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(1) ZR—4 oY
(7 ) LAY R

(Clinical Sequencing)I= & %

=R [CH T HRENDFIRHRINE/EIE

(2) Biobank/% / LAFR— FBERIZK S50 F - RERHRODEBR
(3) E/NA JLAJLA(mHealth) [Z& bWearable ¥ >4 0D &E#i

SRS & B EET—

2 MDEFE (unobstructed monitoring)
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EE|D [Ev/T—52 5]
~GF) L F YY) RT—2OEBNGIEE~
<BMHT—2EHLREERLES >
HEODERFRIVIO TEvIT—4 m
N— Big Data (n>p) @ | BOO00

| OOOO

ERIER - HEWECR B KoEREE T 5282

OCOcdad
— BH# : Population Medicine®Big Data l oooo
>ERZEEHT TEEER 2R % =ooo
BEMSFIFRI~INGEEEY T T—4 EEEE
P—Big Data (p>n) Bim —»
F| DO0O0OOO0O0 OO0 O
1{EIARIZEET 2 T —42 BUiEEHA # | DODOOO0 OO0

N N
OOOO0OOOOOoOo0Oondd

BHEICHEARTEES DA EDHETFENED
[EINPREIRE] | XL ST GWASTEEEMITODIES
— B89 : Bl A IFEEDIZ S Personalized Medicine
SKET—FZ2E6HT MEARENNZ—2] OZHRMEZHE
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NnNTET-
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Personalized Medicine Preemptive Medicine

TMDU



E5IEER

personalized medicine

© AR

— BREER (stratified),{& 3l 1L E& (personalized),
P4 Ef&(predictive, preemptive, preventive,
participatory)

- é{ Z%Aﬁtd){fﬁ T DR D FIRERDE

 ERMERHRE (%{"O)ﬂﬁlkﬁ’hg{z:%k)

- & BIRAEEFcausative gene, B2 14HE IR F disease
susceptibility gene. HapMap7 O T4 k(2003)H 5

- BRMER (REOEME : NADELEFEE)
- BRINEGFEE. FEMEERFHIER. ICGC(2008)H
-
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{9'5 éﬂgﬁ'ﬁiﬁ‘fﬁ?(msease susceptibility gene)
~ S8 . —IBELRI(SNP), 1 {EELGL, P SERY
. %0)(&75\[_7,{ 20 554 k . CNVf'd: E | EEOERNER ORAOGERIHS

TERENDHD

— 245 LEERHT (GWAS) EEHBEXT) XY
- HAPMAPZ A x4 k., 10005/ L7z MG E

- BRIRSBROSEES AN - BHEAOFE
- BEFERIO D7 NVICLSEBORENSE

|

~ PR FIREBRICEDYTIA THHE  emvavens:
 BETRETOT7 AL BHE ]lﬁﬂﬁﬂl'

— KB OETEOE
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- fiEE DpopulationEZFE<One size fits for
all>lE % [T Y ILF=73 0N,
~-Bl—DRABTEONTULSA, REMHEE

(intrinsic subtype) MZMEFEET S
~-F 11 EFHEROZE N
—;%EZE : WNADBRRFRIT & 7 FIEREDE

- EEDBARIZCEET HAREAL—T 3

VEFDEEERAR
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preemptive medicine

* Preemptive medicine (2005)
— NIHEEZerhouni A*2005FENIHE B 5HE T

— “By making use of precise molecular
knowledge (7Fig#Eiz{#F) to detect
disease before symptoms are manifest,
and intervening before disease can strike.”

