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Grouping of breast cancer

Histological grade ER/PgR, HER2, Ki67 Size, nodal

involvement,
metastases
TNM

ETEROGENEITA’ CLINICA- ISTOPATOLOGICA- MOLECOLARE-RISP OSTA ALLE TERAPIE



Carcinogenesis, Tumor Biology and Clinical Behavior:
Clinically Useful Breast Cancer Classification {Iimplications for Therapy)
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IHC FISH

Microarrays Sequencing

protein.

Few proteins Few genes Single Multiple Single genes-
genes/subsets whole genome
Visual Visual Automatized Automatized
interpretation, interpretation, Automatized interpretation, interpretation,
-simple -simple interpretation, -dependenton  -dependent on
-correlation with  -correlation with -dependenton  software software
type of cell, type of cell, software -No correlation  -No correlation
histology histology -No correlation  with type of cell, with type of cell,
Variation between Variation between with type of cell, histology histology
interpretators interpretators histology
Company based, From easy to
Easy to integrate Easy to integrate Company based, difficult to difficult to
difficult fo integrate integrate
integrate
Low cost Low cost From low cost to
Costly very costly

Low cost/Costly

DNA, RNA,

Cancer Gene Therapy (2013),

Table 2. Methods of molecular pathology

Microdissection (if necessary)
FISH/CISH/break apart probes

PCR/PCR wariations in combination with ELISAs, and so on
Microsatellite analysis

LOH-analysis

Comparative genomic hybridization
DMA/RMNA-array technology

Direct sequencing Sanger, pyro, and s0 on
Mext-generation sequencing

Protein arrays

HPLC

Protein analyses

Methylation analyses

Abbreviations: CI5SH, chromogen in situ hybridization; ELISA, enzyme-linked
immunosorbent assay; FISH, fluorescence in situ hybridization; LOH, loss of
heterogeneity




RESPONSABILITA’ DEL PATOLOGO NELLA PRATICA CLINICA

- INTEGRAZIONE DELLE CLASSIFICAZIONI MORFOLOGICA,
PREDITTIVA /MOLECOLARE

- IDENTIFICARE GLI ISTOTIPI SPECIALI :
Tumori «Luminali»
Tumori «Tripli negativi»

- ACCURATEZZA NELLA STADIAZIONE LINFONODALE : LNS

- ACCURATEZZA E RIPRODUCIBILITA’ NELLA VALUTAZIONE DI
ER, PR, MIB1 ED HER2

- BIOBANCHE DI CAMPIONI TUMORALI (-80° e FFPE) PER LA
VALUTAZIONE DEI PROFILI DI ESPRESSIONE MOLECOLARE




PERCORSO DELLA PAZIENTE CON CARCINOMA MAMMARIO

v DIAGNOSI PRE-OPERATORIA

CORE BIOPSY VAB (ECO/Mx/RM) EE

v CARATTERIZZAZIONE PROGNOSTICO-PREDITTIVA

MIB1
FISH HER2 SISH PROFILO GENICO
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DIAGNOSI PREOPERATORIA
BIOPSIA PERCUTANEA (CORE BIOPSY/VAB- US-Mx-MR)
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DIAGNOSI PREOPERATORIA
CITOLOGIA AGOASPIRATIVA (FNAC)
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BIOPSIA PERCUTANEA 2010-2012 AZ OSP - UNIV CITOLOGIA
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CARATTERIZZAZIONE BIOPATOLOGICA —PIANIFICAZIONE TERA PEUTICA

TUMORE Referto diagnostico  Check list Refert o Biotecnologico/BT I
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DIMENSIONI
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MARGINI

corretto invio del campione:
v integro
v’ radiografia del pezzo operatorio

v punti di repere in sedi  prefissate

-

Casistica onsecutiva incidente 2009 — 2010: 470 casi

- PRELIEVO BT
SU TUTTI | CARCINOMI
INFILTRANTI (ANCHE BD)

[}

- FARE PRELIEVO -80°C §
- SUCAEN b ) A

OVE POSSIBILE 3 ,:.:‘%‘{w,:. Kk
Valutazione microscopica
(AIRO) Margini indenni: > 2mm
B Presente sul margine
Finoa2 mm
Da2,1al10 mm

H>10mm

Margini di resezione chirurgici (numero ed
estensione ) sono uno dei principali fattori

predittivi di recidiva locale
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Histological types according to prognosis

GOOD INTERMEDIATE POOR

Tubular NOS/NST Inflammatory

Cribriform Lobular Micropapillary

Mucinous Medullary Pleom. lobular
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Diagnosi Carcinoma Infiltrante
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CARATTERIZZAZIONE BIOPATOLOGICA —PIANIFICAZIONE TER APEUTICA

TUMORE  Referto diagnostico  Check list Refer to Biotecnologico/BT
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Curr Breast Cancer Rep (2010) 2:96-106 Author 'S personal copy
DOI 10.1007/s12609-010-0013-5

Sentinel Node and Bone Marrow Micrometastases
and Nanometastases

Elia Biganzoli - Massimo Pedriali - Patrizia Querzoli -
Italo Nenci - Stefano Iacobelli - Mauro Piantelli -
Saverio Alberti

