics Medicine T/ L -FZTvHORERE
—Principles, Clinical Implementation and BigData Approach—"
Springer 2016
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) LAy RAEERBREZIEDE 1 DR

7/ LERSIFRER D &P DERKR IS FE
Clinical Sequencing

Wisconsin /NBiERE (£2K4461) 2009%F., 3FDEF,
2EMNLRRARHADBZBEET, BOW=5E ZAITEENEAE,
HA—VFHNERFESN., vy O0—2FEOBRMOEEFETELL
2ER TI0EIDAEVIBRFRZITONERZ TR
$BURT, CHUETSAENE A ST(A Mayer) Teal ol
NiCDZITX Y OB ERERL—I T UoHRE K
MCW T R H S 7-16000{8 MDNAELHI & #EEFIZH 4T

XIAP (XEETRrF—RXBEES VNV EDER
TGT(cysteine) — TAT(tyrosine)
XIAP[FZRERNGZHET SEHCREZHEE
CNFETOE T/ LEITREHESNTLEL
AT AVNINEFUND—FETREET

Nic Volker

Medical College of
Wisconsin, Human &

ﬂﬁ%ﬁﬂ(: J: %) E‘ﬁﬁ@*ﬁ j&%ﬁfﬁ (201 0¢6H ) clg/étalfecrular ,Genetics
201 Oﬂ57ﬁ Elili':(is ﬁ%h‘ﬂyhé i?':@‘fg L/T:o Howard Jacob
BEG, TEDBFELThOBRELEEFE>TL, (@ major mover o

the whole field, Topol)




WisconsinER KE/NMNEBRERS LU
Froedtert /RN Y/ LEE

- WisconsinEEE} X% Genome sequencing program

— NicEI[Z#WT (BE38 F Tofl) Wisconsin
— {=##R (nomination) ECLEN - f O
¢ ‘ﬁE%@*ﬁE - E????’C*E‘/)&’ﬁ%ﬁ@ﬁﬁ'l Wisconsin ERI K% (MCW)

— Multidisciplinary 8 & ERZEESTLEaA—
~ 6-8FFRIDTER AV MEAD Y VYT
- 32245/ L, 550 2T F Y —L cosrapEo Lt L
— 7 A1) hRESES (CAP)H & UClinical Laboratory
Improvement Amendments(CLIA) £ #Lab
— T—2AfEHT : in-house®Bioinformatician T | —
- BaylorERE XZHE5E e — = £l
— WisconsinlZ#t L\ TERIR 7/ LECHI R e e
— JABRMAIZWhole genome laboratory %37 (2011.0Ct) g
— In-house TY—4 4 UV VI IERDH =l
— CAP/CLIARREEDBREEZWEANICILE ET 5,
— BERDFEEGEEEIC L > TEIT - HRRE > il
- ZFMI(ZHAIZWashington K2, Partner’i £ 2%} TMDU
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%ﬁu RBERSIMED /7“ ) LEE o o -
R —E) I~j< &t (2010~) N

Pharmacogenomic Resource for

.PREDICTj D > 7 I\ EZEZ?gr?gingare and Treatment
15 B DEFKHHERCYPZE M HIEChip
EEIDM A A —FFFICEFRR (OhaioXk+)
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8 HEO Popup

Clopidogrel Poor Metabolizer Rules

o e
A2
for inadequate anti-platelet response to clopidogrel (Plavix) therapy E;ﬁ }l/ — lﬂ-_i
TOESHEH

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 3 7 1; .[fﬂ. *g ﬁ]
AR SEVIR i !

B © Prescribe prasugreII(‘EFFlENT) 10mg a'a'ur:‘:m stop clopidogrel (PLAVIX) startdate, 10 AM X / I\ E\é! % q:_ 11-]- 0) fﬁ [‘ L 7'3—

Due to increased risk of g compared to clopidogrel, prasugrel should
notbe given to patients:

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

ik o or more Information CYP2C19M L&k T*2*2MIZE &
If prasugrel (EFFIENT) not please desired action: 1‘%%!\#*%'&‘& bﬁ{& L \ 0) —G‘ (poor metabohzer)

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

If not using prasugrel, please select a reason: 5?% ﬁ“ 1;1 5— 0) ,;'l: g ( j: T + —C & 6

