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Liquid Biopsy in Cancer Patients
Now and Tomorrow
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What is a liquid biopsy?

Liquid-Biopsy Sources

Any body fluid

Cerebrospinal fluid

Tumors of the central nervous system

Saliva

| Head and neck tumors

» Thoracic cance rs
» Metastatic cancers

|
’ Pleural fluid
l

Peripheral blood

| Stool
Gastrointestinal tract cancers

Urine

« Urinary tract cancers
« cfDNA filtered from blood
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Corcoran et al, NEJM 2018

Blood A solid & hematological
malignancies

Cerebrospinal fluid A brain tumors
Saliva A Oral tumors
Bile A Tumors of the bile ducts

Urine A Urinary tract tumors



What can we analyze in a blood liquid biopsy?
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cfDNA vs ctDNA

IGMP S
Cell free DNA (cfDNA)
A Apoptosis or necrosis

| — A Double strand DNA 150-200 bp (length of DNA
oy 7 wrapped around a nucleosome and a linker fragment)

A Half life < 1h, degraded by enzymes and eliminated
ol S — mainly by liver

A 1-10 ng/ml, increased with infection, injury and in
- tumors
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Circulating tumor DNA (ctDNA) is the fraction of cfDNA released by cancer cells

5 Hasenleitner et al, Molecular Cancer 2022



Dectection of ctDNA depends on tumor type and
stage

100+

Frequency of cases with detectable ctDNA (%)

Frequency of cases with detectable ctDNA (%)
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At metastatic diagnosis

“Liquid biopsy vs tissue biopsy

IGMP &

After subsequent lines of therapy

» Key pathological information
* Ability to assess non-DNA biomarkers
(protein, RNA, efc)

 Important for research and discovery
» Critical if assessment of non-DMA
biomarkers needed

* Longer turnaround time for sequencing
limits first-line precision-therapy selection

* Limited tissue quartities can constrain
breadth of testing or cause assay failure

* Requires repeat invasive procedure

* Longer turnaround time for sequencing
results may hinder rapid selection of
therapy

Liquid-biopsy cfDMNA

* High concordance with tissue biopsy

* Ready sample availability

* Rapid turnaround to facilitate first-line
precision-oncology therapies

* Baseline for subsequent liquid biopsy

* Non-invasive, easy to obtain serial samples

* Captures heterogeneous resistance
alterations

* Rapid turnaround can enhance clinical-trial
enrollment

* Parallel assessment with tumor testing
incregses cost
» Cannot assess non-DMA biomarkers

Disagvantages Advam%as Disadvantages Advantages

* Cannot assess non-DMNA biomarkers <
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- Immunoscore: Example of tissue-based
"= biomarker of the host reaction

LOCALIZED COLON CANCER PATIENTS IMMUNE INFILTRATION RISK OF RELAPSE
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Immunoscore® measures the density of two —
populations of immune cells involved in response I M =
to cancer (CD3+ and CD8+ T lymphocytes) in the 3 “’,v 5%y - 'G""'""'"nosco, = LOW
S~ ~ Ik A " nel a2 W DO ory ") F e tumor ':;~ ‘Ml"t ) - (o :
cD3cT CD3IN centre and at the periphery (margm) of the tumor Rt v 22kol s RISK
Iustrabon for demonstrative purposes only 2

0.1 10 100 1000 10000
Density {celis/mm2) | | | | i oo rwr b

Computational analysis of CD3 and CD8 T-cells in the
tumor center and at the tumor front

Percentile (%)

Percentile (%)

Outperforms traditional factors (stage) in predicting

Immunoscore 3-tier m Cancer reccurrence
immunoscre v [T Angel et al, CCR 2020




Which kind of tests can be performed?

