Dalla biopsia liquida al paziente: il valore prognostico

Che cosa abbiamo imparato nei
tumori solidi?

Dr. Fortunato Orazio
Unita di Epigenomica e biomarcatori dei Tumori Solidi
Fondazione IRCCS Istituto Nazionale dei Tumori di Milano
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La biopsia liquida nei tumori solidi
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Vantaggi:
1.Non invasiva
2.Ripetibilita
3. Accessibilita

Svantaggi:

1. Sensibilita e specificita
2.Limitazioni tecniche
3.Mancanza di standardizzazione
4.Possibili costi elevati
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Ruolo dei microRNAs come biomarcatore prognostico
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Ruolo: miR-21 sovraespresso nei tumori.
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negativa nei tumori solidi.

Sudrez B, Advances in Experimental Medicine and Biology 2022
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Ruolo dei microRNAs come biomarcatore prognostico

24 miRNAs plasmatici
mir-16, mir-17, mir-21, mir-101, mir-126, mir-145, mir-197,
- mir-221, mir-320, mir-451, mir-660, mir-106a, mir-133a, mir-
CT negative

0-112 mm?3 CT positive or ? 140-3p, mir-140-5p, mir-142-3p, mir-148a, mir-15b, mir-19b,
mm > 113 mm3 . . . . .
- mir-28-3p, mir-30b, mir-30c, mir-486-5p, mir-92a.

Rapporti tra i 24
MSC MSC MSC MSC microRNAs

negative positive negative positive
2664 800 446 209

[ 1 year or 3 months ]

o Log-rank test P < 0.001

MSC Risk level
High

Intermediate

Negative Low

LDCT e il profilo miRNAs (MSC) definisce il rischio di sviluppare
un tumore al polmone

CT+/MSC+

Cumulative mortality

" La mortalita a 5 anni e 3 volte Maggiore negli individui MSC+

0 1 2 3 4 5

Pastorino U. et al., Annals of Oncology 2022
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Ruolo dei microRNAs come biomarcatore prognostico

B) Lung cancer mortality with time-varying MSC results
e | MSC-
° - MSC.
Blood microRNA testing in participants with suspicious )
. . Cosme HR (95%Cl)= 8.1 (2.7-24.5)

low-dose CT findings: follow-up of the BioMILD lung cancer 2
screening trial
Mattio Boer” Federica Sabia,” Roberta £ Ledda ™ Maurizio Balbi,™“ Pacla Suatoni,” Miriam Segale” Anna Zanghi,* Anna Cantarutti,” Luigi Roll ¥ § .
Comilla Valsecchl” Giovanni Corroo,” Alfonso Marchiand,” Ugo Pastoring,™* and Gobriella Sozzi m %

z
*Unit of Epigenomics & Biomarkers of Solid Tumors, Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, 20133, Italy sé
*Unit of Thoracic Surgery, Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, 20133, Italy 3 é - J
“Department of Medicine and Surgery (DiMeC), Section of Radiology, Unit of Surgical Sciences, University of Parma, Parma, 43121, ltaly ;
“Department of Oncology, Radiology Unit, San Luigi Gonzaga Hospital, University of Turin, Orbassano, 10043, ltaly
“Division of Biostatistics, Department of Statistics and Quantitative Methods, Epidemiology and Public Health, University of
Milano-Bicocca, Milan, 20126, Italy g
‘Department of Radiology, Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, 20133, Italy °
Summary The Lancet Regional
Background The proper management of suspicious radiologic findings is crucial to optimize the effectiveness of low- ;‘;:’;:6 F;‘;‘:g;o & -
dose computed tomography (LDCT) lung cancer screening trials. In the BioMILD study, we evaluated the utility of kit T T T T T T T T
combining a plasma 24-microRNA signature classifier (MSC) and LDCT to define the individual risk and personalize "% o == ¢ ! Z ¢ ¢ ’ ¢ 7
screening strategies. Here we aim to assess the utility of repeated MSC testing during annual screening rounds in - nan Yoars
1024 participants with suspicious LDCT findings. *

