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The	rapidly	aging	population,	coupled	with	the	lowest	birthrate,	is	posing	a	lot	of	socioeconomic	problems	for	Korea,	including		a	labor	shortage,	fiscal	strains	caused	by	rising	welfare	costs,	chronic	economic	sluggishness	and	excessively	conservative	trends	dominating	society.

Not	Aging	Society	But	Super	Aged	Society	



World	will	have	13	‘super-aged’	nations	by	2020
By	Financial	Times	in	LondonCountry	 2015 2030Japan 26.4 30.7Germany 21.4 28.2Italy 21.7 26.8South	Korea 13 23.4France 18.7 23.2Switzerland 18.2 21.9UK 18.1 21.7US 14.7 20.1Australia 15 19.2China 9.5 16.2

Not	Aging	Society	But	Super	Aged	Society	



Health	Issues	in	the	Elderly

• Physiological	changes	occur	in	the	elderly	as	a	natural	part of	Aging,	and	can	affect	their	health	and	lifestyle.
• Most	conditions	result	from	Decreased	Function	or	Degeneration	of	the	involved	organ	and	some	diseases	and	conditions	become	more	prominent	in	the	elderly.
• Psychosocial	issues	can	also	play	a	role	in	physical	and	mental	health of	older	adults.	



Repair,	Replacement,	Regeneration	and	Augmentation

Aging	&	Anti-Aging	vs	Disease



Hybrid	Assisted	LimbHybrid	Assisted	Limb ExoskeletonsExoskeletons

NeuroprostheticsNeuroprosthetics OptogeneticsOptogeneticsMyoelectric	ProstheticsMyoelectric	Prosthetics Augmented	OlfactionAugmented	Olfaction

Augmentation	Technology



Tissue	Regeneration

Artificial	Vasculature Artificial	Organs

Artificial	Lungs

Artificial	Cells

Artificial	MusclesArtificial	Liver
Regeneration	&	Replacement		Technology



Anti-aging	Drugs Genetic	EngineeringAnti-aging	CosmeticsBiogerontology Technology

AGING is	a	CURABLE DISEASE!



Tailoring	Treatment	for	Diseases	



Change	of	Disease	Pattern	to	Chronic	Disorders





Molecular	Targeted	Therapeutics	has	already	changed	Paradigm	of	Cancer	Therapy.

Why Cancer	Occur?



Peng	W	et	al.	Drug	Dis	Toda	2015	July
US	FDA	approved	28	small	molecule	kinase	inhibitors	

Paradigm	Shift	to	Genomic	View	of	Cancer



Genomic	Landscape	of	Cancer



2003 2007Human	genome	project13	years,	$2,700,000,000 2008 2010Craig	Venter	genome4	years,	$100,000,000James	Watson	genome4	months,	$1,000,0001	Asian	and	1	African	genome1	month,	$	250,0001	Celebrity	(Glenn	Close)$	48,0001	Patient	c	Charcot-Marie-Tooth$	50,0001	Family	(4)	c	Miller	syndrome$	25,000

Genomic	Landscape	of	Cancer
Improvement	of	Genome	Sequencing



459	Drivers	in	28	different	cancer	types

Most	driver	genes	are	lowly	frequently	mutated.

Few	drivers	dominate	the	clonal	landscapesRubio-Perez	 C	et	al.	Cancer	Cell	2015;27:382

Genomic	Landscape	of	Cancer



90%	of	tumors	show	at	least	one	driver	alteration Drugs	targeting	cancer	drivers	are	limited	so	far.

Rubio-Perez	 C	et	al.	Cancer	Cell	2015;27:382

Genomic	Landscape	of	Cancer



Clinically	actionable	alterations	in	patient	samples

Frampton	GM	et	al.	Nature	Biotech		2013;31:	1023

Knowledge	of	Genomic	Landscape	Changes	Clinical	Practice!



Simultaneous	and	Multiplex	Testing	Platform	Evolution	of	lung	cancer	from	Histologic	subsets	to	Genomic	subsets

Increasing	Knowledge	of	Genomic	Landscape	Changes	Oncology	Trial	and	Clinical	Practice!



Precision	Medicine	InitiativeObama	Announces	$215	Million	Precision-Medicine	Genetic	PlanOn	Jan	30,	2015

The	National	Cancer	Institute	would	get	$70	million	to	study	genetic	causes	of	cancer;	the	FDA	would	get	$10	million	to	evaluate	new	diagnostic	devices	and	drugs;	and	$5	million	would	be	devoted	to	building	the	computing	and	privacy	components	of	the	genetic-data	network.

Obama	calls	on	Congress	to	fund	'precision	medicine'



Gefitinib
Is	there	Hope	for	Cures?

Chapman	et	al	N	Engl J	Med	2011;364:2507

Trametinib

Flaherty	et	al.	N	Engl J	Med	2012;367:107Mok et	al.	N	Engl J	Med	2009;361:947		
Vemurafenib Crizotinib

Solomon	BJ	et	al.	N	Engl J	Med	2014;371:2167



Passenger	mutations	do	not	have	any	effect	on	the	cancer	cell,	but	driver	mutations	will	cause	a	clonal	expansion.	Relapse	after	chemotherapy	can	be	associated	with	resistance	mutations	that	often	predate	the	initiation	of	treatment. Stratton	MR	et	al.	Nature 2009;458:719
Vogelstein	B	et	al.	Science 2013;339:1546Typical	solid	tumors	contain	30	to	70	mutations	that	alter	the	amino	acid	sequences	of	the	proteins	encoded	by	the	affected	genes.

Knowledge	of	Genomic	Landscape	is	Enough?