I Contraindicated for prasugret

DEEDIZBECF22)TZRT LIV

Click here for more information - (ﬁ nn% I 7 /]' I / I‘)[»%Z zQ)b\

that pr grel (if not should replace f I this is not possible

{or, use dard dose However, there Is not a national in this \E 7&'2{-‘1[& L, 6 t %% L,—C L\é

e e | <5 TMDU




7/ LAy AEBBRKRERILEIDRN

AAIAD )=

BREEE L > 2 — (Center for Individualized Medicine)

ESDEZRNMDH S

HEAUENAD ESAN—ZEDRIET

HBRENGRRINYT / LEEDY ) ZHIVECHIEEHT

E

45T

MNAZHEE S SDriver£ 2 L @FE 7% PassengerZ £

BAAT/ Lary)—F7 L (ICGC : 2008FEM )
S0FED M A ZFS500EFIDES / LECHIEEHT
2012LEEM S LR FEREWBFE > F-(HHLAE L FEILA)
FEBEATORDEE, LS TI000FBALIERE

TOMD YT ) LERDRERESL FEE
2RBEHICRYT/ LEIIBRH : L0AANBE (BEE) T 3~A—XEE
Sl &/ LEBZE (Preemptive PGx) BRED D ENE
AT 5“BMA T v 47 : Clinical Sequencing REFHEER TMDU
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FEEREREHE eMERGEZ O 4 bk

FEARRIFRIFEHRD X 1 £ > % (NIH grand)
NGSIZ® 1 TE % &F /LT H 5phenotyping (HPO)
* phase | (2007-2011)
— BFHILT%E L TERRphenotypingd 4 & DR

— EMRMD 5 D &R phenotyping & biorepository[Z & D < GWAS
MAE[EEN (EMR-based GWAS), ELSIEIME £ &5t

— eMERGE-I: Mayo Clinic, Vanderbilt X%, Northwestern XK=

o phase I (2011 2015) e N e NN [
EFNILT LEEEROMESEE ), [T Raesm P s
© BFALTADT/ LEROHKE [ D) S e
- PGXQEEKRGAICET 2T IO I~ [ A e 7T
- #5ER[E{F Return of Result (RoR) e T T PR
AR AEMERGE-I& U i 3 L4 A R Y
¢ /J\IJEL.%B;TE & Mount Sinai/Gesinger Mayo Clinic /™ ety '( X
- CSER consortiumé& E& SR e s
— “Clinical Sect encm% Exploratory Research” 2> —v 7 L
NHGRIIZ& Y FE1

TMDU
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MK 7

12b2 (Informatics for Integrating Biology and
the Bedside)

| T EBLOBIERE

IE (sub;'ect) (predicate) EBY:E
(object) @ k STy b (Z0#HA
RDF : resource description framework)

TR,
- Aoy &@ﬁ"ﬂcﬁ"‘bﬁf*ﬁ?j

L9 5. ‘—T#hﬁlEl’] FE%E

- Star Schema:T—2 X—XXFX—7D 1
2. TOHILZHIE I Hobservation fact
F—TJIIZEH IS,

tranSMART = FS VR L= 3FILEY

EEMED TS Y bih—A

- tranSMART Foundation|Z & Y) BA%
SNTW3B4+— 7Y —R(GPL3)
DTy bIT+—L: T—337—+rAHK

. EJ:JH? (outcome) TREIZE U%l’é?&tﬂ

E— k<, $HF'9§lﬁ¢$ﬁ DS REH

*ﬁ IEJZ NI, HE AR BRI %ﬁ&t@ﬁﬁﬁ
hVET BE (IMI: Innovative Med. Initiative)

Node

Description

Blomarker Data Measur’eme ts of b\oma ker’s such as RBM an {Ige 'S, gene expressions,
and Si

antibodies antigens in ELISA tes

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

Tested samples (suct
samples were taken.

Samples and Timepoints h as tissue or blood) and time periods when the

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

Design Factors Compounds involved in the stu dy dosages and regularity with which

the compounds were administere

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

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

Who (BETBHR)

Patient Dimension I

RE=fiibzed
(& 42001

2 DRBEEFZKIL (Phenotyping) D fERE

When CEBZIER)

