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Liquid Biopsy

Definition

Primary Tumor

~ Necrosiss

Secretion

Apoptosis

\ 4

Circulating Tumor Cells
(CTCs)

Protein expression
Gene expression
DNA abnormalities
miRNAs

Epigenetic alteration
Functional studies
Single cell analysis

Circulating Tumor DNA
(ctDNA)

Tumor mutational burden
Amplifications/deletions

Translocations m
Point mutations

Chromosomal abnormalities

Tumor heterogeneity

A\ 4

\ 4

ctDNA/methylation

Epigenetic alterations
DNA methylation WM

.*__Tumor heterogeneity

Circulating miRNAs J

\ 4

Extracellular vesicles ‘l




Liquid Biopsy

Where does the need for liquid biopsy come from?

Liquid Biopsy Tissue Biopsy

- Patient-friendly, Minimally invasive - Often invasive and expensive
-] costs and risks of complications ) - Risks of complications J
.
Easily repeatable procedure Not always feasible (multiple sampling?)
;
Rapid turnaround time vs [ Low turnaround time
\ ) N
Representative of the tumor TUMOR ' Not always representative for the all
HETEROGENEITY > GLOBAL Tumor
INTEGRATED. J
.
SERIAL: Real-Time monitoring/Dynamic SINGLE (snapshot of the tumor)
1 p J
.
Treatment selection and assignment to clinical Difficulties in tissue sampling
trials. (larger sample sizes) ) (smaller sample sizes)
y

De Mattos-Arruda et al. Nat Rev Clin Oncol 2014;
Siravegna et al. Annals Oncol 2019;
Wan et al Nature Reviews Cancer 2017



Precision Oncology
The efficacy of target therapy is affected by.. Tumor Heterogeneity

Heterogeneity in resistance
mechanism

Heterogeneity in pts with NSCLC according to
driver oncogenes

Sensitive mutations
XXX

in one pt

L858R
~40%
KRAS
~15% in Caucasians & Exon 19 del
=~30% in Asians ~50%

EGFR
~15% in Caucasians

~40% in Asians Resistance mutations

T790M
=30% by Digital PCR

|k
~ 30%
° |BIMm
NRéS PIK3CA MET 20-40% Further
=1% n =1% ' <5% Heterogeneity
eoo000 1 CrRKL

3%




Liquid Biopsy
Representative of the tumor TUMOR HETEROGENEITY

Primary tumor Metastatic sites Liquid biopsy




Relevant issues to be considered...
Risk of false negative and false positive results

«False Negatives» | «False Positives»
in Liquid Biopsy
Q{:} Technical Factors:

e Sample differences
g 1) (>6 months from tissue to
plasma sampling)

in Liquid Biopsy

Insufficient DNA shed
into plasma:
(low tumor volume,
eliminated by therapy)

cfDNA/ctDNA source:
Plasma,
pleuric/peritoneal
effusion, CSF

mcul rl l ista
Tumor DNA shed (pa st esstncs)

False Negatives
=)
5
&R
<
8
SBAINSOd 8s|eq

WBC contamination:

Q = Germline Variants
Clonal Hematopoiesis

Technical factors
White blood cell DNA Tumor Heterogeneity:

(clonal hematopoiesis,

TechnicallLsstes: B Positive Plc_;_sfma & Negative
Insufficient sensitivity (assume'f:iisue <
in older assays 6old standard)

Mod from Paweletz CP, et al. JCO Precis Oncol 2019



Liquid Biopsy

Tumor Cell <fDNA \

EGFR L858R+ @ I\/VV\
>

EGFR T790M+| 100000X

cfDNA testing:
EGFR L858R+

— » EGFR-targeted

therapy

- The % «

- Tumor stage, volume (Tumor burden) -
Necrosis

- Tumor burden

- Proliferation index

- Histology (adeno K vs squamous for NSCLC) - Tumor
Vascularity

- Anatomical site (i.e. blood-brain barrier for intracranial T., - Pt's renal
function

extratoracic vs intrathoracic for NSCLC)

for intracpanigh I+lve biomarker result on ctDNA should be
validated using a biomarker test on tissue biopsy

Tumor volume cm3: e

Predicted VAF: 0.006% 0.1% 13%
95% CI 0,001 - 0,03% 0.05-0,17% 057 -31%
v

ESMO 2018, mod from Abbosch et al. Nat 2017

Approx. 326 million malignant

Frequency of cases with detectable ctDNA (%)

Shedding or non-shedding tumor?