MSC- 706 696 750 737 680 655 648 639
MSC+ 318 326 265 270 319 326 324 321

N= 1024 participants with CT ind/pos
N=1403 CT ind and 584 CT pos

La positivita al test MSC aumenta di 8 volte il rischio di
N= 125 LC within 2 years (incident cancer only)

mortalita nei soggetti con CT indeterminate o positiva.
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Ruolo dei microRNAs come biomarcatore prognostico (Studio Apollo)

100+
[ Pvalue | <0.0001 |
Precision Medicine and Imaging Clinical 804
Cancer
Research
Circulating miRNAs and PD-L1 Tumor Expression 60-
Are Associated with Survival in Advanced ®
NSCLC Patients Treated with Immunotherapy: St 40+
a Prospective Study 204
Mattia Boeri', Massimo Milione?, Claudia Proto®, Diego Signorelli¥,
Giuseppe Lo Russo®, Carlotta Galeone®, Carla Verri', Mavis Mensah',
Giovanni Centonze®®, Antonia Martinetti®, Elisa Sottotetti®, Ugo Pastorino®, 0 . ; X
Marina Chiara Garassino®, and Gabriella Sozzi' 0 6 12 18
months

L NS hinh

MSC e associato alla sopravvivenza di pazienti con tumore al polmone trattati con farmaci immunoterapici

I PauETG redied WitaT 1Cis I

. MSC intermediate

100+= OS
Tl --t-- Haemolyzed
v y 80_ \
Tissue sample Liquid biopsy
for PD-11 for MSC 60
40+
Adequate material: Adequate material: 3
N =104 N=111 204 e
PD-L1 MSC 0 P value | < .0'0001 | : |

———= 20 84 27 «—— 0 6 12 18

E’ un marcatore indipendente dall’espressione di PD-L1 e altre variabili cliniche
(NLR, Fumo, Eta, Sesso e Istologia )
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CTC come biomarcatore prognostico nei tumori solidi

Malattia metastatica

Clinical utility of
CTCs phenotyping
for stratification of

MBC patients to

HER2-targeting

therapies
(DETECT )

A) Breast Cancer 1) Independent prognostic relevance
of CTCs in EBC, both before and after
adjuvant chemotherapy (Rack et al.)

Use of CTCs Parsortix
enumeration for system FDA-
staging of MBC cleared for

2) Switching strategy based on CTC (Cristofanilli et al) use in MBC

levels failed to improve MBC patient
outcomes (SWOG S0500)

Tumori:

Mammella (cut-off > 5 CTC/7.5 mL) Approvati
Colon (cut-off 2 3 CTC/7.5 mL) da EDA
Prostata (cut-off >5 CTC/7.5 mL)

1) Clinical utility of CTC 1) Clnical utiity of

Independent prognostic count in guiding CTC count in HR+/
-M
relevanc':soé CiCsin Association of CTCs therapeutic strategy in HR HER2- MBC (PACE)
( " with late recurrence +/HER2- MBC (STIC CTC) ”
(Cristofanilli et al.) oli HR+/HERD- EBC y 2) i:lslmrch
(Sparano et al.) 2) Prognostic relevance of
CellSearch system reimbursement for
approved by FDA the HER2 status of CTCs EBC and MBC

in MBC (Mdller et al.) patlents in the USA

B) Colorectal and Prostate Cancer

Diagnosi precoce

CellSearch system approved by FDA

CTCs as an analyte for noninvasive . o] oo \
Indipendent proqr!omic relevance of AR-YZn?:lg‘r::z: |en‘r:|c;RPc Sfl d e : Ba Ssa Se n SI bl I Ita e CTC m O ItO ra re

CTCs in mCRPC (de Bono et al.)

