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Breast cancer mortality

at ages
35—69 markedly improved breast cancer outcomes
35-year
DENMARK 1951-2020, SWEDEN 1952-2020, UK and . ‘ risk
USA 1950-2020 & 197 UK 4. | .
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Population based data reveals markedly o . |t DENMARK
improved breast cancer outcomes in UK, S A
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Female breast cancer is the second leading £ *°7 1.5%
cause of global cancer incidence in 2022, &
with an estimated 2.2.3 million new cases. 3
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The disease is the fourth leading cause of 2
cancer mortality worldwide, with 666,000 @ 5. -
deaths £ A
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* Mean of annual rates in the 7 component 5-year age groups Source: WHO mortality & UN
population estimates

Slide from Lecturer Hongchao Pan, PhD and Prof, Sir Richard Peto, EBCTCG June 27,
2024.



Currentrisk stratificationmarkers In
earlybreastcancer (Denmark)

A Anatomicfeatures
I Size NodalStatus
A Molecular features
N Less chemotherapy for ER+
| ER, HERZ, and small HER2+ cancers
I Grade, -
T " " Escalating therapy when
| hlstolgglcalsubtype needed for TN and HER2+
A Gen0m|d eatures cancers with residual disease
I PAMS5O0
A Functionaimarkers
I pCR Residual Canc&urden __



Multiparameter gene expression tests to aid prognostic
classification/treatment decisions in HR+HER2- breast cancer
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Breast Cancer Recurrence Signature

Breast Cancer

oncorype DX = INDEX

These tests may help the clinicians in decisions on adjuvant treatment — but the

availability and use differs markedly across countries and health care systems




Treatmentstratificationbiomarkers in the

metastaticsetting
(Denmark)
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I Nonsteroidal/steroidal
aromatase inhibitors

A Molecular features &= ==
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Agenda

A Immunohistochemicabiomarkersfor
I Diagnostics
A BenignHyperplasiaand DuctalCarcinomain Situ

A DuctalCarcinoman Situ and LobulaCarcinoman Situ
A Carcinomdn Situ and Invasiv€arcinoma

I Histologicabubtypeclassification
A Malignantbreast tumors

I Predictivé Prognostianarkers
A EstrogerReceptor
A Progesteron Receptor
A HER2 antiER?2 low status
A (Ki67)
A PDL1/sTILs

A Additionalmolecularanalysesgrognosticgene
profiling/mutationalanalyses)



Triple Test
Diagnostiapproachg BreastTumours

| Pathology
Physicabreast .
exand Coreneedlebiopsy
, or Fineneedle
Palpation aspiration
Trlple TRU-CUT BIOPSY m,’

diagnostics
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Epithelialcellswith specific
Immunohistochemicabhenotype

Luminal markers (LMW):
CK7, CK8, CK18, CK19

Myoepithelial markers:

Myo: p63, SMA, CD10, SMMHC*
Cytokeratins (HMW): CK5, CK14,
CK17

*Smoothmusclemyosinheavychain
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Benignhyperplasia
Positivestainingfor myoepitelialcells
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Differentiationbetweenductalcarcinomain situ and
Invasivecarcinoma
l.e. SMMHC*

present Not present

v | _ oA i y S | o
Detecting gpresenceo Detectingd absenceo

* Smoothmusclemyosinheavychain asdetectedwith cloneSMMS1



Carcinoman situ

A Ductalcarcinomain situ A Lobularcarcinomain situ
A Non obligate precursor

Incidence 0.571 3.6%

Often incidental finding

Multifocal and often bilateral

Slowly proliferating lesions
Observatlon / screenlng

12-15% of malignant lesions in the
Danish screening population
Microcalcifications

Risk of progression to invasive
carcinoma

Surgery with free margins (2 mm)
Radiation therapy after breast
conserving surgery

Tolo oo Ix
Too J>0 350 >0 J>0 J>o




Loss of E-Cadherin
_ Lobular Carcinoma in situ

E-cadherin: Cell Adhesion Molecule




Classificatiomf malignanttumors of the

breast
WHODblue books

Histologicalsubtypes (>20)