Non-shedding tumor

EGFR L858R+ tumor

cfDNA testing:
No mutations detected

—

—=> | Tumor Biopsy

Sacher AG, et al. JTO 2017, Passiglia F, [...] Russo Curr Cancer Drug Targ 2018



Liquid biopsy: False negative results
Choose the appropriate source of cf/ctDNA: a real-life experience

EGFR p.L858R EGFR p.T790M

Plasma cf/ctDNA

VAF:
2.9%

O VAF:
0,3%

g & 8 &8 8 8% & 8 B

2000 3000 4000 5000 6000 7000
1000 2000 3000 4000

Pleural fluid cf/ctDNA

6000 4000
:._.-,-,-',- 000
- @ "\ VAF: 35% VAF:
+ad . . .
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Liguid oliopsy
Concordance rates between tissue and ctDNA

Aggarwal C et Al. JAMA Oncol, 2019

Allele fraction
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B3 @ @
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@® Tissue
Plasma

Found in Plasma
and Tissue (n=27)

Found in Tissue
(n=16)

Found in Plasma
(n=8)

Detection of therapeutically targetable mutation

Patients, %

100

80

60

40

20

[ Found in tissue and plasma
D Found in plasma only
|:| Found in tissue only

i |

Mla

(n=13)

M1b

M1b

(n=42)  Liver metastases only

(n=13)

testing

f

Some considerations

Main actionable mutations

Higher concordance rates between tissue and ctDNA T.:

Range: 80 to ~100%

All genetic alterations identified

Lower concordance rates between tissue and ctDNA T.

Range: 60 to ~ 70%

Pts at diagnosis vs pts at progression
Significantly higher concordance rates between tissue

and ctDNA T. in pts at diagnosis

Literature review 2022)




Liquid Biopsy
Results of ctDNA testing

Results of

Liquid biopsy

Informative test Non-informative test

(LB test positive) | (LB test negative or inconclusive)

-
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Liquid Biopsy
Applications of ctDNA in solid tumors

() Clone 1
Clone 2
® Clone 3

o
<
S
O
(T
(@]
Q
N
)

Ti 1
me |S.ur'ger'y (or other) I I Treatment 1 Treatment2 |
¥ Treatment selection 4/
CANCER DETECTION: PROGNOSTIC Detection of Pnoﬁr:gﬁz%/\ffnizzcnwg Monitoring response to Therapy

in early tumors or

Screeenig or earlier diagnosis >
molecular profiling

MRD setting and clonal evolution

Mod from Wan -e‘r al. Nat Rev Cancer 2017



Liquid Biopsy

Applications of ctDNA in solid tumors

Experimental
application

Size of clone I

Time |S.ur'ger'y (or other) I I

Clinical

application

¥ Treatment selection

CANCER DETECTION: ANCLINOINLS Detection of
Screeenig or earlier diagnosis

in early fumors or

o MRD
molecular profiling

Treatment 1 Treatment 2
PROGNOSTIC/PREDICTIVE 2o
in the advanced Monitoring response to Therapy

setting and clonal evolution

Mod from Wan et al. Nat Rev Cancer 2017



Liquid Biopsy: Application of ctDNA in solid tumors
MONITORING RESPONSE TO THERAPY AND CLONAL EVOLUTION

CANCER DETECTION: PROGNOSTIC ‘ Detection of ‘ LYl pio N (Rt | Monitoring response to Therapy

in the advanced and clonal evolution

Screeenig or earlier diagnosis in early tumors or MRD setting

molecular profiling

Mod from Wan et al. Nat Rev Cancer 2017



Liquid Biopsy: Recommendations ATIOM/SIAPEC

Advanced NSCLC: two clinical scenarios

I clinical scenario

Raccomandazioni 2020 per I’esecuzione di Test Molecolari
su Biopsia Liquida in Oncologia

A cura del Gruppo di Lavoro AIOM — SIAPEC-IAP - SIBIOC - SIF
ADn © B S
Liquid biopsy

indications

Luglio 2020

=
il SOCIETA ITALIAN
DI FARMACOLOGI.




NSCLC

Liquid Biopsy: ATOM-SIAPEC-IAP-SIBIOC-SIF 2020

mNSCLC pts pre-treated with EGFR-TKI

t

| mNSCLC fit patient treated with EGFR-TKIs l

YES

v «

3° generation |
EGFR TKI

1°-2° generation ]

EGFR TKI

—

[ CHEMOTHERAPY I TRIAGE TEST
Mutational

4 analysis of EGFR
3

s
ALy
p-T790M ‘
(ctDNA)

cacs | g
feasible (~30% FN)
SN ,

m—> 3° generation EGFR TKI ]

-/not
feasible

Molecular analysis of other biomarkers on liquid biiopsy
only within clinical trials (preferably NGS)°

4 v

S R WD

Raccomandazioni 2020 per I’esecuzione di Test Molecolari
su Biopsia Liquida in Oncologia

A cura del Gruppo di Lavoro AIOM - SIAPEC-IAP - SIBIOC - SIF

ADn B 5

Luglio 2020

. SOCIETA ITALIAN
C DI FARMACOLOGI

4




NSCLC | Liquid biopsy: Diagnostic accuracy of ctDNA in NSCLC

Does metastatic site influence ctDNA sensitivity?

Intrathoracic disease
versus
Extrathoracic disease ?

