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Precision Medicine:
Current Status and Future Perspective

Yung-Jue Bang
Seoul National University
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Precision Medicine?

e An approach to disease
treatment and prevention
that seeks to maximize
effectiveness by taking into
account individual variability
in genes, environment, and
lifestyle.

* Near-term focus on cancer
¢ Long-term goal for all

{
3
s
:
)
!
:

=

President Barack Obama. State of the Union Address, Jan. 20, 2015.

Precision vs. Personalized medicine

~ 35% of patients with Lung adenocarcinoma have a
Driver mutation targetable by an FDA-approved agent

METex14:
ALK: EGFR Other 4% Capmatinib
Crizotinib
S MET 3%

Alectinib £OFR ROS1:
Ceritinib y 59“;;2:'“5 >1Mutation3% | Crizotinib
Lo_riatfm_ b HER2 2% Entrectinib
Brigatinib ROS1 2% \.W-

BRAF 2% Sy
EGFR AET2% L Dabrafenib
{Sser;st!tilz;ng: NTRK1 1% RET fusion:
ErToltil:irb " e PIK3CA 1% Selpercatinib
Afatinib Oncogenic Driver MEK1 <1% Pralsetinib
Osimertinib ' Detected 31% NTRK fusion:
Dacomitinib Entrectinib

Larotrectinib
*Approved in combination with trametinib (MEK inhibitor| for BRAF VE0O0E mutatian,

E O]
Slide credit: glinicaloptions.com LiTetal JCO. 2013;31:10389. Tsao AS et al. J Thorac Oncol. 2016;11:613.




KRAS Mutations in NSCLC

KRAS Mutation Subtypes in NSCLC

80
70
60
50
40
30
20
10

0

G13 Any

Varying Rates of High TMB (> 10 mut/Mb)
= 68% G13 any have high TMB (median 11)
= 58% G12C have high TMB (median 11)

= 43% G12D have low TMB (median 9)

Varying Rates of High PD-L1 TPS (> 50%)
= 41% G12C have high PD-L1
= 35% G12D have high PD-L1

""m
Slide credit: clinicaloptions.com
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Comutations by KRAS Subtype
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® G13 any
® Q61 any
® G12D

G12 other
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* Comutations differ among KRAS mutations

* The clinical relevance of differences in KRAS
mutations subtype is unknown and should be

further investigated

Liu SV et al. ASCO 2020. Abstr 9544.

Sotorasib (AMG 510) for KRAS®12C NSCLC

A Change from Besaline in Tumar Burdan
o Planned Dossi

W i0mg

Best Percont Changs fram Basaline

* ORR 32.2% (19/59)
+ DOR 10.9 months

B Change in Tumor Burden over Time
50+

Percent Change from Baseline

A i 10 Paspie: Otastis Prrsoiiomn, and P ———
No. of Patients é =
with NECLC N
— M0y N-1) E
360 myg [N=15)

TI0 g [N=E)

* — 560 my [N=13)

1%

1

720 g
- sy

Hong DS et al. N Engl J Med 2020;383:1207-1217.
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Cancer biomarkers

Treat or don’t treat?

!_ Cancer bioma_r_kers_}

N

What dose?

Which drug?

Sawyers CL. Nature 2008;452:548-552.

Population Oncology: Clinical trials

‘A’ is better than ‘B’

!

All receive ‘A’




Population Oncology: Clinical trials

They will
respond to ‘B’

Precision Oncology: Continuum

Prevention Therapy Survivorship
I. i 1 i'l '-i%
Tl (o g i'!‘ W!"—'!
Wb -"[\'.' ikt \ »
Risk Prognosis Predictive Response
Markers Markers Markers Markers
Cancer Prevention Clinical Oncology Pathology
Cancer Geneti Pathology Molecular Diagnostics
Cancer Epidemiology  Radiclogy Cancer Genetics
Pathology Molecular Diagnostics Investigati I Th
Cancer Genetics Immunology
Immunology Outcomes Research
Comparative Effectiveness
k<
5 5 s o
%, 8 38 g 238
e & E T £ g ‘E :
£ 8 g £ § 2 £ i §
5= z & = E
To S I - (-84
= Chemotherapy
Risk Early Tui;::?l:;’ui Ing:':ve Eonsk Hoss Targeted Thorapy
Reduction  Diagnosis  Adjuvant Adjuvant T::::': E‘ffr:‘::::ous g;r;zr:therapyNeocmes
Therapy Therapy PY it Radiation