oooo@oooooé © ¢ o 0 0 0 0 0 o Tumori:

R DS PRDR vele\.-ance e Independent prognostic relevance of M a m m e I I a (C U t_Off 2 1 CTC/7 . 5 m L)
CTCs I mCRG (Cohen etal) CTCs In early CRC, both at diagnosis .
fter adjuv h her.
DT N B Colon (presenza di CTC)

Convegno Regionale SIES Delegazione Emilia Romagna Bologna

Bionsia liquida: cHe TRAFFICO IN PERIFERIA! 28 Febbraio — 1 Marzo 2025




Cellule Tumorali Circolanti come biomarcatore prognostico nei tumori solidi

Tumore al seno

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Circulating Tumor Cells, Disease Progression,
and Survival in Metastatic Breast Cancer

Massimo Cristofanilli, M.D., G. Thomas Budd, M.D., Matthew . Ellis, M.B., Ph.D.,
Alison Stopeck, M.D., Jeri Matera, B.S., R.Ph., M. Craig Miller, B.S.,
James M. Reuben, Ph.D., Gerald V. Doyle, D.D.S., W. Jeffrey Allard, Ph.D.,
Leon W.M.M. Terstappen, M.D., Ph.D., and Daniel F. Hayes, M.D.

F Full Set of Data

X 100+
= 90
2

S 80~
3 704
3 60
g 50|
Q 40+
(<]

z ;g‘ =5 CTC
= i
S 104
£ o

L e e
0 5 101520 25 30 35 40 45 50 55 60 65 70 75 80

Weeks from Baseline

Tumore alla prostata

Cancer Therapy: Clinical

Metodica: CellSearch (Espressione di Epcam)

Circulating Tumor Cells Predict Survival Benefit from Treatment in
Vletastatic Castration-Resistant Prostate Cancer

Johann S. de Bono,' Howard . Scher,? R. Bruce Montgomery,® Christopher Parker,' M. Craig Miller,?
Henk Tissing,* Gerald V. Doyle,* Leon WW.M. Terstappen,* Kenneth J. Pienta,® and Derek Raghavan®

%Probability of Survival

CTC/7.5mL Median OS in
at Baseline N (%) Months (95% C.L)

<5CTC 94 (43%) 21.7 (21.3to —)

25CTC 125 (57%) 115 ( 9.3 to 13,7)

Logrank
p <0,0001

§0% = == e e PO e

| 21.7 Months

40% Months :

30%
20% i
Cox HR (95% CI) = 3.3 (2.2- 5.1) }
10% chissquare = 34,48 1 H
(p-value < 0.0001) i H

No. at Risk

=5CTC 87 8373 68 62

0% H )
L L L k LI AL R MUY DU B SRNLEN JR B ) Il LI DL ALEN F B )
0 2 4 6 10 12 14 16 18 20 22 24 26 28 30
Time from line Blood Draw (Months)
fC 94 93 8 8 82 77 71 59 47 335 23 7 2 o 0 0
[c 125 119 110 93 77 65 52 38 28 19 11 5 4 1 0 0
# of Patients Still at Risk
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Cellule Tumorali Circolanti come biomarcatore prognostico nel tumore al polmone