Al o Frnin AT ©200F



NSCLC

NSCLC: EGFR ctDNA sensitivity according to the METASTATIC SITE

Meta-analysis of published trials 10 eligible studies, N= 1425 pts

RESEARCH ARTICLE

Site Location
EGFR- Mutation Testing in NSCLC P

Keyworde: FGFH, N,

1 INTRODUCTION

Tauyesing the

HaPRTRE

the D
atients: a Pooled Analysis

Accuracy of ctDNA

EGFR ctDNA sensitivity according to the metastatic site: Extratoracic (M1b) vs Intrathoracic Disease (M1la)

Extratoracic Intraoracic

disease

disease Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Jenking etal. 2017 111 1584 123 243 148% 282 (183 3.85] =
Karlovic et al. 2016 52 54 718 TA% 272460712217 R —
Karlovic et al. 2016* 47 49 415 59% B4.63[10.47, 39587 —t
Kasahara etal 2017 L I K 8 16 56% 371 11.03,13.46] —
Kurnaretal. 2017 2 15 27 96% 240 (076, 7.53] T
Normanno etal. 2016 52 @2 13 &7 124% 587273, 1260] e
Onard etal 2016 139 161 3B 48 122% 211 [0.95, 4 66] |
Thress etal. 2015 M 21 B0% 16.75[2.65, 93.46] I —
Tseng etal 2015 M 5 M B9% 11.38[3.27, 39.60] —
Yi-Lang W et al. 2016 180 234 f3 108 144% 2221135 365 —_
Total (95% CI) 864 561 100.0% [2.93, 8.84] -
Tatal events 6a1 276
Heterageneity Tau®=0.49; Chi*= 3234, df=9(P = 0.0002); F=72% ID Y 011 1DDI
Testfor overall effect Z= 5,79 (P < 0.00001) Extratoracic disease  Intratoracic disease

Forest plot showing odds ratio for overall sensitivity of plasma ctDNA EGFR-mutation testing by metastatic sites location (M1b vs M1a)

Extratoracic

Study or Subgroup

disease

Events Total

EGFR mutation

Intraoracic

disease

Events Total

Odds Ratio

Weight M-H, Random, 95% CI|

Odds Ratio
M-H, Random, 95% CI

karlovic et al. 2016
Kasahara etal 2017
Kumar et al. 2017
Mormanno et al. 2016
Oenard etal. 2016
Tzeng etal 2014
Yi-Long Wu etal. 2016

Total (95% CI)
Total events

Heterogeneity, Tau®=0.41; Chi*=17.58, df= 6 (P = 0.007); F= 66%

52 95
26 33
21 28
52 82
139 161
3z 41
180 234
634

402

7 18 96%
8 16 11.4%
14 7 12.8%
13 a7 171%
36 48 16.8%
il 21 11.8%
B3 105 204%
292 100.0%

147

Testfor overall effect: 2= 4.72 (F < 0.00001)

27.24 [6.07,122.17]
371 [1.03, 13.46]
2,40 [0.76, 7.53]
587 [2.73, 12.60]
211 [0.95, 4.56]
11.38 [3.27, 39.60]
2.22[1.35, 3.65]

.35, 7.88]

—_——F

nnd

Extratoracic disease

t
ni

10

100

Intraoracic disease

T790M Mutation
Extratoracic  Intraoracic

disease disease Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Jenking etal 2017 111 144 123 243 388% 242[1.63 3.88) &
Karlovic et al. 2016* 47 44 4 15 304% G4.63[1047 398.87) —
Thress etal 2014 4 7 21 A0T% 16,74 [2.65, 93 46] —
Total (95% CIy 230 268 100.0% [1.45,9?.22] —e
Tatal events 174 129
Heterogeneity: Tau®= 2.81; Chi*=14.74, df= 2 (F = 0.0006); F=86% 'D.IZI1 Df1 1'EI 1IZIIJ'

Testforoverall effect Z=2.31 (P =0.02)

Extratoracic disease

Intraoracic disease

Forest plot showing odds ratio for overall sensitivity of plasma ctDNA EGFR-mutation testing by metastatic sites location (M1b vs M1a) and EGFR or T790M mutation

| Passiglia F.. Rolfo C [..] A. Russo Current Cancer Drug Target ZCIIB




NscLe | Liquid Biopsy: ATOM-SIAPEC-IAP-SIBIOC-SIF 2020

MNSCLC pts pre-treated with EGFR-TKI

“ P R
mIl 4 (S) 2 v s SOCIETA ITALIAN
w. v C DI FARMACOLOGI
i s & Cvanege Mo SIAPEC - 1AP
| 1

[ mNSCLC fit patient treated with EGFR-TKIs I

YES
3° generation 1°-2° generation
EGFR TKT EGFR TKI

TRIAGE TEST

Consider the

metastatic site!