Institut fiir
Gewebemedizin
und Pathologie

} Second generation
(next generation sequencing) ‘
P | _
- —
A-.

y y == Target of nterast
. A O A . == Background DNA

. . o 454, Solexa,
Fig. 1.3. In ddPCR, a single PCR sample is partitioned into 20,000 droplets. lon TOI'I'EI'It,
lllumina
Dlg ital PCR High throughput from the

parallelization of sequencing reactions
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Tradeoffs depending on assay

Nucleotide coverage
10%

« Whole-genome sequencing
« Whole-exome sequencing

1%
Targeted next-generation sequencing

0.1%

Next-generation sequencing with molecular
barcodes

0.01%

- BEAMing
« Droplet digital PCR analysis

0.001%
Limit of detection

Techniques

Sanger sequencing

* Real-time PCR
* Standard NGS

* hiPAP PCR

* ddPCR
* BEAMin
* Modi

NG5

CAPP-Seq

Assay sensitivity
100%
10%

1%

0.1%

Mon-metastatic cancer

i

Non-malignant conditions:
ageing. benign tumaours
and/or pre-neoplastic lesions

Traditional assays compromise between coverage and limit of detection (LOD)
Modified NGS assays increases sensitivity and fulfil requirements for genomic profiling

11 Corcoran et al, NEJM 2018



What clinical questions can be answered by
~ liquid biopsies in cancer patients?

Localized Disease Metastatic Disease

Clinically Clinically Minimal Metastatic Treatment Disease Subsequent
undetectable detectable ':,i'd"al disease response progression therapy
isease

Early detection | Surgical resection Systemic therapy 1 > Systemic therapy 2 >
| § {

i 1 |

i . . . 7 1 ,

: Minimal residual dlseasg ° i & : N : e ®

i : & e . i °

1 = .
i : | Treatment response ’T t t
reatmen

B R e ® | i i |
. c < | o) ) ‘response

| W Y | y | " | Resistance | )

| ' ' ' /

| Molecular profiling | |

Identification
of resistance
mechanisms

Clinical Monitoring of

clonal dynamics

Residual-disease Molecular Response

Early detection detection proﬁling monitoring

Application:

12 Corcoran et al, NEJM 2018



The fraction of ctDNA Is variable across disease
IGNMIP & eV OI utl O n

Minimal residual

Early detection disease Response to therapy
~+  Normal germline wwww  Baseline clonal alteration wwrwrw Subclonal resistance wwrwrw Subclonal resistance
cfDNA in ctDNA alteration A alteration B

Abundance of ctDNA

Highly sensitive assays are required!

13 Corcoran et al, NEJM 2018



m Confounder: Clonal hematopoiesis/CHIP
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Non-tumor somatic mutations in hematopoietic cells leading to clonal expansion during
ageing process

Frequent finding

CH ("clonal hematopoiesis"): clonal outgrowth of hematopoietic cells

CHIP ("clonal hematopoiesis of indeterminate potential"): mutations with at least of 2%
VAF in driver genes in white blood cells known to be associated with hematological
malignanices

Increased risk of cardiovascular diseases and hematological malignancies

DNMT3A, TET2, ASXL1,JAKZ, PPMlDDHZ, SF3B1, SRSF

14 Institut fir Gewebemedizin und Pathologie
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germline DNA)

Normal cfDNA
wew  tDNA

Solution: Paired
sequencing with
buffy coat/tumor
informed assay



Liquid biopsies today

IGMIP &
Clinically Clinically Minimal Metastatic Treatment Disease Subsequent
undetectable detectable residual disease response progression therapy
disease
: Surgical resection Systemic therapy 1 > Systemic therapy 2
| | | |
l - — [ = | . — | - :
Voo m O few e cew
| v e it ¥ . 1 =
| 4 : | | |
) Resecti ; l
® | B iocation o | Treatment response '
o » f\\ ’ /-\' | R ,_\', i O l‘\' | \ "\' Tl’eatm ent \"
: S | NES | SN | s @ response
| | : Resistance |

