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NOVEL AND EMERGING BIOMARKERS 

IN BREAST CANCER

- PD-L1 (CPS/IC)  IHC

- HER2-low  IHC/ISH

- PIK3CA  SEQ

- ESR1  SEQ

- g/s/tBRCA  SEQ

- TROP-2  tbd

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



PD-L1 TILs

CPS IC

MMR MSI

Histology-based Sequencing-based

sTILs

CGP

MLH1, MSH2

MSH6, PMS2

Immune-related biomarkers

in TNBC



Metastatic/locally advanced (biomarker-based)

Neoadjuvant (not biomarker-based) 

ER-, PgR- HER2-

TNBC

PD-L1 CPS≥10

PD-L1 IC≥1



TNBCs are scored and 

divided into: 

CPS < 10 IC < 1

CPS ≥ 10 IC ≥ 1 

PEMBROLIZUMAB

ATEZOLIZUMAB

PD-L1 TEST IN mTNBC

Validated assays for CPS:

• Ventana SP263

• Dako 22-C3

Validated assays for IC:

• Ventana SP142



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

• Constitutive vs. inflammation-induced

Marletta S, et al. Atlas of PD-L1 for Pathologists: Indications, Scores, Diagnostic Platforms and Reporting 

Systems. J Pers Med. 2022



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



5 Pathologists
3 CE-IVD assays 60 mTNBC

22C3 SP263 SP142

n=60

n=4

n=19 n=19n=60

n=6

n=12

n=7

Disagreement

Test (Assay) ICC Kappa

CPS 

(22C3)

0.939 

(CI 

0.913-

0.96)

0.938 

(CI 

0.857-

1.018)

CPS (SP263)

0.972 

(CI 

0.96-

0.982)

0.972 

(CI 

0.890-

1.052)

CPS 

(22C3 vs 

SP263)

0.909 

(CI 

0.874-

0.938)

0.907 

(CI 

0.869-

0.945)

IC 

(SP142)
1

1 (CI 

0.725-

1.274)

CPS (22C3 vs 

SP263) vs IC 

(SP142)

0.634 

(CI 

0.455-

0.816)

0.619 

(CI 

0.537-

0.700)

n=60

n=58

n=2

93% AGREEMENT

n=56

90% AGREEMENT 100% AGREEMENT

n=54

INTER-OBSERVER AGREEMENT INTER-PLATFORM AGREEMENT

22C3 SP263 22C3 SP263 SP142

97% AGREEMENT 63% AGREEMENT

Agreement

Legend

CPS≥10 CPS≥10 IC≥1% CPS≥10 CPS≥10 CPS≥10 CPS≥10 IC≥1%

Conclusions (1): a reproducibility study

• In mTNBC, CPS can be reliably assessed either by 22C3 

(which was used in the KEYNOTE studies) or SP263, 

providing the use of the dedicated platform (i.e. Dako and 

Ventana). 

• CPS and IC are not interchangeable tests in mTNBC

• 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.



• Harmonization efforts aim to standardize PD-L1 testing 

for better patient selection.

• TILs correlate with favorable outcomes in TNBC.

• MMR alterations are rare but predictive, indicating 

potential ICI response.

• AI plays a growing role in enhancing biomarker 

assessment and precision medicine.

• Standardized practices and validation are essential for 

successful AI application.

Conclusions (2): The role of Digital Pathology



NOVEL AND EMERGING BIOMARKERS 

IN BREAST CANCER

- PD-L1 (CPS/IC)  I-A

- HER2-low  I-A

- PIK3CA  I-A

- ESR1  II-A

- TROP-2  I-C

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

o ~40% of HR+/HER2- aBC patients have a PIK3CA

mutation, and can have endocrine resistance and/or 

shorter mPFS

o Hotspot regions: ex 7, 9, 20

o PIK3CA mutations can be detected in tissue (FFPE) 

or plasma samples. 



PIK3CA: RATIONALE FOR CLINICAL TESTING 2024?

https://www.roche.com/solutions/pipeline/#81ad1b25-f415-4714-9450-45c188614658

Inavolisib is a PI3Kα-specific inhibitor that also promotes degradation of mutant p110α. It has 

demonstrated encouraging preliminary antitumor activity in pts with PIK3CA-mutated HR+ BC 

as a monotherapy, and in combo with other anticancer agents



• 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 AI

• mutation status of specific genes

• HER2

• ESR1

• TP53

• PIK3CA

ESTABLISHED PREDICTIVE BIOMARKER

ctDNA IN MBC



PIK3CA mutational analysis

Which sample?

Which method?

Histological specimen Cytological specimen Liquid biopsy

Primary tumor Metastatic sample

Direct sequencing Real Time PCR Next-Generation 
Sequencing



Pros and cons of the PIK3CA molecular testing methods

Real Time PCR

PROS

• Cost-effective
• Short turnaround time
• Widely available
• High sensitivity
• Wide choice of panels

CONS

• High amount of material required
• Affected by low tumor cell content
• Variable reference range
• No allele frequency
• Affected by the pre-analytical phase

Next-Generation 
Sequencing

PROS

• Higher sequencing depth for
increased sensitivity (down to 1%)

• Multi-target panels
• Low input of nucleic acid needed
• Wide choice of panels

CONS

• Expensive
• Long turnaround time
• Not widely available
• Affected by the pre-analytical phase
• Dedicated personnel required



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



Pepe et al. Unpublished 2023



Landscape of PIK3CA mutation testing in Italy
– Nationwide survey

Pepe et al. Unpublished 2023





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.



Nguyen B Cell 2022

ESR1 mutations associated with increased

metastatic spread and liver metastasis



Venetis et al. Cancer Treat Rev 2023 (accepted)



ctDNA for the detection of PIK3CA

mutations in breast cancer

• Uncover mechanisms of resistance doing a longitudinal 

analysis of tumor and plasma circulating tumor DNA 

(ctDNA) among such PIK3CA-mutant, HR+ metastatic 

breast cancer patients from a phase I/II trial combining 

alpelisib with an aromatase inhibitor

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



Approach to newly diagnosed HR+/HER2- MBC

Content of this presentation is the property of the author, licensed by ASCO. Permission required for reuse.



4oncommunity

Umberto Malapelle

Fabio Pagni

Matteo Fassan

Carmen Criscitiello

Sara Pilotto

Research team:

Elham Sajjadi

Konstantinos Venetis

Mariia Ivanova

Chiara Frascarelli

Giulia Cursano

Eltjona Mane

Division of Pathology

Giuseppe Viale

Giovanni Mazzarol

Clementina Di Tonno

Elena Guerini Rocco

Oriana Pala

Elisa De Camilli

Giuseppe Renne

Mariano Lombardi

Fausto Maffini

GIPaM/SIAPeC

Daniela Lepanto

Mariacristina Ghioni

Chiara Casadio

Benedetta Di Venosa

Eleonora Pisa

Luca Bottiglieri

Valeria Midolo

Marianna D’Ercole

Francesca M Porta

Marta Cruz Blanco

Digital Biobank team:

Giuseppina Bonizzi

Maria Capra

Cristina Cassi

Camilla Rosella Musico

Luca Leoni

Isabella Castellano

Leoploldo Costarelli

Giulia d’Amati

Francesca Pietribiasi

Antonio Rizzo

Alfredo Santinelli

Cristian Scatena


