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Why do we need a classification?

Aim 1: Diagnosis

Aim 2: Prognosis

Aim 3: Prediction



Breast cancer diagnosis is morphological









Breast cancer diagnosis is morphological
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PCad



Molecular results without pathology can be 
messy...
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Precision Medicine
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Histological types of breast carcinoma







Breast cancer classification and prognosis



Breast cancer classification and prognosis



Breast cancer classification and prognosis







Oncotype DX and PAM 50 approximately split 

this group in half when classified as low risk 

RS (56%) and Luminal A (63%) approximately.

Breast cancer classification and prognosis



Gene expression is the technical term to describe 

how a particular gene is active, or how many times 

it is expressed or transcribed, to produce the 

protein it encodes.

Gene-expression profiling 

(microarray-based)





LUMINAL A: ER+/PgR+/HER2-

LUMINAL B: ER+/PgR+/HER2+and or Ki67+

HER-OE: ER-/PgR-/HER2+

BASAL-LIKE:ER-/PgR-/HER2-/Basal Markers

CLAUDIN-LOW:ER-/Pg-/HER2-/Claudinlow
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Molecular Classification of Breast Cancer
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Molecular Classification of 

Breast Cancer



ER/PR HER2 PCad CK5 EGFR CK14
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IHC TRANSLATION OF 

MOLECULAR CLASSIFICATION



Luminal A

ER PR HER2 MIB1

Luminal B

ER PR MIB1HER2

ER Positive Breast Cancer









Ki-67



• Derived from ER, PR and Ki-67? 78% Yes

• If used the minimum value of Ki-67 required for Luminal B-like is:

• 1-13%: 2.3%

• 14-19%: 13.6%

• 20-29%: 36.4%

• 30% or more: 6.8%

• Ki-67 should not be used for this distinction: 20.5%

• Abstain: 2.3%

• Only appropriately determined by multi-gene classifiers? No 66.7%

• Subtype need not be determined since it can be replaced by risk socres derived from

multi-gene tests: No 59.5%

St Gallen Conference 2015

Distinction between Luminal A-like and Luminal B-like (HER2 neg) can be:





“ER-positive” breast carcinomas 

Do we still need a morphological

classification?

Tubular carcinoma Lobular carcinoma IDC Grade III



HER 2- OE BREAST CANCER

HER 2 +

HER2 IHC HER2 SISH



HER2



1994





• Tumour cells negative for ER,PR and HER2

• 10 to 15% of sporadic breast cancer cases

• Characteristics include:

• higher prevalence among premenopausal African-American patients

• high nuclear grade and proliferative indices

• frequently abnormalities on p53 and BRCA 1 genes

• chemosensitive but poor prognosis

• peak risk of recurrence is between first and third years and the 

majority of  deaths occur in the first 5 years following therapy.

Triple-negative breast cancer



ER PR

HER2 CTRL-HER2



• There is still no internationally accepted definition for basal-like 

breast cancers and how best to define these tumours is a 

matter of controversy and ongoing debate.



COMPREHENSIVE MOLECULAR PORTRAITS OF HUMAN BREAST TUMOURS

Nature 2012

Basal-like breast carcinomas



Not all TN are basal-like!

97 TNBC (IHC)

88 (91%) Basal-like

9 (9%) Others

Kreike B et al. et al. BCR 2007



There are limitations to use IHC for Receptors

as Surrogates for Molecular Subtype



TRIPLE-NEGATIVE TUMOUR



• False-positivity or false-negativity of the IHC-based assays for determining HR 

and HER2 status, because these tests are challenged by interlaboratory and 

intermethod discordance rates.

• Assessment in different areas of the tumour ? Unlikely that two different 

subtypes coexist in the same tumour enough to explain the discordance rate.

• Gene expression measures a large number of related genes, compared with 

the 3 individual biomarkers used to define TN disease. For example, a TN 

tumour that has low levels of ESR1 and PGR might be luminal due to the 

expression of other luminal-related genes (GATA3 and/or FOX1A).

TN and basal-like definitions should not be considering 

synonymous because considerable 

discordance exists (~25%)





ER NEGATIVE TUMOURS



• Gene expression profile classification revealed an 
heterogeneous group of breast malignancies:

– Basal-like (EGFR and/or CK5/6 and /or CK14 and/or PCad)

– Claudin-low (low/absent expression of adhesion 
molecules)

– Molecular apocrine

– Other intrinsic molecular subtypes

– Normal-breast like (normal adipose tissue and other non 
epithelial and basal epithelial) ???  