Identification
of resistance
mechanisms

Monitoring of
clonal dynamics

Clinical Early detection Residual-di Molecula‘r'profiling Response

Application: detectio monitoring

15 Corcoran et al, NEJM 2018



m Current recommendations for liquid biopsies

IGMP &
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Table 2. Tumour-specific table for advanced cancer genotyping

Tumour type

Indications

ESCAT tier and level of
avidence

Recommendation

Pascual et al, Ann Oncol 2022

Mon-small-cell lung EGFR (for commean, uncomman, exon 20 insertions, 1A ctDMA genotyping recommended in treatment-naive
T720M and other resistance mutations e.g. C797X). cancer patients and resistance upon prior TEls.
ALK [for fusions and acquired resistance kinase - Caution should be kept as ctDMA assays will miss
domain mutations]. histological trans-differentiation.
MET (for exon 14 splice site mutations, and acquired 185" ctDMA testing may not have adequate sensitivity to
resistance mutations) detect MET true high copy number gain as
KRAS (for G12C and non-tier 1 other KRAS B resistance mechanism to osimertinib or lorlatinib.
miutations) Aamplification and fusion detection is suboptimal
BRAF (for VBODE) g with ctDNA assays, and should be repeated in tissue
RET [for fusicns and acquired resistance kinase B where possible.
domain mutations)
ROS1 (for fusions and acquired resistance kinase  1B°%'"
domain mutations)
NTRK 1/2/3 (for fusions and acquired resistance c
mutatians)
MET (for high-level copy number gain/amplification) 1A'
ERBBZ (for exon 20 insertions and transmembrane 118"
miutations, and amplification]
BRAF (for non-VBOOE class |-l mutations) g

General indication for liquid biopsies: @ f t umor ti ssue not avai

Constraints of inadaequate biopsies for molecular testing (lung, pancreas)

abl

e 0
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New application for ESR1 testing In breast

cancer

ESRTWT ESR1 Mutant

Aromatase Inhibitors ——| @) Estrogen E Aromatase Inhibitors — @ Estrogen

[_i_] Estrogen receptor @ Estrogen receptor

ESR1 mutant ERa !
v

| W e e
! m Estrogen response element

@ # Receptor dimerization

Estrogen response element

X

Cell proliferation inhibited

P70\Y7

17 Biorender.org

Cell proliferation Nucleus

Activating ESR1 mutations are
found in 20-40% in patients with
metastatic breast cancer (mBC) who
have previously received endocrine
therapy

The selective estrogen receptor
degrader Elacestrant available since
6/2024 in Switzerland for patients
with progressive metastatic breast
cancer with ESR1 mutations

Clinical trial patients selected by
liquid biopsy A Swissmedic
recommendation



Workflow liquid biopsies at CGL

IGMP &
llumina TSO500 ctDNA V2, 1x/week

o Prepare cfDNA o Hybridize Probes Table 2: TruSight Oncology ctDNA v2 performances
Hands-on: 10 minutes Hands-on: 10 minutes
Total: 10 minutes Totak 85 minutes firati
Input: 20 ng Reagents: EHB2, OPD2, NHB2 Parameter Specification
Reagents: RSB

e Perform End Repair

Hands-on: 10 minutes

Capture Hybridized Probes
Hands-on: 45 minutes \
Total: 80 minutes

Reagents: EEW, EPM4, RSB, SMB3 re

Total: 50 minutes
Reagents: ERP6

mangements

Q00 0

Lirnit of detection (LOD)

Perform A-Tailing Arm)lify.' Enriched Library
Hands-on: 5 minutes Hands-on: 5 minutes

Reagents: ATL4 Reagents: PPC3

.3-fold change for gene
plifications

= (0.6-fold change for gene
deletions

= (0.3% tumor fraction for MSI

=1
am

Clean Up Amplified Enriched Library
Hands-on: 20 minutes
Totat 30 minutes

Ligate Adapters
Hands-on: 10 minutes

Total: 40 minutes Totak 45 minutes

= 90% (at LOD of 0.2% VAF

£ TR o
ar SiNWS)