(RIERIZHERE - 5F) .
« ZTDENIHOFFEETE IZHEH
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WEXKDEE : KAEERD

EEEEERAN

— XIS (reactive) L

~ #£2TEM (occasional) ™7 | ;@”E%Bﬁ =
SFTRABREEE

ﬁ%'lﬁlh\‘[ﬁo) Jﬁ é

- AEOREE M

o {5l . TILYINA T —BE B 7SOAFILHE
- EEZFAENEE
EEH I%—I:ﬁ Eﬁﬂlﬁ% EE 0% R 4%{“ /
T HIERE - FHEE(proactive)

REICEHIT HRADEI
— E/J_‘ bf"érﬁlu*E‘.;E
Life-course-oriented healthcare
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EvITr—2ERIINTTA L
T ZFFERAIBEIZCT 5

Ev Sy T—2DME(20~304F)

T L A2y RIEHH

T 58 A LA 5 OD 42 BA

RIRENA AN 7 [FER

RUAEEREBBEDREH

E/NAIILANIILREER

F2 2 A E TR BB AR D % B

=SS

- Disease Big Data
¥

EREER - £HER

EEER - KHER
=
— Life-long Big Data
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ERDO TEvIT—4%) E£anld
EAGRITFDNS FA LIZHE LTS

- Population medicine® /N5 % A L ERih
— t?ne size fits for all>MPopulationEE L+ (O Y L F- %
— ERIMEERE “Personalized (Precision) medicine”
- BERMEEEZZERT H-HIC<ERE - BRIE/NZ—20> %
MBI~ S . ECEFTORETHERME - BRMET T LD
» Clinical research (E&RER#ZE) D/NF X A LERiL

- BRBREHEI B ERCTIE B ES (-Bk

— <statistical evidence based>IR & H 5 D AR
— T#EX] #Kat - [TH#EA HETFICEE S NGVEERAE
— Real World Data: E v 7 7—2 f# &£/ (BD2K)
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HHAETO 5/ LA vH REETE]

20152EAMED (EEMEHAREE) HE
(o) LERER#EERZES ] (PRERE) 2015.7
[2EEEFEERIPMERSE(10.18) |

AATHYT / LERTH AN, WOMDERKKTY / L - F v 7 AERMNEAT
SNTW%

NGSE&RRICAtE v L 3 vIC
MEEZAWVEZEOHT TBRRICAZERL TULSEPIZ125EE% ]
T or— MMERVREKR, BRRRERYT / LEFZFEV -5 E
25~40% R EDEREETFRE
AMED : IRUD (Initiative on Rare and Undiagnosed Disease)
REMEEDREEGFFIRUDILERRENASEZE L THRTtEY
BR—Mo—ro g, D%k, DBIET 5, KEUDP,
9&. DDD (Deciphering Developmental Disorders), vl R ’;‘fForge (Finding of Rare Disease Genes)
N A DHEFER Y T2 & ERE B &
— EiIAAHREZ— iﬂfx
FSAN—EEZFDZ NFEUEDBERITIL—TIZEIAT
— BEERINAER— J:EE&IE*%@WE‘@?D o bk
— RKIEZEAFE (OncoPrime), K. K. FEKX ZERRFREBB

) LEETIE. kKBEKEZZEIFToNTLNS, LAL.,
Biobank/Genomic Cohort CIEZ K E < BN TULMEUVELY Y
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HFJLEEBED2DODEN

- RKE®DHRN
— RER—HT O DEBLEREIZKS [O—4FT U REMG] oD
BEDER (2010H %)
— [AEEZ] LN)VEWRLEDEOIZT / LERZRY AT
ERIREZE D HEE
- MVPEBRDERELCFEEDETE
C BAD FS A N—BEFERORE & 5 FENEDRR
- ERRBBEROZEEDORE EEHEERES
- FRI DR
- isEAEROBS L YVERER (EEOERLANIL) ORE
— [FHEZ] LRN)VEWRLEDE=OIZT / LERZRY AT
INA FIN D HEAE
— KIFERIF EpopulationZ/NA AN\ D157/ L~ O7k— FDFEIL

CEEMRES T CBEER (EETE) EOMEAREERL.
THY SNEKE | REZSAL. cNI—ESNTEIESHET 5.