O Aut}lor’s persoﬂai copy Curr Breast Cancer Rep (2010) 2:96-106

Fig. 1 a Examples of lymph
node occult metastatic cells as
analyzed by hematoxylin and
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. EMILIA-ROMAGNA DA SEICENTO ANNI GUARDIAMO AVANTI
! Azienda Ospedaliero - Universitaria di Ferrara
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Dipartimento di Diagnostica per Immagini e Medicina di Laboratorio

ANATOMIA E ISTOLOGIA PATOLOGICA

SCHEDA DIAGNOSTICA
Ente:Azienda Ospedaliero-Universitaria Ferrara

Bsame Numero: CLAG1 14000668 Ospedale: ARCISPEDALE S. ANNA - FERRARA
Reparto: CHIR.GEN.DEG. II PIANO ALA A

C Ambulatorio:

L Data: 29 08 2011

Data di nascita: 01 06 1940 Sesso: F Richiedente: FRANCESCO PELLEGRINI

Caso di Riferimento
B2011-005751

.CARCINOMA DELLA MAMMELLA

CARCINOMA duttale infiltrante N.A.S
GRADO ISTOLOGICO: I
CARCINOMA IN SITU (coesistente):

Intraduttale, grado nucleare alto, tipo solido e solido con necrosi
STATO LINFONODALE:

Linfonodi ascellari - N° totale 13

Metastasi in N° 1

INFILTRAZIONE CUTANEA: Assente
INVASIONE VASCOLARE: Presente
MARGINI DI EXERESI: Indenni, distanza minima mm 10
DIMENSIONI DELLA NEOPLASIA: Carcinoma infiltrante mm 25 x 15
STADIO PATOLOGICO (TNM, VIl ed.): pT2 - pN1la
NOTTINGHAM PROGNOSTIC INDEX: Alto rischio, score 5,5
SEDE: Mammella sinistra - Quadrante superiore-esterno

Fsia ':uxv‘w{".
Prof.ssa Patrizia QUERZOLI
(29 08 2011)

Referto firmato dPl_gitnlmente ai sensi delle norme vigenti
Via Fossato di Mortara, 64 - Tel. 0532 236350-0532 236812-0532 455501

Per informazioni sul significato di questa diagnosi si pué accedere alla pagina www.ospfe.it/ diagnosi-istocitopatologiche



- CLASSIFICAZIONE ISTOPATOLOGICA WHO
19 istotipi principali

-CLASSIFICAZIONE PREDITTIVA ST. GALLEN
Endocrino responsiva
Non Endocrino responsiva

-CLASSIFICAZIONE MOLECOLARE
Luminale AeB
HER2
Basal-like

ACCURATESAA UTILIZAO CLIMNICO APPLICABILITA®

CLASSIFICAZIONE YWHO

St. GALLERN PREDITTIWVA

MOLECOLARE

Integrazione delle classificazioni istopatologica, predittiva e molecolare



Tumor samples Molecular markers
3 % for tumor classes
E —

|y T TV

Molecular markers with
predictive or prognostic
potential




Microarrays-based gene expression profiling studies

A | Class discovery
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B Class comparison
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Specificity, sensiilyfty and accuracy
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Classification of casesinto i

new ‘mmolecular groups

MOLECULAR
PROGNOSTIC
CLASSIFICATION

MOLECULAR

PREDICTIVE
CLASSIFICATION

MOLECULAR
SIGNATURES

J Pathol 2010; 220:263-280



ER+ I MOLECULAR SUBTYPE CLASSIFICATION (1) |

LUMINAL A : high levels of ER, low proliferation rates, low histological grade

F

- lower levels of ER, higher proliferation rates, higher histological grade

ER-

[ BASAL SUBTYPE

ERB-B2/HERZ2 +: overexpress ERB-B2 or HER2 amplified

[The majority (more than 80%) of molecular-defined HERZ cancers harbour HERZ2 gene
amplification or HER2 3+ |IHC expression, not all HER2 amplified tumors fall into the HERZ2
cluster by molecular analysis. A significant number of HER2 amplified, ER+ cancers
actually fall into the luminal B subtype rather than HER2 molecular subtype.

\ Parker JS et al J Clin Oncol 2009]

NORMAL BREAST-LIKE: this subtype is poorly characterized
[The proponents of the molecular classification suggested that this subtype may be a mere
artifact of sample representation (i.e. disproportionately high content of normal tissue

contamination. Parker JS et al J Clin Oncol 2009]




| MOLECULAR SUBTYPE CLASSIFICATION (2) |

3 additional molecular subtypes:

MOLECULAR APOCRINE: similar to the HER2 subtype, with activation of the

androgen receptor signalling.
Farmer P et al Oncogene 2005

INTERFERON-RICH: high expression of interferon regulated-genes, including STAT1
(Signal Tranducer and Activator of Transcription1). Hu Z et al BMC Genomics 2006

CLAUDIN LOW: tumors with transcriptomic features suggestive of a “cancer stem cell-

like” phenotype.
Hennessy BT et al Cancer Res 2009

clinical and biological significance

remains to be determined



MOLECULAR PROGNOSTIC - PREDICTIVE CLASSIFICATION
by GENE EXPRESSION SIGNATURES

TABLE 2. Commercially Available Prognostic and Predidive Gene Expression Signatures
EP (Sividon