Molecular .,
analysis of EGFR gt

p-T790M

(ctDNA)

RE-BLOPSY., T790M-
feasible NS

f;ﬁ;‘?bf,e i_% 3° generation EGFR TKI ]

L Molecular analysis of other biomarkers on liquid biiopsy

only within clinical trials (preferably NGS) J | mn @
== e

£ % =]
g il SOCIETA ITALIAN
C DI FARMACOLOGL




NSCLC

Liquid biopsy
NSCLC: longitudinal monitoring of EGFR mutations
When switch to 34 gen TKI: RECIST PD o molecular PD?

% of mutant allele in ctDNA

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

\del exont9 / /
\ /]
\ COU?H / /

\ v/

\ / / T790M

\ A
N /
\ 7~ /

10/01/2013  11/12/2013 12/14/2013 01/14/2014  04/12/2014

Start EGFR-TKI Molecular | Radiological
treatment Progression | Progression




Future perspectives: APPLE trial | °°"gfess|
NSCLC persp EAESMD |

When switch to 3rd gen TKI: RECIST PD or molecular PD?

APPLE Trial design
Randomized, open-label, multicenter, phase II trial (NT6028568934 a,EORTC‘

N=156

Osimertinib until — Pge:;oEsEYCIST

Advanced NSCLC Gefitinib* : . : Rebiopsy
Common MEGFR Until cfDNA PD [ OS;Q”‘EQC'”IT 'S”T'bp‘[‘)"*" e At PD by RECIST
Treatment naive 1:1:1 - (T790M+) (optional)
PS 0-2 ARM B
Stable BM
Stratification: —_—— PPPITIE Rebiops
- Del19 vs L858R AR Uﬁ:‘:';’é‘é’;’:g‘_ — Osimertinib until At PD by EEYCIST

- Initial T790M +/-
- BM +/-

PD RECISTPD (optional)

rimary End Point: PFS rate at 18 month
Secondary: ORR,0S, Time to Brain PD

* In case of RECIST PD without T790M+, pts will be
switched



NSCLC | APPLE trial: RESULTS

congress
PFS-OSI-18 rate by INV. in arm B vs C, exploratory EAEMD ‘

22

Median PFS (mo.) 20.2
HR; p-value 0,80 (84% CT: 0.54-1.19); p=0.22
R 18-months PFS (%) 67.2 53.5
t,_‘) 80
O| 70 -
§ Gefitinib* Until cfDNA PD (T790M+)
o i - R
g 20 Gefitinib* Until RECIST PD

o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42

Time in months

* In case of RECIST PD without T790M+, pts will be
switched



Liquid biopsy in CRC

Colon Cancer

' Dynamic change of KRAS during intermittent anti-EGFR treatment

I: Tumor load
I | KRAS 613D
.\\°’
s 08t
=
S o6t
S KRAS G{2v
5 044
3 4
024 \\ f / 74-0
| | | | |
Baseline Ist CT 2nd CT 3rdCT  Baseline 5th CT  2nd—line
scan scan Scan  re-challenge scan PD
The change of KRAS during intermittent anti-EGFR treatment
reflects the dynamic clonal selection - Re-challenge may be a real option?

Adopted from Siravegna 6. et al., Nat Med, 2015



Liquid Biopsy: Applications of ctDNA in solid tumors
PROGNOSTIC/PREDICTIVE in the advancedsetting

% " Serial liquid Wiopsies| [+"* [***
oov|ou@

CANCER DETECTION: PROGNOSTIC Detection of PRO?:I ?ﬁ: I:éj:ff:f Ve Monitoring response to Therapy

Screeenig or earlier diagnosis in early fumors or MRD setting and clonal evolution
molecular profiling

Mod from Wan et al. Nat Rev Cancer 2017



. NscLe | LB: Recommendations ATIOM/SIAPEC/SIBIOC-SIF
| Current clinical indications

l Advanced NSCLC: 2 clinical scenarios l

I clinical scenario

Raccomandazioni 2020 per I’esecuzione di Test Molecolari
su Biopsia Liquida in Oncologia

A cura del Gruppo di Lavoro AIOM — SIAPEC-IAP - SIBIOC — SIF —

/_\/\

/G 5 g \ Liquid biopsy

%dvanc 8 Indications
N ,‘

Luglio 2020




NSCLC |

Liquid Biopsy: AIOM-SIAPEC-IAP-SIBIOC-SIF 2020
Pts with advanced treatment naive NSCLC (Stage ITIB-C/IV)

’ Molecular profiling on non-squamous or non-squamous component NSCLC,

or if clinical features may suggest a molecular driver

YES

l

CYTO-HISTOLOGICAL SAMPLE
Molecular analysis of EGFR/BRAF
activating mutations and
ALK/ROS-1 fusions

quality of neoplastic cellularity

I Surgical or cytological specimen with adequate quantity and/or NO

T

!
i ]

=

Case-by-case clinical evaluation ]