= 85% (at LOD of 0.2% VAF for
SNV hotspots)
= 95% (at LOD of 0.5% VAF for

all other variant types)

Total: 30 minutes Reagents: IPB, RSB, 80% EtOH Analytical sensitivity (at LOD)
Reagents: LIGX, UMI DIA
o Bead-Based Normalization
Clean Up Ligation Hands-on: 30 minutes
Hands-on: 20 minutes Total: 40 minutes Analytical specificity
Totak 30 minutes Reagents: EE1, HP3, LNAT, LNB1, LNS1, LNW1, RSB
Reagents: EPM4, IPB, RSB, UD Index Plate, 80% EtOH
Index PCR Sequencing on Novaseq 6000 S2 flow cell
Hands-on: 5 minutes

Totak 50 minutes

DRAGEN bioinformatic pipeline

Institut fir Gewebemedizin und Pathologie
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Example from diagnostics: mBC

IGMP e

Classification Gen AF cDMNA Protein RD Co...
SNV Missense PIK3CA AF: 0.0402 c.3140A-G p.H1047R 24859
SNV Missense ESR1 AF: 0.0358 c.1610A>C p.Y5375 3157
SNV Frame_Shift_... PTEN AR 0.024 c.955_958del p.T319* 1872
SNV Missense TP53 AF 0.0028 cd7IG=A p.R158H 3225 I:l
SNV Monsense MAP2K4 AF: 0.043 c.B41C=T p.R281* 2269 I:I

20ng input (recommended amount)

DNA Total reads (=400 Mio.): 850'321°324 . .

DNA Exon coverage, median (>1300): 2568 Not WSt ESR1, but additional

DNA Sequenzen mit =1000-x Coverage (~80%):  97.6 possible targets (PIK3CA, PTEN)

DMA Insert size, median (bp): 172

DMA Aligned reads (36): 99.6

DMA HRD =50-x Coverage (=50%): ---

max. somatic allele frequency: 0.024

DNA Mean family size 7.8

19 Institut fir Gewebemedizin und Pathologie




m Fusion detection
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Fusions more difficult to detect at high sensitivity when large intronic
regions are involved (NTRK3, FGFR1) that contain highly repetitive

seqguences

RNA could be a possible solution and also give information on gene
expression, but extremely low amount and degrades quickly

All fusions detected in reference materials at 0.5% VAF A LOD of our assay
EML4::ALK, CD74::ROS1, NCOA4::RET

Fusion EMLAz ALK AF:0.003015
Fusion CDV4:G0.. AF:0.003423
Fusion MNCOAA:RET AR 0.002808

20 Institut fir Gewebemedizin und Pathologie
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m Colorectal cancer (CRC) 1T important facts

IGMIP &

In western countries, 1 in 23 men and 1 in 25 women will be
diagnosed with CRC in their lifetime.

CRC Is the 2nd most common cancer in non-smokers (male
and female).

Mortality is still just over 40% in Switzerland

Early stage CRC is usually cured by surgery

23 SEER, darmkrebs.ch, krebsliga.ch, swisscancerscreening.ch



CRC 1 prognosis and therapy Is stage dependent
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«» Spread to other organs

....

24

Age-standardised net survival (%)

Age-standardised net survival (%)

A
100

90+
804
70+
60+
S0
404
304

20

100+
90+
80+
70+
60+
S0
404
30

20

—Denmark —England —Morway —Sweden

Colon: stage | Colon: stage Il
© 1 Le -
N XN
(S - (3
G\)‘ i G\)‘
Local surgery Oncologicw surgery
1+ postop chemo???
Colon: stage Il Colon: stage IV
\ Systemic therapy
. I- surger
Oncological surgery - \)g\\ (\sle \
+ postop chemo ! \Q.a\\\'a \

