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* Companion diagnostics/ Target therapy
Tri-conference

* Beyond Genomics : Epigenetics £91572020

* Cancer immunotherapy

* | Liquid Biopsy : circulating cell free DNA/ circulating tumor cell/
Exosome, DNA methylation, microRNA etc.

* Microbiome NGS
* Mobile Health Technologies/ Al based health care
* Point-of-Care Diagnostics

* Digital Medicine
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Tri-Conference, San Francisco. CA 2020 March 1-4

27 Intemational

‘) Molecular Med

vSHORT COURSE ~

ATRI-CON

h 14, 2020 ¥ San Francisco, CA

MOSCONE SOUTH CONVENTION CENTER

SCé6

Translating CTCs
and ctDNA for

Clinical Use

EXHIBITORS / SPEAKERS
SPONSORS

|\ BADGE PICKUP

Precision | |
Health | |
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Good Condition for Cancer Biomarker

1) Early detection (Before tumor diagnosed via
conventional methods)

2) Prognostic marker (After treatment change),
Reversible

3) Good Sensitivity, Specificity, PPV, NPV

4) Non-invasive, Good assesibility

5) High through output / more Genes/ less prices

o1 ZH &= (Sensitivity) : B 0| Q-2 [Ij
A3}sjoF Bt @F &7 FICHA

— =

1 25l OF 2f, 2|5 d(false negative) &

b

£ 0| = (Specificity) : HO| gl= [ HO| ICt D LoljOF &, 2|2 (false positive) &
AS|S}OF B QF RfjEt = £ Al X
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Stage at diagnosis: ~ 50% are in stage llI/IV

= 4

Stomach

Colorectum
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Source: Severance cancer center

gAlooly

IVE zoi013

HZXIl

C} <

- = o

HEAl O] Tumor marker2| $t7]

Prostate-specific antigen
(PSA)

Carcinoembryonic antigen
(CEA)

Alpha-fetoprotein (AFP)

Cancer antigen 19-9

Cancer antigen 125

Beta-HCG

NSE

iCancer

Prostate
Colorectal

Hepatocellular
Pancreatic
Ovarian

Testicular,
Choriocarcinoma

Small cell lung
Neuroblastoma
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Q| M A : Liquid Biopsy

tet2 doll L o|ZF =XYS= Circulating tumor DNA(ctDNA)2| Chkst
| 4& 7ts

1.Circulating tumor Cell (CTC)
2.Circulating cell fee

DNA (CfDNA) mutation
3. cfDNA methylation

4. Exosome

5. microRNA

6. Oncogenic Viral DNA

Circulating
tumour cell ¥

Biood plasma or [ _
Serum sample (7

containing CtDNA |

@ Red blood cell

Endothelial cell

£ER Chromosome
Crowley, Nature Reviews Clinical Oncology, 2013

MIT Technology Review 2015 10 Breakthrough Technologies
groolE IV zaoiolx

Circulating Cell free DNA (cfDNA)Z}?

Solid tumor Apoptotic or necrotic
® dSDNA tumor cell

® highly fragmented DNA (140 ~
170 base pairs) in plasma and
serum with half life of ~2hours

® Sources of DNA release:
necrosis, apoptosis

CtRNA
e

CtDNA %
s
-

® Not cancer specific
- Exercises, trauma, surgery

® Cancer specific cell free DNA:
ctDNA (circulating tumor DNA)

:“ Noncancer controls ! l‘:l Cancer patients g
can be presentin 0.01% ~>90% .. -
of the total cfDNA 1 168 bp g 166 bp [

W 51 i 5"

dq 991
dq zee
dq g6p

‘Bl 38 190 0 300 40 a0 1000 3000 10380 )38 10 0 30 40 600 1000 3000 1030
Clinical Chemistry, 2015
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Liquid biopsy vs. Tissue biopsy

® Risk of complication and patient safety (ZZ| ZHAALS| &H)
® Tumor heterogeneity (2 = 1O C}kAL)

Subclone 1

\ ) Fine-Needle Aspiration )
‘ Biopsy of the Lung X~ Intratumour heterogeneity

[ Aoy ADL.

