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Precision Medicine
New Paradigm of BioHealth
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The Fourth Industrial Revolution, by Klaus Schwab

"OMMITTED TO
ROVING THE STA'

2016 World Economic forum at Davos
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The four stages of the industrial revolution

() BOSCH

nvenbed forlifle

Gonnected industry is to a large extent self-organizing, The lubricant of a smart
factory is information, which tells the machinery how it should organize itself

inorder to complete a certain job,

Late 18th cantury

First mechanized
manufacturing
equipment powered
by water and steam

First mechanical
loom

1)
Early J0th cantury

Introduction of
mass production
with the help of
electrical power

1870

First assembly fine
(Slaughterhouse
Cincinnati)
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Early 1970s

Use of electronics and
computers 1o automate
manufacturing
woridwide

1969

Use of electronics and
computers 1o automate
manufacturing world
wide

“Cyber-physical

systems™

real objects and

virtual processes
are intetlinked

Connected industry -
smart factories
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Source: DFKI 2011, Basch
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Beery Twin’s Story

The Beery Twins

Alexis and Noah diagnosed with
cerebral palsy (CP) at age two

Sequencing found a new genafic
disease; readly realed wilh ihe
addition of an amino acid o diet

DRD(Dopa Respensive Dystenia)
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Nic Volker’ Story

“We ended up doinga
core blood transplant; 42
days later he was eating.
He had been on total
parenteral nutrition for 9
months; after treatment,
he enjoyed steak. Nic is
now 9. It's comingup on 4
¥ years since his transplant
and his gut disease
completely resolved. It's a
great story."

Nic underwent 160 surgeries before having his
genome sequenced to diagnose his intestinal disease.
XIAP gene, inflammatory bowel disease

P
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Historical Background of Precision Medicine

r 3 :
Mendel's discovery: Herceptin: Genetic testing is ap- ? Genomics : P ion Medicine Initiative:
Mendel discovers the princi- FDA approvies trastu- proved by the FDAto UK Prime Minister David In the 2015 State of the Union
ples of genetic inheritance zumab for HER2-pos- improve the response Cameron annoucnes the address, President Obama an-
itive breast cancer. to warfarin. Genomics England Project fo noucnes the precision medicie
sequence the DNA of pa- initiative.
tients with cancer or rare dis- ki

Bases,

FESIP| Al E 15098
—r2— O O O O O O _
Human Genome Project: Human Genome 1.0: Tumor testing: $1000 Genome

The human genome pro- Massachusetts General Hos- llumina introduces HisegX
ject is initiated with the aim pital introduces cancer panel system that is capable of se-

of providing a high quality to assay 13 genes for 110 quencing 2 human genome
DNA sequence for the 3 mutations o determine the for $1,000.
billion base pairs in the most effective drug for pre-
huamn genome scription.
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From Personalized Medicine to Precision Medicine

20159 2ujol AF2A 0|F 222 BN AIE =S

Interest over lime

Precision Medicine (blue)
Personalized Medicine (red)
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in 2005, there was only one paper mentioning “precision medicine”, compared to 74
papers mentioning “personalized medicine”. In 2015, there were 1737 papers with
“precision medicine” compared to 1529 papers mentioning “personalized medicine”.
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Bringing Precision Medicine into Focus

~1990 ~2003

I ==
A Uolst (Precision Medicine)
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“The underlying concept of precision medicine, in SERYU HE0 7| =5+ e
; S ; : : o|2 MH|A HZ/44
which health careis individually tailored on the basis /A
of a person's genes, lifestyle and environment, 1S not
new: transfusion patients have been matched with . G
donors according 1o blood type for moreé than a fﬁ;;’;}_}t el g
century. But advances in genetics, and the growing E’L;E %ﬂ ;’3 :‘:3 Fallns
availability of health data, presentan opportunity 10 a]) s OHaj ';L 2 Xl
make precise personalized patient care a clinical 2eisd +d
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Preventive, Predictive,
Personalized Medicine
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Participatory Medicine
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ot (Cancer)

Intensify efforts to apply precision medicine to cancer.

Innovative clinical trials Use of Knowledge to
of targeted drugs for combination overcome drug

adult, pediatric cancers therapies resistance

%ﬁdci‘dgen 12 q’iﬁ}?} GMI-SNU
o



Precision Medicine MZ=Al3|

HEZILOF
[=3 —§ ]

1 ™ojd

Everolimus E2e 2 2x|E|C}.

Genome Sequencing Identifies a Basis for Everolimus Sensitivity

complete resolution of
metastatic disease

c Change om haseline (%)
a0 80 40

ARIDTA KDMEA TPS) FOFRI NF2  TSCT -+ ?