+/- even distribution among stages in CH

NICER data, NCI



Treatment guidelines in Stage || CRC
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Postoperative treatment mainly determined
by histopathological features:

n

Preoperative CEA =5 ng/ml MSI* or MSS

[ 1 Local tumor stage (pT3 vs pT4)
ymotatcnasiono o Tumor grade
No pathological K] ERALERS [NTUEESHOR T <12 lymph nodes
risk factors H?gﬁf:'?;;?"?::fﬁ";; Muttiple risk factors from ) . .
M or MSS et st [ Microsatellite stability (MSI)

Number of detected lymph nodes

With the exception of MSI, none of these
features are actually predictive of
chemotherapy benefit, yet +/- 1/3 of

MerpordP  (Weolew | Patients will qualify for adjucant
Capecitabine & months [V] CAPOX 6 months 1, B] chemother apy
\
‘.:% Follow-up %1

25 Institut fir Gewebemedizin und Pathologie
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Adjuvant chemotherapy

IGMIP e
FOLFOX:
Folinic acid (leucovorin)
5-FU/capecitabine and
oxaliplatin

5-FU/capecitabine are fluoropyrimidines and require DYPD pharmacogenetic
analysis/ DPD deficiency testing prior to treatment (side effects can be lethal
without DPD)

Oxaliplatin can cause long-term side effects (neuropathy)

26 Institut fir Gewebemedizin und Pathologie



m Chemo In stage Il CRC: Treat many to save a
~ few

mmmmm
nnnnnnnnnnnnn
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Stage Il Colon Cancer
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=8 === =3 =8 = =
=5 =3 == =3 =8 =R =
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= =5, =5 =8 =3

Up to 4% cured by chemo
(chemo-sensitive)

Adjuvant
Chemo  _

80% cured by surgery alone

R M == ==

16% recu d pite chemo
(chemo-resis tant)

De-escalation strategies are needed in stage || CRC!

Institut fir Gewebemedizin und Pathologie



Seminal phase 2 clinical trial for stage Il CRC
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ctDNA-Guided Standard-

Adjuvant Chemotherapy Received
Management Group
N~153 Relative risk, 183 95% I, 1.25 1o 2.65
ﬂ.__-
0
Cli mcopathobgul Criteria : %
|:;-. 15

'\":\.'.ll' L

ctDNA Results ctDNA Rcsu)'s ]
LN &Ly 1
I'.' 1AE T

DYNAMIC Trial: By using liquid biopsies for MRD ONLY to guide patient

management in stage Il colon cancer, ACT can be reduced by 50% without
affecting mortality

28 Tie et al, NEJM 2022



De-escalation In stage |l CRC?7??

IGMIP e
Adjuvant chemotherapy for patients with stage |ll colon cancer has led

to 3x better survival and has thus been standard of care since early
2000s

Actual benefit estimated to be in 30%, with 50% being cured by
surgery and 20% recurring despite treatment

IDEA trial supports non-inferiority of reduction from 6 months to 3
months in stage |l patients with lower substage

Biomarker studies have still not led to practice changers

29 Taieb et al, Cancers 2020



m CtDNA s highly predictive of reccurrence
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A 100+

Q0 4
B0 -

Lead time to clinical

_. recurrence (CT, CEA)

204 HR for recurrence +/- 9 months

10 - 16.70 (95% CI, £.68-49.09)
P < 0.0001
0

i 1 i 1 v |
0 12 24 36
Time from surgery (months)
Number at risk

Mever detected 291 283 249 14
42 27 14 0

How often to test patients?
How to treat patients with molecular reccurrence?

30 Nakamura et al. CCR 2024



CIRCULATE trial design

Institut fiir
Gewebemedizin
und Pathologie

N=5200

mle  CtDMNA negative
mle  ctMA positive

Post-Op
ctlNA
Mepgative

]

>

Control arm
CAPOX 3 months

FU for
T years

VEGA
trial

*Whole exon sequencing

Initiated in 2020

31

.
: Stock Pre-o

: Samplen Stage I

. ) colon cancer L

. Enrollment — WES

. [} 4 weeks
. Stage I/

- rectal cancer .

