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Breast cancer mortality 
at ages 
35-69

DENMARK 1951-2020, SWEDEN 1952-2020, UK and 
USA 1950-2020

Population based data reveals markedly 
improved breast cancer outcomes in UK, 
USA, Sweden and Denmark Slide courtesy
Jonas Berg 

Female breast cancer is the second leading 
cause of global cancer incidence in 2022, 
with an estimated 2.1-2.3 million new cases. 

The disease is the fourth leading cause of 
cancer mortality worldwide, with 666,000 
deaths 

Bray F, et al. CA Cancer J Clin. 2024 
MayJun;74(3):229-263).

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

* Mean of annual rates in the 7 component 5-year age groups Source: WHO mortality & UN 

population estimates

markedly improved breast cancer outcomes



Currentriskstratificationmarkers in earlybreast
cancer (Denmark)

ÅAge
ÅAnatomicfeatures
ïSize, NodalStatus

ÅMolecular features
ïER, HER2, 
ïGrade, 
ïhistologicalsubtype

ÅGenomicfeatures
ïPAM50

ÅFunctionalmarkers
ïpCR, Residual Cancer Burden
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Treatmentstratificationbiomarkers in the metastaticsetting
(Denmark)

ÅMolecular features

ïER, 

ïHER2

ïPD-L1

Additional biomarkers for treatment

allocation with i.e.

Inavolisib (PIK3CA mutation)

Elacestrant (ESR1 mutation)

Capivasertib (PIK3CA, AKT, PTEN)
Brufsky AM. Oncologist 2018 May;23(5):528-539.



Agenda
ÅImmunohistochemicalbiomarkersfor
ïDiagnostics
ÅBenign Hyperplasiaand Ductal Carcinomain Situ
ÅDuctal Carcinomain Situ and Lobular Carcinomain Situ
ÅCarcinomaIn Situ and Invasive Carcinoma

ïHistologicalsubtype classification
ÅMalignantbreast tumors

ïPredictive/Prognosticmarkers
ÅEstrogenReceptor 
ÅProgesteron Receptor
ÅHER2 and HER2 low status
Å(Ki67)
ÅPD-L1/sTILs
ÅAdditionalmolecularanalyses (prognosticgene 

profiling/mutationalanalyses)
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TripleTest
Diagnosticapproach ςBreast Tumours

Triple

diagnostics

Physicalbreast 
exam/

Palpation

Radiology

Mammography

Ultrasound Pathology

Coreneedlebiopsy
or Fine needle

aspiration
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Terminal duct lobular unit = TDLU

Normal breast 

glandular tissue



Epithelialcellswith specific
immunohistochemicalphenotype
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Luminal markers (LMW):

CK7, CK8, CK18, CK19

Myoepithelial markers:

Myo: p63, SMA, CD10, SMMHC*

Cytokeratins (HMW): CK5, CK14, 

CK17

*Smooth musclemyosinheavy chain



Benign hyperplasia
Positive stainingfor myoepitelialcells

CK5

P63



Differentiation betweenductalcarcinomain situ and 
invasive carcinoma

i.e. SMMHC*

In situ

normal

invasive

present Not present

Detectingòpresenceò      Detectingòabsenceò

* Smooth musclemyosinheavy chain, as detectedwith cloneSMMS-1



Carcinomain situ

ÅDuctal carcinomain situ ÅLobularcarcinomain situ
Å Non obligate precursor
Å Incidence 0.5 ï3.6%
Å Often incidental finding
ÅMultifocal and often bilateral
Å Slowly proliferating lesions
Å Observation / screening

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

ÅMicrocalcifications
Å Risk of progression to invasive 

carcinoma
Å Surgery with free margins (2 mm)
Å Radiation therapy after breast 

conserving surgery

Necrosis



E-cadherin: Cell Adhesion Molecule

Loss of E-Cadherin

Lobular Carcinoma in situ

Terminal duct lobular unit



Classificationof malignanttumors of the breast 
WHO bluebooks

Histologicalsubtypes (>20)

ÅDuctal : up to 80%

ÅLobular: 5 - 14%

ÅTubular: 2 - 8%

ÅMucinous: 2 - 4 %

ÅApocrine: 1 ς4%

ÅPapillary1 ς2%

ÅOther
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HistologicalSubtypes

DuctalCarcinoma(Invasive carcinomaof no 
special type) LobularCarcinoma
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E-Cadherin
Celladhesionmolecule