“ We studied the tumor
genome of a patient with
metastatic bladder cancer
who achieved a durable

(2 years) and ongoing
complete response to
everolimus, a drug targeting
the mTORC1 (mammalian
target of rapamycin)
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Cancer Moonshot 2020 :

Launch of

Cancer

MoonShot i

2020 o w .
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18 complex”.
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Science, vol 338 12 Oct. 2012
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« Cancer Moonshot 2020= & Xl = (]
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Immuno-Oncology Innovation

Molecular Services
Data can be mined for molecular
immuno-oncology characterization
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HLA alleles W

1\
Immune activation
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Benefits
These characterizations can be
used in drug studies
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o= F XAl : Codeine CHA}

CYP2D6 poor metabolizers don't have
enough active drug

‘ Normal metabolism ‘

Active metabolite

L)

; CYP2D6
Codeine — Marphine

{piE:diug) Codeine o
(pro-drug) m o
Poor
metabolizer
[ o ==
. L2l OIZIHAIKIOl Z R 22 otE s
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.;- Pl \ QASH| 9l DeerS =oiafof STt
. D2 FECHAI A R00= 22 ¢
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© wiy

}
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Ultra rapid metabollzer: 3 copies CYP2D6

SEECHAIS| 2 EL

- =

Variations’ effect on drug response still overlooked

* Nature Methods (March, 2015)

= A woman who had recently given birth began taking codeine for postpartum pain. Codeine
works because an enzyme called CYP2D6 converts the medication to morphine, a
painkiller.

» Because the woman metabolized the drug too quickly, morphine levels in her body—and
her breast milk— spiked. She survived the episode, but her infant did not.

* Only after her two-week-old son died did researchers discover that she carried three
copies of the CYP2D6 gene, making her an ‘ultra-rapid metabolizer.’

CYP2DE SEXEe| 47} MEHQ! Z 1% o2 CHAIX} QAHRT} £9 AJ0 codeineO]
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National Research Cohort
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ResearchKit App

+ Apple collaborates with researcher on apps
that would let some iPhone owners have their
DNA tested.

* ResearchKit offers some iPhone owners the
chance to get their DNA tested, many of them
for the firsttime.

Apple: Genetic Testing

+ Applelaunched ResearchKit software platformin
03/2015, which helps hospitals and investigators
run medical studies on iPhones by collecting data
fromthe phones’ sensors or through surveys.

+ ResearchKitwas created specifically for medical
research. It's open source
(http://researchkit.github.io/) — so everyone can
collaborate to potentially change medicine forever.

fa
¥

HTES YWoiLE 2 YE=E S0{= 2|5 Y4

ResearchKit=0|0| & '_J—.—U1Ll*01| 0"—|Phonego Aéjﬂm—_rl()ﬂ A2t EH &
== Q1| ol SLICH

BHAIS 25101LHA S RIS M1 16 W 0ILES PAIADIA 2 2 20} 81018 )| &

CHl'iPhone2| = tHALY IR H| Of CLALE Shé12| 25 016 2 =8 =S 25 I Sall
JIHE0l, 10 = 202 20X0 A2 = W AR K S8 4= A " LICK

http:/www apple comikriresearchkit/
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Stop dof§ Gancel Stepd of§

78

Tap

1l

%)mucrogen

(]

Say “Aaaaah” into Tap the buttons as
the microphone for quickly as you can
as long as you ¢an, using two fingers.

Total Taps

e e 0GR

Stop 3 of

Flowers

2

(]

3

Tap the flowers in
the order they Iit up

25

The mPower app for Parkinson’s
disease tracks symptoms of
Parkinson’s disease. Each day, it
asks subjects to participate in certain
activities.

One asks you to say “ahhh” into the
microphone for as long as you can
on a single breath.

One asks you to tap the screen
alternately with two fingers as fastas
you can.

One tracks your short-term memory
by testing to see if you can
remember a pattern of flowers
lighting up.

http:/fwww.apple.com/kriresearchkit/
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PERSPECTIVE

will, says Vinay Prasad.

drugs that target the specific mutations in their tumour, in the
hope of producing long-lasting remission and extending their
survival. The basic idea is to use genetic testing to link patients with the
drugs that will work best for them, irrespective of the tissue of origin
of their tumour. Enthusiasm has been fuelled by reports of exceptional
or super responders — individuals for whom experimental therapies
seem to work spectacularly well.
In one such example, an individual with metastatic bladder cancer
showed a dramatic response to the drug everolimus'. Sequencing later

RANIGEDS, P (1Y Sparery SOREIECT IR Y] It Lonpeito e . Rty IR pmir, P | QSRR 1Y

%}H‘idi’:"fdgen

P recision oncology promises to pair individuals with cancer with

3~54 ALO|Of| & 0 & 100,0003
AZ =0 2A2-=S) ot -

(T

The precision-oncology illusion

Precision oncology has not been shown to work, and perhaps it never

before their supposedly miraculous response to precision uncology‘ 51
is hard to avoid the unsettling conclusion that such cases do not reflect
the success of precision oncology, but rather the selective reporting of
individuals who were always likely to do well.