YES Re-biopsy ]<—| 14
0
I Patient's l
I refusal
I
I
I
I
I
I
I'— = Negative

TREATMENT ACCORDING TO ONCOGENE-
ADDICTED GUIDELINES

LIQUID BIOPSY
Molecular analysis of EGFR/BRAF
activating mutations (ctDNA)*;
Analysis of other biomarkers
ONLY within clinical trials
(preferably NGS)°

-

UNFIT

o
A

Posi

tive

A

* EGFR exon 18, 20, 21 point mutations and exon 19 deletions; BRAF p.V600 activating mutations
° ALK, ROS-1, RET, NTRK fusions; MET exon 14 skipping mutation and MET amplification, HER2 amplification, KRAS p.612C point mutation

ITALIA

DI FARMACOLOG

SOCIETA




Liquid Biopsy: applications of ctDNA in solid tumors

Detection of MRD

PROGNOSTIC
in early tumors or
molecular profiling

3 PROGNOSTIC/PREDICTIVE .
Detection of in the advanced Monitoring response to Therapy

MRD setting and clonal evolution

CANCER DETECTION:
Screeenig or earlier diagnosis

Mod from Wan et al. Nat Rev Cancer 2017



DYNAMIC Study 2022 ASCO

Colon Cancer

Adjuvant Chemotherapy Guided by ctDNA Analysis in Stage II Ak o
DYNAMIC Study design
Multi-centre, randomised, phase II non-inferiority trial (ACTRN12615000381583)
Syl Ll Plasma Collections ctDNA-Guided management Enpoints
cancer Week 4 + 7 post-o " : o
P P | © ctDNA-Positive — Adjuvant Chemo
”|  (oxaliplatin-based or single agent FP);
. Primar

: gcoogeos-SC.hon ° CfDNA'NengiVC—V Obser‘vafion o RFS};ate at 2-yrs
5 - ithi Key Secondar

ilzilsng CT within 8 ctDNA-Positive = Positive result at week 4 and/or 7 . Y’ropor‘ﬂon r'eZeiving
*  Provision of adequate T Standard management adjuvant chemo

tumor tissue within 4 ECaRaEnanagERel Secondary

weeks post-op * RFS by ctDNA status
- No synchronus CRC; for ctDNA-guided arm

» Adjunvant treatment decision based « TTR
on clinico-pathologic criteria —
Stratification Factors Surveillance:
+ T stage (T3 vs T4) « CEA - 3-monthly for 24M, then 6-monthly for 36 M
Type of participating center (metropolitan vs regional) « CT C/A/P = 6-monthly for 24M, then at 36M
2022 ASCO

ANNUAL MEETING



Colon Cancer

DYNAMIC Study: RESULTS

Post-op ctDNA-Positive: End-of-Treatment ctDNA and RFS

2022 ASCO

ANNUAL MEETING

90%

80%1

70%1

Recurrence-free survival

60%1

50%

Recurrence-free survival I

e 96.6% .
96.6% - 92.4%

r Do —————— | .
92.4% ;—-——-d_':_‘: ctDNA-Guided management
WAL Standard management

Non-inferiority confirmed:

Median follow-up 37 months lower bound of 95% CI

No. of events =43

lies above -8 5%

HR (95% CI): 0.96 (0.51, 1.82)
Difference in 2-year RFS rate +1.1%

4

‘‘‘‘

0
ctDNA-guided —| 294

Standard —| 147

292

144

12

281

142

18 i 24 ¥ 30 ) 36 ; a2 ) a8
Follow-up (months)
273 259 207 155 109 64

136 128 97 78 57 33




Colon Cancer

DYNAMIC Study: RESULTS

Post-op ctDNA-Positive: End-of-Treatment ctDNA and RFS

| 2022 ASCO

ANNUAL MEETING

' Adjuvant treatment delivery l

Treatment information

ctDNA-Guided

N = 294

Standard management

N = 147

I N

Chemo regimen received, n
Oxaliplatin-base doublet
Single agent fluoropyrimidine

Time from surgery o commencing
Chemo, median (IQR), days

Completed planned treatment, n

Percentage of full dose delivered
Median (IQR)

28/45 (62%)
17/45 (38%)

83 (76, 89)

38 (85%)

78 (56, 100)

4/41 (10%)
37/41 (90%)

53 (49, 61)

38 (85%)

84 (64, 100)

|RFS: ctDNA, clinical Risk & T Stage

Recurrence-free survival

Recurrence-free survival

100%

80%

60%

ctDNA and clinical Risk

_— 97.4%
= 89.7%

H ' 86.4%

86.4% 1

85.1%

HR (5% Cl)

- CtDNA Negative & Lowrisk 1
ciDNA Negative & High risk ~ 3.04 (1.26, 7.34)
- clDNA Positive (treated) 3.69 (1.39, 9.87)

96.7%  ctDNA neg & low risk

' ____ctDNA neg & high

risk

ctDNA|POS (treated)