c WEZTRERNCHE L TREZMH C L ER(preemptive medicine) |
O [ FAIERE (predictive medicine) DEIRZ B
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— b o5MA N bk

b/

H O —F U758 &9 Shigh-
throughput4

P FIFHRINE D BTG FEE

I‘\

RAEREEEMIE b M/ LRREETE1L34,3500(EM=>1H,105H

2005~ NGS 454 (LS,Roche)
2007/8~454, Solexa (llumina),
SOLID (LT, TF)

> A
HiSeq2500 Ion Proton
32 Xt #1EMm 935005 M
E—R/FYT )\AT7ORTV R SEv RS> Ton Proton I
ARATRSRE 118 27850 285
U—RE (bp) 2 x 100 2 x 150 200
>—SEHE(Gb) #1600 #9120 10
HEIOX b & PN |
(ERAZSJ 1) Bt hM THOY—LO#

Hiseg X Y AT L 105K (B&1/5)

¥ ) LEROY ) LIEOBEER SRS CHE LEDR.

Cost per Genome

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

DNA Sequencing Cost: the National Humdn Genome Research Institute

= RER 2007/8

7/ L (BESIRTE) sz DE S (L.
e b7/ LfEBRETE] TIEEL< T,

B 5= 5

AEROL—TOZAUEHA TS !
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E1HED (£EFH) 4/ LEENFID
,jzo)zoo),éﬂu.m\ﬂﬂaﬂ 20104F [ZBftA

(1) [RARABAF X BIE B (undiagnosed disease)
EEEEFOEEDEE T(POC) D
KRR —T VOB REURERZRITT
Wisconsin ERI KETHE I XY — L
ZHORSEROZEEDRE
FRIRDIFIE TEFHILTDELE (ZEXIE)
Vanderbit KERIED STl 7 / LEE

%) LER : PROFBRSNEEFOLEREASRBBETF7 TO—F T T
= GEEFER] THHh TV, Hoh LHERERTFEROT, WRNTT—
SEBETES/ LR (5 ABROT TO—F) IS&>TERERETESTH
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B L A3y AEROEREE Y Y - T—4

2005~ NGS#Z15 (454 Life sci)
2007~ —H U R E

: - MCW Ni X REAMS B WES
1 ) LERERREE DM Nl gﬁfm WisconsinER K2
2010 ERERWESD&A] (MCW) . Vanderbilt | BRER S —/7 > 2 %)
- = preemptive PG 1
‘ FEHPGXxDEFHEA (VU) (PREDlCTE‘l‘FEI) BE B4 RE=LA2NT +
51t Early adopter BaylorEE#4 jff' ¢ ;
B 8 Mazo Clinic’g &
A TRt 2
N
R — Ew 4 NIH “Big Data to Knowledge” §HE (2012/13)
20]; ﬁ%‘%ﬁﬁﬁiﬁfﬁ%ﬁ = g Z ACGM incidental finding list 56 genes (2013)
Bijf ) . JRoHVE P NACHGR report “Future is here” (2013)
CL Gt s s D#EZ | | cPiC guideline, EGAPP guideline 2013.14
21K ERE D ETiE/£EConsortium
B 21
v ~ — — 3
: T/ LAY RAER I TIZHTDER
2015 ANTKBE FREE % CTG/IOERM R D B EERREE
Precision Medicine initiative
BEDFEE

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




7/ AI:F?ODB—*)JO)E REE

7/ LEBEODELIORNL RKeZEmDClinical Sequencmg

«  Wisconsin /MNEFREE (£K441) 20094, 3¥DEF,
« 22BN LRAFHEDBEET. BOW:=5EZAITEBNRE,
c JO—VmMhEESH., 7 —VROBBROEBEGFERLGL
o 2FMTI0EDANEIUIBRFHEITONERZE r—
| BYUSET . SHIUEITSAERMNE <o T=(A Mayer) eal

