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« Eric Topol, The Creative Destruction of Medicine, Basic Books, 2012

+ F. Collins, Reengineering Translational Science: The Time is Right,
ScienceTranslationalMecicine, 3(90), On-line, 6 July, 2011.

* M. Goldman, Reflections on the Innovative Medicines Initiative, Nature Reviews Drug
Discovery, 10:321-322, 2011.

+ E. A. Zerhouni, Turning the Titanic. Sci. Transl. Med. 6, 221ed2, 2014.

+ M. C. Freire, Partnerships: Beyond the buzzword. Sci. Transl. Med. 6, 242ed15, 2014.

- 21st Century Cures: A Call to Action (White Paper) .
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Some of the new drugs are as follows:

For Treatment of:

Drug (company)

Picato (Leo Pharma)

Sirturo (Johnson & Johnson)
Zioptan (Merck & Co)
Stribild (Gilead Sciences)

(premaligant) Actinic keratosis

Multi-drug resist:

Open-angle glaucoma/ocular hypertension

ant tuberculosis

HIV (a HAART drug combination)

20124 FDAZKIRR

Aubagio (Santofi) Multiple sclerosis

Keljanz (Pfizer) Rheumatoid arthritis

Signifor (Novartis) Cushing’s disease

Gattex (NPS P icals) ~[Short bowel synd $205,000 R

Perjeta (Genentech)

HER-2 positive breast cancer

Stivaga (Bayer) Colorectal cancer

Iclusig (Ariad Pharmaceuticals) (Chronic myeloid leukemia

Bosulif (Pfizer) Chronic myelogenous leukemia
Cometriq (Exelixis) Medullary thyroid cancer
Inlyta (Pfizer) Advanced kidney cancer

FRISYHRECNDLDEIY |

B, KKITRFRECEOTHREEMHRLI-K

T. Bartfai & G. V. Lees, Drug Discovery: from
Bedside to Wall Street, Academic Press/Elsevier,
2006 (#;BZ WM. EIYDHRE, CBIFE, 2008
%) - BEBPHIZBE.

Vw77 —=ik, TAYNAv—HRBRY, #L
WEORENLHELTLEoTVS, Zhdbn
ROBRTIL, bo L HLEEORBIBIESND,

T. Bartfai & G. V. Lees, The Future of Drug
Discovery: who decides which diseases totreat,
Academic Press/Elsevier, 2013

BT SEX - KEORERENT10

i EHE BEES ,
WREX AeEs *HRIEFIBI FRRE
7‘577 301% Paxil (pa(;nuﬁl‘lnn:l)o‘:)\l‘el\hulnn 2012
TP H— 238 Geodon ‘(\Z/;p;;zscl::ge) Bextra 2009
TavyrTaryy | 15~20f | e e Pending
7R o k 151% Depakote (valproic acid) 2012
ALF54YY— 1448 Zyprexa (olanzapine) 2009
ANT 9.5 Voo ofecort) 2011
TAY T.6ff | A Gyt Epoon | pending
TNTFoivil 6.34{% Ot e e 2007
FRNSEFRN 5208 sroque uaiain) 2010
TURRILRAY— | BISfH | A0 Eeeoe) s 2007

RSN - A ERE BEEMEADE R, REMOHATR+
S REFRFOFR. Fvo/\97, -

XY — fEHOEE

CBIERSR (TS TD
EHIZE->TDIEHE

HE(EEH EFE)ITEOTORRK

Eric Topol®) TEDDMMY A k: The wireless future of

EI"IO Topol medicine  (http:/www.youtube.comwatch?v=pTZMIX3JFTk)
HII Cloud Site (http://join-ica.org/hiipublprojecticloud htmi) #vB31A
EEIER KEOBEAKRM:EBA) BEWE
FAINAT— 5M Vital Signs, location, activity, balance
e 23M RR, FEV1, Air quality, oximetry, pollen
nt
Ash 3Mm Ultrasound self-exam — Web
COPD 10M RR, FEV1, Air quality, oximetry
38 21M Med Compliance, Activity,
Communication
WERN 24M Glucose
LFL 5M Cardiac Pressure, weight, BP, fluid status
EhHE 74M Continuous BP, Med compliance
B 80M Smart scale, Glucose, Calorie infout,
Activity
BERE 40M Sleep phases, quality, apnea, vital signs

COPD : Chronic Obstructive Pulmonary Disorder SH¢MuEIERNE: B
RR: respiratory rate




2014/7/19

| A/R—avHiE

REXHOBE

‘E0#E - ZETOHRR + XF

HE(BEEFE XEEH 0HE

FYbDE2E G
WE_E . E=Z0HE — 15—Vt DEE.
FEEEE. 1994
F—DEMIEL A3 —RIM DK
FE_EGEESITHIRMERE
- RBEEBER KTTAN—LER
- AY—kTA BTLYIPC, V5K
- Mobile/Ubiquitous/Cloud “MUC” #ff7
F_EHEESTHOE, EECEVERE
1FHREMBA —RE KRR IS T !