C.ene Mamma print Oncotype DX Diagnostics Theros MapQuant
Signature (Apendia) ( Genomic Health) GmbH) ( Biotheranostics) DX (Ipsogen)
Assay TU-gene signature 21-gene recurrence score ll-gene EP score  2-gene HOBXI13:ALITR Y7-gene
ratio/ 5-gene molecular Genomic
grade index combined into Grade Index

a Breast Cancer Index

Platform Microarray qRT-PCR gRT-PCR Microarray
Tissue type Frozen or FFPE FFPE Frozen or
Results @ Low vs. intermediate va GG (low
high risk grade} vs.
i GG3 (high
Clinical Prognosis in NO, Prognosis and predicuion of ER + HER2 Prognosis and prediction of | eculi
Indication < 5cm diameter, benefit from chemotherapy patients treated response to tamoxifen in grading in
stage [/I1, ER + i ER + N/ 1-3N+ BC with endocnme ER+ BC ER+,
or ER — BC on tamoxifen use therapy alone histologic
grade 11 BC
Level of 11 1 1 L 1t
Evidence*
FDA Yes No No No No
approval
ASCO No Yex No No No
recom-
mended
Randomized MINDACT FAILORx No No No
trial

*Lewvels of evidence as defined by Simon et P R

ASCO indicates Amenican Sedety of Clinical Oncology; BC, breast cancer; ER, estrogen receptor; EP, endopredic; FDA, Food and Drug Adminstrution;
FFPE, formahn-fized paraffin-embedded; GG, Genomic Grade, MINDACT, Macroarmmay In Node-MNegative and 1 to 3 positive lymph node Disease may Avod
Chema Therapy; N+, positive lymph nodes; NO. lvmph node negative; gRT-PCR, quaminitive reverse-trunscriptase PCR; TAILORx, Tral Assigmng
Individualized Options for Treatment ( Rx).

(Adv Anat Patho! 2012;19:30-53)



Protocollo operativo percorso casi di carcinoma mam mario infiltrante
da avviare al test diagnostico-molecolare Mammaprin  t ™

Campionamento entro un’ora
dall’intervento chirurgico
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Confronto tra diverse metodiche di valutazione prog nostico-predittive : 103 pz

Mammaprint NPI St.Gallen  ADJUVANT on LINE
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il decoding breast cancer.
Page 1 of 2
CLISTOMER SPECIMEN PATIENT
Daclat ! e Nenici Pragalsitizn ¥ | 00008235 Patiant |
Accour | Universila & lerams Cuslomer Aslerence | BI200003412 D08 - 03-Jan-1800
Address Vin dogsalo di morisa 64 b Calaciion Dale : OF-Jun-2008 Paliénd # ;
Arsaloméa patologlos. apl 6 m Tost Request Dele ¢ 03-Jun-2008 Gendet . Femala
Dty Rlgoarived A5-Juin-2005
Cily . Farrara 44100 Rapart Dale | 28-Jun-2003
Cousiry | Tiady Spacimun Typs | Surgical Specimean 3

{—I:arle Profile Result j High Risk

The breast cancer tissue sample submitted was analyzed by MammaPrint®, an FOA Cleared IVDMIA 70 - Gene Profile of Breast Cancer for Matastatic Risk that.
has been validated to cormalatz with high or low cutcome sk for distant metastases in women with breast cancer £ 5 cm with up ta 3 pasitive lymph nades.

{ﬂini:opﬂﬂln‘ngi: Findings :]

Tumor Cell Fercentoge: 7% FNA Integrity Score: 8.1
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(A.nu}r Description }

In the referznce group a5 published!, krogh node negative patdenis classiflad as “low risk” had a 10% chance o develop disant metastases at 10 vaars without any
adjuvant ereaemene. Padenes classifled as “high risk” had 2 30% chance o develop discant metastases ae 10 years withou adjuvant tresiment. sdammakrine has
baan valldaved In owver 1,600 breast cancer patents and shown so provide Informaton independent of clinloopachologlcal risk assessment'?.

MammaPrint® Breast Cancer Gene Profile® TRANSEIG Validation Results: Significant Survival Difference’
A n=11
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“First-generation” PROGNOSTIC GENE SIGNATURES @

» 70-Gene signature (MammaPrint®)

« 21-Gene recurrence score (OncotypeDx®)

» 2-Gene ratio HOXB13/IL17R (H/l) and molecular-grade index (Theros®)

« Genomic grade index (MapQuant Dx®)

* Intrinsic subtypes derived prognostic index (PAM50 BC Intrinsic Classifier®)

* 11-Gene EP score (EP®)

“First-generation” PREDICTIVE GENE SIGNATURES

» 21-Gene recurrence score (OncotypeDx®)

level 1B evidence-for routine clinical use as an adjunct
to clinical and pathological information



“Next-generation”
PROGNOSTIC PREDICTIVE GENE SIGNATURES

* Immune response-related gene signature

« Stromal-related gene signature

Integrative approach combining
Genetic
Transcriptomic
Proteomic

!

biology of tumor clinically relevant




Morpholnglc & IHC Correlntes for Molecular Subsets of Breast Cancer
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»Crowth pattern

Can be recognized or suspected
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Morphologic features [
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Table 2 — Chamcteristics of molecular subtypes and assignment of histological special types of breast cancer.

