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Why do we need a classification?

Aim 1: Diagnosis
Aim 2: Prognosis

Aim 3: Prediction



Breast cancer diagnosis is morphological
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Breast cancer diagnosis is morphological
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Molecular results without pathology can be
Messy... ,, e
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Precision Medicine

New Accurate Tard etﬂd Improved

Taxonomy ' . - Health
—y Qlagnnms — g‘reatment- —~——
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Diagnosis is the foundation of medicine.
Accurately and precisely defining a patient’s

condition does not assure effective treatment,
but it is unequivocally the place to start.







Putative Model to explain

Breast Cancer Molecular Signatures
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Histological types of breast carcinoma
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WHO Classification of Tumours of

the Breast Type Classification
Precursor lesions
Ductal carcinoma in sito 850002
Wil ey Ml N, L, i/, 1, Wit Ml P D e, i 1, il Wi Lobular I'II:I.':-FllL'I‘.-iii'I
Lobular carcinoma in situ
Classic lobular carcinoma in situ 8520/2
Pleomorphic lobular carcinoma in situ 8519/2*
Atypical lobular hyperplasia
Intraductal proliferative lesions
Usual ductal hyperplasia
Columnar cell lesions including flat epithelial atypia
Atypical doctal hyperplasia
Papillary lesions
Intraductal papilloma 8503/0
Intraductal papilloma with atypical hyperplasia  8503/0
Intraductal papilloma with ductal carcinoma 8503/2*
in situ
Intraductal papilloma with lobular carcinoma 852042
in situ
Intraductal papillary carcinoma 850372
Encapsulated papillary carcinoma 85042
Encapsulated papillary carcinoma with invasion  8504/3
Solid papillary carcinoma
In situ 8509/2
Invasive 850973




Breast cancer classification and prognosis
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Breast cancer classification and prognosis







Histological classification of breast cancers
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Breast cancer classification and prognosis

Traditional Molecular
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Oncotype DX and PAM 50 approximately split
this group in half when classified as low risk
RS (56%) and Luminal A (63%) approximately.



Gene-expression profiling
(microarray-based)
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Gene expression patterns of breast carcinomas
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Molecular Classification of Breast Cancer
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Molecular Classification of
Breast Cancer
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ER Positive Breast Cancer

60 Sample ER+ Tamoxifen-Treated Test Set
ha et al., Cancer Cell 5, 1-10 {2004).
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Meta-Analysis — Gene signatures
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‘Luminal A-like

all of

ER and PgR positive

HER2 negative

Ki-67 low™

Recurrence risk “low” based on
multi-gene-expression assay (if available)”

[Luminal B ‘Luminal B-like (HERZ negative)'
ER positive
HERZ negative
and at least ome of:
Ki-67 ‘high’
PgR ‘negative or low’
Recurrence risk “high’ based on
mulli-gene-expression assay (if available)®

‘Luminal B-like (HER2 positive)’
ER positive
HER2 over-expressed or amplified
Any Ki-67

Any PgR

The cut-point between high® and “low” values for Ki-67 varies between
laboratories.” A level of <14% best correlated with the gene-expression
definition of Luminal A based on the results in a single reference
laboratory [ 23]. Similarly, the added value of PgR in distingnishing
between ‘Luminal A-like’ and “Luminal B-like" subtypes derives from the
work of Prat et al. which used a PgR cut-point of 220% to best
correspand to Luminal A subtype [24]. Chuality assurance programmes
are essential for aboratories reporting these results.

Luminal B-like' disease comprises Lhose luminal cases which ladk the
characteristics noted above for ‘Luminal A-like” disease. Thus, cithera
high Ki-67* value or a low PgR value (see above) may be used to
distinguish between ‘Luminal A-like" and ‘Luminal B-like (HER2
negative)'.

Erb- B2 overexpression ‘HER2 positive (non-luminal)'
HER2 over-expressed or amplified

ER and PgR absent

*Basal-like' ‘Triple negative (ductal)’
ER and PgR absent

HER2 negative

There is an 8% overlap between “triple-negative’ and intrinsic "hasal-like’
sublype. Some cases with low-positive ER staining may duster with non-
luminal sublypes on gene-expression analysis. "Trple negative’ also
includes some special histological types such as adenoid cystic
CATCinOma.