ICT HLBEEZFHHEL. Commodity [T7E>7= !

BEDA/R—L32[F Gl

Genome x ICT = Innovation

7/ LDEER: $1,000 A5 $100HV5 $0 !
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* M. Nielsen, Reinventing Discovery, Princeton, Univ.
Press, 2012. #— 7V BR%EMRE

« A. J. Williams et al, Mobile apps for chemistry in the
world of drug discovery, Drug Discovery Today, Vol.
16(21/22), 928-939, 2011. 4LBEAD A /37 b

« E. Schmidt, J. Cohen, The New Digital Age, John
Murray, 2013 % v MENY—ER DK

« Eric Topol, The Creative Destruction of Medicine,
Basic Books, 2012 EfA / R—v 3>

« C.Anderson, Makers - The New Industrial Revolution,
Random House, 2012. 3DFY v 48—

(http:/iweb.sfc.keio.ac. i prod/leco1.html)

h—7 DRI (Gordon Moore’s Law) : YM{EDEMBEEL18~24
AT2ftlis (19654) = HIMOMRIX, 18¥A (1.54) T
2f&L2B, = 154 THI1000fF

THIBEFEN LT/ LEEEAN

18654 : Mendel D3ER 0 O

+ E{ETF Gene RO K SBFE

19154 : MorganD =B

BEFIERERLICIHATNG S D
EERFHBA TS — AR AREC

<

194445 : AveryDEEME XDNA

+ 1953-634 :DNAEEL AV /B A

o 1970FHRFE: EFEADGAEK

RELF: Restriction Fragment Length Polymorphism

- 20034 :DNADOEFIRTE

AAGGTTCCACGT AAGGTTCCACGT.
JTTCCAAGGTGCATTCCAAGGTGCA.

RELF: HIRBREARSE
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DNA Sequencing Cost: the National Human Genome Research Institute
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BARIZIE. NIHD & 575 7] 4538 (B RRBERN ) AV7ELN
BATIL. EDTranslational ResearchD#BI ALY
(FHTET7OEHERARDIPREDEZ(EHB)

B4 (HE) AHE XHE . BRELAHEN?
BARDI7ATITRIEIZ. KEOHICTRERESF
HETIEA? BEEIKREVHERLLUTNS?
BAREDF—ToA/R—=av & BELENTAT
FTRORRHAREZET LD ?

AIHRA I R—=230 DM ?

HERWMOEHF TR HEDY—EZXDHTE
HAEEH TS

EFECGHEE. TR, Y —EXDZIT
F.o-ODBEBHICESTS

FLUOVEE ., EFERAZHEAEHES
EROLEICEALEMRN. Y —EXDZ
I+3F Consumers M3LIFT, {TBITS

B R D EBH S EBEIFUNTS

“TILOEREENTRKEDIYBEA

+ NIH RoadmapMD#H#EE | E. ZerhouniDFAE (107)
© SR NEBEREOFRHEESEDHION ?
- F. Collins M#H;: 200848 A 18 /Director #E. E 49 ANIH All-Hands

Town Meeting with Dr. Collins

© EMEFOFRBEEES
- TARELARBFEERFMLDOELADRE
- NIH®DBIRN & caBIGETEl, EU® p-Medicine/&tEl

- Biomedical Informatics Research Network (BIRN).
+ NCI “caBIG™ is creating a World Wide Web for cancer research, which is

transforming the way we share and spread information.”

« B. Obama - Advancing Innovative Neurotechnologies innitiative
+ 20144, $100M(~100f&F) Map Neural Connections.

BRI EE Personalized Medicine

o B/ L (R3] OBEARE, FHT, 1000-20005 E &%
« Incidental Findings: B (R B DRRICESRAT D0 ?