Lossof E-Cadherinin 90% of

Invasive lobular Carcinoma

E-Cadherinpositive

Invasive Ductal Carcinoma

16
CDH1 (16q22.1) loss of function mutation or deletion resulting in loss of the 

adhesion molecule E-cadherin



P120 catenindislocatedto the cytoplasmin lobularcarcinoma(ILC)
A supplement for classificationof lobularneoplasia
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Lobular cancer - not candidate for neoadjuvant chemotherapy

Low proliferating tumors, often luminal A molecular subtype

Normal duct
Cytoplasmic

Staining ILC



Tumor characteristicsand association with pCR
Neoadjuvantchemotherapy(NACT)

Cortazar et al. Lancet 2014; 384: 164-72

pCR: 7.8%

pCR: 50.3%



TNBC : 8-10% of primarybreast cancers

Å ER, PR and HER2 negative

Å Heterogeneousgroupof tumours

Å High grade 

Å Youngerage at diagnosis

Å Poorprognosis

Å Risk of germlinemutation (ie BRCA)



Tumor infiltrating lymphocytesand TNBC
TNBC is considered to 
be the most 
immunogenic breast 
cancer subtype, with a 
higher median number 
of tumor-infiltrating 
lymphocytes (TILs), 
PD-L1 expression, both 
markers associated 
with tumor 
microenvironment 
(TME) immune activity.

Level 1B evidence / 
prognostic marker

Loi, S., et al., Tumor-Infiltrating 
Lymphocytes and Prognosis: A Pooled 
Individual Patient Analysis of Early-Stage 
Triple-Negative Breast Cancers. J Clin
Oncol, 2019. 37(7): p. 559-569.



Triple-Negative Breast Cancer Histological Subtypes with a Favourable
Prognosis

Figure1

High grade IDC

The majorityof TNBC are invasive ductalcarcinomas(IDC) ςFigure1
Rare special histological subtypes are low proliferativetumourswith good
prognosisallthoughbeingtriple negative (Figure2 and 3).
Cserni G et al. Cancers 2021, PMID:34830849

Figure2 

Low grade adenosquamous
carcinoma(subtype of metaplastic 
carcinoma)

luminal (CK7, CK8) and basal (CK5, 
CK14) CKs and squamous 
(myoepithelial) markers p63 and 

p40.

Figure3 

Adenoid cysticcarcinomaof the 
breast. The cells of the epithelial 
component are positive for CK7, 

CK5/6, CK 8/18 and CD117. The 
myoepithelial /abluminalcells 
express p63, smooth muscle actin 

and basal CKs: CK5/6, CK14, CK17.



Prognosticand predictivebiomarkers
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The HER2 gene is located on17q21. and encodes the human epidermal 
growth factor receptor 2 (HER2), a transmembrane tyrosine kinase receptor



Targetingthe HER2 receptor
a) Herceptin targets the extracellular part 
of the HER2 receptor
b) Pertuzumabinhibits the potent HER2ς
HER3 interaction in the presence of 
heregulin, which activates the PI3k/Akt 
signaling pathway.
c) ADCs: ex: T-DXd



ASCO CAP guidelines 
2007, 2013, 2018, Update 2023

HER2 SCORE ASCO/CAP 2007 ASCO/CAP 2013 ASCO/CAP 2018

0 No staining bƻ ǎǘŀƛƴƛƴƎ ƻǊ Җмл҈ ƻŦ ǘǳƳƻǊ ŎŜƭƭǎ 

with incomplete, faint or barely 

perceptible staining.

bƻ ǎǘŀƛƴƛƴƎ ƻǊ Җмл҈ ƻŦ ǘǳƳƻǊ ŎŜƭƭǎ 

with incomplete, faint or barely 

perceptible staining.

1+ Weak, incomplete membrane 

staining in any proportion of tumor 

cells.

>10% of tumor cells with 

incomplete, faint membrane 

staining.

>10% of tumor cells with 

incomplete, faint membrane 

staining.

2+ (equivocal) >10% of tumor cells with non-

uniform or weak, circumferential 

staining or intense membranous 

ǎǘŀƛƴƛƴƎ ƛƴ Җол҈ ƻŦ ǘǳƳƻǊ ŎŜƭƭǎΦ

>10% of tumor cells with 

circumferential, incomplete and/or 

weak to moderate membranous 

ǎǘŀƛƴƛƴƎ ƻǊ Җмл҈ ƻŦ ǘǳƳƻǊ ŎŜƭƭǎ ǿƛǘƘ 

circumferential, intense 

membranous staining.

>10% of tumor cells with complete, 

membranous staining.