. 1 Neoadjuvant | ° _ =

: thera =

: v i v Resectable : l

= Stage IV .

= Key eligible criteria : Post-Op
. Clinical stages Il 1o IV CRC : ot

. who can underge complets Ui e . F‘-:tEi':If'e
. surpical resaction local resection . =

: :
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ctDMA manitoring

>

12 weeks 24, 36, 48, T2, and 96 weeks

CAPOX
4 cycles

Control arm
Flacebo
B cycles

—

In case of performed MAC

Kotani et al, Nat Med 2023

FiU far
T years

GALAXY
study

ALTAIR
trial




m Some big questions arising from CIRCULATE
IGMIP &
What is the role of pathologists and tissue-based factors?
What is the role of conventional follow-up?

Who will be performing all of these tests?

How often is serial testing really necessary?

32 Institut fir Gewebemedizin und Pathologie



m Limits of detection
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The limit of detection is determined by the input DNA and
sequencing depth

We cannot compensate low input DNA with deeper sequencing!
20ng cfDNA A ca. 6000 genomic copies

1% mutated DNA A 60 mutated molecules

0,1% mutated DNA A 6 mutated molecules

0,01% mutated DNA A 0,6 mutated molecules (?)

Assays used for MRD in clinical trials 0.01-0.02%

33 Institut fir Gewebemedizin und Pathologie



IGMP

34

highest sensitivity for detection
of ctDNA at low concentrations

Tumor-informed testing

Tumor tissue sample
from surgical resection
or biopsy sequenced to

make a customized
assay for each patient

Patient-specific
mutation tracking
in liquid biopsies

Primary use:
Early stage cancers to detect presence
of molecular or minimal residual
disease after curative surgery

Tumor-naive testing
(tumor-agnostic testing)

|

No original tumor sample
collected/available

\ Fixed preselected panel

of mutations analyzed in
liguid biopsies from each
patient

v

Primary use:
Advanced/metastatic solid
tumaors to detect residual,
recurrent or resistant disease

Institut fir Gewebemedizin und Pathologie
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- Tumor informed vs. tumor-agnostic assay



The difference between genomic profiling and
IGMP e MRD

MRD i is ctDNA present? Are actionable targets/resistance mechanisms
_— present? -

Identify mutations that will be present in a liquid biopsy

Targeted Gene Panel

Liquid-biopsy cfDNA

Gene1 Gene2 «- GeneN
Exon1 *** ExonN Gene1 Gene2 --- Gene N i W ',
P MPDDY L v
Iy o5 g m — — o
(22. m @ | m e —= Fragments __~ e
Fragments I “ﬁl 1“:;\»* Fragments — - — —
= me® || 202M I R = = =
L - = = = s > Reads = = =
Reads = = Reads = = = — g Box = = =
50-100x | == = 2500 = = = © = =
g Coverage: 10-500 genes
Coverage: Entire exome (20-25k genes) Coverage: 10-500 genes £ Accuracy: High
Accuracy: Good Accuracy: High a Time: Rapid turnaround time (few days)
Time: Long turnaround time Time: Rapid turnaround time (few days) Cost: Most cost-effective
Cost: Cost-effective Cost: Most cost-effective Depth: >500X
Depth: >50-100X Depth: >500X

t Panel broad enough to cover all relevant
targets but small enough to be cost-

Create panel for deeper sequencing effective at high sequencing depth
in liquid biopsy