Meric-Bernstam F et al. JCO 2013;31:1849-57




= AN783| FEHEHEES| 2=t §Z =2 tiEh} D|H

Precision prognostics for Diabetes

Precision prognostics

Improve precision and accuracy with which a patient's
disease-related outcomes are predicted using
information about their unique biology, environment,

Cerebrovascular

and/or context Caedes
o @ 0, s
LLP\‘I | “ @ Retinopathy
(18 | Ve YV
U J_ | I L Patient-centered
Clinical and outcomes

environmental
characteristics

Cardiovascular
disease

Nephropathy
[ Deatn |
Predictive Neuropathy
algorithm
A
8 i Y Chung WK et al. Dia Care 2020;43:1617-1635.

Types of molecular tests & variants detected

Variant types
Molecular methodology Small duplications, Exon duplications,
SNVs insertions, deletions, deletions or gene copy SVs
indels number changes
Allele-specific PCR v
PCR and Sanger dideoxy sequencing v v a
PCR and pyrosequencing v .
PCR and MS v .
PCR and single base extension v
MLPA v
FISH b v
NGS — custom panels (amplicon capture) v v
- m panels (hybridizati
c:;ifurec}usto panels (hybridization v v &
NGS — whole exome sequencing v v/ v .
NGS — whole genome sequencing v v v v
ddPCR v v c
BEAMing v v c

MNOTES:  Variant detected. » Variant detected with difficulty. o Variant detacted if fusion RMA is extracted first. b Only gene copy number variants

detected. ¢ Structural variants resulting from well-known, frequently occurring breakpoints are relatively straightforward to include in this type of assay, while
structural variants resulting from a wider variety of possible breakpoints are less likely to be included or, therefore, detected, See descriptions below far further
detail. FISH = fluorescence in situ hybridization; indels = mutations including both insertions and deletions; MLPA= multiplex ligation-dependent probe amplification;
MS = mass spectrometry; NGS = next-generation sequencing; PCR = polymerase chain reaction; SNVs = single nucleotide variants; SVs = structural variants.

Source: My Cancer Genome




Molecular progression on EGFR TKI

PD: Clinical appearance

Rapid global progression
Slow growth globally
Growth in several areas, but not all

PD: Molecular

Unknown (other pathways)
EGFR T790M (exon 20)
MET amplification

PIK3CA

EMT
~ 1% to 2%

HER2 Amp
~ 8% to 13%

BRAF
~1%
MET amp
596
PIK3CA
~ 1% to 2%
SCLC | '
. — | T790M +
6% : Other EGFR amp
with
PI3K EGFR mut ~10%
~ 4% 1% 10 2% |

Camidge DR, et al. Nat Rev Clin Oncol. 2014;11:473-481.

AURAS3 trial in T790M+ NSCLC:
Osimertinib vs. chemotherapy

Progression-free survival tion

Median

.ﬁ 1.0 No.of Progression-free
= Patients Survival
= 0.8+ L
@ mo (95% CI)
B 4 Osimertinib Osimertinib 279 101 (8.3-12.3)
E% 0.6+ = Platinum-pemetrexed 140 4.4 (4.2-5.6)
% a ; ; .
> 0.4 : Hazard ratio for disease progression
% g or death, 0.30 (95% Cl, 0.23-0.41)
] P<0.001
= 0.2+
g Platinum-pemetrexed
0-c 1 I I T I 1
0 3 6 9 12 15 18
* ORR71%vs. 31%
Month

No. at Risk

Osimertinib 279 240 162 23 50 13 0

Platinum- 140 93 44 17 7 1 0

pemetrexed

Mok TS et al. N Engl J Med 2017;376:629-40.




