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15 Liquid biopsy - evaluation of ctDNA 2
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Circulating tumor DNA
(ctDNA)

Other tumour-derived or
associated factors (including
extracellular vesicles, TEPs,
RNAs, proteins and

metabolites) -
B J°
N

Blood draw contains
diverse tumour cells
and products shed
from multiple
tumour sites

Q
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4
>
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CTC
cluster

Lungs

¢ Releasedinto circulation
¢ Half-time of 15min to 2.5 hours

Adapted from: Ignatiadis, M., Sledge, G.W. & Jeffrey, S.S. Liquid biopsy enters the clinic — implementation issues and future challenges. Nat Rev Clin Oncol 18, 297-312 (2021).
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Plasma
(55%)

Buffy coat
(<1%)
Erythrocytes
(45%)

-

—~
~

—~
—_—

Liquid biopsy - evaluation of ctDNA

ctDNA is 0.01% ->90% of the total cfDNA.

Small quantities extracted
~ 30ng/5ml plasma

a very short half life
15 min ~ several hours

ctDNA is reliably shorter
than normal cfDNA.

DNA\M
VR

180~200 bp

Genome
Equivalents

0.1% ctDNA

Key to success:

1. Efficient sampling and extraction
2. Detection sensitivity

Mass of cfDNA in sample (ng)

10ng ing
3,000 300
3 mutant copies 0.3 mutant copies

Yamamoto H., Watanabe Y., Itoh F., Cell-free DNA in Biomarkers in Cancer Therapy Liquid Biopsy Comes of Age, Hideaki Shimada (editor), © Springer Nature Singapore Pte Ltd. 2019, (pp.11-24)
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¢ Liquid biopsy approaches A

oncoMonitor N\
Tumor Uninformed Approach Tumor Informed Approach
-
No baseline tumor or cfDNA analysis gr==—. and/or ;

E

Same panel for all patients Personalised assay developed

WAL DPDON

Requires prior knowledge of tumour genotype

Off the shelf Lo Personalised assay
Shorter turnaround time .
Can detect evolving clonal variants Does nt?ggg;:f{‘?g?g;igms oliition
Lower cost

More sensitive and specific

\, .

Adapted from: O'Sullivan HM, Feber A, Popat S. Minimal Residual Disease Monitoring in Radically Treated Non-Small Cell Lung Cancer: Challenges and Future Directions. Onco Targets Ther. 2023
Apr 7;16:249-259. doi: 10.2147/0TT.S322242. PMID: 37056631; PMCID: PMC10089274.
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Macro dissection
of tumor tissue
and DNA isolation

Tumor
resection/ biopsy

Tumor DNA
Plasma
un —> cell-free DNA
Blood Draw — Buffy coat
(2 x 10mL) DNA
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Intron 1 Exan2

Whole Exome Sequencing

RaDaR™ patient-specific
primer panel targeting up
to 48 variants

Tumor - informed workflow

—

Create a personalized
molecular signature for
each patient through
identification and ranking
of somatic variants

InVision Platform

Library Preparation of
tumor DNA, plasma cfDNA

and leukocyte DNA

8=

S — N

7 ey st
High depth sequencing,

variant confirmation in
tumor DNA, CHIP filtering
and ctDNA detection

-

ctDNA
DETECTED

ctDNA
NOT DETECTED

Report Generation for Oncologist
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Clinical applications of ctDNA testing for MRD assessment

i SURGERY

Response to
neoadjuvant
therapy \

Detecting
minimal residual
disease

Levels of ctDNA

RELAPSE

Treatment response
monitoring

Recurrence
monitoring

after adjuvant
therapy \

8 natera

Time



@ Current portfolio of MRD assays
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Assay Company

Signatera ' Nnatera WES, Multiplex PCR

RaDaR Q!}!&Q WES, Amplicon NGS
CAPP-Seq Eéf\E?‘lEEs Hybrid capture NGS
AVENIO Hybrid capture NGS
Reveal @ CGLUARDANT  Hybrid capture + CpG
MRDetect ;L C2i Genomics WGS +, Al“
oncoMonitor ‘g Ephogens Hybrid capture NGS
+ DCE

Sensitivity

(MAF)
0,01 %

0,001 %
0,003 %
0,1%
0,01 %
0,001 %

0,1%

-

Adapted from: O'Sullivan HM, Feber A, Popat S. Minimal Residual Disease Monitoring in Radically Treated Non-Small Cell Lung Cancer: Challenges and Future Directions. Onco Targets Ther. 2023

Apr 7;16:249-259. doi: 10.2147/0TT.S322242. PMID: 37056631; PMCID: PMC10089274.