J

. % T G
Biopsy B Clon"&°
L{ needle Y - Ara A2
e / ; - /
A -
ot
\
Intercellular genetic
and non-genetic heterogeneity
Subclone 3
Subclone 2

Clonal heterogeneity

a
gAlofold VB zavioia

OH xj| 8 A (Liquid Biopsy)2| & &

D D D F”ﬂ”ﬂ
Serial liquid biopsies
L S R N

Cancer detection: Molecular Detection Monitorin Monitorin
=> screening or profiling or of residual R 9 clonalevo?ution
earlier diagnosis  prognostication disease P
©® Clone1
=N .
> Clone 2 SHHTTH DL|E¥
® Clone3 Ve 0 Sp—————
! i : i
ol =329 | | | |
9 | | :
8} 1 : i
B ! . :
2 : i :
& = ; == ] ]
1me Surgery (or other) A Treatment 1 Treatment 2 J

Nat Rev Cancer. 2017. 17(4):223-238. Treatment selection
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Clinical application of cfDNA (cell free DNA)

Objective cfDNA amount

1. Early detection of cancer scanty << 10ng unknown

before diagnosis (Stage 0~1) -> need sensitivity?t > cover gene>100
2. Early detection of recurrence 10 ~ 50 ng known << unknown
after definitive treatment (Stage 1~3) > need sensitivityt > cover gene>50

3. Treatment monitoring 10 ~ 1000 ng known >> unknown
during chemotherapy (Stage 4) - need accurate mea -> cover 8~10 genes

sure of copies

Oncogenesis After treatment Metastatic setting

small size small size large size
no info of genomic mutation info of genomic mutation+ info of genomic mutation+
- new clone would recur - new clonet as existing clone|

1

gAlooIE VR zaioix

Technology for ctDNA analysis

Increasing genomic coverage (and cost)

PCR Targeted seq. WGS

High tumor fraction

WGS (LOD 5-10%)
> 5-10%

Whole methylome (LOD 5-10%)
Plasma-Seq (LOD 5-10%)

WES (LOD 5%)

Tam-Seq (LOD 2%)

CAPP-Seq (LOD <0.1%)
Safe-SeqS (LOD <0.1%)
BEAMing (LOD <0.01%)

dPCR (LOD <0.01%)

Genome-wide untargeted
methods

cfDNA from '
normal cells 5 CtDNA

Low tumor fraction
<1-5%

uoijoely Jown)

Analytical sensitivity

High resolution untargeted
methods

YV V.V V VY Y V VYV V

LOD = Limit of Detection .
g@roiol® VR 2aoiola
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Early Discovery and Applications of cfDNA

MandelP, MetaisP
E2t=01H0]| A

Leon SA

of Etxts el &
Ct cfDNA 20| &

Vasioukhin V

Chsk eF ob747t
cfDNAOIME 274 |
ZAPNES -
(microsatellite, CNV,

cfDNA % =% gt Che ZHe oz cfDNAXIM REHEl ef oncogenic viral DNA
—§ )
. Tan EM 50'?‘ 5%*’—40.'? hypermethylation,
an BV 2745l tumor origin LOH)
Bt FLA Bt 0= Al=: NRAS(
CfDNA ¢l ot FYuEE)
196544 198944 199414 2014
>
194814 19664 197714 1990A 200043

ol &f ExtolM =2
cfDNA 2l & tumor
DNA &fel

2f 2l cfDNAS| &
RHoil chEt 7+ A&l
Bendich Stroun M

S0zt &2 NGS 7|t ctDNA 44

Mutation specific PCR Me|A 3
WS AESH7] AIE
Sorenson GD Guardant 360
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NGS based Liquid Biopsy Business Trend

From GRAIL to pour
$1 billion into blood test to detect

early cancer.
lllumina launched GRAIL,

focused on blood-based

GRAIL initiates STRIVE study.
cancer screening

GRAIL announces
CCGA study to
detect early cancer

Pathway Genomics
launches first liquid

biopsy test to detect

cancer-associated
mutations in high risk

Guardant and MD
anderson deal
multilayer liquid biopsy

launched '

60 gene panel
Guardant Health

SNV, Indel,
atients CNV,fusion
launches = ROCHE launches
Guardant360 ‘ AVENIO ctDNA assay

3 FDA approves first liquid kit for RUO
;ar?e?ne FDA crcks down the biopsy test for lung cancer (77 gene panel)
SNV, Indel,C service of cobas EGFR mutation
NV, fusion Cancerintercept leSt_VZ, RQCHE

Detect diagnostics
Guardant Health Pathway Genomics| Foundation MedicinkprocHE GRAIL GRAIL ROCHE
o———— o——=0 =
2014 2015.09 2016.01 2016.05 2016. 06 2016.08  2017.02 2017.05

