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The breast

Luminal 
epitelial cells

Myoepitelial/basal cells



An assumed hierarchical relationship 
between the cell types

From Polyak, J Clin Invest 2007

Differentiation



Morphology based classification

• Invasive carcinomas of no special type, NST 
(previously known as “ductal”) – a wide specter

• Special type carcinomas
• Mixed carcinomas



Classification by morphology

Dieci, The Oncologist 2014



Morphology = phenotype!
“A phenotype is the ensemble of observable 

characteristics displayed by an organism”

Indolent behavior: Aggressive behavior:



Histological grade

Elston and Ellis, Histopathology, 1991



Grouping of breast cancer - 2020

Size, nodal 
involvement, 
metastases
TNM

AgeHistological grade ER/PgR/Ki67/HER2
Grade 1

Grade 2

Grade 3

Estrogen receptor, ER

HER2/erbB2

HER2/erbB2



St. Gallen consensus meeting 2015

• TNBC
• ER-/HER2+
• ER+/HER2+
• ER+/HER2-
– Low proliferation
– Intermediate 

proliferation
– High proliferation

Coates et al, Ann Oncol 2015



Revolution in technology reveals unknown 
biology

Stratton M. Science 2011



Molecular based classification

• Biomarkers/signatures for treatment prediction?
• Biomarkers/signatures recognizing biological 

distinct traits? 
• Genomic – transcriptomic – metabolomic –

proteomic features?
• Integrated approaches?
• Are they recapitulating already established 

classes…?
• What is the clinical implication?
• And are the designated class the same 

throughout the entire evolution of given cancer?
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Identification of biomarker/signatures for 
treatment prediction

Selected tumor samples Molecular markers with predictive or 
prognostic potential

Patient samples with same treatment, comparison of findings in 
responders vs. non-responders

Supervised analyses



Tumor samples Molecular markers for tumor 
classes

Patient samples regardless of treatment type, comparison of findings across all 
individual samples 

Identification of biomarker/signatures 
recognizing biological distinct traits

Unsupervised analyses



Treatment prediction Class identification

Needs validation in clinical 
prospective trial

Important for treatment 
stratification

Often restricted to a specific 
technology and specific 
algorithms

Only valid for a given treatment 
regimen and a selected patient 
group

Limited usefulness for 
identification of novel treatment 
regimens

Needs validation in clinical 
prospective trial

Important for treatment 
stratification

Often restricted to a specific 
technology and specific 
algorithms

Independent of treatment 
regimen, but needs to enter into 
“treatment prediction” trials

Aims at identification of novel 
treatment regimens



”70-gene profile”

”Recurrence score”

”Wound Response”



”Intrinsic classification”

559 clones representing 494 unique genes

Perou et al. Nature 2000
Sørlie et al. PNAS 2001



• 561 genes selected as 
most “intrinsic” for 
individual tumors 
before and after 
treatment

• Clustering of other sets 
of tumors by the 
expression of these 
genes group them into 
five main groups

Luminal A, Luminal B, 
HER2-enriched, Basal-
like and Normal-like.

Sørlie et al. PNAS 2001

Molecular subtypes by gene expression



Pathway differences - phenotypes

• Some pathways 
vary between 
subtypes

• Some pathways 
vary within 
subtypes

Bild et al., Breast Cancer Res 2009



Luminal breast cancer
Luminal A characteristics:
• ~60% of breast cancers 
• ER and PR positive 
• Tend to have low proliferation level
• Do not overexpress HER2 
• Includes ER positive special type cancers (tubular, mucinous) 
• High expression of hormone receptors and associated genes
• Respond to endocrine therapy 
• Good prognosis, a large subset are cured by surgery alone (of post menopausal patients) 
Luminal B characteristics:
• ~10% of breast cancers
• ER positive but can be PgR low
• High proliferation level
• Respond to endocrine therapy and chemotherapy
• Adverse prognosis if not treated appropriately



HER2-enriched and basal-like  breast 
cancerHER2- enriched

• Can be either ER+ or ER-
• HER2 pathway active
• Can have gain of HER2 (low level or high level)
• High proliferating
• Can have extensive immune cell infiltration
• Can respond to chemotherapy
• Very slim prognosis until HER2 target therapy was 

introduced (Trastuzumab)
• Dual-blockage is promising (to avoid resistance, i.e. 

relapse)
• NB: a HER2 enriched tumor can be clinically HER2 

negative…

ImmunoFISH:
Blue: DAPI (nuclear)
Green: HER2 protein
Yellow: HER2 gene probe
Light blue: Cent 17 probe

Basal-like: 
• ER-/PgR-/HER2-
• Frequently grade 3
• Solid growth
• High proliferation
• Can have extensive immune cell infiltration
• Can be positive for CK5/6, EGFR
• Can respond to chemotherapy



St. Gallen consensus meeting 2015

Coates et al, Ann Oncol 2015



Coates et al, Ann Oncol 2015

”Luminal A-like”

”Luminal B-like”

St. Gallen consensus meeting 2015

”Basal-like”
”HER2-enriched”
”Luminal B/HER2-like”

Still IHC phenotypes for diagnosis –
but luminal disease in need of more



Molecular based classification

• Biomarkers/signatures for treatment prediction?
• Biomarkers/signatures recognizing biological 

distinct traits? 
• Genomic – transcriptomic – metabolomic –

proteomic features?
• Integrated approaches?
• Are they recapitulating already established 

classes…?
• What is the clinical implication?
• And are the designated class the same 

throughout the entire evolution of a given 
tumor?



Similarities in phenotype....