Molecular ER, PR, Additional Proliferation cluster Histological special
subtype HERZ2 markers MICrOarrays types
Basal-like ER- CK5/6+ High Adenoid cystic
PR- EGFR+ Acinic cell
HER2- Medullary
Metaplastic
Pleomorphic lob
Secretory
HERZ/ER- ER- CK5/6 4/~ High Apocrine
PR~ EGFR 4/~ Lobular
HER24+ Micropapillary
Pleomorphic lobulg
Normal breast-like ER-/+ CK5/64 Low
PR unknown EGFR 4
HER2-
Luminal ER+ (~) Low/high
PR/~
HER2- (4)
Molecular apocrine ER- AR+ High
PR~ CK5/6+/-
HER2+/ - EGFR+/~
Claudin-low ER- CLDN lowy - High Metaplastic
PR- CDH1 low/ - Medullary (?)
HER2-- CES/6+/ -
BGFR+/-
Interferon-related ER-/4 STAT1 High Medullary (7)
PR unknown
HER2--

AR: androgen receptor; CDH1: E-cadherin; CLDN: claudin; CK: cytokeratin; EGFR: epidermal growth factor receptor; ER: oestrogen receptor; IDC:
invasive ductal carcinoma; PR: progesterone recepior; STATI; signal transducer and activator of transcription 1. —: negative; +: positive; +/—;
occasionally positive; —/+4: rarely positive.

MOLECULAR ONCOLOGY 4 (2010) 192208



Classificazione immunoistochimica dei sottotipi mol

‘Subtype’

Type of therapy

Surrogate IHC markers

ecolari

St Gallen 2011

‘Luminal A
ER and/or PgR positive
HER2 negative, Ki-67 low (<14%)*

‘Luminal B (HER2 neg)’
ER and/or PgR positive
HER2 negative, Ki-67 high

Endocrine therapy alone

Cytotoxics
+ endocrine therapy

. Cytotoxics
‘Luminal B (HER2 pos)’ + anti-HER2
e + endocrine therapy
HER2 positive
‘HER2 positive Cytotoxics
(non luminal)’ + anti-HER2
‘“Triple negative (ductal)’ Cytotoxics

‘Special histological types’*

A. Endocrine responsive

Endocrine therapy

Cytotoxics
B. Endocrine non responsive

Few require cytotoxics (e.g. high
nodal status).

Inclusion and type of cytotoxics
may cdepend on perceived risk

and patient preference.

No data are available to
support the omission of

cytotoxics in this group.

Consider DNA disrupting agents.

Medullary and adenoid cystic
carcinomads may hot require any

adjuvant cytotoxics.
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Luminal A Breast Tumors: Clinical Features

» Demonstrate higher level of expression of ER & ER related
genes
o Lower histologic grade
o Lowerlevels of proliferation related genes

* More indolent clinical course

May experience laterrecumrences .
- yerp Luminal A Breast tumors

= Beftter prognosis compared with Lum-B and other subty

» Implications for therapy
o Good prognosis

ER+ Breast Cancer (Luminal A)
o Respond well to endocrine therapy

= May be adequately treated with hormonal therapy alone

= Tend fo respond poory to adjuvant and neo-adjuvant
chemotherapy
- Typically low recurrence score by Oncotype Dx




Luminal-B Breast Tumors: Clinical Features

* Lower levels of ER expression and ER-related genes
= May be FR negative
o May over-express GFR (HER2 & EGFR)
o 30% of Luminal-B tumors over-express HER2 (IHC & FISH+)

Higher histolegic grade

* More aggressive clinical course, worse prognosis
o More likely lvymph node positive

» Higher expression of proliferation related genes
o Kl-&7 proliferation index may be useful in separating Lum B
from Lum A fumors

ER+ Breast Cancer (Luminal-B)




ER+ Breast Cancer (Luminal-B/Luminail-HER2)

HER2+ breast tumeors by GEFP are ER-

- - o Over-expression of other genes in HER2-amplicon (GRB7,
Luminal-B/Luminal HER2 Breast Tumors TOP2A)

High proliferative index

More likely to harbor p53 mutations
Higher histologic grade

Younger age at presentation

- |Implication for therapy
- Aggressive clinical course

[ S S

= Aggressive clinical course, poor prognosis

= May be less respeonsive to tamoxifen

o More likely to respond to chemotherapy added to
endocrine treatment
- Typically - high Recurrence Score by Oncotype Dx

= For HER2+ Luminal-B tumors

- Similar benefit from HER2-targeted therapy compared
with HER2+/ER- tumors in adjuvant clinical frials