Denaturing Capillary Electrophoresis
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(DCE)

CE separation

(% -
l |
Homoduplexes <
'
&
.
Y% AN
Heteroduplexes < e
22VN
N\

N

Sanger DNA sequencer

Levy M, Benesova L, Lipska L, Belsanova B, Minarikova P, Veprekova G, Zavoral M, Minarik M. Utility of cell-free tumour DNA for post-surgical follow-up of colorectal cancer patients.

Anticancer Res. 2012 May;32(5):1621-6. PMID: 22593440.

Wildtype

Mutant
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oncoMonitor assay - a two-tier method
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‘ 3 ORIGINAL RESEARCH
& frontiers published: 24 July 2020

in Oncology do: 10.3389/0nc.20:

Monitoring of Early Changes of
Circulating Tumor DNA in the Plasma
of Rectal Cancer Patients Receiving
Neoadjuvant Concomitant

Chemoradiotherapy: Evaluation for

- s 4 slides exhibiting
Prognosis and Prediction of AR
Therapeutic Response for NGS testing

Filip Pazdirek, Marek Minarik"#, Lucie Benesova®, Tereza Halkova®,
Barbora Belsanova?, Milan Macek*, Lubomir Stepanek® and Jiri Hoch'

Pathology & )
Oncology Research 3 frontiers

IORIGINAL RESEARCH
ubiished: 22 June 2022

oi: 10.3389/pore.2022.1610308

Detection and Quantification of ctDNA
for Longitudinal Monitoring of
Treatment in Non-Small Cell Lung
Cancer Patients Using a Universal
Mutant Detection Assay by Denaturing
Capillary Electrophoresis

Lucie Benesova', Renata Ptackova', Tereza Halkova', Anastasiya Semyakina',
Martin Svaton®, Ondrej Fiala**, Milos Pesek® and Marek Minarik®®*

Tissue cytology samples obtained from

81 patients with advanced stage NSCLC
receiving first line (non-targeted, non-immuno) therapy

!

81 slides tested for a presence
of somatic mutation by DCE
in a 8-amplicon panel

23 patients showed

no mutation

19 slides tested for a presence
of somatic mutation by NGS
in a 67-gene panel

|

Reliable sequencing data
obtained from 10 slides

Somatic mutation
found in 58/81

patients (72%)

Somatic mutation
foundin 5/10

patients (50%)

ctDNA monitoring

available in 63/81
patients (78%)

small DCE panel
(10 — 20 hotspots)

large NGS panel
(128 genes)

Among

10
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Plasma

Cancer patient

ERBBA  ESRI TS
FLON RT3 GhAS
KOMSC  KDR KT
MR MY NE

A tumor-informed liquid biopsy

(Capillary Electrophoresis heteroduplex assay)

AmoyDx ddCap® Comprehensive NGS panel
Tissue or plasma (128 genes)

D1 CONEL
B

DKNZB CREBBP CTNN
9 Fol

K2 IGFIR

PDCDL PDGFRA  PGR

PTEN  RAFL RASAL RASALL RBL  RET  RCTOR RITL
53 TsaL

4 SMO  STKIL TERT  TOP2A  TPS:

MET  MLHL  MRELL  NSH2

PMS2  POLDL P

1. Tissue/plasma mutation profiling by NGS

o

Disease course ==

BBl MTRR
Caorf34 SEMASC
oA stcasas
Pi9AL  SOD2
s TPs3
DPYD  UGTIAL
DINC2HL  UMPS
1 ERCCL XPC
SFIBL | GSTPL  XRCCL

o

VHL  MTHRR

2. Simple PCR design on any mutants

Homoduplexes <

Heteroduplexes <

Project ~
entry Surgery Follow-up
‘s 2 4 4 4+ 4+ 4 4+ 24
I I I 1 I 1 I | |
Blood/plasma ﬁ ﬁ ﬁ i ﬁ ﬁ ﬁ ﬁ ﬁ
L J \ J
|| ||
prior 1 week 4 x every 3 months every 6 months

Low-cost minimal residual disease monitoring by analysis of specific mutation(s)

_—

oncoMonitor (denaturing CE)

Mutant
(CtDNA positive)

Wildtype
(CctDNA negative)

3. ctDNA detection by partially-denaturing CE

Sensitivity limit at ~ 1% mutant fraction

MAF (%)

=
o

0 100 200 300 400 500 pays

Early detection of recurrence

Benesova L, Ptackova R, Halkova T, Semyakina A, Svaton M, Fiala O, Pesek M and Minarik M (2022) Detection and Quantification of ctDNA for Longitudinal Monitoring of Treatment in Non-Small Cell Lung
Cancer Patients Using a Universal Mutant Detection Assay by Denaturing Capillary Electrophoresis. Pathol. Oncol. Res. 28:1610308.