3+ >30% of tumor cells with uniform, 

intense membranous staining.

>10% of tumor cells with 

circumferential, intense 

membranous staining.

>10% of tumor cells with 

circumferential, intense 

membranous staining.



HER2 interpretation BC 0

1+

2+

3+

ASCO CAP guidelines 2018
https://pubmed.ncbi.nlm.nih.gov/29846122/

FISH

HER2 Gene/Protein Assay

Dual ISH

N Engl J Med. 2022 PMID: 35665782
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DESTINY-Breast06



Suggestedflow for analysis

New biopsyof  
metastasis

Latestavailable

HER2 test

Primarytumor 
tissue

Re-evaluation of 

HER2 staining is 

adviced on 

archival material if

HER2 score 0 

Å.

2025 Jun;10(6):105310. doi: 10.1016/j.esmoop.2025.105310.Epub2025 Jun 9.



Rueshoff J, et al. Virchows Arch 2022

*

* 2 amplified% cases categorised as 

HER2-Low
(n=119 cases)

HercepTest 35%

4B5 19%

Assay
sensitivity



HER2 staining in normal tissue



cytoplasmic staining
Score=0



Summary: HER2-low BC

Å Common and usually found in HR-positive disease

Å At present, main role is to predict response to ADC (T-DXd) in mBC

Å Variable assay sensitivity, concordance, spatial and temporal heterogeneity for HER2-Low category with existing 
assays

ASCO CAP HER2 guidelines 2023 Update https://doi.org/10.1200/JCO.22.02864
ESMO consensus2023 https://doi.org/10.1016/j.annonc.2023.05.008



The Estrogenreceptor as a 
prognostic/predictive marker

Copyright © American Society of Clinical Oncology

Lin, N. U. et al. J Clin Oncol; 26:798-805 2008

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



2020 ςASCO CAP Update 
Hormonereceptors 

ER positive 86% of breast carcinomas (DK)

Cut offҗ м҈  
A sample is reportednegative for ER or PgRif < 1%  
of tumor cellnucleiare immunoreactive.

Limited data on the overall benefit of endocrine
therapiesfor patients with low level(1-10%) ER 
expression.  Reportedas ER low



Interpretation of PgR

36Heterogeneous expression



PD-L1 
in metastaticTNBC
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PD-L1 in breastcancer

Salgado R et al, Annals of Oncology 2014 Sep 11;26(2):259ï271.
Parvez et al, Front. Immunol. 14:1296341. doi: 10.3389/fimmu.2023.1296341Mellman et al, Immunity, Volume 56, Issue 10, 10 October 2023, Pages 2188-2205



PD-L1 analysisand reporting

Atezolizumab (anti-PD-L1) 

ImPassion130 

Assay SP142 

Pembrolizumab (anti-PD-1)

Keynote-355

Assay 22C3

PD-L1 is expressed on lymphocytes, 

macrophages, fibroblasts, tumour cells

Cortes et al. NEJM 2022; Schmid P et al: NEJM 2018 and Lancet Oncol

2020;  



Challenges PD-

L1

ÅReproducebility

ÅAssay sensitivity

ÅAssay

Interchangeable ?

ÅVarious

interpretation 

guidelines

ÅDifferent cut-off

levels



Additionalanalyses

Å Metastaticlesions
ï i.e. CK7, CK8/18 (if TNBC)
ï GCDFP
ïMammaglobin
ï GATA-3 (obs, onlyapp. 60% of TNBC positive)
ï TRPS-1 (higherpositivity rate in TNBC)
ï ER 
ï HER2 (re-analysis)
ï If indicatedNGS panel

Å Diagnosticadditionalbiomarkers
ï AndrogenReceptor (diagnosticfor aprocrinecarcinomaςpotential target for treatment in the metastatic

setting)
ï Synaptophysin+ other neroendocrinemarkers (neuroendocrinedifferentiation ςno treatment implication)
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In conclusion
IHC for diagnosticusein breast tumors

ÅA valuablesupplement for the diagnosisƻŦ έōŜƴƛƎƴ ǾŜǊǎǳǎ ƛƴ ǎƛǘǳέ 
ŀƴŘ έƛƴ ǎƛǘǳ ǾŜǊǎǳǎ ƛƴǾŀǎƛǾŜέ

ÅHistopathological classificationof malignantbreast tumors

ïTreatmentallocation(IDC vsILC)

ÅPrognosticand predictivefactors

ïAssay, interpretation and treatment

ïRepeatanalysison metastaticlesions
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