2 X : Nature Biotechnology 35, 101-102 (2017)
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Selected liquid biopsy platforms in clinic use

o H MAX2= 387l O|ge| BIAZE A HH MB|2 8L 7|7] ZHEof ©EEstn U

oo

[ sme | uze | @wie | _us | 23 ]

Sequencing ctDNA ‘,’J CTC £ 08310 137§

Biocept Target Selectar JFISH H 20| 3ol
. Sequencing : = 9} 1,000 2
Grail - (Deep seq) llumina 2|8t ZICHI|& 74 & 20194 oja)
Sequencing 4 O X ; ;
Guardant Guardant360 (Digital seq) 7074 2K} 0| &l o} 5,800 2f
Oncocyte Oncocyte DX test  Sequencing o, 2 28y ud 9 4,000 2f
ki Ocotype SEQ  Sequencing 1770 SHX} 0| gl :
Myriad myRisk sequencing 2874 &% | X} Panel ©f4,000~4,500% 2
Foundation : Sequencing ctDNAE 0| 85}0]| deep seq +4&
edie FoundationACT™ Bacp sen (& 617l 8HXA|) Of 5,800% 2
: REPLI-g Single Cell ctDNA, miRNA, RNAS £2]
Qiagen Kit & PCR KIT e oF 700~900EH Y
3 of o
Trovagene Trover Test Sequencing Jrine# g{g;gFiRTASL,BXF{A?OI 2
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Treatment monitoring during chemotherapy

Cancer Non-cancer

2@ O
NCT02169349 . A ’ .
~2016. 09

Roche NCT02639832 Cohort study
NCT01888601
"1(322%21)27510 SEen 0 Pharma AG ~2019. 12 - 10,000 (7000/3000)
o araf ANTICIPe Cynvenio
University Cancer _ Biosystems The Circulating Cell-free
Haspital, Rouen Research UK N=100 Monitor Natural Killer Cells GEHBTE Aﬂags Study
PLACOL study TRACERXx and Circulating Tumor
N=200 N=842 Cells in TNMT NCT02889978
N=210 ~2022. 08
Grail, Inc
2015.01 2016.03
>
2010.09 2013.06 2014.06 Foundation 10 2016.08
Medicine
AstraZeneca
Concordance Between CALIBRATE
ctDNA Assay and FoundationOne N=100
N=2,000 ~2017. 08
~2017.09 NCT02994511
ICT02620527 =X : clinicaltrials.gov

gAlofold VR zaviola
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Treatment monitoring during chemotherapy

NCT03116633
NCT03059641
~2019. 06 201712
Geneplus-Beijing Co. Ltd. Inivata
Therapeutic Resistance and Clonal Concordance of Inivata Liquid Biopsy
Evolution Assessed With Liquid Biopsy of With Standard Tissue Biopsy in Non-
NSCLC Patients in China Small Cell Lung Cancer
N=500 N=260
2017
201612 “y as 05
>
02 04
. i Circulating Tumor DNA in Surgical Detection of Heterogeneity in
EGFR-TKI Reszlsgaonce Profile Lung Can_cer Patients Central Lung Cancer
AstraZeneca N=500 N=30
~2021. 02 Shenzhen Gene Health AstraZeneca
Bio Tech Co., Ltd. ~2018. 11
NCT02988141 T NETaE0TEa

NCT03081741

=X : clinicaltrials.gov

gAlofold VR zavioia

Early detection of cancer before diagnosis

Grail, Inc
m Screening
mammography
NCT02778412
NCT02612350 ~2021. 04 High-intensity sequencing
~2017.08 Thyroid cancer (fine needle N= 120,000

aspiration biopsy with thyroid

Neoplastic Disease
nodules) / N=150

(heredity, exposures, age, or family The STRIVE Study: Breast

history) / N=1,000 Cancer Screening Cohort
NCT02715102
NCT02665299 ~2021. 05 ~ 2025. 05
~2020. 12 NCT03085888

Lung Cancer
(bronchoscopy or
thoracotomy) / N= 100

Colon cancer
(Colonoscopy) / N=200

b b O >

2015. 11 2016. 01 2016. 03 2016. 06 2017. 02

il s ¢ et =X : clinicaltrials.gov
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SNV(mutationMethylation