Visit Dimension

PK | Patient ID Integer 1 PK: | :Racord.ID ntsger
1 Patient ID Integer
Gender Character :
P _ AT N7 Location Character
Age Real & |EE & Iiﬂ— / Start Date Date
Mother Tongue | Character
4 Observation Fact End Date Date
Religion Character other attributes
other attributes o0 \l| PK | Record ID Integer
PK | Patient ID Integer
PK | Attribute ID Character
PK | Doctor ID Character
0 PK | Creation Date Date
What (BHEDEIR) :
L Value (Character) | Character HOW (@\{é%\ @{é‘%%&)
7 & Value (Number) Real
Concept Dimension other aitibiites
Provider Dimension
PK | Ontology Path Ch
o PK | Hospital+Doctor ID | Character
Attribute ID Character )
Attribute Name | Character Doctor ID Character
==z -_—
other attributes ROEMOERORIRICERE Doctor Name Character
iy = S other attributes
PathZf# 5 D TEEA&RZRN A




Genome/Omics

2005~ NGS (Life sci 454,Solexa,SOLID)

2007/8~ r—4 2 A EAn

2010

2013
GIEES

F2H

2015

7/ LERBREKREDRR
BRERWESDOE®# (MCW)
KFIPGXDOET|H (VU)

- MCW Nic BREFARZERB WES
XIAPOZERFEE - BHif8HE <:|

* Vanderbilt preemptive PG
(PREDICTETE) Btk

=ROKETORERE

“Roar in the world”
Wisconsin

BaylorEf} K%
Early adopter Mayo Clinic
A HA Vanderbiltk24s &
v -

R _ : Ew 4 NIH “Big Data to Knowledge” &tH (2012/13)
T/ oEROERIIES | | 27 & | | ACGM incidental finding list 56 genes (2013)
KEH ) LOAVI—STF L T e NACHGR report “Future is here” (2013)

= D= CPIC guideline, EGAPP guideline 2013.14
E R Bk /£ EConsortium
B HA

v

FNRIKBEH FEHE

Precision Medicine initiative

BURDRER

NIH “BD2K COE in Data Science”, DDI (2014)
ASCO “CancerLinQ”, Cancer Common
1 M genomic cohort “Precision oncology”

I R KETEI TIZHTOEEEKT
7/ LIF 2y AEBRNERED B EERKE R

TMDU



ERHKRELTOD TEREYITT—4 ]
NIH TEY T T7—42 Mo~ 5TE
“Big Data to Knowledge” (BD2K)initiative

- BD2K: "Big Data to Knowledge” Initiative Biih
— R —H5 Y& BDT /L FAIVIOREEOERIZEK
Y. BEER—7 D RABERORKELERE (XTI L TEBERRE
— MREDEH2013F (2R, ETEIEMRFTE(L2014FEM 5
— T—APZO-HDEIRE (Associate Director of Data
Sciences) #{fds Bourne, PhD.
: Francis ColinsEE#X NIHEHRIE TOHELETE ]

Izréﬁﬁm BEODEEMZHFED. BEMICBXT 54%Em
-~ rl:“/]“%“ 9035#1%(?.* £ L71=]1 (CollinsEE)

— INHAZOEGZEYLITE, BRERG - -T—4218E
Lﬁ?é?btzwﬁA PHICEENLGBRBZE-9 ]




EXERELTO [EREYITT—45 ]

c T/ L F 2yl AERBHROEEMNEEZBRELT

- %ﬁLerfﬁﬁ L'CU%’T/A A 2wy AEERBRHRD
KEVZEEEAN BRIKY / LA Sy RXEHEDB

: NIH . BD2K0)2014E0)Granda L THDDI ({E#& L)
- BEEICBITST—32REZFNDEKCOEERIF
* Center of Excellence in Data Science

— Univ. 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
— ZOf, aAYET7KE, A1V /A KREGEL1IEHR 32M$

— Data Scientist A\MBRADFEEE
T — A F R 35| DDI (Data Discovery Index) Consortium
« Data discovery index coordination consortium (DDICC)
T—AAR—ZXAZ 0T DOHE - Pub MEDD DB

- UCSD: BioCADDIEZHlMZDDIRAFE D ElE ZE 3

— BiIoCADDIE : Biomedical and healthCAre Data Discovery and Indexing
Ecosystem

© REET TICEBMISHELTWS, HhAEIE?
TMDU



HRBEIZH TSR EBEEY T T—4

« EEREEFEFIEERFHROEY T T—4
- BEAZRBEBROEFILT —% ENation-wide (EHR)
BERLEEERT—42~"—X

— BRIt > F R ILETEI(2011~)

- XENEFRIEE (2008, HHS, FDA, 1BAT—4%) @
BARR (10KZE%RR)