Triple-negative breast cancer 

is a heterogeneous clinical entity



Claudin-low carcinomas

New molecular subgroup, sorted from the triple negative breast cancer group

•Low expression of genes involved in tight 

junctions and cell-cell adhesion: 

•Claudins 3, 4, 7, 

•Occludin

•Ecadherin

•Low expression of luminal genes, 

•Inconsistent basal gene expression

•High expression of lymphocyte and

endothelial cell markers

2010



MBCs and Claudin-low tumors present similar 

transcriptional profiles and are enriched in stem cell 

characteristics

CD44+/CD24-/low 

phenotype





Molecular Apocrine



Histology of Basal-Like Cancers

Identified By Expression Profiling

• Histologic grade 3 (100%)

• Solid architecture

• No tubule formation, high density of cells with no 

intervening stroma

• Pushing border (61%)

• Stromal  lymphocytic infiltrate (56%)

• High mitotic rate (100%)

• Geographic zones of necrosis (74%)

• Medullary-like features

• (Central fibrotic/acellular zone)

• (Little or no associated DCIS)





“Triple-Negative” breast carcinomas 

Do we still need a morphological

classification?



Breast cancer classification

Russnes et al. JCI 2011



The genomic and transcriptomic architecture 

of 2,000 breast tumours reveals novel 

subgroups

Curtis C et al. Nature



Integrative clusters and survival

ER+/LumB

BASAL

HER2

The open question:

How can we integrate these subtypes into 

daily clinical work?





DNA

Overview of all 

genomic variation

High-throughput DNA sequencing

Are the batteries included?







Massively Parallel Sequencing-based 

studies of Breast Cancer

• The collection of genetic aberrations found in breast cancer is complex with a 

limited number of genes that are frequently mutated in unselected cases.

• The number of genes mutated in small minorities of breast cancer is vast.

• The repertoire of mutations in luminal and basal-like breast cancer is rather 

different.

• There is no gene or mutation that defines a subtype of breast cancer.

• These studies led to the identification of novel driver genes and that genes that 

encodes ER alpha (ESR1) and HER2 can be targeted by activating mutations.



• GEP studies have provided significant advances in the molecular 

classification and prognostication of breast cancer, and has given 

new insights regarding therapeutic prediction.

• The clinical management of patients is still based on the 

assessment of morphology, ER,PR, HER2 and Ki67.

• New avenues for discovering and validating prognostic and 

predictive biomarkers are being developed through NGS 

approaches.

Molecular Classification

Conclusions



Breast Cancer: prognostication 

and therapy prediction

First Generation

Gene Signatures

Systemic Therapy

Second Generation

Gene Signatures

Predictive gene signatures

Novel avenues for 

prognostication and therapy 

prediction
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MASSIVE PARALLEL SEQUENCING



Taxonomy dilemma: lumpers vs splitters

• “Those who make many species 

are splitters, and those who 

make few are the lumpers”.

• In Medicine, this divide is 

exacerbated when a clear 

mechanistic understanding of a 

disease entity is incomplete.





HRHR

HR0 (ER-AR-VDR-)

HR1 (ER+,VDR+, or AR+)

HR2 (ER+AR+,AR+VDR+ or ER+VDR+)

HR3 (ER+VDR+AR+)



Examination of 3,157 human breast tumors revealed that these HR subtypes were 

distinct from the current classification scheme, which is based on ER,PR and 

HER2. Patient outcomes were best when tumors expressed all three hormone 

receptors (HR3) and worst when they expressed none (HR0)



• There will be no morphology 
versus molecular but 
personalized medicine is based 
on a combined morphological-
molecular pathology report 
including classical morphology 
(HE/IHC/ISH) and diverse 
molecular analyses.

Balancing between classic morphology 

and molecular classification



Where are we today

(at least at our Institution)?

• ER, PR and HER2 status are the major drivers of clinical decision 

making regarding the type of systemic therapy.

• These 3 biomarkers in conjunction with histologic grade/mitotic 

count could be used to infer luminal, HER2 and TN subtypes .

• But given current options for systemic therapy, need to sub-

classify beyond ER,PR and HER2 in clinical practice is debatable.

• Clinicians are increasingly thinking about breast cancers by 

their molecular subtype.