A Ductal : up to 80%
A Lobular 5-14% Breast Tumours
A Tubular 2- 8% '
A Mucinous 2-4 %
A Apocrine 1¢ 4%
A Papillaryl ¢ 2%
A Other
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E-Cadherin

Celladhesionmolecule
Lossof ECadherinin 90% of E-Cadherinpositive
Invasivelobular Carcinoma Invasive DuctaCarcinoma
i o r-. ¥y

CDH1 (16922.1) loss of function mutation or deletion resulting in loss of the

adhesion molecule E-cadherin 1o



P120catenindislocatedto the cytoplamin lobularcarcinoma
(ILC)
A supplement foclassificatiorof lobularneoplasia

Lobular cancer - not candldate for neoadjuvant chemotherapy
Low proliferating tumors, often luminal A molecular subtype 1o



Tumorcharacteristicand association with pCR

Neoadjuvanithemotherapy(NACT)

A Percentage of patierits
achier ing pathological
comiplets response
{5 Cl)

Clinizd tumowr stage

T1 [n=785) — 18.3 (157-71.2)
T2 (n=7328) -+ 199 [15-0- -5
T3 (n=2493) —+ 13-0 [11.7-14.3)
Tda-< (n=781) —_— 14.5 (12-1-7.1)
T4d{n=482) — 16.0 {12-8-19.6)
Clinicd nodal states
Negative (n=6320) -+ 188 (17-9-19-B
Positiee {n=5457) -+ 16.9 [15-9-17-9)
Histodoogical type
Dwctal [n=B5ET) —+ 15.5 [14.7-16-3)
Lobubar fn= 1731} — 7 g ['53-'94 PCR: 7.8%
e 23
Tumour grade
1{n=426) —_— 78 (54-107)
2 (n=4392) -+ 12.3 [11.3-13-3)
3 (=327} — 58 34374

Clinicad turmcer subvbype

Harmione receptor-positiee, HERZ-regative, gradee 17 [n=-138E) —_ 75 (6387
Homone receptor-positive, HERZ-negatiee, grade 3.{n=630) _— 16-2 (13-4-19-3)
HERZ: Pﬂ'ﬂh'-l'l‘.'. hunnm't r-r-:q:-1.-:vr pcﬂl:r.nc. I:r:.'h.n:un'nb n-333] —_— 30.9 [76-3-35.0)
i ' oith ir —_ R LA R

HEE“-‘ Pﬂ'ﬂh'-l'l‘.'. hunnm't r-r-:q:-1.-:vr n-ngit'.r-l: I:rasl:l.l.l:l.rnd:-[l'l =364) 50-3 [45-0-555) pCR: 50.3%
Lk TR —_— AU [0 a5 ]
Trpltmga‘h'.-'-r[n- :IJ.;,,'.". —_— 336 [309-36-4)
T T T T T
0 10 20 o 40 GO
Fathological complete response (%)
B HR{55= )

Cortazar et al. Lancet 2014; 384: 164-72
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TNBC :-40% ofprimarybreast
cancers

ER, PR and HER2 negative
Heterogeneougroupof tumours
High grade

Youngerage atdiagnosis
Poorprognosis

Risk ofgBRCAnutation




Heterogeneity of TNBC

A TNBC is a combination of many
disease entities that have been
grouped together for ease of clinical
categorization.

A But studies reveal a high level of
heterogeneity<?
T High levels of genetic instability
versus other BC subtypes

i Complex patterns of copy number
alterations and structural
rearrangements

A PIK3CA/AKT1/PTEMNerations are
seen in ~24%

A BRCA1/2nutations are seen in
~209%

Figure reproduced from Abramson 2615

Immunomodulatory

Luminal androgen
receptorpositive

Six unique molecular subtypes of TNBC have been ideftified

92% of BL1 tumours
haveTP53mutations?

