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Central nervous system
. Circulating . The term Liquid Biopsy (LB) defines the collection of tumor-derived
o CHESE Xgmes "‘@3 biomarkers from the blood or other body fluids.

Head and nek ' . . The main LB advantage over solid-tissue biopsy is the minimal

B e invasiveness, which make it a safe and timely to be exploited for clinical
e[ decision-making.

Respiratory tract
_ . Circulating Tumor DNA (ctDNA) and Circulating Tumor Cells (CTCs) are the
ef’?:sri‘?)ns Gene fusions . .

- __effusions i most deeply characterized biomarker.
0 }t . i . Circulating Tumor Cells (CTCs) are few in some tumor types (CRC for
rina rac
o example)

Urine
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Detecting Cancer Early with Ultrasensitive Multimodal Liquid Biopsy

Requirement of liquid biopsy assay sensitivity for cancer early detection

50-Fold higher

sensitivity
required

Cancer diagnosis

Time before diagnosis 6 Months

2

3.5 Years

J

Crisafulli Giovanni, PhD | Introduzione alla Biopsia Liquida nella Diagnosi Oncologica | 8 Giugno, 2026

-) 26 patients and 26 healthy controls,

-) strategies based on amplicon panels,
hybrid  capture, and whole-genome
sequencing (WGS).

-) tumor-derived genetic information can
be detected in plasma up to 3.5 years
before diagnosis,

-) highlighting the transformative potential
of  liquid biopsy, as previously
demonstrated in pan-cancer screening
foundational studies

-) LOD approximately 50-fold lower than
that needed for detection 6 months before
diagnosis

Crisafulli et al., Cancer Discovery 2025
Wang et al., Cancer Discovery 2025
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90%

LOD 20%

1-5%

Targeted-panel sequencing

S
S S

' Capture

0,001%

Crisafulli Giovanni, PhD | Introduzione alla Biopsia Liquida nella Diagnosi Oncologica | 8 Giugno, 2026 * associated with sequencing error control methods (i.e. barcoding system)
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Artefact reduction in liquid biopsy wor.s

Impact of wet-lab barcode design and custom bioinformatic processing

I Wet workflow optimization @ Bioinformatic workflow optimization
"lI"IO Double barcode system vs single barcode system __{a Custom liquid-biopsy pipeline vs standard calling
(Mutect2 / DRAGEN)
~95% artefact reduction ~90% artefact reduction
800 350
700 300
Y o 250
£ 500 4 0
® & 5
= 400 - e
< 300 - wh
200 - 100 -
100
0- _
-94.8% -95.2% -94.9% -93.6% -90.5% -90.6% -89.6% -88.3%
Il Single barcode I Double barcode Il Standard calling (Mutect2 / DRAGEN) I Custom pipeline
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-) Gene Panel (50-700 genes) im —

-) Fusions (i. e. NTRK ) — Amplification (i. e. ERBB2) — SNV (i.e.
KRAS G12C)

-) BE CAREFULL (LOD/Performance/Pan-Cancer-Specific Panel)

Guardant 360 liquid

Amm 7
=p (Bl E

lllumina TruSight
Oncology 500 ctDNA

FoundationOne®
o Liquid CDx

Mutation Trend
n
Deletion

I
EGFR

I L3920

I AMP . . Homo

NOTCHI | Pzazss:

Crisafulli Giovanni, PhD | Introduzione alla Biopsia Liquida nella Diagnosi Oncologica | 8 Giugno, 2026 Images from Guardant/FoundationOne/Illumina websites
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RAS, BRAF
EGFR-ECD
y wild type

RAS/BRAF WT mCRC on tissue analysis

ECOG PS 0-2

CR/PR to a previous anti-EGFR regimen (any line)
PD at an intervening, anti-EGFR free, therapeutic line

interventional
L ]

anti-EGFR-free
intervening

Anti-EGFR

+ CHEMO panitumumab

‘.heorenca\ ......

Any line

Last line

Rechallenge

% mut RAS/RAF/EGFR ctDNA

time
Anti-EGFR sensitive
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Treatment with anti-

EGFR if no mutations

in EGFR pathway was
found.

Modified from Sartore-Bianchi et al. Nature Medicine 2022
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Stage Il high-risk Stage Il
Colon Cancer Patients treated with Colon Cancer Patients treated with . .
) Chemotherapy \ ) Chematherapy Paradigm in stage ll-lIl colon

cancer: 80%-50% patients cured
and treated with chemotherapy

Trial

DYNAMIC-IT Australia

DYNAMIC-TIT Australia/New Zealand
TRACC UK

7 209
5% %
=3
¢ 60 NRG GI-005 COBRA USA/Canada
& All patients
8 MEDQCC-CrEATE Netherlands
Ep CIRCULATE-AIO-KRK-0217 Germany
5 CIRCULATE-PRODIGE 70 France
g 40 VEGA Japan
B B CIRCULATE-IDEA USA
15% 30% e S T
20 PEGASUS Italy/Spain
ERASE-CRC Italy
J J IMPROVE-IT2 Denmark
0 1 T T
Cured by Surgery and 1 o 3 1
Cured by Surgery Chemotherapy Patients with relapse melyear)
Combination »
Modified from