When considered objectively, the prospects and potential of pre-
cision oncology are sobering. At best, we may expect short-lived
responses in a tiny fraction of patients, with the inevitable toxicity
of targeted therapies and inflated cost that this approach guarantees.

PRECISION ONCOLOGY ON TRIAL

> PR DR, P Tati i, By, 1 fenut G R p

014t Faolst WIGIOIES

Nature, vol 537, Sep. 2016 {\Hﬂ GMI-SNU
Al

Challenges in Practicing Precision Medicine

research’.”

= (enetics
(M) Home
wsd Reference

3. Regulations
- FDA's regulation

1. The Myth of Anonymity
- It may not be possible to protect the identity of genomic data.
- Parents with Childens of un diagnosed diseases said
“We would gladly forgo privacy in the interest of accelerated

2. Educations of Genetics & Genomics
- Smithsonian Museums
On June 14, 2013 The Genome Unlocking Life's Code Exhibition
- Medical education on new genomics

- Genetic Information Nondiscrimination Act (GINA) of 2008
- Genetic Patents Act of 2013
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The Last Challenges of Precision Medicine:
O1F2ZF X}0] (Ethnic Difference)

Asian Precision Medicine Initiative

b sciBben & @em-sw

LETTER oPEN

doi:10.1038/ nature 20098

De novo assembly and phasing of a Korean human
genome

Jeong- Sun Seol 2345 Arang Rhiel?%¢, Junsoo Kim!-**, Sangjin Lee!-5%, Min - Hwan Sohn!?3, Chang- Uk Kim!-%3, Alex Hastief,
Han Cao®, Ji Yclu.ng Yun!S , Jihye Kim! s Junho Kuk'3, (_run Hwa Park™ s, , Juhyeok Kim'** Harma R‘_.'u‘1 Jongbum l‘q’.].ru‘1 Mira .'r{l:lh‘l
Jeonghun Baek®, '\-'Ilchat.l“' Hnni.:pllit.r Jonas Kcrlach Jong-Yeon Shm' = & Changhoon Kim?

a Prased toas (Ve
1\ e -1

This is the most contiguous human genome mapped to date,
providing a population-specific reference genome
and vital data for genetic scientists generally.
Nature Press, Oct. 2016

‘é%‘f}'\\m / kLl '-:

RN W5

& O -5

5 7 ;
Crromosomes @17 b s = B2 !{f'
Cyionanas saisa % i 0 3 ; a"
Sk T l“:.‘ /\ ; \\\’ um_:ww.
T = "‘Q& i i ul\\\" B

Bxpe. .o A L ‘ .‘ :
oy 1 &

Expe v o1@ "‘“ m----‘ o 103
—_—5 =

nrarizing Gergrmis —
macrogen 28 { \}GMI-SNU
}\i}i

- Future Medicine & Bio-health Forum 2016




Nl i

Asian Genome Project

Using new de novo assembled
Asian reference genome

GenomeAsia 100K

%’;ﬁd@:‘fbgen 20 {E‘R\} GMI-SNU
S

Meeting with Dr. Francis Collins
2015.9. 8. at GMI-SNU
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Lorem ipsum dolor sit
amet, consectetur adipisi-
cing elit, sed do eiusmod

tempor incididunt ut labg
et dolore magna aliqua. Ut
enim ad minim veniam,

quis nostrud exercitation

EDICAL
CARE

BRAIN
CHECK-UP

Lorem ipsum dolor sit
amet, consectetur adipisi-
cing elit, sed do eiusmod
tempor incididunt ut labore
et dolore magna aliqua. Ut
enim ad minim veniam,
quis nostrud exercitation
ullamco laboris nisi ut ali-
quip ex ea commodo
consequat. Duis aute irure
dolor in reprehenderit in

voluptate velit esse cillum
dolore.
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— ZpdTet ofntohst

— Internship and Residency, Department of Surgery.
Catholic Medical Center (CMC).

— Physician, Department of Surgery
(Specialty : Gastric Cancer), CMC
— Oncology Medical Leader, MSD Korea

2
— ™ Ridaforolimus (mTOR inhibitor, MSD)

— ™ Vorinostat (selective HDAC inhibitor, MSD)

— & Aprepitant / Fosaprepitant (NK=1 receptor inhibitor, MSD)
— & Pembrolizumab (anti—-PD1 mAb, MSD)
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