Basallike 1

Basallike 2

Mesenchymal

Mesenchymal

stemtlike 55% of LAR+ tumours hav
PIK3CAnutationg

13% of LAR+ tumours hav

» AKT Imutationg
Unclassified

1 T T T T 1
0 5 10 15 20 25
TNBC (%)

1. Lehmann, et al. Glininvestig2011; 2.Bareche et al. AnrOncol
2018

3. TCGA, Nature 2012; 4. Schmid, et al. ASCO 2015
5. GonzalezAngulo, et alClinCancer Res 2011; 6. Abramson et al.
Cancer 2015
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Tumorinfiltrating lymphocytesand
TNBC

PDL1 expression, both
markers associated
(TME) immune activity.

with tumor
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Individual Patient Analysis of Early-Stage
Triple-Negative Breast Cancers. J Clin

Lymphocytes and Prognosis: A Pooled
Oncol, 2019. 37(7): p. 559-569.

Loi, S., et al., Tumor-Infiltrating



TripleNegative Breast Cancer Histological Subtypes
with a FavourabldPrognosis

Themajority of TNBGire invasiveductal carcinomagIDC); Figurel
Rare special histological subtypm® low proliferativetumourswith good

prognosisallthoughbeingtriple negative Figure2 and 3).
Cserni G et al. Cancers 2021, PN84830849
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Figurel Figure2 Figure3

High grade IDC Low gradeadenosquamous Adenoidcysticcarcinomaof the
carcinoma(subtype of metaplastic  breast.The cells of the epithelial
carcinoma component are positive for CK7,
luminal (CK7, CK8) and basal (CK5, CK5/6, CK 8/18 and CD117. The
CK14) CKs and squamous myoepithelial Abluminalcells

(myoepithelial) markers p63 and express p63, smooth muscle actin
p40. and basal CKs: CK5/6, CK14, CK17.



Prognostiand predictive
biomarkers



The HERZ2 gene is located bfg21. and encodes the human epidermal
growth factor receptor 2 (HERZ2), a transmembrane tyrosine kinase receptor

Ligands -




Targetinghe HER?Z receptor

a) Herceptin targets the extracellular part
of the HER2 receptor

b) Pertuzumalinhibits the potent HER2
HERS interaction in the presence of
heregulin which activates the PI3k/Akt
signaling pathway

c) ADCs: ex:-DXd

Trastuzumab Deruxtecan (T-DXd)

Structure and Mechanism of Action
Neighboring .-~==--""~

T-DXd T-Dxd wmorcell /Ty
T-DXd binds T-DXd
I to HER2 > | internalized o
.
HER? protein ' i K i
e ' L 1
\ » e
e o | Membrane-
z o - Remalo o ' ermeable
Highly potent I Cleavable linker I Linker cleaved, lrg\ﬁg;mg ]'ohpgl{somer?sed\ ] anload e
opoisomerass | topols.omerase inhibitor ¢ Inhi \OfPaV‘U_éj .\ | bystander effect
inhibitor payload | 8:1 drug-to- 1 £ ."

S : ' 5" b P
antibody ratio | "’l‘ ’ ;
\ | [T b L
L o vl SN
\ Y Y e
MO

Internalization of T-DXd leads to release of the B. v
DXd payload and subsequent cell death in the T ) I 4 .

i i 2 % opoisomerase S umor
E;gs;utmhgrl;ﬂ ::nﬂdde?:;?gcbto”ng b b | inhibitor enters nucleus —'—' cell death

Tumor cell
Modi S, et al. Presented at: American Society of Clinical Oncology (ASCO) Annual Meeting; June 3-7, 2022; Chicago, IL. Abstract LBA3.