80%

60%

0 6

96.7% .
94.2%  1DNA neg & T3
o 86.4% 86.4%
* T4
'_81 3% '_81.3% cTDNA. neg &
ctDNA|POS (treated)

12 18 2 30 %

Follow-up (months)

ctDNA and T Stage

HR (95% Cl)

~ ctDNA Negative & T3 1
ctDNA Negative & T4 2,60 (1.01,6.71)
- ctDNA Positive (treated) 2.62 (1.11, 6.20)

0 6

17 18 u 0 36

Follow-up (months)




‘ Colon Cancer \Prospective Studies Ongoing to Evaluate Actionability of ctDNA in Early Stage Colon Canci. 22T

LiqUid biOpSY v ASCO Gastrointestinal | ‘

« VEGA (ctDNA negative) and ALTAIR (ctDNA pos) trials of CIRCULATE-JAPAN;

« NRG GI-005 (COBRA) - stage IIA colon cancer active surveillance versus assay directed
therapy:;

* CIRCULATE US - stage IT (ctDNA+) or stage IIT - de-escalate in ctDNA- (CAPOX-
FOLFOX v obs); escalate in ctDNA+ (CAPOX/FOLFOX v FOLFOXIRI);

« SU2C ACTS3 trial - stage ITT ctDNA+ (FOLFIRT v obs); biomarker-directed exploratory
cohorts.




Liquid Biopsy: Application of ctDNA in solid tumors
PROGNOSTIC in early tumors or molecular profiling

PROGNOSTIC . PROGNOSTIC/PREDICTIVE o
in ear Iy S Detection of in the advanced Monitoring response to Therapy

il f and clonal evolution
molecular profiling MRD setting

CANCER DETECTION:
Screeenig or earlier diagnosis

Mod from Wan et al. Nat Rev Cancer 2017



Liquid Biopsy

PROGNOSTIC in early tumors or molecular profiling

100 -

75 +

50 +

DFS (%)

25 -

DFS stratified by ctDNA status

ctDNA negative

BC I

p-value < 0.0001

Su-Jin Shin, Plos One 2017

0)

*

OS stratified by ctDNA status

‘—\_L_Hc_‘r?finegaﬁve

ctDNA positive
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p=0.0013
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HR =133
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CRC
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20— Negative  22/597 (9:;—_%‘?7) (929.2.—2;/6.,.9)
- Positive 46/115 (637;-33:/;2) (445.2._56:/5»‘0)
: T
° ‘ 12
Months after surgery
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Masahito Kotaca Et al ASCO GI, 2022

Wang B. et al, CROH 2022



Liquid Biopsy: Applications of ctDNA in solid tumors
CANCER DETECTION: Screeenig or earlier diagnosis

D tecti f PROGNOSTIC/PREDICTIVE
etection o in the advanced

MRD setting

CANCER DETECTION: PROGNOSTIC
Screeenig or earlier diagnosis in early tumors or
molecular profiling

Monitoring response to Therapy
and clonal evolution

Mod from Wan et al. Nat Rev Cancer 2017



Liquid biopsy: Screeenig or earlier diagnosis
Risk Not all somatic mutations are cancer...

Pre-Cancer
Cell

he NEW ENGLAND JOURNAL of

MEDICINE

Mutations

The NEW ENGLAND JOURNAL of MEDICINE

No Mutations

The NEW ENGLAND JOURNAL of MEDICINE

|| ORIGINAL ARTICLE

ORIGINAL ARTICLE

Cancer-Associated Mutations
in Endometriosis without Cancer

M.S. Anglesio, N. Papadopoulos, A. Ayhan, T.M. Nazeran, M. Noé,
H.M. Horlings, A. Lum, S. Jones, ). Senz, T. Seckin, J. Ho, R.-C. Wu, V. Lac,
H. Ogawa, B. Tessier-Cloutier, R. Alhassan, A. Wang, Y. Wang, ).D. Cohen,

F. Wong, A. Hasanovic, N. Orr, M. Zhang, M. Popoli, W. McMahon, L.D. Woed,
A. Mattox, C. Allaire, J. Segars, C. Williams, C. Tomasetti, N. Boyd, K.W. Kinzler,

C.B. Gilks, L. Diaz, T.-L. Wang, B. Vogelstein, P.J. Yong, D.G. Huntsman,
and 1.-M. Shih

Clonal Hematopoiesis and Blood-Cancer
Risk Inferred from Blood DNA Sequence

Giulio Genovese, Ph.D., Anna K. Kahler, Ph.D., Robert E. Handsaker, B.S.,
Johan Lindberg, Ph.D., Samuel A. Rose, B.S., Samuel F. Bakhoum, M.D., Ph.D.,
Kimberly Chambert, M.S., Eran Mick, B.S., Benjamin M. Neale, Ph.D.,
Menachem Fromer, Ph.D., Shaun M. Purcell, Ph.D., Oscar Svantesson, M.S.,

Mikael Landén, Ph.D., Martin Héglund, M.D., Ph.D., Séren Lehmann, M.D., Ph.D.,

Stacey B. Gabriel, Ph.D., Jennifer L. Moran, Ph.D., Eric S. Lander, Ph.D.,

Patrick F. Sullivan, M.D., Pamela Sklar, M.D., Ph.D., Henrik Grénberg, M.D., Ph.D.,

Christina M. Hultman, Ph.D., and Steven A. McCarroll, Ph.D.