VOLUME 29 NUMBER 12 - APRIL 20 2011
A 1004 B 100 g -
- i g atSasaine ot cl
JOURNAL OF CLINICAL ONCOLOGY o S wom dszerd _— SEEE wem erswsd
: L =5CTC 9(9%) 24(19t028) s - =5CTC 9(9%) 43(28t05.8)
ey = [ ] |
== 60 2 60+
. e e o~ .~ e . .g s i g |
Evaluation and Prognostic Significance of Circulating 2% ol | .
- . . . - - -~ 53 = '
Tumor Cells in Patients With Non—Small-Cell Lung Cancer £ . k:
20 20
Matthew G. Krebs, Robert Sloane, Lynsey Priest, Lee Lancashire, Jian-Mei Hou, Alastair Greystoke,
Tim H. Ward, Roberta Ferraldeschi, Andrew Hughes, Glen Clack, Malcolm Ranson, Caroline Dive, Peomt | P< 001
and Fiona H. Blackhall 0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 1 12 14 16 18 20
Time From Baseline Blood Draw (months) Time From Baseline Blood Draw (months)
CTC 15 per 7'5 ml/sangue sono associate a prognOS| pegglore "% 1 e m 1 9 3 2 1 0 o "% m o e ® 1 7 4 2 o 0
=5CTC 9 7 2 0 0 0 0 0 0 0 0 =5CTC 9 7 4 0 0 0 0 0 0 0 0
IASLC
BRIEF REPORT e A C i
. . . . ' = P=0,01
Circulating Tumor Cells Detected in the ) ceossraase o8] L'j P=0,05 0#1 !
Tumor-Draining Pulmonary Vein Are Associated with 3 H
Disease Recurrence after Surgical Resection of NSCLC g‘"’" 2%
o &
B k|
Phil A. J. Crosbie, MBChB, MRCP, PhD,*:*“* Rajesh Shah, #M.B.B.S., MS,3 = E 0] £ o4
Piotr Krysiak,™“ Cong Zhou, BSc, PhD,® Karen Morris, BSc {(Hons), PhD,""“ 6 S Peripheral blood CTC status
Jonathan Tugwood, BSc (Hons), PhD," < Richard Booton, MBChB, PhD,>* o) Pulmonary vein CTC status 0.2 ﬂ:ﬁxg&g‘é’;gﬂgﬁ;
Fiona Blackhall, BSc (Hons), MBChB {Hons), PhD,~*'" Caroline Dive, BPharm, PhD""“ TLow (218 GTOAT? 5emt blood) S Poaffivecensored
~4= High-censored ~+- Negative-censored
0.0 ~4= Low-censored 0.0
73 Py A % P o Py 10 20 30 40 50 60

Tirnn lenanthel

CTCs (21 CTC per 7.5 mL/sangue) sono maggiormente presenti nella vena polmonare
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Combinazione di marcatori circolanti

Guice []C 4 biomarcatori:
inernational Journal of Cance - EpCAMhigh CTC (CellSearch)
Single tube liquid biopsy for advanced non-small cell lung - EpCAMlow CTC (by filtration)
cancer - Tumor-derived Evs (cut-off > 18)
Sanne de Wit °%, Elisabetta Rossi>*, Sabrina Weber*, Menno Tamminga®, Mariangela Manicone?, Joost F. Swennenhuis®, - CtDNA

Catharina G.M. Groothuis-Oudshoorn®, Riccardo Vidotto®, Antonella Facchinetti>?, Leonie L. Zeune'”’, Ed Schuuring®,
Rita Zamarchi (%, T. Jeroen N. Hiltermann®, Michael R. Speicher %, Ellen Heitzer*®, Leon W.M.M. Terstappen1 and
Harmry J.M. Groen®