GUARDANT 363 e age  ws  ws
UA : approachtocreating3-D magery. = ] o=
Test. Take Action. %’-E :|I'u 01 E:I = 7}2
ST = =
N Nano-Architecture Lo 3/5 5/5
“* genomeweb Hol= / /
[ ™ C.r-to-Car Communication G R A . L
Guardant Health Expands Guardant360 Panel, Reports 3
Increased Sensitivity ProjectLoon FierceBiotech
?/A-mm ;;nl:r*llhv BIOTECH COVID-19 RESEARCH CRO CELL8 GENETHERAPY MEDTECH  SPECIALRE
s s B e Liquid Biopsy v |
. e Grail's third VC round brings funding total to $1.58
73qanes om Pinita st rscet trtion, GuecntCEO
reprasentation of gatskesper, or acquired rs«:amx mutations, f the test = leD by Conor Hale | May 22, 2018 1:42pm
£ e e o b ok P e T
ApplePay FierceBiotech
- - e el £ e BIOTECH  COVID-9 RESEARCH CRO  CELL&GENETHERAPY  MEDTECH
FierceBiotech
BIOTECH COVID-19 RESEARCH CRO  CELL& GENE THERAPY MEDTECH  SPECIAL REI anwm
‘dementia, mentaliiness, and other neurological disorders. = = =
e | Grail nets FDA breakthrough designation,

Guardant Health unveils epigenetic research test for
early-stage cancer

by Conor Hale | Jan 8, 2019 9:07am

Supercharged Photosynthesis

people:

turns eye toward DNA methylation for
early cancer detection

Internetof DNA

by Conor Hale | May 14, 2019 2:05pm

CANCER

Detection and localization of

surgically resectable cancers with a
multi-analyte blood test

1005 patients with nonmetastatic, clinically detected cancers of the
ovary, liver, stomach, pancreas, esophagus, colorectum, lung, or breast

Cohen et al., Science 359, 926-930 (2018)

c 100% A

Proportion detected
by CancerSEEK (%)

80% A
60% -
40% A

0%

T
creas
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CancerSEEK

CancerSEEK

e
I
clDNA Protein
biomarkers

&

Cancer

detected?

\

FAlO| QEF K| X} ZALQL H| MW E ZHC}.

oF Al EO| A20|=
0 . o H7|(stage)d 2=
37] 20| BIZE7} 78%01 1 27| 9 73%0] UHHY, 17|94 3% Cha Wit

Science 2018
gAoold VR zaoiolA

Limitation of Liquid Biopsy (Cancer Screening)

1. W2 Sensitivity (Specificity = & &), 59| 17| (stage 1)0| M=
012} = 7} 30~50%0]| 21t

2. E™ SHXIO| HIM = HO| (Somatic mutation)E AN ST 0=
ot= OIX| & H=t0| & 7| 0 242 (Cancer of Origin)

3. CtAeot &2 AHSHY| 2I8HA = B2 RE X0 Cifet HO|E SHHO
AASHOF g (NGs & 4]) = Qloh H|-& S 7t (5071008 R)

CH 2 A& A= B! Combination Diagnosis & Sl otAH & =223t 1 X &

gAoold VR zaoiolA
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Liquid biopsy: Early Detection for Cancer Cure

Liquid Biopsy Combination

. Somatic mutations

ANNUAIL
MEETINC
Bert Vogelstein, MD

Johns Hopkins Kimmel
Comprehensive Cancer Center

DNA methylation changes
Cancer-specific mMRNAs

Cancer-specific siRNAs

Earlier detection as a key to
lower cancer death rates

Cancer-specific proteins

Pioneer of Cancer Genomics & Liquid biopsy

I N

Cancer-specific metabolisms

gAlofold VB zavioia

Cirina (cfDNA methylation)

HHSH
(Liquid Biopsy

1. Somatic mutations
2. DNA methylation changes
3. Cancer-specific mRNAs
4. Cancer-specific sSiRNAs

i b 5. Cancer-specific proteins
Clrlnc g’%lgsat!nBem 6. Cancer-specific metabolism

Sensitivity cfDNA mutation
Specificity
Tissue
. of Origin
cfDNA methylation
Precancerous lesion Dysplasia Stage | Stagell  Stagelll  StagelV

gAlofold VB zavioia
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Techniques of DNA Methylation Analysis