35 Institut fir Gewebemedizin und Pathologie



Not all mutations need to be detected for MRD i

more targets increase sensitvity

1.0

0.9 1

0.8

Prob

0.7 4

0.6

36

Probability to detect at least 1 read

T T T T T T T T T
4000 4500 3000 3500 6000 6500 7000 7500 8000
Coverage

Courtesy of M. Maiolo, CGL/IGMP




UMIs- a mastofor ctDNA with NGS

IGMIP &
Next-generation sequencing with molecular barcodes

Wild type Mutant Wild type
I S — T

Molecular — Each DNA molecule
barcode tags pmmmm tagged with barcode

L

BT BT
Redundant sequencing; true
mutations represented in all

| reads with given barcode

I e

I e

EEIIEEEEEE s

L B e ]

s - o W e

e I - W e

I TR

BT ST

# True mutation J¥ Polymerase error

37 Corcoran et al, NEJM 2018



The path to the clinic

IGMIP &
Costs
DYNAMIC Billability?
CIRCULATE (Japan, USA) Availability?
Testing
Technological Clinical trial Standardized availability Clinical
development data testing and guidelines
resources

Sequencing International Liquid Biopsy Gold standard
techniques Standardization Alliance

38 Institut fir Gewebemedizin und Pathologie



False-negative and false-positive results
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Negative result Positive result

True negative: no ctDNA present True postive: ctDNA present

False negative: low ctDNA fraction Falseposi ti ve: 1mgedk gr ¢
prevents detection of the variant mistaken for ctDNA

A Assay sensitivity?

A Input DNA

Risk: Patients are wrongly denied treatment Risk: Patients receive unnecessary treatment

Tumor-informed approach:
Multiple targets present in liquid

Longitudinal testing with appropriate panel _ _ i
biopsy increases specificity

39 Institut fir Gewebemedizin und Pathologie
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Tests on the market: examples

In-house solutions
| | | u nTruBighttOncology 500 for ctDNA
AVENIO Panels (Roche)

Oncomine™ Pan-Cancer Cell-Free Assay
(ThermoFisher)

MSK-ACCESS® powered with SOPHIA DDM

End-to-end commercial products

Signatera (Natera)
Guardant360® CDx Health

FoundationOne ® Liquid CDx (Foundation
Medicine)

Grail, Galleri, Methylation Cancer of Origin

Most clinical trials use end-to-end commercial products

40 Institut fir Gewebemedizin und Pathologie
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Improving techniques: efficient library prep

Glainiuia o 8 weesnimren 5
5 >
- 5
B'ainiiia o 8 8eie ik eene 3
Barcoding
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STAB-seq:
Single Tube switched temperature Amplicon Barcoding

Produces barcoded and indexed sequencing libraries in a
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Thermocycle

single-tube process

1-2 mutant copies of DNA with >95% specificity

Eight-plex STAB-seq panel detects VAF of 0.03% in 10ng
DNA with 100% sensitivity and 95% specificity
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QC and cleanup Sequence

with temperature
switching

~2.5 Hours

Godfrey et al, J Mol Diagn 2025



Improving techniques: incorporating additional
features
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How to move forward with increasing sensitivity when the bar for therapy has
been set by clinical trials?
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Future perspective: early cancer detection
IGMP &
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undetectable detectable ':,Z'é";?' disease response progression therapy
isease

Surgical resection Systemic therapy 1 > Systemic therapy 2 >

® o e o

o‘,

Early detection

Resection __ |
location .
A,
N\

S

o

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Identification
of resistance
mechanisms
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detection profiling monitoring

Monitoring of

Early detection clonal dynamics

Application:

Challenge: highly sensitive, tumor-agnostic test
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Multi-cancer early detection test
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The CCGA study

ﬂﬁﬂﬁrﬂn 15254 participants at 142 sites
ﬁfiﬁn‘r"a GA%. with cancer: 44% without cancer
AN AT {anticipated enrollment period, ~24 months)