La presenza di 2 o piu biomarcatori & associato a prognosi peggiore

Distribution of biomarkers in patients

1000 —

21% 15% 27% 19% 3 (@) Presence of single biomarkers (b) Presence of grouped biomarkers
5 104 p-value = 0.009 el Log-rank p-value = 0.001
\ n=97
A =}
a
038
o 100 5 B L z z
o & 3 3
o © o
s A 0 8 S 8 8
? A 1 % fS : 2
B e =
o 9 o 8. S S S b oA S O (O T O C oo
: A Q = = g
; A —‘#— 0% (5] & o 0/1 biomarkers
o oo 8 o 0 z = — n=79
# 10 a oo of? o > [ ©
1 4 @@ - g g
; — A o - o (o] o]
€ v 0O O - 02
5 — VW W oo 0 -
;: &MAA gvv Ell:!nIl:! - 2/3 biomarkers
2 - A vav/ 2R v] oo 0 - : : n=20
; 4 T Y AAY o 0o - 9P : 4 months : 13 months
— A\ Al —
— SA—— S o H L S S 3 | S S
EpCAMbish EpCAM!ow tdEV Time from blood draw (months) Time from blood draw (months)
cre cTc ONOTA @Ceitave ol 0biomarkers 63 45 35 20 12 4 1 O biomarkers 77 54 a“ 2 14 5 1
B 0 0 7 28 26 28 1 biomarker 14 1 9 4 2 1 0  23biomarkers 20 8 3 1 0 0 0
Mean 4 1 24 7.2 45 6.6 2 biomarkers 10 5 1 0 0 0 0 Number of patients still at risk
Min 0 0 0 0.2 0.8 0.2 3 biomarkers 10 3 2 1 0 0 0
Max 186 6 378 604 265 604 Number of patients still at risk
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Le vescicole extracellulari

» Contengono biomolecole (DNA, RNA, proteine e lipidi) che
riflettono direttamente lo stato fisiologico;

» Sono stabili nel flusso sanguigno e in altri fluidi biologici

» |l contenuto & protetto dal doppio strato fosfolipidico;

“ Heat shock proteins

MHC - C\ 48 » Sono presentii in numerosi fluidi biologici come il sangue,

' [ e e, . . . . . .

}ubu..;s Actins — I'urina, il liquido cerebrospinale, o la saliva.
" Integrins
MHCAII mRNAs miRNAs
% il Marcatori prognostici:
Lipids
me(;rb:ne:ransv:’rtwotj-ns m\‘ » Livelli di TUBB3 mRNA sono associate a peggior prognosi nel
ab proteins, Annexins "

tumore alla prostate metastatica

Cholesterol

Exosome » Otto proteine (CA15-3, CA125, CEA, HER2, EGFR, PSMA,
EpCAM, and VEGF) costituiscono un marcatore prognostico

Liu C, CDD 2024 .
nel tumore alla mammella metastico
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CD81+ EVs sono associate ad una miglior prognosi

Circulating CD81-expressing

Low PD-L1 expressor

extracellular vesicles as L@ CD9 CD63 CcD81
biomarkers of response for T 50- 151 26+
2 E : | I 1. <. S— Foddk
immune-checkpoint inhibitors e )/ a0 = 204 T
\ & N g *kk g T

. y Ttrrses Jxx -
in advanced NSCLC | T & 30 PRy 10 e G ] T

’ i) Vesicles (EVs) g’ T :) -~

3 ¢ | 2
Diego Signorelli*", Patrizia Ghidotti*, Claudia Proto?, / O 204 O 5l o 10
Marta Brambilla®, Alessandro De Toma®, Roberto Ferrara?, =S 2 2
Giulia Galli**, Monica Ganzinelli*, Giuseppe Lorusso?, 10+ 51
Arsela Prelaj*, Mario Occhipinti’, Giuseppe Viscardi”, 0 0 . : ﬁ_ 0 .
& & X

Valentina Capizzuto?, Francesca Pontis?, llaria Petraroia?, )
. ) i L <

Anna Maria Ferretti, Mario Paolo Colombo®, Valter Torri’,

Gabriella Sozzi? Marina Chiara Garassino?,

Elena Jachetti** and Orazio Fortunato "

ORR
PFS oS
Cluster 1
% CD63+ EVs - ' * . % of CD9-EVs,
% Of CD8 1-EVS, Cluster 1 4 F . i Cluster 14 + >
% of CD63-EVs,
. . . LDH, NLR, Stadio IV
\9 \9 'vQ 'v‘, I T T 1 1 T T
Odds Ratio 0.4 0.6 0.8 1.0 QP‘ Q?D Q‘-b \‘Q