HER2 Classic Breast Cancer Subtype

« 37 year old female
« Size:4cm

* Lymph nodes: (2/4)
» ER: negative

» PR: negative

« KI-67: 60%

» P53: positive
* Modified-SBR: 3/3

HER2+ Breast Tumors

» Implications for therapy
o More likely to respond to anthracyclines
- May be explain by co-amplification of TOP2A

o Good response to frastuzumab therapy in combination
with chemotherapy (adjuvant and metastatic)

o More likely to show pCR to neo-adjuvant chemotherapy +
trastuzumab

o ER+/HER2+ tumor may show Tam resistance




Basal Subtype Breast Tumors: Clinical Features

GEP reminiscent of nermal myocepithelial cells
o Lack of expression of ER and related genes, low HERZ2
= High expression of basal cytokeratins (CK5,6,14,17)
= High expression of proliferation-related genes
o Amplification/over-expression of EGFR (other GFR), VEGF
+  Aggressive clinical course, poor prognoesis
= Increase likelihood of early systemic recurrence

o Visceral recurrence & brain mets more likely than other
subtypes

* Hereditary breast cancer
= BRCAI mutation generally develop basal-ike breast tumors

* Premenopausal African American women 2x the risk of B l-Like Carci M holoaic Feat
developing basal-like tumors as other group of women asal-like Carcinoma: Morphologic Fealures &

Immunophenotype

Basal Subtype Breast Tumors

« Implications for therapy
= No role for endocrine therapy or trastuzumab

o Aggressive clinical course = combination cytotoxic
chemotherapy

o More likely to achieve pCR to necadjuvant chemo
= More sensitive to conventional chemo than luminal tumors
- Anthracyclines + faxane

+ Absence or impaired BRCAT1 function-
o Loss orimpairment of DNA repair
o Hypersensitivity to DNA damaging agents
o PARP inhibitors (target DNA repair pathways) in clinical trials




Basal Subtype Breast Tumors

» Implications for therapy
= No role for endocrine therapy or trastuzumab
o Aggressive clinical course = combination cytotoxic
chemotherapy
= More likely to achieve pCR to necadjuvant chemo
= More sensitive to conventional chemo than luminal tumors
- Anthracyclines + taxane

* Absence or impaired BRCAT1 function-
o Loss orimpairment of DNA repair
o Hypersensitivity to DNA damaging agents
o PARP inhibitors (target DNA repair pathways) in clinical trials




e Determinazione di ER, PR, MIB1 ed HER2 in tutti i carcinomi infiltranti della
mammella e sull’eventuale ripresa di malattia.

« Utilizzo di test che siano accurati (sia nella fase pre-analitica che analitica) e
riproducibili.

 Impiego di criteri per definire 'adeguatezza del preparato e per la refertazione
(computer-assistita).

e | [aboratori devono ottenere un’elevata concordanza tra le diverse metodiche .

» Partecipazione a controlli di qualita.

 Training del personale tecnico e medico.

AN PAT FE



Immunocoloratore automatico Analizzatore d’immagine computerizzataVentana VIAS
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ER10 Score

PgRi0 Score HERZ2 Score Ki67 Score

Totale Gasi: 2906

Lurninali & (ER+/PR+/Mib=14 Her2==2): 1177

Lurninali B Her2 - (ER+ gfo PR+/Mibl=14Her2==2): 1221
Lurninali B Her2+ (ER+ efo PR+ Herz?: 3+)= 290

HERZ: (ER-/PR-/Her2:5+)= 97

Basal Like (ER-/FR-Herz-)=121

B i A

Wumiaali B HERD

W urrdnadi B Haw T
HER2
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LINEE GUIDA INTERNAZIONALI

HER2 Test

ASCO/CAP . L :
2007 Technical validation requirements of an assay
£~
SSUt?r_et Al. Internal and external quality assurance
SVISION® schemes:
metodologica .. : . :
2009 Fixation — selection of test — bias in analysis

ER-PGR Test

Asggi SAP J Technical validation requirements of an assay
Analytical validation Technical validation requirements for
Fitzgibbons 2010 ER e PGR

Ki67 Test

Preanalytical validity

Ki67 - breast study
Group - Dowsett 2011




Indicazioni

-Tutti i carcinomi della mammella

The overall purpose of this godehne 18 to improve the accuracy of
hormone receptor testing and the utility of ER and Pkl as prognastic £ S z -
and predictive markers for assessing in situ and wwasive breast carci- invasivi di nuova dlagn[15|

nomas. Theretore, this guideline addresses e principal queshons
regarding ER and PgR testing, Findings are listed in Table 1.

1. What 15 the optimal testing algorithm for determining ER

and Pl status?
1. What are the clinically validated methods that can be
wsed in this assessment!

2. What strategies can ensure optimal performiance, mterpreta

tion, and reporting of established assays?

21, What are the preanalvtic, analytic, and postanalytic v;

ables that must be controlled to ensure that assay ¢

reflect tumor ER and PgR status?

- se pTm: su almeno uno,
preferibilmente quello di maggiori
dimensioni

- recidive

-CDIS di nuova diagnosi
[National Surgical Adjuvant Breast and Bowel Project (MSABP)

B-24 clinical trial]
Ruolo PR

- Valore predittivo indipendente da
ER, specialmente nelle donne in post-

menopausa
{Ogowa Y, Breast Cancer 2004; Yamashita H, Breast Cancer

. Shenld |rnmu1‘|ahlsmh-aml.h1ry llHL:l of ER/PgR be per-
formed in doctal cancinomi i st (DCIS) or récurrent
breastcancer vpecmm'f 2006)
2, Does PR expression in breast cancer correlate with or iflu-
ence the choice of endaceine therapy?