H1782] SIHHEEES| Ro|Uet Y= SHadit Of=f

O —

Liquid Biopsy

* Whatis liquid biopsy? *  When do we use liquid biopsy?
Blood sample containing cell-free DNA from

multiple sources, including DNA shed from
tumor of available biopsy tissue is inadequate or

— Molecular testing is needed but amount

unknown, or tissue biopsy not possible
— Resistance to TKIs
*  Advantages
—  Minimally invasive
— May overcome tumor heterogenicity
* Limitations

— Sensitivity: 70%-80%; specificity: near 100%

Epithelial it ADNA Tumaor Cellsof
Calls Mecratic Cefls WVarying Phenotype i " . .
@ — Negative result is noninformative

Slicle credit: clinicaloptions.com Bauml. Clin Cancer Res. 2018;24:4352. Lowes. Int J Mol Sci. 2016:17:£1505.

10

Liquid biopsy

Use of liquid biopsies for treatment strategy
in various stages of cancer

DNA Abnormalities

RNA Expression

Protein Expression

& Circulating )

& Tumor Cells . | Amplification & Deletions
./ Ccell-free DNA Translocations

' (cfDNA) |

Chromosomal Abnormalities

Point Mutations

t t } t >

EARLY LOCALIZED METASTATIC REFRACTORY

INTERVENTION DISEASE DISEASE DISEASE

Diagnose the Determine the risk Determine Determine

cancer earlier of recurrence after treatment selection mechanisms of

through screening treatment based on presence resistance, disease
of biomarkers progression and

identification of
newer treatments

Source: healio.com




Pharmacogenomics

Study Identifies Genetic Variants Linked to
Bevacizumab-Induced Adverse Events

By The ASCO Pos! Stalf

Posted: 11/52020 12:01:00 PM
Last Updated: 11/5/2020 6:09:27 PM

Bevacizumab-induced hypertension and proteinuria:

A genome-wide analysis of more than 1,000 patients
Innocenti F, et al. EORTC-NCI-AACR Symposium 2020

rs6770663 in KCNAB1 for hypertension
rs339947 for proteinuria

Challenges for Precision medicine

* Insufficient technologies/infrastructure
* Protection of privacy

* Limited knowledge & gaps

11
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Challenges for Precision medicine

* Insufficient technologies/infrastructure
* Protection of privacy

* Limited knowledge & gaps

Challenges for Precision medicine

* Insufficient technologies/infrastructure
* Protection of privacy

* Limited knowledge & gaps




GATTACA

Cast

Ethan Hawke

Uma Thurman

Jude Law

Alan Arkin

Loren Dean

Written & Directed by
Andrew Niccol

[1997]

 Session |: JEo| g & 7|Hl7|=
_ SR
— Big data =4
_ Eo-l:LO:I

e Session |I: YAtH 28
_ Eg0iMel ANSE
e IR
— i ol

22
(e NSNS

13



FHEE. RN G7IME Aol 2|t Dl27lE =

FHZE

A H7IME 242 Ac|e} 0f2ivIE

1z
ofo
1> 08

SAMSUNG MEDICAL CENTER

21788 S HEHEES
22|ifz} st 02f: 2p4|C) SHF Y7IML &
Session |. = 7|87 | =

November 27t (Thu), 2020 @ KAST

74 F7IME =42 Eel2} 0|57 =

HF 2 OF

1S o

AYMSHH, YRBUSD Y 2L AT AL
woongyang.park@samsung.com

17



18

H1782] SIHHEEES| Ro|Uet Y= SHadit Of=f

Individualized treatment based on personal genome profile in refractory cancer

LT (LY RS W)

Prsnt (2018 hiy)

=  Menitoring somatic mutations in EGFR to select right TKI in = Screening actionable mutations in chemo-resistant stomach
right time in lung adenocarcinoma cancer
*EGFR LB58R/Exon19 del: 31%; EGFR T790M in TKI resistant NSCLC: 50% *PIK3CA mutation: 9-12% in M55 STAD

Shin HT et al. Nature Communications, 2017; Kim ST et al. Oncologist, 2015

Screening actionable mutation in refractory cancer to match the best
targeted therapy using panel sequencing

Copyright © 2020 Sam:

Precision medicine with personal information

Current treatment

* One treatment fits all .
based on standard L1, (P _
treatment protocol MR 7 .