© NcOZIFYUDRIZRERI—IIUHRE B
MCWC BLH & #17=16000{H () DNARRFI B & 18 B = 4}47
XIAP(GEFHT7 R b— RBEEZ VNV BEG
ZE  TGT(cysteine)—TAT(tyrosine) (2033 H)

THRE—DADEERF REZRDBZHRZEST HECORE
ZHE hETOE M/ LEITRESATLEG
LY 3o aonIhoFoNnsO—RWVEET

Nic Volker

B mishE (EMmEEisiE) =k (20105668) Medical College of
201047 B (£ 428 #%) <1Z. BELFRNIECICEE LT, BERKEZENSE oconem, Human &
FEEOLORBRGAEFZEZH>TWS, Center

2010 D128 1Z3[m)EH TEXKIZ5eE - 2B EFa—YwYTFE Howard Jacob

(a major mover of
the whole field, Topol)

Today's Paner @
3 -IWU
= - -
e > B Hewes




Wisconsin

 Wisconsin

RED T/ Ls

—roedtert ;

=K% Genome sequencing program

— NicEIZfHE VT (BE3AFToeM)
— {%#:ZIR (nomination)
c HEEXDIRE - 2SR TE2MERE 7 EH

— Multidisciplinary & EIRFEETLE1—
— B-8EEDTERA TV NEAD R VT
— 32245/ L, 550 BT XY —L (2015548%T)

=R RKFNMRFEES LV

EX

Wisconsin
UNCERT

- 7 A NEEES (CAP)H & UClinical Laboratory

Improvement Amendments(CLIA:CMS) &% : &#)4}

— T—7REHT : in-house®BIT

 Baylor

— WisconsinlZ# LN TERER Y / LBR S 24T

— J&RBEMIZWhole genome laboratory £%37(2011.0ct)

— In-house T —45 U VT IEERSH

— CAP/CLIAFBREDREEZRENICILL LIF D,
- BRATREEEICE > TR - HRES SrY.

ERAPHEE 0BT (FTICERH?) RESEE T

- ZOIEHIZWashington k. Partnerts £ 8275 <% TMD
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EZRIKFHERZEEDT / LERK =

\ A —E )L b RESH

The right drug and the right dose,

b the first time.
=] BJ'I.'. » e T O
Rt T

Pharmacogenomic Resource for

S Enh d
. P R E D I CT 7 D 7 I\ DZCZTCC):I’?S in Care and Treatment

341 B D EF|R BIEERCYPZ B 43| TE Chip
EEIDMF A —FFICEHIRE T (20105 5)

8 HEO Popup

Clopidogrel Poor Metabolizer Rules

Genetic testing has been performed and indicates this patient may be at risk
for inadequate anti-platelet response to clopidogrel (Plavix) therapy

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 clopidogrel at normal doses exhibit higher rates of stent thrombosis/other cardiovascular events.
Tr is if not

© Prescribe prasugrel (EFFIENT) 10mg daily and stop clopidogre! (PLAVIX) startdate, 10 AM

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

Cick here tor more information

If prasugrel (EFFIENT) not please desired action:
 ‘Increase maintenance dose of clopidogre! (PLAVIX) 150 mg daily, startdate, 10AM
 Maintain requested daily dose of clopidogre! (PLAVIX) 75 mg daily, startdate, 10AM

If not using prasugrel, please select a reason:

I Contraindicated for prasugret

Cick here for more information

T o |

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

N

gnERJTLILARE

BFHILTOESERT
BERZTSEYI R HlieHl
ATy FEBFHOKICASL

CYP2C19M LR T*2* 2D IHE 1L

R BHEREHVE L VD T (poor metabolizer)
mizHVEET %
HEHEREDODREFIFR+HTHD

DEEDIZBECF22)TZRT LIV
(Péﬁnn%174’ IVMIZEZRSHN

DEE2UBICLAEEELTLS
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ERZ2TNAEF —
Dana Faber /MD AndersonZi &