@ NGS panel (tissue and plasma)
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ddCap® Comprehensive Panel

Dual: probes targeting double strands

sense strand capture

antisense strand capture

Total turnaround time

* 5h extraction and quality check

e 24-48h NGS library prep

* 24h Illumina sequencing (NextSeq/NovaSeq)
e 2-3h Data processing and analysis

Amongx,

Digital: Unique molecular identifiers
1. Adapter Ligation TR U SRS B
G — ~ S
o ﬁl%& = EEREDTTET 14 ¢ WD
2. PCR Amplification S ——
Error Rate 103 © S ——— ©
(RS- ... Semmemct = e 1 44
[IOER 2 E— = o dREsT
3. Single UMI W : —
Error Rate 105 e — - ————
4. Double UMI
Error rate 10% =
k True rmutant
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NGS panel (tissue and plasma)

ddCap® Comprehensive Panel

AKT1 AKT2 AKT3
BAP1  BCL2LI11

CDKN2A CDKN2B CREBBP
ERBB4 ESR1 ETS2
FLCN FLT3 GNAS
KDM5C KDR KIT
MTOR MYC NF1

PDCD1  PDGFRA
PTEN RAF1 RASA1
SMAD4 SMARCA4 SMO

Detection of SNVs, InDels, Fusions, CNVs (110 genes)

BRCAL
CTNNBL
FANCA
HIF1A
KRAS
NF2
PGR
RASALL
STK11

SNV, InDel ® SNV, InDels,CNV ®

1.TP53: SNVs, InDels and polymorphisms

APC
BRCA2
DDR2
FBXW7
HRAS
MAP2K1
NOTCH1
PIK3CA
RB1
TERT

€330,- /tissue
€490,- /plasma

AR
CCND1
EGFR
FGF19
IDH1
MAPK1
NRAS
PIK3R1
RET
TOP2A

ARAF
CCNE1
EIF1AX

FGF3

IDH2

MET

NRG1

PMS2
RICTOR

TP53

SNV, InDel, Fusion, CNV @

ARIDIA
CD274
EPAS1

FGFR1
IGF1R
MLH1

POLD1
RIT1
TsC1

ATM
CDK12
EPCAM
FGFR2

JAK1
MRE11

POLE

TSC2

ATR
CDK4
ERBB2
FGFR3
JAK2
MSH2
NTRK3
PSMD4
RSF1
TSHR

Fusion

AURKA
CDK6
ERBB3
FGFR4
JAK3
MSH6
PALB2
PTCH1
SF3B1
VHL

Detection of
Polymorphisms
(19 genes)

ABCB1 MTRR
C8orf34  SEMA3C
CDA SLC28A3

CYP19A1  SOD2

CYP2D6  TP53!

Amog‘Dx,

_—

Parameter Specifications

i Technology
Target Regions
Alterations Detected
Tumor Type
Sample Type

DNA Input
Limit of Detection (LoD)

Data Output per Sample

Sequencing Type
Sequencer

TAT for Library Preparation
TAT from Sample to Report

ddCAP®
[128 genes and MSI
(SNV, Indel, Fusion, CNV, SNP, MS| * ]

Cross-tumor

FFPE tumor tissue, liquid biopsy

FFPE DNA: optimal 100 ng (minimum 50 ng)
Plasma cfDNA: optimal 30 ng (minimum 10 ng)

FFPE DNA: 5% allele frequency; 20% tumor content
Plasma cfDNA: 0.5% allele frequency

FFPE DNA: 1.5 Gb/sample
Plasma cfDNA: 8 Gb/sample

PE150
(1llumina NextSeq 500, NovaSeq 6000 |
[2 d (hands-on time 4 h) ]
5 days



‘2 Amoy NGS Data Analysis Server (ANDAS) |

oncoMonitor —

“2%: Biopticka laboratof
70T €YT0L0GIL | 810PSIE | MOLEKULARNI GENETIKA

“ Amos:Dx, SEQUENCING ANALYZING SYSTEM -+

illumina

The next era in sequencing starts now

NextSeq 500
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¢ Colorectal cancer
(metastatic disease)

oncoMonitor

Female patient (*1967) Monitoring of ctDNA (KRAS A146T) during a multimodal therapy of mCRC