HR Ratio (log scale) HR Ratio (log scale)
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mir-320 nelle EVs correla con una prognosi peggiore

miR-320 EVs

Cohort selection:

20 Lung cancer Early Stage patients Alive after 5 years (ESA) Training set (n=54) Validation set (n=48)
vs 150- _ 150~ )
20 Lung cancer Early Stage patients Died after 2 years (ESD) —= miR-320-EV low gy
= —— miR-320-EV high = —— miR-320-EV high
E 100- % 100
a a
3 =
50 5 50-
Control cohort: H g
Heavy smokers individuals (> 30 pack year) (HS) 0 — 0
0 250 500 750 1000 1250 1500 1750 2000 0 250 500 750 1000 1250 1500 1750 2000

Days Days
MiR-320-EV low 28 24 20 18 18 MiR-320-EV low 24 22 17 17 17
ﬂ MiR-320-EV high 26 19 16 9 9 MiR-320-EV high 24 16 1" 8 8

miR-126 EVs

dPCR

Blood collection at surgery

S e - e -
Total blood Plasma ' iﬂ Training set (n=54) Validation set (n=48)
T ‘ 150 - —— mMiR-176 low 1501 —— miR-126 low
1258 x g 1258 xg ~ miR-126 high - —— miR-126 high
10 10 ~ § s
Z 100 S 100+
7] w
T ; T
o 50 o 501 '
3 ' (o]
0 T T T 1 0 T T T T T T T T
0 500 1000 1500 2000 0 250 500 750 1000 1250 1500 1750 2000
Days
MR-126-E¥low 27 22 18 11 11 RAG-EVlow 24 19 14 12 12
MR-126-EVhigh 27 21 18 16 16 R-126-Evhigh 24 20 14 12 12
Pontis F, JECC 2021
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mir-29a e C4a nelle EVs correlano con una prognosi peggiore

_ _ Validation
N . 4 Differentially expressed
anOStrIng miRNAs 40004 = HS 4000- *—**
n UniquelD P-value 9 ° © o ° o HS
: F— - 5
307-3p 0.0057 dPCR 8 3000+ o ESA 8 30004 o ESA
2 | mir-451a 0.0171 2 ° o ESD 2 o o ESD
™ \\ BT T oon | ‘ ot | a
n : R-292-3p 0077 i — . 8 2000 o ° 8 2000- %o
- 4 | miR-199a-3p 0.0258 . . § o § 3 %
S rmR-SJSah-Sp 0.0700 ' m' 1000 b 10004 o
i i — T — [¢] o
90 miRNAs detected in 6 | miR-514b5p 0.0854 g 8% 8§o !Jé g0 .
o]
plasma EVs 7 | miR-608 0.0869 o--BﬂEZ 0c°8 o # §§0° go
8 | miR-802 0.0893
— - Validation
xS 20+
" K o ESA-EV 50
S S 159 o© ¥ RSBy 40 /
.’ 3 E TO E
lysis/ ¢ D 304
. digestion 7 < 104 Eﬁ /
.‘P 8 (o] g 204
.é g \ 5- o . -q
// ‘\;:1.5% 10
LLuxs LLuxs
phospho- proteome 0 ESA-EV ESD-EV 0 r T
proteome | Not lysed Lysed
Ing2 fold change

UNPUBLISHED
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Sfide future

» Sensibilita e Specificita
Rilevamento di biomarcatori tumorali a bassa concentrazione
Difficolta nell'identificare segni precoci o recidive in fase iniziale

» Validazione Clinica
Necessita di ampi studi clinici per convalidare i biomarcatori identificati

» Standardizzazione delle Tecniche
Differenze tra laboratori e piattaforme tecnologiche
Necessita di protocolli unificati per garantire risultati consistenti

» Costi
Tecnologie avanzate costose e non sempre disponibili

» Interpretazione dei Dati
Complessita nell'analisi bioinformatica dei dati
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