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Agenda

• Immunohistochemical biomarkers for
– Diagnostics

• Benign Hyperplasia and Atypical Ductal Hyperplasia
• Ductal Carcinoma in Situ and Lobular Carcinoma in Situ
• Carcinoma In Situ and Invasive Carcinoma

– Invasive Carcinoma
• Histological subtypes
• Prediction/Prognosis

– Estrogen Receptor
– Progesteron Receptor
– HER2
– Ki67

– Intrinsic subtype classification by surrogate
biomarkers
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Normal Breast
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TDLU (terminal 

duct lobular unit )
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Breast tumours according to age



Breast cancer: Incidence and mortality
Denmark 



Diagnostic Immunohistochemical
Markers

Epitelial markers Myoepitelial markers

• smooth muscle myosin 
(SMMS1),

• Ck14
• p63
• CK5
• CK 5/6

• Basal membrane collagen 
IV

• CK8,18,19 (epithelium)

• Cytokeratin 7

Breast

• E- Cadherin

• Mammaglobin

• GCDFP15

• GATA-3

• Androgen Receptor

• Nestin



Immunohistochemical biomarkers for
diagnosis

Benign ductal hyperplasia (UDH) CK14 and or CK5/6
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Atypical ductal Hyperplasia



Atypical Ductal Hyperplasia

CK14 P63
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Always apply more than one immunohistochemical marker for myoepithelial cells



Ductal Carcinoma In Situ

CK14  Ductal Hyperplasia (UDH) CK14  Ductal Carcinoma In Situ
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Invasive Carcinoma
i.e. SMMS-1

In situ normal

invasive

present
Not present

Detecting ”presence”      Detecting ”absence”



E-cadherin: Cell Adhesion Molecule

Loss of E-Cadherin

Lobular Carcinoma in situ



E-Cadherin
Cell adhesion molecule

Loss of E-Cadherin in 90% of
Invasive lobular Carcinoma

E-Cadherin positive
Invasive Ductal Carcinoma
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Invasive Breast Cancer
Histological Subtypes

• Ductal : up to 80%

• Lobular: 5 - 14%

• Tubular: 2 - 8%

• Mucinous: 2 - 4 %

• Apocrine: 1 – 4%

• Papillary 1 – 2%

• Other
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Tubular Carcinoma

Mucinous Carcinoma



Agenda

• Immunohistochemical biomarkers for
– Diagnostics

• Benign Hyperplasia versus Ductal Carcinoma In Situ

• Ductal Carcinoma in Situ versus Lobular Carcinoma in Situ

• Carcinoma In Situ versus Invasive Carcinoma

– Invasive carcinoma
• Ductal versus Lobular

• Prediction/Prognosis
– Estrogen Receptor

– Progesteron Receptor

– HER2

– Ki67

– Intrinsic Subtype Classification
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Science, Vol 235, 1987



HER2 targeting has changed the natural history of HER2-
positive advanced breast cancer

Dawood et al, J Clin Oncol 28;92, 20091991-2007



There are four receptors in the HER 
family 

Adapted from 
Yarden Y & Sliwkowski MX. Nat Rev Mol Cell Biol 2001; 2:127–137.

Receptors are able to homo- and heterodimerise

HER1/EGFRHER4 HER2HER3

EGFR, epidermal growth factor receptor; HER, human epidermal growth factor



HER2  Algoritm

Breast cancer specimen

(invasive component)

IHC ISH

0 1+ 2+ 3+

ISH Trastuzumab 

therapy

- +

Trastuzumab 

therapy

- +

Trastuzumab 

therapy



Two different assays

• IHC is an assay at the single-cell level

– It will detect even an individual positive cell

• ISH is a population-based assay (mean
number of gene copies/cell evaluated by 
scoring 20-60 cells.)

– The final result depends on the number of gene 
copies of the amplified cells after dilution by non-
amplified cells





HER2 Testing IHC
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www.asco.org/guidelines/ © American Society of Clinical Oncology®. All rights reserved. 



