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NOVEL AND EMERGING BIOMARKERS
IN BREAST CANCER
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Fusco N, Malapelle U, Criscitiello C. Editorial: Diagnosis and Treatment of Breast Cancer in 2022: The Rise of Novel Molecular Biomarkers. Front Mol Biosci. 2023



Immune-relat biomarkers
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Single probe. Single probe.
'HER2 CN 26.0 signals/cell; HER2 CN < 4.0 signals/cell;
HER2 CN 24.0 and <6.0 signals/cell AND -HER2 CN 24.0 and <6.0 signals/cell.
HER2/CEP17 ratio 22.00 3

-HER2/CEP17 ratio <2.0; <4.0 HER? signals/cell;
HER2/CEP17 ratio 22.0; <4.0 HER? signals/cell,
-HER2/CEP17 ratio <2.0; 24.0 and <6.0 HER2

signals/cell

Dual 3
HER2/CEP17 ratio <2.0; 26.0 HER? signals/cell;
HER2/CEP17 ratio 22.0; 24.0 HER? signals/cell.

no amplification HER2-LOW HER2-ULTRA-LOW

ISH test
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Expanded spectrum of HER2 positivity
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Metastatic/locally advanced (biomarker-based) PD-L1 CPS210
Neoadjuvant (not biomarker-based) PD-L11C21
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PD-L1 TEST IN mTNBC
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Biomarkers for precision immunotherapy in the metastatic setting:
hope or reality?

Elham Sajjadi'?, Konstantinos Vienetis'?, Cristian Scatena® and Nicola Fusco'*



PREDICTIVE ROLE OF PD-L1 EXPRESSION: PITFALLS

= Assay variability

Different antibodies
Different platforms

Different scoring systems

= Biological variability

Spatial variability
Temporal variability
Tumor or microenvironment
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Marletta S, et al. Atlas of PD-L1 for Pathologists: Indications, Scores, Diagnostic Platforms and Reporting
Systems. J Pers Med. 2022



PD-L1 CPS Iin mTNBC: A REAL-LIFE ITALIAN PORTRAIT

North-west 31 0 EI

Valle d'Aosta 1 0 ™ «

Piemonte 9 < = © % o (o] < 0
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N N

North-east 1

Veneto
Friuli Venezia Giulia
Emilia Romagna

39 30%
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Center 19
Toscana 7
Umbria 2
Marche 2
Lazio 8
South and islands 43
Molise 1
Campania 15
Puglia 6
Calabria 1
Sardegna 1
Sicilia 19
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Conclusions (1): areproducibility study

* In MTNBC, CPS can be reliably assessed either by 22C3
(which was used in the KEYNOTE studies) or SP263,

" 3 CEAVD assays providing the use of the dedicated platform (i.e. Dako and
AR \\(/ @ | Ventana).

\ | « CPS and IC are not interchangeable tests in mTNBC
\’S * PD-L1 test in mTNBC is reproducible when assessed by
specifically trained pathologists using CE-IVD assays, i.e.
22C3 and SP263 for CPS and SP142 for IC score.
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Conclusions (2): The role of Digital Pathology

 Harmonization efforts aim to standardize PD-L1 testing
Immune-related biomarkers

(

* TILs correlate with favorable outcomes in TNBC. o
« MMR alterations are rare but predictive, indicating sifllees TN
. 2 ® Q g
potential ICI response. PD-L1 (IC) s & C&'
®® \\6'1
* Al plays a growing role in enhancing biomarker MM? © & <( N
. . NN
assessment and precision medicine. N‘\g\c = \\\‘\— =
&

« Standardized practices and validation are essential for
successful Al appl ication. Fersonated ], Ders, Med, 2023, 13,1176, hitps:/ /dotorg/10.3390 jpm13071176

Review

Immune Biomarkers in Triple-Negative Breast Cancer:
Improving the Pred1ct1v1ty of Current Testing Methods
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NOVEL AND EMERGING BIOMARKERS
IN BREAST CANCER

DD-L1 (CPS/IC)
HER2-low
D|IK3CA
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2000 Classes 2022 Genomic Drivers

= Luminal A = ERBB2 Amplified

» ERBB2 Mutated

» Luminal B
\ » Cell Cycle Genes
HER2 = PIK3CA Mutated
FGFR Altered
= Noraml
+ MCL1 Altered
Basaloid MTOR Pathway

Fusco N, Malapelle U, Criscitiello C. Editorial: Diagnosis and Treatment of Breast Cancer in 2022; The
Rise of Novel Molecular Biomarkers. Front Mol Biosci. 2023



