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1 Why molecular subtypes need to be
characterized ?

1 How is molecular characterization done ?

1 What is the molecular classification ?

1 Prognostic relevance of molecular classification ?
1 Predictive relevance of molecular classification ?
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OUR EMPHASIS- Early stage
Breast Cancer

1 CHALLENGE- Despite surgery, cytotoxic
chemotherapy, hormonal therapy, and/or
regional radiotherapy, ~ 30% of patients will
eventually experience disease recurrence

1 The biologic reasons for recurrence and
resistance to treatment are poorly understood

PREDICT CHANCES OF
RELAPSE
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Standard Prognostic Factors

1 Histologic subtype

1 Axillary lymph node status
1 Tumor size

1 Grade

1 Age

1 Comorbidities
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Histological classification of breast cancers
Breast Cancer

( In Situ Carcinoma ’ [ Invasive (infiltrating) Carcinoma ]

/\’\
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ENOUGH IN
2 ’ST
CENTURY??

This classification is based on
1. Nuclear Pleomorphism
2. Glandular/Tubule Formation
3. Mitotic Rate (per 10 HPF)



1 Historically, breast cancers were divided into
hormone receptor positive and negative
tumours.

1 Up to half of all hormone receptor positive
breast cancers do not respond to endocrine
treatment at initial presentation (intrinsic
resistance) or there is inevitable development
of resistance over time (acquired resistance)

Osborne CK. Tamoxifen in the treatment of breast
cancer. N Engl J Med 1998; 339: 1609e1 8.
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THUS, CLASSIFYING BREAST
TUMOR HISTOLOGICALLY AND
ON HORMONE SENSITIVITY IS
IMPORTANT BUT NOT
SUFFICIENT
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NATURE VOL 406 | 17 AUGUST 2000 | www.nature.com

letters to nature

Molecular portraits of They characterized variation in gene
human breast tumours expression patterns in a set of 65

Charles M. Perou*t, Therese Serlie '+, Michael B. Eisen*, surgical specimens of human breast
Matt van de Rijns, Stefanie S. Jeffreyl, Christian A. Rees*, . . .

Jonathan R. Pollack9, Douglas T. RossY, Hilde Johnseni, tumours from 42 d Iffe rent | nd IVId ual S’
Lars A. Akslen#, Bystein Fluge::, Alexander Pergamenschikov*, usin g comp leme ntary DNA mic roarrays
Cheryl Williams*, Shirley X. Zhus, Per E. Lenning**, ;

Anne-Lise Borresen-Dalet, Patrick 0. Brown$+ & David Botstein* representing 8,102 human

genes.

The tumours show great variation in their patterns of gene expression.

2. This variation is multidimensional; that is, many different sets of genes

show mainly independent patterns of variation.

3. These patterns have a pervasive order reflecting relationships among

the genes, relationships among the tumours and connections between
specific genes and specific tumours.
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Molecular classification of breast cancers
[ Breast Cancer ]

ER’, Claudin- -
3/4/7°%, vimentin®, [C|all.lzd;ln4tl)_/ow]
E-cadherin'o¥, Zeb1* (12-14%)

Luminal B ERlow Her2low
(~20%) proliferationhigh

K5/14*,EGFR*

ER, PR, Her2,| | Basal Like
(15-20%)

Luminal A ERNigh,
(~40%) Her2low

[Herz enriched] Normal Breast

(10-15%) Like

Her2*,
ER-

Adipose tissue
gene signature*




Molecular subclasses of breast cancer: how do we
define them? The IMPAKT 2012 Working Group
Statement’

S. Guiu', S. Michiels?, F. André®*, J. Cortes?, C. Denkert®, A. Di Leo®, B. T. Hennessy’, T. Sorlie®,
C. Sotiriou®, N. Tumer'®, M. Van de Vijver'!, G. Viale'?, S. Loi'®" & J. S. Reis-Filho'

Luminal A ‘Luminal A’ 73%-100%
ER and/or PR positive
HER2 negative
Ki-67<14%

Luminal B ‘Luminal B (HER2 negative)’ 73%-100% . o
ER and/or PR positive Evaluated the analytical validity,

HER? negative clinical validity and clinical

Ki-67 >14% utility of two approaches.
‘Luminal B (HER2 positive)’
ER and/or PR positive
Any Ki-67
HER2 over-expressed or
amplified
HER2-enriched ‘HER2 positive (non-luminal )’ 41%-69%
HER2 over-expressed or
amplified
ER and PR absent
Basal-like “Triple negative’ 80%
ER and PR absent Annals of Oncology 23: 2997-3006, 2012

HER2 negative doi:10.1093/annonc/mds586
R 09090909090 0




Intrinsic Subtype (1) Clinico-pathologic definition

Luminal A ‘Luminal A’
ER and/or PgR positive(76)
HER2 negative (77)

*

Ki-67 low (<14%)

Luminal B” ‘Luminal B (HER2 negative)’

ER and/or PgR positive
HER2 negative
Ki-67 high

‘Luminal B (HER2 positive)’
ER and/or PgR positive
Any Ki-67

HER2 over-expressed or amplified

Erb-B2 overexpression  ‘HER2 positive (non luminal)’
HER?2 over-expressed or amplified
ER and PgR absent

‘Basal-like’ “Triple negative (ductal)’
ER and PgR absent
HER?2 negative

Goldhirsch et al. Ann Oncol June 2011

. St Gallen 2011



Characteristics of molecular subtypes of breast cancer

ER division  Molecular Subtype HER 2 by Ki-67 IHC

IHC/ISH
ER-positive  Luminal A® HER2— Low
Luminal B* HER 2—/+  High
ER-negative  HER2 HER2+ High
Basal-like HER2— High
Molecular apocrine  HER2-— High
Claudin-low HER2— High
Interferon-related HER2— High