* Benefits in most of bt \ L
patients with blockbuster s
drugs

* Individualized treatment /% Mo %‘m
based on personal gls i e =)
information on clinical, e TR F’\’ }j—_/
laboratory and life-style e
data

Clinical unmet needs to provide right drug in right time for right patient
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Living in the era of 4t industrial revolution

1870 1969 Today
1* revalution 2™ reyolution 3" revolution 4% revolution
MASS AUTOMATED NEW
Revolutions PRODUCTION PRODUCTION TECHNOLOGIES
. . led by the steam engine driven by electriciy supported by electronics Internet of Things (1oT},
and oll-based power and Information Artificial Intelligence {Al)
mnin d USt ry technolegies Big Dats, Clowd, !
Cyber-Physical Systems...
- 1810 Stethoscope 1895 K-ray 1972 Computed tomography
Innovations 1928 Penicillin 1972 Electronic medical record system
Z S 1953 DMA double helix 1980 Magnetic resonance imaging
1957 Endoscopy 2001 Human genome project
in medicine T

2004 Mext generation sequencing
2011 Ipilimumab
2018 The cancer gencme atlas

Emerging new healthcare services with technology such as big data,
artificial intelligence, cloud and network

Precision medicine initiative of National Institute of Health (2015)

Poresra new model for dolng sclonca th
participants, msponsible dats sharing, 2

heep:/ fwww, nih.gov/precisionmedicine

Precision medicine with scientific evidence based on sequencing,
bioinformatics, big data and cloud




20

H1783] SRUKEIEES| 22|Ltzt Ho|=o| 5451t Of2}

Future medicine; personalized and predictive approach

Proactive &
““ 1 Predictive

One Size
Fits Al

Improved

Citizen Health

Efficient

Hesallh Sytem

¥irant
. Health

TR Econamy
Institution Decentralized ﬂﬁ

e | & \

—
\]Pilll'ﬂiﬂ!ik Empowered
~

i J— } fj

‘.f‘l 2y ;EI Value Based

Massive opportunity for the healthcare in hospital, society and industry

= Proactive care for at-risk
individuals with personal
genome and clinical
information

= Predictive care with cutting-
edge technologies such as
machine learning algorithms

and healthcare big data

hetps:/ fwww. marsdd. com /| ing-health-shifting-fi Hve-t

P i d-predictive-care/

BRATTUCE LEETURE

We Can Do Better — Improving the Health
of the American People

Deeann Visk, San Diego Clinical Research Metwoark, 2015; Schroeder 54, Mew England Journal of Medicine, 2007

Integrated analysis of genomic, clinical and life-style data for healthcare

2

GENOMICS PHENOTYPE

®O
00

UIFESTYLE/ENVIRONMENT
Whe dist, o

ur green oo ssggesl wha divees A srapshat of smalih . aeine
‘we Mgt e predisposed So, bt it's an that can be e=ed to prevent. dlageose. medcations, microblots nd even where
Incoemplete pictuse of human haatth, ad treat dasate

pomm—— “ Modifiable factors”  ——-=-- -~ i
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Current status of personalized genome analysis for precision medicine

1. Next generation sequencing (NGS) techniques
2. Clinical utility of NGS in precision oncology

3. Big data of integrated genomic and clinical data for drug discovery

Next generation sequencing and beyond

Multiple parallel sequencing Bioinformatic analysis

> —
.
st
i @ 2 = Allgnment to reference genome and detection of varlants Including structural
- H -1'5 [i \-,D '35 “a o alterations by statistical or machine learning-based algerithms
ey e *  Extended analysis on genetic, transcriptomic and epigenetic changes
= Spphisticated analysis on structural varfation and de novo sequencing with
long-read sequencing over 1-10kb
Analysis single DHA fragment = 10-20 billion fragments at once (NovabeqbO00)
500-600bp per reaction = -100bp per reaction