09/2020 Rectal cancer (KRASmut) with multiple liver meta 5.00%
11/2020 FOLFOX therapy
02/2021 Bevacizumab FOLFIRI + Bevacizumab Bevacizumab
08/2021 Complete remission 2.00% { 1 \ ; 1 ‘
oncoMonitor ctDNA monitoring start
02/2022 New meta in liver (>8x)
FOLFIRI+Bevacizumab therapy start 3.00%
03/2022 Therapy paused due to neutropenia
04/2022 Bevacizumab therapy re-start RFA
08/2022 CT/NMR regression (only scars in meta sites) 2.00% T MetaStaseCtomy
10/2022 CT/NMR stabilization (only scars in meta sites)
01/2023 Continuing stabilization
03/2023 Surgery performed on liver with . Temporarily halted
R1 resection (incomplete) 1.00% due to FOLFIRI side
03/2023 Therapy stop
06/2023 CT/NMR progression (residual lesions reported) effects
06/2023 Bevacizumab therapy re-start 0.00%
08/2023 CT/NMR stabilization
12/2023 Radiofrequency ablation performed in liver

2/8/2022 -
3/30/2022 -
5/19/2022 -

7/8/2022 -
8/27/2022 -

10/16/2022 -
12/5/2022 -
3/15/2023

5/4/2023 -
6/23/2023 -
8/12/2023 -
10/1/2023 -

11/20/2023 -

1/9/2024 -

2/28/2024 -

Belsanova B., Kroupova P., Chmelarova A., Pudil J., Havlickova I., Pohnan R., Minarik M. Tight-monitoring of ctDNA in patient undergoing multimodal treatment of metastatic colorectal cancer (in preparation)
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TIGHT MONITORING OF CTDONA IN PATIENT UNDERGOING MULTIMODAL TREATMENT
OF METASTATIC COLORECTAL CANCER
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@ Evolution of mutation profile over time —
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Evolugion (N'Y). 2011 December ; 4(4): 624-634. doi:10.1007/512052-011-0373-y.

Monitoring of ctDNA (KRAS A146T) during a multimodal therapy of mCRC

5.00% How cancer shapes evolution, and how evolution shapes cancer

. . Matias Casas-Selves and James DeGregori’
FOLFIRI + Bevacizumab Bevacizumab - : i

4.00% A A

l \ f \ He—@

3.00% ; /\/
=
@ Soed
Metastasectomy RFA @ B H-S .
2.00%
M /\/\/-\
Temporarily halted =
1.00% 2
due to FOLFIRIside .
fronti pross resecn
effects S esoay it ey e

OOO% ) T T T T T T T T T T T T T 1 Iﬁonfgll-tUdlnalMCltrCL;lattln%-rlumor D.NA

o~ N N ~ N ~ N o m 1) m m iy ) < g Cro 1 '“QD"" vle Zst? IEcGFg %‘;}e‘c t +16m +26m  +31m +34m

o o o o o o -

S 28 8 £ 8 S8 8 8 8 88 £ 8 8 ¢ ¢§ =g i )

Wentso Yang’*!, ianling Zou™", Ye L™, Rujlao Liu™%, Zhengqing Y.
~ ~ ~ ~ . ~ . ~ ~ ~ . 2 iz £
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\ I P1
Y 1%t Baseline 1t PD 2@ PD 3 PD Death
APC ¢.1312+2T>C | TPS53 p.R342* O TPS3 R248W
EGFR p.E330K W NRAS Q81K W ATM p.K1192Rfs*3

NRAS G12A @ NRAS Q61R | KRAS Q61H
KRAS G12C @ MAP2K1 QS6P | KRAS G12V
W NF1p.K92Nfs*11 W BRCA2p K1691Nfs*15 O LRP1B p.Q4141Kfs*16

oEEm

2 years span



5.00%

4.00%

3.00%

2.00%

1.00%

0.00%
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Evolution of plasma mutation profile

Monitoring of ctDNA (KRAS A146T) during a multimodal therapy of mCRC

\

FOLFIRI + Bevacizumab
A
(
Temporarily halted
due to FOLFIRIside
effects

I T T T T T T
o o o o o o o
o o o o o o o
S & &8 8 & & &
¥ 3 § & K ¢ B
~ 2 4 7T 49 g 7
o [%p] [20] S i