ASCO CAP guidelines
2007, 2013, 2018, Update 2023

No staining b2 adFAYyAy3d 2NJ b2 adGFAyAy3 2N

with incomplete, faint or barely ~ with incomplete, faint or barely

perceptible staining. perceptible staining.
Weak, incomplete membrane >10% of tumor cells with >10% of tumor cells with
staining in any proportion of tumor incomplete, faint membrane incomplete, faint membrane
cells. staining. staining.
2+ @quivoca} >10% of tumor cells with nen >10% of tumor cells with >10% of tumor cells with complete

uniform or weak, circumferential circumferential, incomplete and/or membranous staining.
staining or intense membranous weak to moderate membranous
A0FAYAY3a AY XomadlAyAy3 2N XKvE

circumferential, intense

membranous staining.
>30% of tumor cells with uniform, >10% of tumor cells with >10% of tumor cells with

intense membranous staining. circumferential, intense circumferential, intense

membranous staining. membranous staining.



HER?2 interpretation BC 0

"y p g0y W

i A : " ’ .. 4
HER2 Gene/Protein, » . . N

T & ASCO CAP guidelines 2018
afpr W it . Jd https://pubmed.ncbi.nim.nih.gov/29846122/
. «. =" Dual ISH peillp g

N Engl J Med. 2022 PMID: 35665782



Definition of HER2 Low

HER2 testing by
validated IHC assay

Mo staining is obsarved HER2-null

Circumfarantial membrane Waak to moderate completa Incomplete membrane staining or

staining that is complete, intensa, N that is faint/barely perceptible membrane staining that is
and in »>10% of tumor mg":m:?ﬂ?:;;“ﬂ%&’;? -] and in »10% of tumor incomplete and is faint/baraly
calls = (IHC 3+) cells = (IHC 14+) perceptible and in <10%

tumor calls — (IHC 0+)

|

y —L

Reflax Reflax
ISH tast ISH test
POSITIVE NEGATIVE

HERZ2-positiva BC 15%

B HER2-positive
B HERZIow

S— Tarantino et
al.

JCO, 2020
https://doi.org/
10.
1200/JCO.19.
02488

HER2-low BC 45%-55%

HERZ-negative BC 30%-40%



% of HR+, HER2-negative mBC

~20-25%
HER2-ultralow

~60-65% ~60-65%
HER2-low HER2-low

DESTINY-Breast0O4 DESTINY-Breast06

28



A Progression-free Survival in the HERZ-Low Population
Median
100 == Progression-free
% 90+ Mo, of Survival
£ 804 Patients {95% CI)
70
DestinyBreast06 : o "
50 . . Trastuzumab Deruxtecan 159 13.2 {11,4-15.2)
y g’ a0 \-.x - Trastuzumab deruxtecan Chamutharapy 154 81 (7.0-9.0)
E ;g: {ﬂumuth._:;;\'- s WY Hazard ratio for disease progression
£ T —————— h or death, 0,62 (95% €1, 0,52-0.75)
0 T T T r P=.00]
4] .I‘l EI| ':i 12 '.IEI IIS Pl 2‘-1- 27 Hll:l SIL 6 j-lg
Months
Mo. at Risk
. fu ab d e 359 310 265 213 163 131 72 49 28 17 mn i 1 0
DOI. 10.1056/N E\] M0a24070 88:m;;1:r:w”w' o 354 I54 192 118 B5 &5 37 1% 10 [ 1 { 1 0
B Progression-free Survival in the Intention-to-Treat Population
Median
1 Progression-free
- (204 Ntli. of Sunrivilll
FDA approval of T-DXd - Pattents e
£ g Trastuzumab Deruxtecan 436 132
2 (12.0-15.2)
for H E R2 U |tral OW E 50 Chemaotherapy 430 8.1 {7.0-9.0)
. . g a0 \\_\. Trastuzumab derustecan
In january 2025 o Chemetherapy Ny o death, .64 (38% C1, 0.4-0.76)
&5 - P=0uD01
o B "SSPSR
10
':I T T T T T T T T T T T T 1
H 1] k. [ 5 12 15 18 21 24 27 W 3 % 39
EMA approval april 2025 onthe
Mao. at Risk
Trastuzumab deruxtecan 436 375 319 258 19% 156 82 56 32 21 11 ] 1 0
Chemotherapy 430 308 224 142 103 M A4 25 131 7 F 1 1 0
. C Progression-free Survival in the HER2-Ultralow Population
For those with HER2 Median
100 -1y Progression-free
1 1 g Mo. of Survival
ultralow disease given-T PR Putionts  (95% C)
. 5 704 H mo
DXd (n - 76) th em ed lan Eq 604 " Trastuzumab Deruxtecan 76 13.2 (9.8-17.3)
5tk L Chemothera 76 8.3 (5.8-15.2)
L & L Trastuzumab deruxtecan PY
P FS WaS 13 . 2 m 0 nthS VS 8 . ‘3 £ ;g_ Eﬂl:melllr;'u:r; 1 Hazard ratio for disease progression
months |n the 8 - L I or death, 0,78 (95% CI, 0,50-1,21)
5 4
10+
. Q
Chemotherapy arm (n = 76, 0 3 6 8 12 15 18 21 24 27 30
Months
HR, 0.78; 95% @.,501.21 ——
Trastuzumab deruxtecan 76 64 53 44 35 4 B ] 3 3 4]
Chemotherapy 76 52 32 24 18 M 7 & 3 1 1]