Tumor	Heterogeneity

Vogelstein	B	et	al.	Science	2013;339:1546

• Interpatient heterogeneity	among	the	tumors	of	different	patients
• Intratumoral heterogeneity	among	the	cells	of	the	primary	tumor
• Intermetastatic heterogeneity	among	different	metastatic	lesions	in	the	same	patient

• Intrametastatic heterogeneity	among	the	cells	of	each	metastasis



Intra- and	Inter-tumor	heterogeneity	can	lead	underestimation	of	the	tumor	genomics	landscape	portrayed	from	single	tumor-biopsy	samples	and	may	present	major	challenges	to	personalized	medicine	and	biomarker	development.	GerlingerM	et	al.	N	Engl J	Med	2012;366:10

Tumor	Heterogeneity



Clonal	Evolution,	not	Random	Process!

Gerlinger et	al.	Nature	Genetics	2014;46:225



Why Cancer	Cells	Survive	in	Someone,	not	Everyone	?
• Intrinsic	Tumor	Suppression:	DNA	Repair	or	Apoptosis

• Extrinsic	Tumor	Suppression:	Innate	&	Adaptive	Immunity		



• Intrinsic	Tumor	Suppression:	DNA	Repair	or	Apoptosis

• Extrinsic	Tumor	Suppression:	Innate	&	Adapative	Immunity		

Why Cancer	Cells	Survive	in	Someone,	not	Everyone	?



Chen	DS	et	al.	Immunity	2013;39:1	Schreiber	RD	et	al.	Science	2011;331:1565	

Why Cancer	Cells	Survive	in	Someone,	not	Everyone	?



Immuno-oncology	Therapeutics	is	Coming	of	Age



From	Anatomy…	
Lung
Breast
Prostate
Colon
Brain

Genomic	Profiling

Paradigm	Shift	in	View	of	CancerTo	Genetic	ClassificationKIT	(Imatinib)
EGFR	(Erlotinib)
HER2	(Lapatinib)
BRAF	(Vemurafenib)

PIK3CA(BEZ235)



From	Anatomy…	
Lung
Breast
Prostate
Colon
Brain

Paradigm	Shift	in	View	of	Cancer?To	Immunologic	Classification?



Estimate	of	the	neoantigen repertoire	in	human	cancer

Schmacher TN	et	al.	 Science	2015;348:69

Neoantigen &	Immunotherapy
Mutation-derived	neoantigens in	human	cancerNeoantigen

- Interventions	enhancing	exposure	to	autologous	neoantigen- Patient-specific	cancer	vaccine	to	identified	potential	neoantigens- Induction	or	expansion	in	vitro	of	T	cells	specific	for	potential	neoantigens.		



Jimmy	Carter's	cancer	treatment	includes	a	'breakthrough'	drug	fast-tracked	for	FDA	approval.



Targeting	the	Hallmarks	of	Cancer
Oncogene	InhibitorsOncogene	Inhibitors Cyclin-dependent	Kinase	InhibitorsCyclin-dependent	Kinase	Inhibitors

Anti-immune	Checkpoint	Antibodies	Anti-immune	Checkpoint	Antibodies	
Telomerase	InhibitorsTelomerase	Inhibitors

Selective	anti-inflammatory	AgentsSelective	anti-inflammatory	Agents
HGF/c-MET	inhibitorsHGF/c-MET	inhibitorsAnti-angiogenic	AntibodiesAnti-angiogenic	Antibodies

PARP	InhibitorsPARP	Inhibitors
ProapoptoticBH3	MimeticsProapoptoticBH3	Mimetics

Aerobic	Glycolysis	InhibitorsAerobic	Glycolysis	Inhibitors

Hanahan	and	Weinberg.	Cell	2011;144:646
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Excised	during	thoracotomy

Bronchoscopicbiopsy	(for	central	lesions)

Guided	needle	biopsy	(for	peripheral	lesions) OncoMap/OncoPanel

Genome-based	Precision	Cancer Medicine



Personalized	Medicine:	Genomics	Plus	…..

Risk	Assessment	and	Stratification	by	Genomics:	Not	Sufficient	The	portion	of	people	with	a	disease	who	would	have	tested	positive	for	a	genetic	risk	varied	by	illness.



From	Genome	Medicine	to	Personalized	Medicine
18	traits	SNP-trait	associations	Genome-wide	Association	Study



++ ==

Big	Data	for	Predictive	Medicine



Genetic	Screening	for	Disease Health	Care	Programs
No	Genetic	Susceptibility Positive	Genetic	Susceptibility
Wellness	Program - Tailored	Health	Care	Program	- Modified	Treatment	Plan- Intensified	Monitoring	Plan

Unresponsive	to	Intervention Good	Response	to	InterventionAdditional	Genetic	ScreeningNo	Genetic	Susceptibility Positive	Genetic	Susceptibility
- Focusing	on	evaluating	other	factors- Intensified	program	for	engagement	

Personalized	Predictive	Medicine



Active		Participatory	Medicine



Health	Care	Platform	for	P4	Health	Care

§ Molecular	Biology	&	Sequencing	Technologies:	Cracking	the	Code	of	Human	Life
§ Medical	Technologies	&	Companion	Decision	Tools:	Guiding	and	Evaluating	Health	Care
§ Information	&	Communication	Technologies:	Capturing	and	Interpreting	Health	Information



P4	Medicine	Transforms	Healthcare
§ Personalize	Medicine		reduces	variability	and	delivers	evidence	medicine.
§ Predictive,	Preventive	and	Personalized	Medicine	 is	based	stratification	of	patients	to	create	smaller	and	precise	groups	by	analyzing	data,	vice	versa	creating	knowledge
§ Patient’s	active	Participation is	the	most	important4P’s	Medicine	to	1P’s	Medicine,	“Perfect	Medicine”