HER2 Testing by Dual Probe
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www.asco.org/guidelines/ © American Society of Clinical Oncology®. All rights reserved. 



HER2 Testing Single Probe ISH
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www.asco.org/guidelines/ © American Society of Clinical Oncology®. All rights reserved. 



HER2
IHC

G



HER2 2+ basolateral staining
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HER2 FISH 

Green: :centromere  
chromosome 17

Red : HER2 gene 



HER2 Gene/Protein Assay

HER2 amplified and HER2 IHC 3+



Intratumour heterogeneity HER2 
Breast

HER2 Gene/Protein Assay
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The oestrogen receptor as a prognostic marker
Shift from prognostic to predictive!!

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



Relevance of measured ER and PR status on the effects of about 5 years
of tamoxifen on the 10 year probability of recurrence (EBCTCG)

Lancet. 2011 August 27; 378(9793): 771–784. 



Interpretation of ER IHC

ER positive > 80% of breast carcinomas
Cut off ≥ 1% 



Interpretation of PgR IHC
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Aromatase-inhibitor

Androgenes
Testosteron

Androstendion

16-OH-testosteron

Aromatase

inhibitor Oestrogenes
Østradiol

Østron

Inhibit synthesis of oestrogens
in postmenopausal women



Østrogen

Tamoxifen



Receptor status - Denmark
ER + :  86 % 

ER -

HER2 + : 14 %

HER2 -

ER and HER2 negative: 10%

E-Cadherin

Invasivt

lobulært

karcinom



Neoadjuvant treatment

Breast Cancer Res Treat (2012) 135:29–37



Tumor characteristics and 
association with pCR

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



pCR

HER2 IHC

Core needle biopsy Post treatment - surgery



Breast cancer – Molecular intrinsic subtypes

Endocrine

Dependent

Favorable 

Prognosis

Chemo Resistant

Endocrine

Independent

Unfavorable

Prognosis

Chemo Sensitive

Lum A Lum B
HER2-

enriched

Basal-

like



Komplet patologisk respons
Sammenligning af IHC definerede grupper og molekylære subtyper
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St Gallen International Expert Consensus 2015
Annals of Oncology 00: 1–14, 2015

doi:10.1093/annonc/mdv221
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Concordance with PAM50



Gene profile predicts late recurrence

N= 940

J Natl Cancer Inst. 2013 Oct 2;105(19):12.
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Available genomic tests



A survey for IHC markers for basal like breast cancer against a gene 
expression gold standad

Won J et al.
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Tumor heterogeneity
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Tumour 1 Tumour 2

ER ER

HER2 HER2
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Analysis of ER and HER2 in metastatic lesions

• ER discrepancy: 12 – 29%, 
often with loss of receptor

• HER2 discrepancy: 6 – 20%, 
often with gain of HER2+

Limitations:

• Many ”pathology chart review” 
studies, did not re-analyse 
tumor samples 
(methodological variation)

• Prospective studies:
-Biopsy had treatment
consequence in 15-20% 
-Benign disease/other
malignancies in 14% 

Slide courtesy of Jeanette Dupont Jensen. Department of Oncology, Odense University Hospital, Denmark



American Society of Clinical Oncology/College of American Pathologists Guideline 
Recommendations for Immunohistochemical Testing of: 

Estrogen and Progesterone Receptors (Arch Pathol Lab Med. 2010;134:e48-e72 ) and
HER2 (ahead of print at www.jco.org on October 7, 2013) in Breast Cancer 

()

• Preanalytical standardization
– Fixation

• Analytical standardization
– Antibody/Antigen Retrieval/Detection Systems
– Control samples

• Postanalytical standardization
– Interpretation
– Cut-off level
– Internal quality control
– Tissue / Material
– Image Analysis

• Participation in quality assurance programs
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