Cosa incide sulla preservazione del mio tessuto?

SALA CHIRURGICA ANATOMIA PATOLOGICA

Asportazione/Fissativo O
Spessore/tipo di tessuto @
Tempo di fissazione ®

Temperatura del processo @

Processazione post-fissazione©




HER2 testing in breast cancer: an overview of current techniques and
recent developments 2012

Table 1 Advantages and disadvantages of commonly used technologies for HER2 testing

Method Advantages Disadvantages
HC ® Widely practiced ® Susceptible to numerous vanations in testing protocol
® Relatively easy, quick and cheap Can be automated & [nierpretation is subjective and semi-quantitative

e Long-term storage of materials
& Morphology seen in same section

FISH & [nierpretation is quantitative ® More expensive than THC
& Resolves IHC 2+ cases & Signal decays over tme
® Partial antomation available ® Arcas of invasive breast carcinoma may be difficult to identify

® [ess affected by pre-analytical factors and handling than IHC & Does not allow for simultaneous assessment of cell morphology
@ Few pathologists and technicians are trained in the methodology and its interpretation
& Overnight hybridisation required

SISH @ Fully antomated ® Resulis more difficult to interpret by inexpenenced staff
® [ess affected by pre-analytical factors and handling than IHC e Some methods require separate slides for HER2 gene and CEPL7 copy numbers
® Requires only standard light microscope
e Staining remains stable for a long period of time
® Morphology seen in same section
® Both HER2 and CEP17Y bright-field viewable on same slide
® Rapid mrnaround

e -

* . : 4 # Dual SISH InformHER2
i _ . :
~ Ventana




HER2: analisi e interpretazione dei risultati

VOLUME za . HWUMBER 12 - JULY 1 2006

HER?2 Testing by Local, Central, and Reference Laboratories
in Specimens From the North Central Cancer Treatment
Group N9831 Intergroup Adjuvant Trial

Edieh A, Perez, Vera I, Surnar, Nancy B Davidsen, Sifvang Marting, Peter A, Kaufroan, Wilma L, 1 ingle,
Darrick |, |L|'J vers, Jeraes WL ||.'.'1-_:I'|:'. Praried Visseher, and Poberr B Joridkirg

Conclusion _ _
There was a high degree of discordance between local and central testing for IHC and FISH, but

a high degree of agreament between central and reference laboratories. These findings support
the importance of using high-volume, experienced laboratories for HERZ testing fo improve the
process of selecting patients likely to benafit from trastuzurmab tharapy.

BT MAMMELLA
Campioni Chirurgici
2010 2011 2012  16-apr-13 Totale
421 450 375 118 1364

5456 DETERMINAZIONI

Campioni hioptici (BS)
64 61 56 32 253



Hot topic: Eterogeneita di HER2

2 ok 2 CLONI
b ol 1 CLONE 100% score 3+
£ -2 1 CLONE 100% score 0/1+

e £ raro

1 #
Py e Y B

b ¥ . )
354 ‘{_,‘_ f; » 2

¥ I
.F_,. \'
y L 'c:j". g 1 CLONE

% ’ 2% score 3+
B an ﬁ:],-Lr 30% score 2+
;+ S ;&F_'F 3 658% score 0
Fivi ;

Annals of Oncology 21 (Supplement 7): will12—wid19, 2010



ETEROGENEITA CLONALE

Score 0




Hot topic: eterogeneita di ki-67

Box 1. Recommendations for KiB7 assessment in breast cancer
Interpretation and scoring

+ Infull sections, at leag{l igh- jective} fields Jhould be selected to represent the spectrum of
staining seen on initial oVE : i
+ Forthe purpose of prognostic evaluation, the invasive edge of the tumor should be scored.

» If pharmacodynamic comparisons must be betwean cora cuts and sections from the excisian, assessment of the
latter should be across the whole tumor.

» If there are clear hot spots, data from these should be included in the overall score,
» Only nuclear staining is considered positive. S 'nglnlensm,fls not relevant,

+ Scoring should involve the counting of at |eas @ alignant invasive cells (and preferably at least 1000 cells) un-
less a protocol clearly states reasons for fewer beifig acceptable
* Image analysis methods for Ki67 remain fo be proven for use in clinical practice.

Dawseff M, JNGI Eﬂﬂ

Assessment of Ki67 in Breast Cancer: Recommmendations from
the International Ki67 in Breast Cancer Working Group



DEVO VEDERE OGNI ESPRESSIONE
(Sensibilita e specificita)
DEVO QUANTIFICARE ESATTAMENTE

(Sistemi di valutazione quantitativa)
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Modello della Progressione Parallela
(Disseminazione metastatica precoce e tardiva

BIOPROFILO
RIPETUTO??