FER L — T D RICKYEHBEDNAD FTAN—ZEDRIET S

BRI ERXINYT / LZEEDY ) —H)LECHIET
NAUT ) LT S5 AX (TCGA : 20065E~) LW
FENAT/ L3y —2F L (ICGC : 20085 ~)
S0FED H A Z500EBI D =Y / LBLHIEEHT
2012EEM b R ERKR EWRF > -(HHLE £ FiEHILA)
BEBATORDER, 258 T3000FHEAHLE
MA T HEHE S HDriverZ £ & {EFEBI G Passenger£ £
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3 DD/ N

ol

D

| 2005~ NGSD &S | 20084F
| (454,So0lexa,SOLID) | ...
| 2007/8~ | ) LRI DORE
= U REm | | Hapmap2002Ffts 20094
""""""""""""""" NS Ao ) - T I ——
Undiagnosed """"""" it ' | T?GA (2006), EfF !
. e e e ; BV = PV E a 20104
Disease[R &l& XRINHERZEME | Liccoroos o |
I FDPOCRIE BTAILTTES | HR0UNSHE |
MCW/ R & Be Preemptive PGx 20114
Vanderbilt X®@BE  Cancer Driver
GeneMEE &
FASAKIEER 2012+
Mayo Clinic

@ 20134

T LA Iy REE

it R 2 2E (clinical implementation)
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T LIAZZTYIR

EE—K

xE

MDAR;

H R RKETHEI TICHTDERRET

7 LI 3y o RESHSHRO B HERER

Wisconsin K%
- FERATBHDEEGREREDEH
Vanderbilt X 2 f®EPREDICTEtE
- ERKHBROZEM
Mayo ClinicQEgK7 / L —7r 2R
* PGx
- BPABLUHmEBEGRRRER
- 10BA A%/ LDB
TR, BERICHD LS IZZHDERT
DFIEREEBKRBFHROMEEZEHMELT
MET—3FIR—X
« Mofit Cancer Center (Oracle HRI )
- BELSH Merk & AR D 2245

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
with currently genetic disord analysis, identification of families for further research
Mount Sinai . OYP2C19 ing f platel Baylor Whole exome and whole genome sequencing in Mendelian
unt Sinai ¢ Festlng for antiplatelet rx post percutaneous coronary disorders to improve glagnasis
intervention * 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 * 1L288 variants and response to hepatitis C treatment
Northwestern | Using pharmacogenomics evidence (from GWA genotyping) to guide _ * KRAS and BRAF mutational analysis in thyroid cancer patients
prescriptions in primary care and assess risk for other conditions Ohio State . Pevsonal.ued genomic med study of CHF and HTN pts randomized
such as HFE/hemochromatosis to genetic counseling vs usual care
— = = * CYP2C19 testing in interventional cardiovascular procedures for
Cleveland Clinic | Tumor-based screening for Lynch syndrome, endometrial cancer iical
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 ing for of Ml risk in ive C
based on tumor ion status program
Morsh S ing of 1200 i - St. Jude’s Pre-emptive PGx genotyping in children
orehouse Exome sequencing of 1200 early onset severe African American Vanderbilt 5 ptive PGx genotyping for ¢ 5l warfarin, or Tigh-doss
hypertension cases and 1200 controls " i
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 praicribing decisions
Mayo

* SLCO1B1*5 genotyping and statin adherence
* Effect of genetic risk info on anxiety and adherence in T2DM

* PGx driven selection/dosing of antidepressants

* CYP2C19 ing for rx post PCI

Tumor-based screening for Lynch syndrome

TMDU




AAIDN) =)

AlEE

Z% (Individualized Medicine)