- BRI EERE., 7O AL BUERLZE) 1B

—~ NDB (F>3aFILT7—2R—X)
- Lt 7 F009FE~) - (2008 ~)FER
- L7 ME#HR (BOEHLLIE., 7000754

— National Clinical Database : SEffl 7—42 X—X (EEf
DF . 4005 1H) TOfh, FREBBTLNA> TS

— PEETRELE B a7Rk— F(JPHC,J-MCC# &)
s /LAY RAEFEHRIEIINAIS
— HIAATADILAANHEE STHD S DERIE

TMDU




INA A -

FEIDEREREL TOMEFER

=FEIZH [T HBig Data

- MFERISDFIEER (Genome/Omics)
~ 5/ LA 2y o REH. multi-omics
- FRIRIRIEFRIZE! (Phenotyping)
— eMERGE-I, PheKB, EWAS
- MEFER AT L (Data Science) «
— Data-mining, Knowledge Discovery, A TLXNgE(Al)

EEDHITHE VI T—A

MigFE R (learning) VX T L

7/ LRt + ERER - IRIRIFH(EMRE)




REEY I T—2HEBOER

+  The ASCO (KEIERIKRI#EZZ) CancerLinQ initiative
~ REORGZEHR)NOKEDZET —FZEDONH
- %J?L,L\ SIRABBRADHA K54 ERK

— 17TBADDAEFT—2R—REFHEE, ENAUIZDODVNT1~2BANDIEHZEE
H3

~ BEIRTLEBELBEMBZMGEE. —a—0ORy FEEELTEE,
BigDatalZ & T % Learning system® 8] X 1%
— 2013%(Z., CancerLinQD 7R 2 A4 T%E/. 108 ALULDENA ZETE.
SEERIEAN R GEE D
- IBM WatsonOhAE 2 —~DER

— Memorial Sloan-Kettering Cancer Center (MSKCC) & WatsonZ &1{&(ZThe
Oncology Expert Adviser software (OEA)BAF

— fthiZNew York Genome Center & glioblastoma (') 7 SE#HREAE) &N AL
« Cancer Commons initiative -

— Rapid learning® 4 > 7 5 &{&

~ B8y : BFEOERES & RFO B ZEH

— A% D HEFED Donate Your Data’(DYD)Z §%
« Google X project, “Human Longevity Inc.”

IBM Watson
Learning Big
Data

TMDU




ObamaXiftfE— AR FEEHE

Precision Medicine Initiative

+ 2015F —MRFEHBSTHEEK
- RBEEE. BIMtER. EMNEEE
precision medicine M #E

— 250{8FH (215M$) DT &
« 130M$ : NIH, 100 AOa7Fk— F
« 70M$ : NCI, BAD FS A4 N—%E
« 10M$ : FDA, T—A2 N—XEH
« 5M$: ONCHEZEERRHME,IEER privacy, security
- 1008 AND7 / LaR— MR o
GXE FHEHEE/EH F.Collins '
— mHealth? &
« ASHG CKEAFHEEERZFZ, octs-10)
— Fransis Collins PMI # &= ' e B8
~ ah— bk BMICHEBA AR T WA




HHETD
T/ L A2y RERDBKREL

Eﬁn%’é%lﬂf'ﬁ TS/ LEETH AN, W OIDEEREZTY /
- I = J7Z|:J§75\u'tﬂ"c“1’bfl,\%>
F’T/ LEZFERFHEERES] (PREmE) 2015.7
[EEEFERIFIERSE0.18) | NGSEREAEY L 3 vIC
ZBDHRT IEBRRICAZEN L TUL 201255 ]
TUr— MERMHEK, RRXRERT / LEFEV 22— E
25% R EDREEEFEE
AMED : IRUD (Initiative on Rare and Undiagnosed Disease)
PHEREDRRELGFZIRUDISRIENEE L TETtE Y
B—N—ro T, Dk, DBILT %,
X EUDP, % EDDD, 1+ % Forge
MNADRFER D T2 & EREAE
— ERA AR Z—E A
© FIAN—BEFOZE. »FEMEDRERITIL—TICEIAT
~ BERINAEVE— ERRERBFONBENTOD LY b

) LEETIH., KEBEKEEIToNTULNS,
LA L. Biobank/Genomic Cohort TIZFEAED KR
[FTZFNIFEENTULIIUNVEELY,




BN FEER FINTHT(A L
DFORATLESFR (2010~)

DRTLNAA QS —DEEADIGH
[ERERATLELTHETS]

e ——

EEFHEOEBZHRVT, RE¥OEZBF1EC 2 @O zFOER
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