12 years

Metastasi multiclonali

tra

Late-disseminating tumour

cells from large primary

tumour or metastasis

« Possibly less capable of
forming a metastasis or

« death of patient before
relevance for disease

metastasis

Lung
metastasis




Sludio di fase llb randarmizzato con cross-over programimata

U.O Oncologia- U.O Anatamia Patglogica
Titolo Fase Pazienti
GIM-3 Studio difase Il di confonto -ra anastrazolo, letrozaolo ed
eremestane e tra strategia sequenziale (= anni di “erapia con tarmozxifen Carcinara Famneario
sequiti da 3 ann diterapia cor inbitari de le aromatasi) verso strategia up- I o
L . O . . 0 crmonosensibile in paziznti in
front (5 anni ci terapia con iriktod dalls ammatasii nel trattamenin Osmenonalsa
adivvance del carcinomam: ROs P
postmenopauss
: . : o Pazierti sotloposte a
ShortHer - Trattarrento adiavente con Heqceptin per 3 mesi va 12 mesi, in poste
. . . L . . t-attamento zhirurgica della
associazicne con chemiote-apia, nelle pazienti carciroma mammarno 0 . . :
HERZ pos tive reoalasia marmmesria, candidate
' s cherioerapia
OPTIMA - Sequenza att ) Oh carc homa E]f?er:?: I;r; Eimeup?ﬁfu?
marrmario matastztico roadute copo terapia aciuvanle con inhitan delle c .
N . ; ) . . 1 ramirella metastatico
ararratasi: stadio randomizzato tra due diverse sequenze di terapia . .
endocring Crmonaresponsivo, rizadute
] copa terapia aciovanie can Al
GIM$8 - Studio Rardomizzsto con disegno fsttoria e di confronta tra Ezier;gr;?:n;g;g?i[nuain
X Fulvestran: £ Laaatinib & Inisitari Arcrmatasi rel carciroma mammarno 0 roaressiane dont in;hituri dele
™ rmetsstatico in progressione dopo te-apia cor Inibitori Aromatssi ErDEnamsi F
% LUX - Studio in aperto, randomizzato, di fase I, can BIBWY 2992 & FPazierti con cancro metastatico
% vinorzlb na contro trastuzumab e vinore bina in pazienti con cancro m cella marmmella, con sovra
metsstatico cella marvmella, con sovra espressione di HERZ, che abhbiano espessicne di HERZ, che
falito un precedentz trattarrento con trastuzumab. zbb ano fallito un prezedente
Pazierti con carcinoma
T.P.Call - Lasatinib p o letroznln n ranaritabing come prima lae- -5 ramirario metastatizo
trattarmenta del carzinormra m k ER-/HERZ+, in trattarrento di

crima linea, senzs porgressiong
rapida di nalatlia

TH3RESA - Studio di fase l randorrizzato, multicentico, s due bracci, ir
aperoa, per valutare l'efficacia ci T-DpA1 vicnotte ol beat-amarta ccaltn dal
rmedico in pazienti zon carcinoms de. . L ,

positivo, che cevito almeno due precedznti regimi di tarapia arti-
HERZ

Pazierti con carcinoma della
ramirella metastatico, HERZ2-
postivo, che hanno rocevuta
zlmano dae precedenti regimi di
ta2rapia anti-HES2

EOQS - Follow-up a B mesi di pazienti trattate per carcinoms marrmario
metzstatico FiGHly accepted clinical guidzlires for the canczer.

ossemazionale

Donne con carcinoma
mamirario metastatizo
conmermato, alle gaali & stato
prescritto un trattemento di
chemiote-apia

SERVIZIO SANITARIO REGIONALE
MILLA-ROMAGNA
3 Ossecalisro Lrive'sit




External Quality Controls

PROGEAMMA DI RICERCA REGIONE-UNIVERSITA 2010-2012
AREA 2 - RICERCA PER IL GOVERNOQ CLINICO

Sinresi della valutazione preliminare

Titolo della Proposta: Ottimizzazione metodologica dei test molecolari per 1 geni HER2, KEAS,
ERAF, EGER. CKIT nei pazienti con tumori solidi da sottoporre a terapie
oncologiche personalizzate

Codice della Proposta: 1a203-19
Amenda proponente: Azienda Ospedaliero-Universitaria di Bologna

Principal Investigator: Dr. Michelangelo Fiorentino

PARTICIPATING CENTERS :

- BOLOGNA: Anatomia Patologica, AOU Dr. D. Santini

- MELDOLA: Istituto Romagnolo per lo Studio dei Tumor i Dr. D. Calistri
-FERRARA: Anatomia Patologica, AOU di Ferrara Prof. P. Querzoli
- Forli: U.O. Anatomia Patologica, AUSL Dr. L. Medri
-Modena: Anatomia Patologica, AUO Dr. S. Bettelli

Altri centri IHC Ca Mammella: RIMINI AUSL; PIACENZA  AUSL;IMOLA AUSL:
PARMA AOU;REGGIO EMILIA IRCCS;



I profili di espressione genica e i microRNA sono oggi di
straordinario interesse e potenzialita

Disponibilita di test diagnostico-molecolari
Mammaprint®, Oncotype DX®

Ruolo “centrale” del patologo
— Banche di tessuto fresco/coneIato/ﬁssato/mcIuso

— Laboratori di diagnostica molecolare
— Formazione di patologi-molecolari
— Formazione di biotecnologi