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, Jacqueling Snider,

Mark Watson, Sherri Davies, Philip 5. Bernard, Joel 5. Parker, Charles M. Perou, Matthew J. Ellis,

Tarstan 0. Mielsen

(A)

10

Predicting Luminal B

J Natl Cancer Inst 2009:101:736-750
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St Gallen Conference 2015

Distinction between Luminal A-like and Luminal B-like (HER2 neg) can be:
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Subtype need not be determined since it can be replaced by risk socres derived from
multi-gene tests: No 59.5%
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Digital image analysis outperforms manual
biomarker assessment in breast cancer
5

Gustav Stalhammar!=, NL].'-]UH Fuentes Mdl’llIH.r:I 4, Michael Ljppul" Nicholas P Tobin?,
Ida Melholm*®, Lorand Kis’?, Gustaf Rosin!, Mattias Rantalainen®, Lars Pedersen?,
Jonas Bergh!~4, Michael Grunkin® and ]nhan Hartman-+*

Kig 7 scoring method Sensitivity for PAMS0 Luminal B vs A Specificity for PAMS0 Luminal B vs A

DA invasive margin

Cutoff > 20% 84% 78%
Cutoff »20.2%* 82% 79%
DIA hot spot
Cutoff > 20% 90 % 65%
Cutoff > 25.2%* 86% 77%
“ DIA average
3 Cutoff >20% 60% 90 %
f'" . : Cutoff > 15.5%* 80% 83 %
urll. LS e i r"ﬂ' & -1 By
i B f AL hat nu
"h r..‘k.: e .'\I t Cutoff > 20% 75% 70%
’l ._ ﬁ .' i. Cutoff >22.5%* 74% 75%

-:;;‘ ~ep®, .,'rm%!' ;3‘;_



Do we still need a morphological
classification?

“ER-positive” breast carcinomas

Tubular carcinoma Lobular carcinoma IDC Grade III






H E RZ Invasive breast carcinoma processed with reliable pre-analytical procedures

| Score= 2+ |
EQUIVOCAL
Score= 0f 1+ gy T o .
NEGATIVE :‘ ‘h SRR Gt
Bt e e =t -
PRI g B v
E = '-'l T ko™ 5
-~ wn w __.:'-_ -
o b ﬁ-..; R o -.r‘?.'i
w N " %
- i W - W y
ISH TESTING
. . - |
*r-.-nhm PLIFIED ‘*Eﬂ.U‘I'LHJCﬂ.L r"'“‘l'r ED
* -  Reflex test
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mUtﬂt'_ﬂ" - Look for heterogeneity
analysis?

- Use an alternative test*®
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Large, Central Acellular Zones Indicating
Myoepithelial Tumor Differentiation in High-Grade
Invasive Ductal Carcinomas as Markers of
Predisposition to Lung and Brain Metastases

Hitoshi Tsuda, s, Teruko Takarabe, ©7., Fumio Hasegawa, s.7.,
Takashi Fukutomi, s.0., and Setsao Hirohasha, &0,

TABLE 3. Efact an patiord prognosis and preferantial metasiasis sfes of IDCs
with large central acallular Fones by Cox's univariale analysls modal

Mo, of WS 5%
with metastosis Fask confidence
%l ratic imaraal P valus®
A et
1. Matasiasis O any organ
Cases (n = 20) 13 (E5) 274 15685 0885 00066
Control subjects in = 40) 14 (3}
2 Brnin metastasis
Casos (n = 200 & (30 377 1141245
Control subjects (n= 40) 513
3 Lurg el s ks
Casos (n = 20 0 (45) 367 1.40-9.61
Coonitrol subjects (noe &) @ (20
4, Bone metastasis
Cases (n = 20) 4 (200 1.18 0,362 05 HS
Control subjects in = 0] 513
B Locoragicnal reci mencs
Coses (n = 20) 4 (2 1.4 0.42-4.T4 HS
Coontrol subjects no= &0 8 (20
6, Lives metnsinsis
Cages (n = 20) 105} oFa 0. 0877 00 HS
Coontrod subjects in = 40 4 {10
EB. Dwath by cancer
Cases (n = 20) 10 {50) 378 1.48-9.63
Conirol subjects (n = $0) 8 {20

IPW™ i by o] = o brnorss &




Triple-negative breast cancer

®* Tumour cells negative for ER,PR and HER2
® 10to 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

®* peakrisk of recurrence is between first and third years and the
majority of deaths occur in the first 5 years following therapy.
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Basal-like and triple-negative breast cancers:
e T a critical review with an emphasis on the

Triple-Negative Breast Cancer : P : : :
P E : implications for pathologists and oncologists
Sunil Badve'. David | Dalshe®, Suarl | Schniit”, Fredsrok L Bashper®, Thomas Decker,
Vinoenao Ensehi®, Stephen B Fox®, Shu Ichihara®, Jooelyme [acquemier®, Sunil R Lakhani ™,
NEMGL) MED 16320 HNEMORE NOVEMBER 1, 2000 posi Palecios''. Emad A Kakha, Aodrea L Bichardson'®, Famamdo © Schmiel',