Shendure J and Ji H,, Mature Biotechnology, 2008; Meyerson M, Nature Reviews Genatics, 2010

21
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Paradigm change with sequencing technique innovation

Technique Biomedical Clinical Sequencing
development study applications data
10M! 100BS
$ ‘LE—A:%
an
E _ L 4
: }m +*
1MS Hext generation sequencing (NGS) —_— L
3
El & &
& N 2085 ©
! &
g 100K == L o
g S Oxford lla.nupou'l: | ] =
an MinlON (2075 a
9 Apptied Biosystems e T S 3
2 PRISM 3700 {1998) NOVAseq (2018) Persanalized healtheare | 1085 B
E 10KS with genome information =3
S ."* -
o Vb e®
[=]
(o]

1KS _ . L}__}‘*!é—-a-._

- — Clinical diagnostic test with NGS aﬁ%".’..-‘?ﬂ_‘?ﬁ% 183
'77

2000 2005 2010 2015 2020 2025  Year

[oenomc mesine

From technique-dependent medicine to integrated big data-driven
innovative medicine

Reconstitution of human biology at single cell level

Starting RNA-seq with total RNA from 100mg tissie = 3X108 cells
>10 major cell types in tissue with different proportion in each sample
Tumer cell heterogeneity with genetic evolution within tumer mass

Single-cell RNA sequencing

= lIsolation and amplification of total RNA from each cell for RNA-seq
Computational identification and cluster analysis of cell types and
subtypes within ane cell types

=  Biological analysis with multi-omics analysis on single cefl

Owens B, Nature, 2012

22
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Tumor heterogeneity and microenvironment for biomarker discovery

[-— b 2 e bl
l"'l" DN‘ fibroblast 2570 Myeioad colis (HULD) Cell typos. | \
Tumair oot & Preburuneiny - - & b . é
. | - . ..dl) Ild?
1' ,’ . by SiETEn NG wmseoss Dt
- 1a .
#} ¥ R o M = % ST h\mﬂll‘py
T e ] Il =
: Sl R A=
' = TraCOCt v
s
‘%ﬂ-} :IL. Eas rodi

j £ ; My )' :
o) O )
[yt %)
o i ¥ 1
% A et ‘) | Merral.
& = ’
{ A
) ’
L.
) i
el
FpATiC v ! 1
Blood wessel ) | \§
u A A
Vascular network PR | aicoan (1 Caing \_.m;:n;; =
il il b T
b v ake ake ade & oo 28w 25w akm
Tions iy o Lers)
Raa of SPP1 o COBE 15 5PP1 gone sxprossian®*
e -t
wrn == z94,
N | EJE ‘I
o e L .
s 8 .

Hong ¥, Mature Genetics, 2020; Cai L, Cell, 2020

%
:“? L] ﬂe
Single call

RNA-seq
of ol immuna calis

Angiog BValun

TREMD
Tyt — Molecular
| characterization
“wert § /
=2 J Panyiz !~ Functional assays
'\"—Gaﬂeuc.enqlneenng
% "\' Spatial ocation

i \ Conserved in human

Negative feedback
(checkpoints)

Keren-Shaul H., Cell, 2017
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Panel sequencing for precision oncology

Informed Biopsy tissue ;
consent Sequencing Analysis

Targeted Bioinformatics

Cloud-based GATEWAY Reports

B8 Teme te (enreber)

T 11171 e« E——— -

S (1491 - EE—
[ p— -

‘Acsisrabis gens beresen + (%)

Sunami K., Cancer Science, 2019

§

¥

¥

o l

- :
|| 1"
o

HLA LOH mhs
LA LOW
LA et

Proportion of necsnigens
Prinkictasd ks Bnd sk b Toa st HLA aletes

Preciciad 15 Bind m eefar
0 et the he kst HLA anien o T gl sl
Fresiried §2 b ety e kagl FILA sl

LLUREY T

D .