PIK3CA mutations in breast cancer
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| PIK3CA MUTATIONS IN BREAST CARCINOMA (TCGA)

OVERALL PIK3CA MUTATIONS (COSMIC)
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Image adapted from: Brufsky AM & Dickler MN. Oncologist. 2018; 23:528 .
1.Hanah et al J. Med. Chem. 2022, 65, 16589-16621
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Alpelisib for PIK3CA-Mutated, Hormone
Receptor—Positive Advanced Breast Cancer
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RTK-Dependent Inducible Degradation of
Mutant PI3Ko: Drives GDC-0077 (Inavolisib)

i, Rebecca Hong?, Lilian PhuS, William F. Forrest3, Erlc Stawxsk\
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~40% of HR+/HER2- aBC patients have a PIK3CA
mutation, and can have endocrine resistance and/or

shorter mPFS
Hotspot regions: ex 7, 9, 20
PIK3CA mutations can be detected in tissue (FFPE)

or plasma samples.

* frontiers published: 25 March 2021
in Oncology doi: 10.3389/fonc.2021.644737
PIK3CA Mutations as a Molecular
Target for Hormone
Receptor-Positive, HER2-Negative
Metastatic Breast Cancer

Nicola Fusco "*, Umberto Malapelle®, Matteo Fassan**, Caterina Marchio®’,
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PIK3CA: RATIONALE FOR CLINICAL TESTING 20247

Compound ~ Trade Name « Combination ~
Generic Name ~

> plus palbociclib plus

fulvestrant
RG&6114

Inavolisib

Description/ Summary:

Indication ~ Phase - Expected ~
123F Filing
1L metastatic ER- EEE[] 2024

positive and HER2-
negative breast can-
cer (1L HR+ mBC)

Inavolisib (RG6114, GDC-0077) is a small molecule PI3 kinase (P13K) inhibitor. Dysregulation of PI3K signaling is

implicated in a broad range of human cancers, and activating mutations in the PI3K alpha-isoform gene (PIK3CA) are

common oncogenic drivers. The PI3K/Akt/mTOR pathway regulates cell growth and survival.

Managed By:

Roche Late Stage Product Development

Inavolisib is a PI3Ka-specific inhibitor that also promotes degradation of mutant p110a. It has
demonstrated encouraging preliminary antitumor activity in pts with PIK3CA-mutated HR+ BC
as a monotherapy, and in combo with other anticancer agents

https://www.roche.com/solutions/pipeline/#81ad1b25-f415-4714-9450-45¢188614658



ctDNA IN MBC

 As In early breast cancer, the quantity of ctDNA correlates with poor survival

* serial measurement of ctDNA has the potential to monitor and predict treatment
response.

« PADA-1 trial (NCT03079011) is currently investigating the utility of serial ESR1
ctDNA measurements in HER2-negative MBC patients treated with palbociclib
and Al

¢ m Utatl O n Statu S Of S peCIfI C g e n eS Tumor type Recommendation FDA-approved assays

NSCLC'-2 Testing of plasma ctDNA should be performed by a clinically validated, Roche cobas EGFR Mutation Test v2
NGS platform
for genotyping of all guideline-recommended and treatable oncogenic drivers
([ J H E R 2 in patients with newly diagnosed NSCLC, as a plasma first approach: Guardant360 CDx (EGFR and KRAS)*
+ ALK rearrangements FoundationOne Liquid CDx (EGFR, ALK,
« ROS1 rearrangements and MET)?
BRAF alterati
« MET alterations
{ ] E S R 1 * RET rearrangements
» ERBB2 (formerly HER2) alterations
Advanced HR-positive, Assessment of PIK3CA alterations in patients under consideration for treatment FoundationOne Liquid CDx*
ERBB2-negative breast cancer® with alpelisib or fulvestrant
- TP53
JAMA Oncol, yesterday, ahead of print
Practical Considerations for the Use of Circulating Tumor DNA
o P | K BCA in the Treatment of Patients With Cancer

A Narrative Review

ES I A B L I S H E D P R E D I ‘ I IVE B I O MA R K E R Matthew G. Krebs, MD, PhD; Umberto Malapelle, PhD; Fabrice André, MD, PhD;
Luis Paz-Ares, MD, PhD; Martin Schuler, MD; David M. Thomas, PhD; Gilad Vainer, MD, PhD;

Takayuki Yoshino, MD, PhD; Christian Rolfo, MD, PhD, MBA




PIK3CA mutational analysis

Histological specimen Cytological specimen Liquid biopsy
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Primary tumor Metastatic sample

Which method?