« EEROMBEAZE: 4/ L Genome x B Environment = 44 Trait

-4/ L&Y : SNPs, CNV, ..., Common Disease® RERETF ?
- BMBTOEL: RAMEBODNARIE. EM /LD 1088
- REOEE, & TMALMKRT L5

« AR EROI%

- BB
- ¥ & 0 {8 A 2 PGx (Pharmacogenomics)

« US 2006, Genomics and Personalized Medicine Act (B. Obama)

EEY—ERITEWNEL=5T Translational
Research ~®M{&#H|D<Y

- NIH Roadmap “from bench to bedside”; E. A. Zerhouni

- NCATS(the National Center for Advancing
Translational Sciences): F. Collins

- ECIZIMI ( the Innovative Medicine Initiative ) &% 3L

- Public—private partnerships (PPP)

- Pre—competitive Research Collaboration

- Consortia: K% Academia, BZL$t77& Industry.
E DA ZHEES National Institutes

- Open Innovation

Z N E & Participatory Medicine

BAZLHNIEERCEEHICIIRANHD
HERENSHRFREA:
HWEREDERELZENDLEELD
EKITEEZOERNBOBENHREITLS

P

“Participatory Research” M #E&
“Participatory Health Care” D=
“Patient-Centered Outcome Research” D #:&
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KE D 215 Century Cures Bk
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NIHD E Z2RE DB BRI
Evidence-based — Mechanism-based

R BB E R

Equal Partnership® &%

FDA/ NIHIZEI R~ D@ EEHR Y —E R ESH
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117 Lins DENER (G/O-PIN-DIT) | BERN L ANEEEOHM
Sequencing GWASISNPS Chemical Library NaturalProd
Microbiome OmicspatniNet | | orgaabases | — [ Combichem
Animal Model Pathological Model Virual Library G
Genes & Diseases Targets Chemicals oo
u I
1 7Bk
High ThroughputContent Sreening
Py — B0 Vi Secening
GeneticsiPatimiay Analysis ts
High Throughput Screening v
V. Fits — Medical Chemistry — Leads
FDA: Critical Path Luitiative Druggabily, ADMETTos.
Optimized Leads
Disease Model SoEE
PKIPD Model — V. WIE: Effcacy & Safety «— | * CompuTox
Drug Candidates ey
Biomarers
Optimal Regimen VI Phase I/ Phase 1/ Phase 11l PGx AGHRK
— —
Polypharmacy anaysis o Drug Approval Drug Repositioning
Transtational i
VI - ‘
| . A

§H~ AR, R WERRE

HEIKYADICTOER

FLWDOVTATEIED

Discovery & Development
Delivery
Use

TEHRBMRIBITET S Portal DIERK

AL (BT / L%) EREZRBICE T 2R DIRE
REICHETHERM & REDZRIE

Kinase & Cancer: ¥+ —H &HA

Nuclear Receptor & Metabolic Syndrome: # N ZBIAEALR
U VERRE

Depression & Neurodegenerative Disease : D D& SR E M fE
Immune Disorder: B AR ZEEHDIE R~ DR G

REBRBHEIEORNERET S FHRPOXENDE

CADDD"U"": Computer—aided Drug Design, Development, and Usage

ERFHEHONHMELN L, BRRABRGEDRY. LH&ROE
EEA. BEIERGE DHRRDELETHRA !

ERXRRAROTN: RRICA-THLLESRIEIL, 20050 11RE

EXROMKIHTH £R—FDA OMRFK
FOA"Innovaton/Stagnaton: Chllenge and Oppartunty on te Crtica Path
10 New Medical Products (Varch 2004)5)

" s FDA
TR 7B RIATN wimkp s T2/ KB
D, R0 AT AT

/
7=l [ 7w A

IND : Investigatonal New Drug Application B AR AR RN AP

Rett/EM: FDAO RELEIE

KETIE, A FRMREGOME LTSN, KE@HSH
PALRGELEY, BERLYLLSERNEE EXZORLEIC
EhEFDADERZER BT RELZLLSHELfTHI TS,
ERRORLMIHT SFOAQKMOMEIZIET Blnstitute of
Medicine IOM)(D 81 = (3¢ 8) IZBS 3 /MaR3C.

=B. M. Psaty, S. P. Burke, Protecting the Health of the Public —
Institute of Medicine Recommendations on Drug Safety, New
England Journal of Medicine, 355:1753—1755, 2006.

=G. D. Curfman, S. Morrissey, and J. M. Drazen,Blueprint for a
Stronger Food and Drug Administration, Volume 355:1821, 2006.