— Database relazionale per la gestione dei dati morfologici,
bio-molecolari e clinici

AN PAT UNIFE



The shaping and functional consequences of the

microRNA landscape in breast cancer Dvinge H, 2013

Negativa regulstion  Regulation of cytoking
of type 2immune  production invalved in
Positive regulation s AR e
of memory T-cll / Somatic recombination
of immuncglobulin
‘ganza involeed in

differentiation \ e O I :
Regulation of A i {1 i e
T-helper2call ——_ — . w’“""ﬂiﬁ&”&‘# e

T-helper-2-call
diffi

arantigtion
of T-helper-call \ :
; Imen :H'I-Igﬁ.‘tﬂﬂﬂ
diffarentiation production Invalved
in irraunaglobulin-
laatype switching laatype switching . mediated immune
Somatic diversification to IgE isotypaa TB3OMES
of immuncglobuling | N
invalved in fmmune gy iation of mamory  Memary T-cal
RS T-call difterentiation  differeniation

MicroRNAs: toward the clinic for breast cancer pati ents.
Ferracin M, Querzoli P, Calin GA, Negrini M.
Semin Oncol. 2011

Priority Report

MicroRNA Gene Expression Deregulation in Human Breast Cancer

Marilena V. lorio,' Manuela Ferracin.® Chang-Gong Liu.! Angelo Veronese.” Riceardo Spizzo.®
Silvia :*'-;‘;:at:ll‘ﬁf:ani,2 Eros I\-'tagri,z Massimo Pedriali’ Muller Fabbri,' Manuela C:irrjlzli,g;ﬁcn,3

Sylvie Ménard.” Juan P. Palazzo.' Anne Rosenberg.” Piero Musiani.,”" Stefano Volinia.'

Italo Nenci,® George A. Calin,' Patrizia Querzoli.” Massimo Negrini.” and Carlo M. Croce’
"Compre hensive Cancer Center, Ohio State University, Columbuas, Ohio: Dipartimento di Medicinag Sperimentale e Disgnostica, & Centro
Interdipartimentale per la Hicerca sul Cancro, Universiti di Ferrara, Ferrara, [toly; *Molecular Targeting Unit, Department of

Experimental Oncology, lstituto Mazionale Tumori, Milan, Haly; Departments of *Pathology Anstory and Cell Biology
and Surgery, Thomas Jefferson University, Philadelphia, Pennaylvania: and "Ce S.L Aging Besearch Center. Chieti, Ttaly




Breast Carcinoma

Cancer
Stem Cells
Immunohistochemistry
Immunofluorescence
Claudin-low
Basallike
HERZ.OE
Luminal B g Schmitt F et al, 2012
&
=
Luminal A’ g_




Breast Cancer Treatment: Multidisciplinary Team Approach

Breast Surgeon "0
» Performs biopsy

» Sends biopsy to pathobogist

» Diagnosis/communication of diagnesis/prognaosis to patient
» Refers patients to medical oncologist

7
L
Pathologist ¢
Imaging Radiologist ™ |- ConfiTs GRNCES o LS e stagng Radiation Oncologist ®
- P I'fﬂ h'| " . iy " - * = . .
. szndgﬁmﬁ | presencefabsence of lymphatic involvement, status JEk;m%:hhﬂgt
pathalogist of margins, histology grading ma g
« Performs ER/PR and HERZ tests and assesses tumor
markers and other cancer charactenstics
« Reports test results to surgean, oncobogist, and PCP
T
L
Medical Oncologist ol
+ Diagnosis/communication of diagnosis/prognosis to patient
i Patient contact cai :
@ Fatint advisor Opportunities for Pathology c‘.u::mr_nunltyr
@ Treatment decision-maker dSenye as consultant and treatmeant advisor - team
Treatment advisor QDirectly impac atments

i Directly impacts initiation of treatment
i Direclty impacts treatment stop

QDirectly impact pauent outcomes

PCP=primary care physician.
Hicks DG et al. Arch Pathol Lab Med. 2008;132:1226-1227.




IMPATTO CLINICO DELLA “-OMICS REVOLUTION":
IL CONTRIBUTO DELL'ANATOMIA PATOLOGICA

CIassifi_cazione _dei tumori in base alla loro diversa
espressione genica.

Definizione di gruppi di pazienti a diversa prognosi.
Valutazione dell’efficacia di specifiche terapie.

Profili di espressione genica, morfologica ed _
immunofenotipica (TMAs) devono essere considerati
complementari.

Utilizzo dei microarrays per selezionare nuovi parametri
prognostico-predittivi
Identificazione del prodotto dei geni e disponibilita’ di nuovi

anticorpi da utilizzare su TMAs (applicabili a casistiche fissate
ed incluse).

AN PAT UNIFE



Percorso Diagnostico-Terapeutico Assistenziale

Incontro settimanale con discussione di tutti i cas | con diagnosi B5-B4-B3
e nuovi casi operati . Condivisione delle scelte cl iniche su ogni singolo caso.
Aggiornamento culturale. Controllo del processo ass istenziale per individuare e

risolvere le criticita



Integrazione tra la tassonomia morfologica e moleco lare.
Nuova classificazione ad impatto prognostico e tera peutico

!
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