W

Direct sequencing Real Time PCR Next-Generation
Sequencing



Pros and cons of the PIK3CA molecular testing methods

PROS

CONS

J)

Cost-effective

Short turnaround time
Widely available

High sensitivity

Wide choice of panels

High amount of material required
Affected by low tumor cell content
Variable reference range

No allele frequency

Affected by the pre-analytical phase

2%

\

ext-Generation
Sequencing

PROS

CONS

)

Higher  sequencing  depth
increased sensitivity (down to 1%)
Multi-target panels

Low input of nucleic acid needed
Wide choice of panels

for

Expensive

Long turnaround time

Not widely available

Affected by the pre-analytical phase
Dedicated personnel required

=/




PIK3CA MUTATIONS IN BREAST CANCERS: TESTING STRATEGIES

Phosphatidylinositol-4, 5-Bisphosphate 3-Kinase Catalytic Subunit Alpha (PIK3CA)

Chromosome 3
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Article

Analytical Performance of Next-Generation Sequencing and
RT-PCR on Formalin-Fixed Paraffin-Embedded Tumor Tissues
for PIK3CA Testing in HR+/HER2— Breast Cancer

Konstantinos Venetis "2'+, Francesco Pepe 3, , Elisabetta Munzone 4 , Elham Sajjadi 12 , Gianluca Russo ~' |
Pasquale Pisapia 3, Mariia Ivanova ', Giuseppina Bonizzi !, Davide Vacirca !, Alessandra Rappa !,
Alberto Ranghiero !, Sergio Vincenzo Taormina !, Giuseppe Viale 12 Giancarlo Troncone 3,

Massimo Barberis !, Elena Guerini-Rocco 2, Umberto Malapelle **# and Nicola Fusco 1-2:*4

6

Cells. 2022 Nov 9;11(22):3545. doi: 10.3390/cells11223545.



BC samples tested

Internal cases

n=88 (73,3%)

for PIK3CA
n=120 (100%)

Biospecimen
n=80
(91,0%)

=

n=4
(4,5%)

4[

External cases
n=32 (26 7%)

PT B th
n=36
(45%) 1 3%

|
MTS
n=43
(53,7%)

(25%)

Mut n=10 (27,7%)
WT n=24 (66,6%)

INAD n=2 (5,5%)

Mut n=12 (28,0%)
WT n=30 (69,7%)

INAD n=1 (2,3%)

n=4 n=28 n=4 -
(4,5%) \/ (87,5%) (12,5%) ]
[
MTS MTS
n=3 n= 17 n=11
(75%) (60,7%) (39,3%)
AN

{WT n=1 (100%)

{ WT n=1 (100%) J [
PIK3CA status

Mut n=2 (50%)
WT n=2 (50%)

|

Mut n=8 (47%)
WT n=9 (53%)

|

|

|
|

Mut n=1 (66,6%)
WT n=2 (33,3%)

Mut n=1 (25%)
WT n=2 (50%)
INAD n=1 (25%)

|

Legend

|

Mut n=1 (9%)
WT n=9 (82%)
INAD n=1 (9%)

PT = Primary Tumor
MTS = Metastasis
INAD = Inadequate

|
|

Pepe et al. Unpublished 2023



Nr. of participants

E——

Landscape of PIK3CA mutation testing in ltaly

North-west 52
Valle d'Aosta 2
Piemonte 7
Lombardia 38
Liguria 5
North-east 15
Veneto 7
Friuli Venezia Giulia 1
Emilia Romagna 7
Center 18
Toscana 3
Umbria 5
Marche 5
Lazio 2
Abruzzo 3
South and islands 53
Campania 24
Puglia 8
Calabria 8
Sardegna 1
Sicilia 12

— Nationwide survey

Q1: Do you have the possibility to
carry out the test in your center?
n=116 answers

Yes,
in another unit
n=24 (21%)

Q3: Which technology is
adopted for this test?
n=70 answers

Direct Sequencing
n=2 (3%)

Individual
Patient-level
n=23 (33%)

Q2: On which biomaterial can you
conduct the analysis?
n=73 answers

FFPE only
n=31 (42%)

Q4: Which professionals sign the clinical
report of this molecular test
for breast cancer in your center ?
n=78 answers

Molecular
Pathologist
n=14 (18%)

Pathologist
who signed
the histological
report
n=18 (23%)