IHC staining HER2 (4B5) Recommended Representative
pattern score reporting status images
IHC 0 absent
No membrane
L membrane HER2-null
staining is observed?® staining
Any staining of the :
membrane in >0 rlrl;lfm[;)::rig HER2-ultralow :
and £10% of the taini expression X -
cancer cells®P¢ staining ;
Faint, partial staining
of the membrane IHC 14 HER2-low
in >10% of the expression
cancer cells®
IHC 2+
Weak to moderate Reflex test: HER2 HER2-low
complete staining non-amplified expression
of the membrane
in >10% of the o2t HER2-positive/ t
cancer cells® oex test- overexpression o
HER2 amplified*®

2025 Jun:10(6):105310. doi: 10.1016/j.esmoop.2025.105318pub2025 Jun 9.




Suggestedlow for analysis

Re-evaluation of
HER2 staining is
adviced on
archival material if

Latestavailable HER2Z2 score O
HER?2 test

New biopsyof
metastasis

Primarytumor
tissue

2025 Jun;10(6):105310. doi: 10.1016/j.esmoop.2025.10531Bpub2025 Jun 9.



f Assay
sensitivity

Comparison of HercepTest™ mAb pharmDx (Dako Omnis, GE001)
with Ventana PATHWAY anti-HER-2/neu (4B5) in breast cancer:
correlation with HER2 amplification and HER2 low status

Josef Riischoff' - Michael Friedrich' - Iris Nagelmeier” - Matthias Kirchner? . Lena M. Andresen’ - Karin Salomon’
Bryce Portiar*- SimoneT. Srdni*  Hans Ulrich Schildhaus'? - Bharat Jasani' - Marius Grzelinski' - Giuseppe Viale®

PATHWAY 4B5
0 1+ 2+ 3+ Total
0 35 0 0 35
g _ | 1+ 17 8 0 25
= =
o< 2+ 4 * 12 13 I 30
2 E
& 3+ 0 0 2 27 29
Total 56 20 15 28 119

* 2 amplified

% cases categorised as

HERZ.ow
(n=119 cases)
HercepTest 35%
4B5 19%

Rueshoff J, et al. Virchows Arch 2022



T o To I»

Summary: HERBw BC

Common and usually found in KbRsitive disease
At present, main role is to predict response to ADOXDH inmBC

Variable assay sensitivity, concordance, spatial and temporal heterogeneity for
HERZ.ow category with existing assays

Fornow, use of existing assays is advised with focused training on the full
spectrum of low HER2 expression

ASCO CAP HERZ2 guidelines 2023 Update https://doi.org/10.1200/JC0.22.02864
ESMQconsensu023 https://doi.org/10.1016/j.annonc.2023.05.008



TheEstrogerreceptor as a
prognostic/predictive marker

Risk of recurrence pr. year
N = 3,562 patients

Lin, N. U. et al. J Clin Oncol; 26:7885 2008

Copyright © American Society of Clinical Oncology