Table 1. DNA methylation analysis methods

Pretreatment Resolution:  Global Locus-specific Genome-wide
uantitative PCR-based
4 array-based NGS-based
Sodium bisulfite conversion Alu/LINE-1-PCR- MSP-PCR Infinum RRBS
pyrosequencing MethyLight Golden Gate WGSBS
Alu/LINE-1-HRM SMART-MSP oxBS-Seq
MS-HRM
Pyrosequencing
MassARRAY
Enzyme restriction digestion HPLC Hpall-PCR DMH Methyl-Seq
LC-MS MS-MLPA MCAM MCA-Seq
LUMA MS-FLAG HELP MSCC
CHARM HELP-Seq
MMASS
Affinity enrichment 5-mC ELISA MeDIP-PCR MeDIP-chip MeDIP-Seq
5-mHC ELISA MIRA MIRA-chip MethylCap-Seq

MIRA-Seq

J Nutrigenet Nutrigenomics 2013

gAloold VR zaoiolA

The Methylation Profile of Circulating Cell Free DNA Can Be a Novel Marker for the
Early Detection of Gastric Cancer and the Effect of Surgical Resection

DongGue Shin, MD.MS.,Sang-Woon Choi, HeeJae Joo,MD.PhD, SeungHyuk Baik,MD.PhD,MinKoo Park, MS,Kyongchol Kim, MD. MPH. PhD

P<0.001 P<0001

Results: The cfDNA concentration of the control group, pre-operative cancer
patients, and post-operative cancer patients were 79.42+7.38, 113.07+12.81,
and 77.90+5.67 ng/ml, respectively (ANOVA, p<0.01). 15 out of 32 cancer-
associated genes of the cancer subjects demonstrated hypermethylation
compared to the methylation pattern of the controls. The methylation panel

of PYCARD, APAF1, MINT3, and BRACI genes showed 97.3% sensitivity and

genes tumed out to be unmethylated after surgical resection (p<0.05). I I I

Mean cONA(ng/mi)

66.4% specificity for the presence of gastric cancer. Twenty one methylated

control (n=104) pre-op (m=37) post-op (n=37)
Conclusions: The blood concentration of cfDNA and aberrant methylation Fig. 1) Comparison of cfDNA (ng/ml) level among healthy
pattern of tumor suppressor genes can be reliable biomarkers for the early “’"""l;z‘mm%‘zf‘)‘m’” paieabdhe poxtconatin
detection of gastric cancer and to determine the efficacy of surgical resection.

methyated genes of Pre-OP CIDNA i Gasisic Cancer Patient methyiated genes of POF-OP cTONA i Gasric Cancer Patients
AR, i L I T
. Ine o 1
— - N 0 T ] W AN NN N
= S — | i m |
B i OSTREC s 11 L Inas T
- 1 ) 1
e | | ! T 1 PO
Mic1 - P14ARF oo 1 ¥ I
m m B
RARBZ
nmp3 T
e T e MW - J

Fig. 3) Compmm of methylated genes between pre-op and post-op ¢fDNAlevels in gastric cancer patients
J Clin Exp Oncol . 2016
ool IVE 2asioix

Fig. 2) Comparison of methylated genes between cfDNA levels of
healthy controls and cancer patients
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Epigenome
A NV NV-gHx} gk NV $ k
HALH S SNV-8HX} Sh53 C (Methylation)
g SHIZICH (A32]Y) BLEFY 232d vl 232|d V2
AH| ol ATE + A ol ol
SNV, indel & M :
. | oS AH ethylation
maq i |- 53 Cancer related 7HV:/—E’,‘OE}§I?;} buffy | ENV y_
=4 U8 gene ;oat A=A A buffy + ZYEX|X} 55 |+ SYEXIAL cfDNA
- TP53 whole exon =]
g Mol wraEd majn|y Sl =
=3 QHES SHobX| MEH R Multi-Omics &M | Tissue of Origin (£
e 211
Guardant360
CancerSeek (Thrive . —~ .
ZX AH|A e DELE(EI, Xl?-l SigNatera (Natera) | SAXIX|s L= Grail
[
SNV CNV Methylation

> Fetal DNA
b@a Matenal DNA
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SiOH
=

NIPT
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cfDNA (cell free

DNA)

Liquid Biopsy

" Apoptosi
o - g@ ! Apoptotic bodies
(_;*"/ VYARVA -Point mutations
D
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3 py number
\‘f\‘jﬁ\”\ alterations

% Rearrangements
|CH;
\{ij(g Methylation
CH

changes

o
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Exosomal DNA