Bevacizumab

A

Metastasectomy

RFA

5/4/2023 |

6/23/2023 -

8/12/2023 -

10/1/2023 -

11/20/2023
1/9/2024 -

2/28/2024 -

CP-1P
CP-2pP
CP-3p
CP- 4P
CP-5P

_—

APC (4,84%), RASA1 (1,3%), JAK2 (6,14%)
APC (0,86%), RASA1 (3,0%), JAK2 (6,24%)
APC (0,96%), RASA1 (3,8%), JAK2 (5,64%)
APC (0,39%), RASA1 (2,1%), JAK2 (0,00%)
APC (0,52%), RASA1 (1,8%), JAK2 (4,29%)

A better early marker
of recurrence?
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Lung cancer
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FIGURE 5 | DCE bngitudinal MR D monitoring for advanced NSCLC patiants undergoing chemotherapy MAF— % of mutated minor allale fraction). The rad amows

danote clinically confirmed disease progression.
Benesova L., Ptackova R., Halkova T., Semyakina A., Svaton M., Fiala O., Pesek M., Minarik M., Detection and Quantification of ctDNA for Longitudinal Monitoring of Treatment in Non-Small Cell Lung Cancer

Patients Using a Universal Mutant Detection Assay by Denaturing Capillary Electrophoresis. Pathol Oncol Res. 2022; 28: 1610308.



¢ Lung cancer
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Pac. 51 years old, lung adenocarcinoma, right T2aN2MO I1IB, pos
lymph nodes in hill and mediastinum, EGFR+, ALK+

CtDNA (EGFRdel19, TP53mut)

nemocnice

Changes in ctDNA (EGFRdel19)

Resection

/ CBDCA + navelbine

Osimertinib

/ Radiotherapy

(Osimertinib off)

/ Osimertinib back

4.00%
1. Right lower lobectomy
2. Adjuvant therapy CHT CBDCA + navelbine
3. Osimertinib

2.00%
4. Radiotherapy with temporal cessation of osimertinib
5. Osimertinib reinstated

0.00%

03.06.2021

Taskova A. et al. Monitoring of adjuvant therapy after lung cancer resection, (in preparation).

L 2

15.03.2023

L 2

23.07.2021 -
11.09.2021
31.10.2021
08.02.2022 -
30.03.2022
19.05.2022

o
08.07.2022
27.08.2022
16.10.2022
05.12.2022 ¢

24.01.2023

04.05.2023

L 4

23.06.2023

12.08.2023 -

L 4

01.10.2023

20.11.2023 ¢

09.01.2024 -
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Breast cancer



¢ Breast cancer 1O -

Elphogene
. FN MOTOL
oncoMonitor

Pac. 69 years old. NST triple negative breast cancer grade 3, BRCA 1

positive cT4, cNO, M2 (generalization to lungs, skeleton, liver, Patient (PCO4) Minimal Residual Disease monitoring
1 - . 0,

peritoneum), Ki-67: 20%. ctDNA levels (TP53 mut) in plasma

1. Palliative chemotherapy started (Paclitaxel, Avastin) 100%

90%
2. PETCT - the finding significantly partially regresses both

volumetrically and metabolically 80%

70% 1
60% 4/

50%

3. PET CT - visible minimal volume progression of some lesions,
metabolic progression of the liver deposit and, due to the new
deposit, higher metabolic activity in the left acetabulum, overall
this is a progression of findings

40%

30%

20% /

10%

Mutated DNA/total cell-free DNA in plasma

0%
0 50 100 150 200 250 300 350 400 450

Days
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Summary

Due to low levels of ctDNA liquid biopsy methods require high yield and sensitivity
MRD by tumor-informed approach offers cost control with possibility of repeated sampling

oncoMonitor is a tumor-informed assay based on NGS tissue mutation detection followed by
targeted plasma mutation detection by Denaturing Capillary Electrophoresis

oncoMonitor main use is for MRD in early detection of metastatic recurrence it can trace
virtually any point mutation

Concurrent monitoring of multiple mutations is beneficial for prevention of false negativity
and early detection of recurrence

Currently applied for colorectal, lung, pancreatic and breast cancer patient follow-up
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Magr. Petra Kroupova
Mgr. Barbora BelSanova
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MUDr. Alice Taskova
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