P E G A S U S Crisafulli Genes 2025

O'Connell JB et al, J Natl Cancer Inst 2004
Collienne M and Arnold D, Cancers 2020

CI | n | Ca I TI’I a I Taieb J et al, Cancer Treat Rev 2019

Crisafulli Giovanni, PhD | Introduzione alla Biopsia Liquida nella Diagnosi Oncologica | 8 Giugno, 2026 Lonardi S et al, ESMO Congress. 2023
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Differences in MRD assays

MRD .. .
2-6/8/12 Weeks

(A) metastases located in specific organs are
known to release low levels of ctDNA.
(B) smaller genetic targets may fail to capture
the specific genetic alterations of each type
of tumor.

Plasma-Only
Assay

.\w (A) metastases located in specific organs are
A known to release low levels of ctDNA.
(B) clonal mutations in the sequenced tissue could
not accurately reflect the entire tumor’s
genetic makeup.

Tumor-Informed
Assay

Specific alterations Alterations (C) there are disappearances of specific mutations
y gg:‘%"e:""“h Qoo L?Sesnj'eﬂ::;{;g‘: :ﬁ]euri'gi?g;g;he Blood draw that were originally used to define the tumor
{ analysis signature.
(D) tumor tissue could be unavailable for the
analysis.

Crisafulli Giovanni, PhD | Introduzione alla Biopsia Liquida nella Diagnosi Oncologica | 8 Giugno, 2026 Modified from Crisafulli Genes 2025
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What could we do?

HOTSPOTS

- KRAS G12C

- NTRK fusion

- ERBB2 Amplification
- EGFR

Modified from Siravegna et al.i, Genome Biology 2014



TORINO

8 GIUGNO 2026

AULA LENTI
Presidio Molinette

L'INTRODUZIONE della BIOPSIA LIQUI
nella DIAGNOSTICA ONCOLOGICA

DIAGNOSIS

. Stratification and
| — ] therapeutic intervention
with tumor staging

%

SCREENING
Identification of a predictive
biomarker for early cancer
detection

What could we do?

>
i
Ij

IMMUNOTHERAPY MONITORING
Determination of MSI =) oicuating Assessment of response and
Y o mil
status, mutatlonz:.!I load . | o resistance to therapy
and TCR profile v - i ¥a in real time
== e ) \ mutations
& s X N AT
5 ‘ \\ll\\\\ me’t’hmm
A“‘ / viral DNA chan
Ry et ] @ cH? ucaMs .
2~ 7 ) AT
/] | o

ACTIONABLE TARGETS
Understanding tumor DISEASE-MRD
heterogeneity and Marker for prognosis

guide effective therapy ‘ 5 ' and risk of relapse

MINIMAL RESIDUAL

Crisafulli Giovanni, PhD | Introduzione alla Biopsia Liquida nella Diagnosi Oncologica | 8 Giugno, 2026 Modified from Siravegna et al.i, Genome Biology 2014



TORINO

8 GIUGNO 2026

AULA LENTI
Presidio Molinette

Liquid biopsy can check the MSI status (dMMR pharmacologicélly induced)

o
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Subtype Subtype Subtype 0- [
Basal Post-TMZ

ARETHUSA Overcoming the tissue heterogeneity: the blood-based
Clinical Trial TMB analysis confirms the TMB increase after priming
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Longitudinal monitoring of the MSH6 mutation during immunotherapy: MSH6 mutation emerged after TMZ-priming and disappeared at
pembro progression

- : = 2500
37 TMZzbased Pembrolizumab = bTVB
q - 2000 @ KRASp.G12V
g 209 F1500 - TP53p.G244D
B L1000 2 - MSH6p.T1219I
£ 104 500 3
™ —$ [ 3
: S Only 7.1% of tumor load was MMRd but
< 3 T30 = the subclonal MMRd part of the tumor
< 20 = seems to guide the disease stabilization
E 2 i during pembro treatment
© 1 =10
0 = Lo

3 T3 ; ARETHUSA

@ 35 2 . . .

e S 5 = Clinical Trial

Crisafulli Giovanni, PhD | Introduzione alla Biopsia Liquida nella Diagnosi Oncologica | 8 Giugno, 2026 Modified from Crisafulli et al. Cancer Discovery 2022
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Sugess { Clone1
Imaging-detected § Clone2
Diagnoslil relapseI 0 Clone3 Disease Pf°9fe55|°fll
1 ctDNA relapse :
i i
<
3
i
e Time —
Screening, Follow-up and Treatment Monitoring Treatment g
6§ early surveillance selection and treatment resistance, 6 §
69 detection for minimal initial therapy response monitoring clonal $ S
5 residual stratification evolution, 8
Tl disease (MRD) for recurrent selection of new ¢
Vg disease therapies for S
¢ i . ) disease ¢
- Survival rate — progression N
Trends in Molecular Medicine
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