‘ ORIGINAL ARTICLE ”

Aneurysm Syndromes Caused by Mutations
in the TGF-B Receptor

Bart L. Loeys, M.D., Ph.D., Ulrike Schwarze, M.D., Tammy Holm, M.D.,
Bert L. Callewaert, M.D., George H. Thomas, Ph.D., Hariyadarshi Pannu, Ph.D.,

Julie F. De Backer, M.D., Gretchen L. Oswald, M.5., Sofie Symoens, B.S.,
Sylvie Manouvrier, M.D., Ph.D., Amy E. Roberts, M.D., Francesca Faravelli, M.D.,
M. Alba Greco, M.D., Reed E. Pyeritz, M.D., Ph.D., Dianna M. Milewicz, M.D., Ph.D.,

Paul |. Coucke, Ph.D., Duke E. Cameron, M.D., Alan C. Braverman, M.D.,
Peter H. Byers, M.D., Anne M. De Paepe, M.D., Ph.D., and Harry C. Dietz, M.D.



Liquid biopsy: cancer screening and early detection
The CancerSEEK test

test
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The CancerSEEK test SOME CONSIDERATIONS AND LIMITS

Study test: it can detect 8 common cancer types Median performance: 70% (ranging from 98% in OCs to
33% in BCss)

Methods: assessment of circulating proteins and Specufuc!'ry: > B

mutations in cFDNA Proportion of detected cancer: higher in more advanced
stage (stage ITI)

Materials: 1005 pts with nonmetastatic cancers Technique: currently useful only on pts diagnosed with

(ovary, liver, stomach, pancreas, esophagus, cancer

colorectum, lung, or breast) and 812 healthy The proteins used are not cancer-specific (arthritis)

controls

Cohen JD et al, Science 2018



Liquid biopsy: cancer screening and early detection
Multi-cancer detection using cfDNA-methylation signatures

« Prospective, case-control, sub-study to assess the performance of cfDNA-targeted methylation
analysis to detect and localize multiple cancer types

« N=6689; 2482 cancer and 4207 non-cancer
« Sensitivity in all cancer types: 18% in stage I, 43% in stage II; 81% in stage IIT and 93% in stage IV

Non-cancer colon Non-c r lung
cfDNA fragment cfDN gment

2939 IIIIR "o
DDDD

i 20D Pre-specified cancer types All cancer types (>50)
cfDNA fragments from tumour cells have
Al cells shed DNA fragments into the blood. different methylation patterns from cfDNA 1 o [
The methylation patterns in these cell-free DNA fragments from cells without cancer. o
(cfDNA) fragments reflect their tissue of origin. ! ! E ! I
Ej > 75% [} E (X}
Tissue-specific +
9 3 y fDNA f
methylation ‘fingerprints’ ;e M'a’:‘;";f:(:f >
a blood sample. = 50%
| Targeted v II
bisulfite cfDNA fragments g
e * somnci | & o X}
methylation patterns. | +
GRAIL has developed a 0%
database of these X | = . ||Wwetylauony 1 g bessssssssssasssssasssssasssssssssnsnsnasasssssssnsasnsss] [srssasasasans s sasssasEss A ss SIS EEsSasSsEsEsEsESESEEEEE
;;h;?teemas in bo(homdlvnduals
with and without cancer. ! { {
1(143 162y  B(142162) W{2411102) V(3021 130) lg21 1185 Wi3891166) M(3131134) (3631 148)
Tissue of origin . e
o 1 / et o Clinical stage Clinical stage
)| ¢ Classifier

fingerprints are matched to a database (step 1) to predict

|

A machine-learning classifier determines whether cancer

is present or absent. If cancer is detected, methylation
the location of the cancer.

MC Liu, GR Oxnard et al Annals of Oncology 2020



Liquid biopsy: cancer screening and early de'rec'non mcongressl
PATHFINDER: Multi-Cancer Early Detection (MCED) 2

« Prospective, cohort study to assess MCED using targeted methylation NGS
« N= 6621 asymptomatic pts; 3681 with additional risk and 2940 without additional risk
« Cancer signal origin detected in 1.4%, Specificity 99.1%, PPV 38.0%, NPV 98.6%

Results: Multi-Cancer Early Detection (MCED)

Total (N)

35 57 92
Extent of Diagnostic Testing
(Primary) 33 57 90
»1 Imaging Test (%) 90.9 ' 93.0 92.2
>1 Invasive Procedure (%) 81.8 29.8 ' 489

(IQR)]