A5 858 8 BE @ B|r o

LA

Our cohor (N =168)

Havel JJ, Mature Reviews Cancer, 2019; Shim JH, Annals of Oncology, 2020
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Life-long monitoring personal genome sequence for individualized healthcare

Preventive and predictive Proactive and personalized
healthcare healthcare
Healthcare services with personal genome Early diagnosis and monitoring with genome
information on germline variations and sequencing on somatic mutations in tumor
microbiome to minimize the disease risk tissues, bloods and single cells

Single cell : Liguid
profile jons biopsy

Germline Microbiome
variants profile

Genome analysis for Microbiome analysis Immune profiling Actionable genome Cancer monitoring
ri_sk prediction of for blood glucose for monitoring 10 analysis for targeted by analyzing cell-
disease and drug and body weight response and and immune therapy free DiAs
response control biomarker discovery from blood

x’mm L celsius el =
enterome FOUNDATIO GUARDANT HEALTH

Government

agencies Clinical dars 95%

Patient
Clinical  portal
trials v '

—

Cost dats $6% Q"""

Cisims dats 45%
—
————
' o 30 O == 1B

Functional
expariments

o
P 5 25% _— o

Fatient prafasence dots CAHPS) 21% ?&\ﬂtm
| e 2 17% 1™

Today 5Years

htips:/ /catalyst.nejm.org/ about /news /nejm-catalyst-insights-report-finds-patient-gensrated-
dat ic-dat aful health-care-dat t-five-y

o 4
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Accelerating drug discovery with genome data (Regeneron & UK Biobank)

coRsENE
PATIEM]
LIRS

pEsEA:
HO oLl sBoAiToRs
MRS
tEDETED it
O SEALTHEATA ' -

[l

e

SECUHE BT
SCIENCE PLATFORMS

u!é

https: ! /www,ukbiobank.ac. uk/
https: { 'www. regeneron.com/ genetics-center

Drug target and biomarker discovery using biomedical big data and
artificial intelligence

Workflow for drug target discovery using UK BioBank data

';‘.g 44 tissues
b‘“ba"k GTEX A:call typne. uae-usc.nsL?:_ﬁ Pagerank] [ A
i — . R
y - A
i = S| & o
ol o )
2 te
®
Genetic discovery Scoring genes by Prioritize targets by
for relevant trait modelled expression random walk

26
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Summary

1. Next generation sequencing (NGS) technique can detect various genetic
alterations genome-widely. Single cell genome analysis techniques are now
introduced to analyze tumor heterogeneity and inter-cellular network,
which can be utilized for drug target discovery.

2. NGS techniques are now applied in precision oncology clinic to detect
actionable variants with reimbursement in many countries. Clinical utility
in refractory cancer and immunotherapy is proved in clinical trials as well.

3. The size of integrated genomic and clinical data in hospitals is increasing,
which can be used for artificial intelligence-assisted annotation. In
addition, pharmaceutical companies develop drug targets by big data
analysis platform using private and public biomedical big data.

Precision medicine: Beyond the inflection point

Knowledge network

|| » Nascent
f curve:

Integration,
I|I understanding  Microbiome
Precision

|
/ e Expasiires

/
bl J > Behaviors

/ point Chinical tests
Participant
Incumbent contributed

Genomics

curve: data

Data collection,
description
within |
disciplines

Hagwood 5, Science Translational Medicine, 2015
Transformative leap toward data-driven, mechanism-based health and
healthcare for each individual
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Big Data 2417|=

Soo-Yong Shin, PhD

Associate Professor, Dept. of Digital Health, SKKU
Director, Big Data Research Center, SMC

Director, Data Center, SMC

2020. 11. 27
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SAMSUNG MEDICAL CENTER
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HA9o|F big data

“Really about everything around the individual®
- Dr. Victor Dzau (0|= 2J3}5t 9 3|%)
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https://doj.org/10.7599/hmr.2017.37.2.86
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sooyong.shin@gmail.com
http://bmi.skku.edu
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One Treatment Fits All

o LS

(©)— ihh —
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Cancer patients with
e.g. colon cancer