M%léﬁ/AmﬂmﬁMGQ&émmI#v LEC B R AT
(WES). 105 AEE (RixzEBEEEDH)

eMERGE consortium@® * > /\—
phase | (2007-11)m 53550, phase Il (2011-15) Tl

S HIZEE S/ LEBER - Preemptive PGx (Genotyping) testing

ERERDIRZIZH(+5 (POC)

SEHIBIPGXxT—42 LERIREZETZIE (CDS) Z&FHhILTICHE

) LXIEAE

RIGHT protocol: Right Drug, Right Dose, Right Timed Using

AE6H. Weinsilbaumi#E+ #7352

AEZE CHREHTERS %

Center for Individualized Medicine”

THM - A
Clinical Sequencing
HRENA
- {5l EEMNA

[REAFAEER
CBWAT A

BRIt IR

ERC

MAYO

eMERGE&TIH]

University

CLINIC

@9 &
Ll Cincinnati &
“Kg‘l\ilﬂm||}—
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2005~ NGS#Z15 (454 Life sci)
2007~ —H U R E

2010

B 1A

2013

Bil{%
‘ Al 1

g2

EENDHEEELEYT - T—4

2015

. - MCW NicEREFBAEEE WES
7/ AE&E’EQE%@F’%% me&%;@ﬁ - BEREAE WisconsinE# XF
EEEWES@;E*JJ ST * Vanderbilt preemptive PG B R > —77 > 24451
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“Big Data to Knowledge” (BD2K)initiative

- LEIORFBRGER 7O S k 1999

- "EmEREREFEINETEBISTI)

— “Biomedical Information Science and Technology Initiative”
- BD2K: "Big Data to Knowledge” Initiative Bi#a 2013
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Precision Medicine & [E4q] A

BADEELZER - RIEFRRAIZEHE 1= (tailored) EE
One size fits for all MPopulation EE & TR % S
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— ZE[E Genomics England,
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UDN Undiagnosed Diseases Network | (UDP ) ZHiRL T2 $8E | 679 | 201317
BEEDHITS
NSIGHT Newborn Sequencing In Genomic ﬁiﬁm;‘jh- =T ADH 10 201316
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- TEBFEMFR1 (F:incidental finding) |
—~ ROR (GAFETAMWILEIRE (actionable) HS6ENBEEFEEN R k)

— 016FIZIZIZZRMIFFR (the secondary findings) &WS&FMT GE) . 59

BHIEF HTVRA ML IIEEZREAEDELTFZEM OHFUYR

| Genetics
© American Collge of s ok i ACMG POLICY STATEMENT | inMedicine

ACMG recommendations for reporting of incidental findings
in clinical exome and genome sequencing

Table 1 Conditions, genes, and variants recommended for return of incidental findings in clinical sequencing
PMID-Gene
MIM- Reviews Typical age Variants
Phenotype disorder entry of onset Gene MiM-gene Inheritance* to report*
Hereditary breast and ovanan cancer 604370 20301425 Adult BRCA1T 113705 AD KP and EP
$12555 BRCAZ2 600185

U-Fraumeni syndrome 151623 20301488 Child/adult PS3 191170 AD KPand EP
Peutz-Jeghers syndrome 175200 20301443 Child/adult STK11 602216 AD KPand EP
Lynch syndrome 120435 20301390 Adult MLHT 120436 AD KPand EP

MSH2 609309

MSHE 600678

PMS2 600259
Familial adenomatous polyposis 175100 20301519 Child/aduilt APC 611731 AD KPand EP
MYH-assocated polyposis,; 608456 23035301 Adult MUTYH 604933 AR* KPand EP
adenomas, multiple colorectal, 132600
FAP type 2; colorectal adenomatous e
polyposis, autosomal recessive, e S e
with pidomatricomas o .
Von Hippel-Lindau syndrome 193300 20301636 o
“M‘gple endocrine neoplasia type 1 131100 20301710 . -

T wiceneoplasiatype2 171400 3=
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Network Embedding
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