162 79
(33 143) (44, 248) (37,219)

Time to Resolution [median days I

Tumor sheds cfDNA Blood plasma isolated Targeted methylation Machine learning Test Performance (Secondary)
fragments into bloodstream (contains cfDNA analysis of cfDNA® classifier % (95% CI)
fragments) (sequencing, mapping,
alignment)
PPV 35/92 38.0 (28.8, 48.3)
NPV 6235/6321 98.6 (98.3, 98.9)
CSO Prediction Accuracy 33/34 ' 97.1(85.1, 99.8)

Schrag, D et al ESMO annual congress 2022



Liquid biopsy: cancer screening and early detection
Very Small Embryonic-Like Stem Cells: Novel Candidates for Detecting/Monitoring Cancer by LB

. Normal homeostasis
g'{;;?':g:g\éﬁg RNA P » VSELs/ CSCs/ Tissue-committed progenitors Clonal
f [ 4 \ - & OTOs MsCs CAFs l\ SCD Expansion
Y . . @ ACD Differentiate into
TR eD 0,0 =) — md tissue specific
.8 e g0 cell types
< i | TCSCs
s Yoo 4 Quiescent VSELs

e no o ® oa g, g Circulating tumor DNA (ctDNA)
S EEITE o In cancer
l..""“n'.:..:l.-.

® : o @ o ® " R
L B &
e v » . 4 . ' e L @ & ags
vale ¢ AR A4 Cancer condition Expanded stem cells compartment
e 0 g0 o
o ¢ ALY T Cancer related spheres

o @ () ® o s ® » '. @ @ @ = . .
% 20 = ® \o P Differentiate into

ON0 00 — \ *-» tissue specific

® ‘O: de cell types
VSELs/CSCs are ideal candidates in blood for cancer detection 0g0

Bhartiya et al., Stem Cells (2023)



Liquid biopsy: cancer screening and early detection
Very Small Embryonic-Like Stem Cells: Novel Candidates for Detecting/Monitoring Cancer by LB
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/'ﬁ Exosome

500 Non-Cancer Subjects 500 Cancer Subjects

B Non-Cancer 0-2 What question could

diagnostic technique answer?

Organ Inflammation 2-6
High Risk 6-10
Stage I Cancer 10-20 Is cancer present?
Stage II Cancer 20-30 Is cancer imminent?
I Stage III Cancer 30-40
Stage IV Cancer 40-50
What treatments might
g work?
treeeee teeeeeerereeeeee Ls there cancer left
prrrereretrIee LA after the treatment?
i kaaddnasdinadini AR SRR L hadih) _ _
ittt i pitite ot > Which type of cancer s
kaadiiadttnnding AR aiiaasddant] ~ developing? And which
N organ is at risk?

Tripathi et al., Stem Cell Reviews and Reports (2021)
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Liquid biopsy: Future Perspectives
Potential detection and monitoring of IO biomarkers

» Therapeutic Advances in Medical Oncology 2019

Original Research

Monitoring blood biomarkers to predict
nivolumab effectiveness in NSCLC patients

Francesco Passiglia, Antonio Galvano [...], Viviana Bazan and Antonio Russo

ONCOIMMUNOLOGY 2019 * Tﬂz’l_or & Francis

< P

ORIGINAL RESEARCH a OPEN ACCESS W) Creck for usdates
Prognostic significance of circulating PD1, PD-L1, pan-BTN3As,
BTN3A1l and BTLA in patients with pancreatic adenocarcinoma

Benjamin Bian, Daniele Fanale [...], Antonio Russo and Juan lovanna

Original Rescarch

. Therapeutic Advances in Medical Oncology 2019

Can the plasma PD-1 levels predict the

presence and efficiency of tumor-infiltrating
Lymphocytes in patients with metastatic

melanoma?

Lorena Incorvaia, Giuseppe Badalamentil[...], Daniele Fanale and Antonio Russo

ORIGINAL RESEARCH Oncoimmunology 2020 3 OPEN ACCESS | croch or o

Baseline plasma levels of soluble PD-1, PD-L1, and BTN3A1 predict response to
nivolumab treatment in patients with metastatic renal cell carcinoma: a step toward a
biomarker for therapeutic decisions

Lorena Incorvaia {2+, Daniele Fanale (21, Giuseppe Badalamenti®t, Camillo Porta <, Daniel Olived, Ida De Luca®,
Chiara Brando®, Mimma Rizzo <, Carlo Messina’, Mattia Rediti?, Antonio Russo®¥*, Viviana Bazan?¥,

CeEFTFCEFS

A rticle
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Epigenetic Reprogramming

Lorena Incorvaia - y Daniele Fanale 2.1 y Ginse ppe Badalamenti 2%, Chiara Brando 2,
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Liquid biopsy

Tumor Size

Lymph Node

Is this W?

Metastasis Blood
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node invasion
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Distant metastasis quantification in the future)
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Ann Oncol. 2017
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