...but different genotype!



Dutrillaux et al. Cancer Genet Cytogenet 1990

v

v

MDA-MB-157, From http://www.path.cam.ac.uk

DNA Translocations and copy number changes

Few alterations...

...many alterations

http://www.path.cam.ac.uk


Patterns of genomic rearrangements

• Breast cancer 
genomes 
show three 
main patterns 
of alterations

– simplex

– complex/saw
tooth

– complex/fires
torm

Hicks et al. Genome Res 2006

Simplex 
often Luminal

Sawtooth
often Basal

Firestorm
often LumB or HER2



Sequenced breast cancer genomes
- structural rearrangements

Stephens, Nature 2009



Centromere close translocations; gain and 
losses of whole chromosome arms

Coll. With A. Zetterberg, CCK, KI, Stockholm

Rye et al, Genes Chrom Cancer 2015



Class discovery by integrating DNA alterations and gene 
expression data 

• Extracting the genes where 
copy number change and 
gene expression are 
correlated (in cis)

• Best solution: 10 groups
• One group (flat) subdivided 

by ER status

Curtis et al. Nature, 2012

Russnes et al. Am J Pathology, 2017

Different genomic drivers across ER+ breast cancer



PAM50 – IntClust – DNA architecture

Russnes et al., Am J of Pathology, 2017

Luminal A Luminal B/HER2 Basal-like

NB: centroid classification has five dimensions!



Mutations - “Personal” profiles?

Stephens et al. Nature 2012

100 breast cancer samples, 40 genes -> a total of 73 different combinations of mutated genes!



A specter of DNA mutations

The cancer genome atlas (TCGA) 2012

Mutation load



Molecular based classification

• Biomarkers/signatures for treatment prediction?
• Biomarkers/signatures recognizing biological 

distinct traits? 
• Genomic – transcriptomic – metabolomic –

proteomic features?
• Integrated approaches?
• Are they recapitulating already established 

classes…?
• What is the clinical implication?
• And are the designated class the same 

throughout the entire evolution of a given 
tumor?



Coates et al, Ann Oncol 2015

”LumA-like”

”LumB-like”

”intermediate group”

Yes – but clearly adding more!
Luminal breast cancer

Multiparameter molecular marker needed



Luminal disease is defined as a spectrum

Several validated molecular multimarker tests predict 
prognosis and/or therapy response: 

• Oncotype Dx

• Mammaprint

• BCI

• IHC4

• Rotterdam signature

• Prosigna (PAM50 ROR)

• Endopredict

• Mammostrat

• MammaTyper

• …but Ki-67 is easy and cheaper



From intrinsic subtypes to PAM50 to 
Prosigna

• PAM50: 5 subtypes (Parker et al. JCO 2009)

• Prosigna™ Breast Cancer Prognostic 
Gene Signature Assay on the nCounter® 
Dx Analysis System (Nanostring)
4 subtypes and ROR score

• Assignment of subclass by centroide
correlation

Sørlie, Perou et al PNAS, 2001



PAM50/Prosigna: Risk of relapse (ROR) predictions using a 
test set of node-negative, no systemic therapy patients. 

Joel S. Parker et al. JCO 2009;27:1160-1167

©2009 by American Society of Clinical Oncology



NanoString nCounter Analysis System

• Not PCR based – suited for RNA from FFPE
• Can be run as both a research instrument and a 

diagnostic instrument (black box)
• Up to 800 genes (can do DNA and protein as well)



Challenge: regional intra tumor heterogeneity

Tumor area selection by three pathologists:

Morphology is of importance: the 
selection of area can determine use 
of adjuvant chemotherapy or not!

Luminal A
ROR: 39

Intermed. 
risk

Luminal A
ROR: 37

Intermed. 
risk

Luminal A
ROR: 47
High risk

Patolog 1

Patolog 2

Patolog 3

Prosigna score:



The diversity of Basal-like tumors



Molecular pathways enriched in the four groups



The diversity of HER2+ tumors

HER2+ tumors 
probably do not have 
a common etiology

Ferrari et al., Nature Comm. 2016



Diagnostic challenge: ER status by molecular multimarker test

Tumor area selection by three pathologists:

Basal-Like
ROR: 61 

High Risk

Basal-Like
ROR: 62 

High Risk

Basal-Like
ROR: 62 

High Risk

NB: Not ER+ by gene PAM50, and 
medullary BC is most frequently ER-



Molecular based classification

• Biomarkers/signatures for treatment prediction?
• Biomarkers/signatures recognizing biological 

distinct traits? 
• Genomic – transcriptomic – metabolomic –

proteomic features?
• Integrated approaches?
• Are they recapitulating already established 

classes…?
• What is the clinical implication?
• And are the designated class the same 

throughout the entire evolution of a given 
tumor?



Weichmann et al. 
Cancer 2008 

Pre-invasive disease:
Many different 
histological appearances 
with uncertain 
relationship…



Heterogeneity and evolution
- disease progression

Navin, Genome Biol 2014

At what time point can metastatic potential be revealed?
Prediction of therapy response?



Development and standardization of protocols and assays for cell-free tumor DNA 
detection in peripheral blood

Liquid biopsies

• Promising for monitoring 
neo-adjuvant treatment

• Promising in metastatic 
setting

• But need many markers or 
NGS based tests

• NB: value of circulating 
cells (CTC) or disseminated 
cells (DTC) needs to be 
considered



Molecular classification of 
breast cancer 

2019, ASCO Educational book:



Russnes et al., Am J of Pathology, 2017



Tusen takk!