Histological
Grade

1or2

2or3

2or3

2or3

3

Additional features

Luminal cytokeratin +;
E-cadherin +/—
Luminal cytokeratin +;
TP53 mutations
TP53 mutations

Basal cytokeratin +;
TP53 mutations

DNA repair loss;
EGFR +/—; KIT +/—
Androgen receptor +
Cancer stem cell-like;
EMT-like;

E-cadherin low
STAT1

Common histological types

IDC-NST; classic lobular; tubular;
mucinous; neuroendocrine; Cribriform
IDC-NST; micropapillary

IDC-NST; apocrine; micropapillary;
pleomorphic lobular

IDC-NST; medullary; metaplastic;
adenoid cystic; secretory

IDC-NST; apocrine; pleomorphic lobular
IDC-NST; medullary; metaplastic

IDC-NST; medullary

Here the most frequent molecular subtypes are given for each special type and also, the most likely ER, HER2 and Ki-67 profile.
* Luminal A and luminal B tumours may represent part of a continuum rather than disaete subgroups.




Ki67 Index, HER2 Status, and Prognosis of Patients
With Luminal B Breast Cancer

Maggie C. U. Cheang, Stephen K. Chia, David Voduc, Dongxia Gao, Samuel Leung, Jacqueline Snider,
Mark Watson, Sherri Davies, Philip S. Bernard, Joel S. Parker, Charles M. Perou, Matthew J. Ellis,
Torsten O. Nielsen

Oxford Journals Medicine

JNCI | Natl Cancer Inst
Volume 101, Issue 10,2009

Pp. 736-750.
Classification of the luminal subtype using a four-marker immunopanel
Subtype ER status PR status HER2/neu status Ki-67 proliferation index
Luminal A Positive and/or Positive Negative Low; < 14%
Luminal B Positive and/or Positive Negative High; > 14%

Luminal-Her2/neu Negative Negative Positive High




Luminal A

1 Express ER
17 Most common.

1 Luminal A possess a higher expression of the
ER and oestrogen-associated genes ESR1,
GATA3 and FOXAI

1 Do not express HER2/neu
1 Ki-67 proliferation index- low

1 Luminal A tumours are associated with a
petter prognosis
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Luminal B

1 Express ER

1 Variable HER2/neu expression

1 Increased frequency of TP53 mutations
1 Ki-67 proliferation index- high

1 Luminal B tumours are associated with worse
orognosis compared to Luminal A
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Basal-like subtype

1 Hormone receptor (ER and PR) and HER2/neu
receptor negative

1 Expression of genes associated with myoepithelial
cells: KRTS (keratin 5), KRT17 (keratin 17), CNNT
(calponin 1), CAV1 (caveolin) and LAMB1 (laminin)

0 Aggressive with a poorer disease-free and overall
survival than the other breast cancer subtypes
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HER2/neu over-expressing
subtype

1 Increased expression of genes located in the same
region on chromosome 17qg: human epidermal
growth factor receptor 2, ERBB2, and growth factor
receptor bound protein 7, GRB7

1 Associated with a high histological grade, low
expression of ER and PR

1 Poor clinical outcome.
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0 In the past decade, microarray-based gene
expression profiling has been extensively
applied to the study of breast cancer.

- Metastatic propensity (Wang et al., 2005; van’t Veer
et al., 2002; van de Vijver et al., 2002)

- To identify signatures associated with prognosis
(Sotiriou et al., 2006; Wang et al., 2005; van’t Veer
et al., 2002; van de Vijver et al., 2002)

- Response to therapy (Potti et al., 2006).
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Different molecular subtypes were associated with distinct clinical
outcomes (Sorlie et al., 2001).
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Prognostic relevance of molecular
assification




Table 2 Multigene parameters in breast cancer

Number
Gene of genes
signature assessed Tissue Application Trials
MammaPrint 70 Fresh frozen Prognostic for recurrence within 5 years in all MINDACT
node-negative and node-positive patients
Oncotype DX 21 FFPE Residual risk of DR in ER-positive patients treated TAILORX
with tamoxifen or Als; and predictive of
chemotherapy benefit in node-negative
ER-positive patients
Genomic-grade 97 Originally fresh frozen,  Prognostic, prediction of relapse in endocrine-
index validated for FFPE treated ER-positive breast cancer
Molecular grade 5 FEFRRE Predicts poor outcome despite endocrine therapy
index in ER-positive breast cancer
Rotterdam 76 Fresh frozen Prognostic for development of distant metastases
signature within 5 years

FFPE, formalin-fixed, paraffin-embedded; ER, estrogen receptor; DR, distant recurrence; Al, aromatase inhibitor.

Weigel MT, Dowsett M. Endocrine Rel Cancer 2010




Predictive relevance of
molecular classification

Goldhirsch et al. Ann Oncol June 2011. St Gallen

20 Tsbiype

‘Luminal A’

‘Luminal B (HER2 negative)’

‘Luminal B (HER2 positive)’

‘HER2 positive (non luminal)’

“Iriple negative (ductal)’

‘Special histological types™
NN Endocrine responsive

B. Endocrine nonresponsive

R

Endocrine therapy alone

Endocrine * cytotoxic therapy

Cytotoxics + anti-HER2 + endocrine therapy

Cytotoxics + anti-HER2

Cytotoxics

Endocrine therapy

Cytotoxics
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