Pepe et al. Unpublished 2023



Mutation features & dynamics did not significantly predict switch benefit
* No difference by which ESR7mut

p.Tyr537Cys 1o 9 FUL+PAL - - Y537S not detected, N=27
3% p.Tyrs37ser riC
x i = ARPAL | vs37s detected, N=17
Asp538Asn \
p p3% 60% 1
[%2]
&
p.Tyr537Asn 40% 1
9%
p.Asp538Gly 20% .
p.Glu380GIn 7% |l b Tttt L ssrempm———-
10% 0% . . ; okl

ESR1,,,& PADA-1 design

ESR1 mutations

2023 ASCO  are acquired during aromatase inhibitors (Al) therapy in ~40% of ER+ HER2- mBC pts and drive resistance
ANNUAL MEETING + can be detected by ctDNA analysis in blood (bESR1,,,)

« retain partial sensitivity to fulvestrant (FUL), a selective estrogen receptor dégrader (SERD)

PADA-1
. * Strategy: targeting rising bESR1,,,,, when they become detectable under Al+Palbociclib (PAL) [']



b Tissue collected post Al Tissue collected pre-Al

SR SRR RERRRENNC RERR AR (AR RERA R AL RELEE LR R R S S S S R S SRR RRRRRN O
1’13 = EYE : 1] : 113

ESR1 | |
ESR1
plasma
PIK3CA Disease state at tissue collection
ME380Q mLS538Q = YS37C W Exon 9 (ES42K, ES45K/G) 0O Primary
mS463P wmL536R W YS37N ® Exon 20 (H1047R/L) B Metastatic

P535H ®mL536H m YS537S n Q546K (BEAMing assay only)
mL536P m D538G » Mutation not detected
® Mutation not detected

Spoerke JM, Gendreau S, Walter K, Qiu J, Wilson TR, Savage H, Aimi J, Derynck MK, Chen M, Chan IT, Amler LC, Hampton GM, Johnston S, Krop I, Schmid P, Lackner MR. Heterogeneity and clinical significance of ESR1
mutations in ER-positive metastatic breast cancer patients receiving fulvestrant. Nat Commun. 2016;7:11579.



ESR1 mutations associated with increased
metastatic spread and liver metastasis

|MAP3K1 mut
.. | TP53Mut
INOTCH

TP53 mut
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EGFR mut
|RBM10 mut

TAPC mut
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Estrogen Receptor 1 (ESR1)

6925.1

Chromosome 6

4_

|

P
End: 152,129,619 Bp

Legend

Coding exons M Guardant360 CDx (EMERALD)
Non-coding exons M ddPCR (PADA-1)

W Y537C/S/IN

Start: 151,656,672 B
W E380Q
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(1] 2| 3 4 | 5 | 6 | 7 [ 89 10 )
AF-1 2 LBD NR

Sl

Venetis et al. Cancer Treat Rev 2023 (accepted)



ctDNA for the detection of PIK3CA
mutations in breast cancer

ARTICLES nature d Clinical benefit No clinical benefit
https://doi.org,/10.1038/543018-020-0047-1 cancer [ | Best response ENNERENNENEER
R T HITHHH Tt PIK3CA § EZEEEZEE EE EEZE 83%
‘W) Check for updates
0% PTEN* ] | B0 17%
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(ctDNA) among such PIK3CA-mutant, HR+ metastatic
breast cancer patients from a phase I/l trial combining
alpelisib with an aromatase inhibitor

Razavi, P. et al., Nat Cancer. 2020



Approach to newly diagnosed HR+/HER2- MBC
i

/ -HER2 low?
Tumor Blopsy
\ Genomic testing to inform 2" line
First Line Therapy

-ESR1? PIK3CA? TMB? sBRCA?
-Most: ET + ribociclib or abemaciclib

-Liquid biopsy if tissue fails
-Select: ET alone | ET+Palbociclib | Chemo | Trial

Definite ' ‘ Indeterminate

progression progression

Liquid biopsy > ESR1mut’,

Second Line Therapy : e
-PIK3CAmut: Fulvestrant + alpelisib or capivasertib* -(M
-ESR1mut: Elacestrant Al->Fulvestrant

- ?Repeat genomic testing:
-Liquid biopsy - ESR71mut

-gBRCA1/2 (gPALB2/sBRCA): Olaparib, talazoparib
-No mut: Fulvestrant +/- everolimus or CDK4/6i switch
-Rapid progression: Chemotherapy/ADC*
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