More Personalized Diagnostics
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MAMZE FHXL (Germ line gene)

. HD2EE 22 QEA(MEY, QHY)
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Offspring gametes

et @@
1)

Offspring gamates

Organism

Germline mutations are inherited and found in all cells,

Somatic mutations are not inherited and are found within the tumor.
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Cancers 2018, 10, 349
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[ Mutation testing ] Gefitinib —— EGFR mutations 30-40%
Erlotinib [18% Nor-Asan
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Published Genome-Wide Associations through 3/2010,
779 published GWA at p<5x10-€ for 148 traits

O Acule lymphoblastic leukemis @ Culaneous nevi (L ar e &)
i ®C i Quantialive Wais
Adiponectin levels @ Drug-nduced fiver injury AN CRMCET @ Recombination rale
Age-related macular degeneration @ Eosmophil count @ Major mood disorders @ Red vs non-red hair
O AIDS progression @ Eosmophilic esophagilis ® Malaiz @ Renal function
© Meohal dependence @ Erythrocyte parameters © Male pattern baldress @ Raapunsemanupswnuuc IMrapy #
O Alzheimer disease @ Escphageal cancer @ Matrix metalioproleinase levels
o “hi- fatara o @ Essential tremor (@3 e
@ Exicliztion glaucoma @ Melanoma R r.um legs syndrome
" O Menarche & manopause O Rheumatoid arthritis
@ Multiple sclerosis O Schizophrenia
Folate pathway vitamins O Myeloproliferative neaplasms © Seum metaboites
© Frackies and burmning ©Q Narcolepsy @ Sskin pigmentation
O Galistones O Nasopharyngeal cancer a smmpuwm
Aftertlion deficit hyperaciivity disordes @ Clioma D Neurshlastoma als
© Autism @ Glycemic traits T flleatins damn e
@ Basal cell cancer (D Hair color B Obes
@ Bipolar disarder (3 Hair mamigins @ Openp ¥ e ATOBUS
@ Bilinubin @ Osteoarthiitis @) Tdmgmnﬂ[n
@ O Osteoporosis O Testicular germ call tumor
@ Otcsclarosis @ Thyrod canoer
O i © Other metabalic tralts sl
© Hepatitis @ Ovarian cancer
unierence [oF F ‘s disease @ Pain
B dmm O HIV-1 control @® Pancrealic sancer Yoo 1 diabeica
@ Broast cancer D Homacyslaine levals @ Panic disorder @ Type 2 diabetes
i j v fibrosis [ ] Parkinson's disease @ Uloemtive colitis
ands fur . IgE levels i
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AN AED CAN
SAVE LIVES
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NEJM 2005
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Korean National Health Insurance Cohort dataset
(1,125,691 individuals from 2007 to 2015)

2.0%
B CAD
mICA
B HF
COVHD
M Others

PLOS ONE 2020

(Long QT syndrome)
Z 1 (Brugada syndrome)
Z T(Short QT syndrome)
} 24 & 4 819 (Catecholaminergic polymorphic ventricular tachycardia)

 (Early repolarization syndrome)

C

2T

212 (Idiopathic ventricular fibrillation)
45

(Arrhythmogenic right ventricular cardiomyopathy)
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Syncope or Lethal cardiac events
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3 B g .
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E P05 by lag-rank
+= L537TP-SCNSA = Brs1 20 30 i S
Years of Age
Heart Rhythm 2015 JAMA Cardiclogy 2019
Circulation 2011
Cong ILaTs ] y CPVT 5QTs ARVC
¥ Repeated QTc 2 500 + 5T algvabon = 2mm, « Bidirectional < Repeated * Epalon wave
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wilh g
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Treadmill e
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- ; EP stud ,
i L A RV Biopsy
e DDx) Brugada phenoccopy
Implantable
loop recorder Genetic testing®
Idiopathic VF
1. Bazett or Fridencia formula; standard & upper level {up to the 2 or 3" intercostal space)
2. E hrine for LTS, CPVT, i defor Brugada
3. Mextg panels for s and cand th

Circ Cardiovasc Genet 2015
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