ChiEUTOY M TEXMNEETLHRIT D,
(http://content.nejm.org/cgi/ content/full/355/17/1753/DC1)

LROIOMALDBEDBRMIELFHALAFTED,
(http://www.iom.edu/CMS/3793/26341/37329/37331.aspx)
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Regulatory Science M & HESHZORE
* FDA®Regulatory Science * 1960- QSAR
a - 1906-38:Chemistry, - #ETFik. RRERA (K038
© - 1938-54: Toxicology - REBRT—4, X#DDB
FATRLTaTeL b | — - 1954- Pharmacodemiology e
chE Safety Surveillance + 1980- FtHEHAL¥.3DRT
QSAR, Docking, ...
N chooobmmEr. 1l e . 1990- #2IE4EDB

bl S L] I oy N RMORATEE + NIH-FDA Collaboration Gate to Endpoint Path # %
oo of Action Adverse o FILAZYIR, e + 2000 Gene-Omics-#2R&#8

F—sR—R REL AL D) Outcome . BERREOREH

ERRIR—R Pathway + ESC/iPSCOERIE + 2013- REAREDER

L, = (ergE Open Collaboration
TOHEME
FIbATIHR, | — I = sy, One Hundred Years of g Regulaton: Whre Do
Z i) i e s hon i s ¢ K 2070468
= == g e2n e
STESERZOHRT
o ENERBYMT—HE+HIERTS
LR O & PR 19 0D MR R4S SHERTSVORYIR - RIBIE DO

Sensor-Transducer-Processor Model

B, REERME, . BEXLZAOR G

AhR, NRs, Keapl/Nrf2 - DNA — ZEPXHiEERaE

- Toxicity Pathways, Mode of Action, Adverse
Outcome Pathway Model
« ESC/iPSCOER
- BEGETILEY ERENFORETER
SBEE REEYE. BLUELEHLER
o SEAEMAEYE Microbiome DEE
NAF AV TAITAOREBILZDOHE
Bl FrorLBRKR (hERG), HLAZE  EDEIEA
o EHBMEOHAHIRRNT:
Hormesis®D | RUF I LT IR DIRBADEE

T. Kaminuma 201346 A

\ Computationa Models ELMER

EHROT VAR

T. Kaminuma 2013426 A

SR RO W

)

Regulatory Research: F}= - ;i &M fE R

- EEOFER - REEMRR

« BARHE o HROEfE

o FNEEFEFID s ERR.EBE.E

. RfffE - fEfEEsR

o RBERAER o ICRMBAER?

. BAHD s AD=®ITHED

- MREDES s IRENFOALTL

[HenmsanmRT s OO ERORBSICEMHTUEL, |
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Big Data MEF{X ?
Big Data = Genome x EMR

EMR = Electric Medical Record
PHR = Personal Health Record

B mEDOXNRER/PDERT !

NI ANEEAL: EEFI AN Expert| = & 5 ¥ B

+ 10714, AT BEHNES X T LR, #iB5

+ o YRTLBRTRF

- DEBOEANBVK (SHEEHRE BHRES)

o AXREDRE+RRIEFBRE

« B EOEFIMNDEHE T RIS RE

- EMORRMREREGRA) LLTRRTD

- BBORERREEHEDED

- kE0Artificial Intelligence in Medicine AIM Group
+ E. H. shortliffe, MYCINE (3CEH oHIR)

« C.A. Kulikowski, Expert System, Glaucoma#&pafk

« Al, Expert System, Knowledge Engineering, #3232
. E5iRaEa—4; Prolog, List,

All medicine is control theory!

+ 19724 R. BellmanMEBHEETNESRE

« Dynamic Programming BI85t E L DBIFE

« Control Theory = $llffI T%*
IUDUDERBECO D RBHIEEE

- BEERE RN DEFMN)ITED

CancerLinQ X EEGRHIAZEE
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IZEYEFH
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5570002 Ee
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3| 1.8
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53
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TTCGG |
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1985 H: EF OO DB ADK N 5— (RRBEEHRST)

BREERT S EORF

N. Wiener® Cybernetics?) B8 (N. Wiener, Cybernetics or Control and
Gommunication in the Animal and the Machine, MIT Press,1948).

- BAGWELER: VAT LOKHE
- EANPEM: HIHFR. ITHF
- R KRB, HETEDS
Operations Research (OR):

F2RUFRAROIROH R EREE (T. L. Saaty,
Mathematical Methods of Operatio ns Research, McGraw-Hill, 1959)

BEMER

— $REIMHE 3% Linear Programming

— 2R % Quadratic Programming
- RiAYRH 3% Dynamic Programming

BEERFELAGEK: BHEMES

et

- EEEAOE
cERBELR

s BEFHEBOFRE

« REEREWE- L

 EERERMNE AR
« ERBOXISHENRR
 HEPBEETIERR

e

« RELGHM#LHEHH

o FH-FER-ZRFHNE
c BEICLIERNAIL
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