Blood (all) and tissue (cancer ﬂnlil'samples :ﬂllﬁhﬂﬁ @

Samples divided among three pre-specified CCGA substudies

CCGA substudy 1
) Further
Discovery Developmeant of assay and ratmemant of
Traking = 1785 Valkiation, 0= 1015 classifier and initial validation gssay and
) Training, n= 3133 Validation, n= 1354 classiier
Flasma cfDMA underwenl Bsufts soquenoing flarmed by
1. Targeled sequarcing
2. Whaole gencme seqUancifg [oopy numbsr varianis) largeting o pared ol =100 00 Inkmmake mel viadion raining st
2 Whole genoma bisulfie sequancing ragions. A classiier was dovedopednnlidaolad —
{whole genoma melhylation) for canoer detedion ard CS0
§ R
Whaole genome methylation . .“E't;m mﬂm:m
*  Identified as method to be used for T'”E'."’.'J" L P T
- raining and walidation of the
further development selected and updated targeted
methylation aseay and classifier

CCGA substudy 3

Large-scale clinical validation
n = 5300 participants [canoar = Z25T; non-cancer = Z0E0)
a= 41T ponfinme: sixus st [ancor = 2359, non-cancer = 254

Locked assay and classifier for screening (Galler™)

validated in mdependent validation s=i

/ 5\
' Follow-up for & yeans
QM cancer simus)

Klein et al. Ann Oncol 2021




How well do tests work T and need to work?
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Cancer Non-cancer Total
2823 1254 4077
Test positive 1453 ] 1459
Test negative 1370 1248 2618
SEnsiti'urit}r = 1453/2823 SF:I-Ev::i’ﬁf:i’q,.r = 12481254
51.5% {-'-1-9.6%—53.3%} 899.5% (EQ.D%-QQ.B%}
Two-sided 95% Wilzson confidenca intarvals ware calculated.
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Klein et al. Ann Oncol 2021



Same test used in the PATHFINDER trial
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A sample of asymptomatic individuals

Wh at |5 PPV? ages 50-79 years taking the Galleri test
RRARAK R

PPV represents the number of individuals

who receive a Cancer Signal Detected ARARA
test result who had cancer diagnosed. RARAA
It can help guide the discussion on the RARAKA
implications and appropriate next steps. R / 1000 \‘ R
What Does That Mean? - L
a oes a edn: Cancer Signal Detected Mo Cancer Signal Detected

Galleri's PPV is 43.1% meaning that / \, / \
about 4 out of 10 individuals with a R R R R
“Cancer Signal Detected" result are ) .

expected to have a confirmed cancer f 4 5 5 15 976
diagnosis following diagnostic work-up. Cancer : Cancer Cancer Cancer
Diagnosed | Mot Found* Diagnosed Mot Found
i (True Positives) | through other (True Negatives)
! . i *Represents cancer [,
Jr ! may not be present, screening or \L,

ﬂ/" : ' clinical signs/
. . (=] i ! InCorrect cancer g
PPV for the Galleri Test is: 4 3-1 —>! PPVIS43.1% | sgnalongin(CSOjor | Symptoms NPV Is 98.5%

' Imitations of Imaging

In the PATHFINDER study’, out of 6,578 participants tested with Galleri, 58 had a Cancer Signal Detected result.
Of these, 25 had a cancer diagnosed. 25/58 =43.1%

https://view-su2.highspot.com/viewer/64540f014a3315d6aab0e252



m More open guestions
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What happens with @xcessdinformation?

Can results be misconstrued (for example, BRAF mutations in a
tumor-agnostic assay)

How to handle ambiguous results?
What is the acceptance in the general population?
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Summary
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Liquid biopsies exist in different platforms

Main indication af tissue not availabled aresidtance alterations in certain scenarios
MRD testing only performed in select cases, generally with commercial assays
Discussions are needed to on how to handle expected demand for MRD testing

MRD testing expected to play a large role in clinical management decisions and
monitoring

Potential to be new standard of care for monitoring

Increasing sensitivity by multi-modal tests

Early pan-cancer testing
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