Puay-Hoan Tan'®, Gary M Tee™, Britta Weigelt®", lan 0 Ellis"® and Jorgn § Reis-Fillia"

* 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.
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Basal-like breast carcinomas

Table 1 | Highlights of genomic, clinical and proteomic features of subtypes

Subtype Luminal A Luminal B Basal-like HERZE

ER*/HER2 ™ (%) 87 82 10 20

HER2™ (%) 7 15 2 68

TMBCs (%) 2 1 80 9

TP53 pathway TP53 mut (12%); gain of MDM2  TP53 mut (329%); gain of MDM2 TP53 mut (849%,); gain of MDM2 § TP53 mut (75%); gain of
(14%) (31%) (14%) MDM2 (30%)

PIK3CA/PTEN pathway

RB1 pathway

mRMNA expression

Copy number

DMNA mutations

DMA methylation

Protein expression

FPIK3CA mut (49%); PTEN
mutfloss (139%); INPP4B loss (99)

Cyclin D1 amp (299%); COK4 gain
(149%); low expression of
CDKNZC; high expression of RB1
High ER cluster; low proliferation

Most diploid; many with quiet
genomes; 1g, Bg, Bpll gain; 8p,
16qg loss; 11q13.3 amp (249%)

PIKICA(499); TP53 (129%);
GATAZ (149 MAP3K1 (149%)

High cestrogen signalling; high
MYB; RFPA reactive subtypes

PIK3CA mut (3295) FTEN mut/losg
(249 INPPAB loss (169)

Cyclin D1 amp (58%); CDK4 gain
(25%)

Lower ER cluster; high proliferatiory

Most aneuploid; many with focal
amp; 1q, 8q, 8pl1 gain; 8p, 16q
loss; 11913.3 amp (51 %)
8pll.23 amp (28%)
TP53(329%); PIK3CA (32%);
MAP3K1 (5%)

Hypermethylated phenotype for
subset

Less cestrogen signalling; high
FOXM1 and MYC; RPPA reactive
subtypes

FIK3CA mut (79%); FTEN mut/loss
(359%); INPP4B loss (30%,)

RB1 mut/loss (20%); cyclin E1
amp (9%); high expression of
CDKNZ2A; low expression of RB1
Basal signature; high proliferation

Maost aneuploid; high genomic
instability; 1q, 10p gain; 8p, 59
loss; MYC focal gain (409%)
TP53 (84%,); PIK3CA (7%)
Hypomethylated

High expression of DNA repair

proteins, PTEMN and INPP4E loss
signature (pAKT)

FIK3CA mut (429%); PTEN
mut/loss (19%); INFF4B
loss (309%)

Cyclin D1 amp (38%);
CDK4 gain (249)

HERZ2 amplicon signature;
high proliferation

Most aneuploid; high
genomic instability; 1g, 8g
gain; 8p loss; 17q12 focal
ERRBZ2 amp (71%)

TP53 (75%); PIK3CA
(429%); PIK3R1 (8%)

High protein and phospho-
protein expression of EGFR
and HER2

Percentages are based on 466 tumour overlap list Amp, amplification; muot, mutation.

COMPREHENSIVE MOLECULAR PORTRAITS OF HUMAN BREAST TUMOURS
Nature 2012



Not all TN are basal-like!

88 (91%) Basal-like

97 TNBC (IHC)
\ 9 (9%) Others

Kreike B et al. et al. BCR 2007
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Molecular Characterization of Basal-Like and Non-Basal-Like

Triple-Negative Breast Cancer

ALEIX PRAT, > BARBARA ADAMO,®*® MAGGIE C.U. CHEANG,® CAREY K. ANDERS,? LisA A. CAREY,® CHARLES M. PERou =

The Oncologist 2013;18:123-133

7.0%
4.4%
Basal-like W
" HR-/HER2-
HER2-enriched B
HR-/HER2+
Luminal A Il
. M HR+/HER2-
Luminal B @
. M HR+/HER2+
Normal-like 1
TNBC Basal-like
n=412 n=473

There are limitations to use IHC for Receptors
as Surrogates for Molecular Subtype






TN and basal-like definitions should not be considering
synonymous because considerable
discordance exists (~25%)

* 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).
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Research article Open Access
Expression of FOXA1 and GATA-3 in breast cancer: the prognostic

significance in hormone receptor-negative tumours

André Albergana'<, loana Paredes?, Barbara Sousa?, Fernanda Milanezi#, Vitor Cameiro?,
Joana Bastos*® Sandra 'Cnala", Danialla Vieira®, Mair anl-_155', Eric W Lam®, Muno Lunet*® and
Fermando Schmitt2#

Breast Cancer Research 2009, 11:R40 (doi:10.1186/bcr2327)

ER NEGATIVE TUMOURS
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Triple-negative breast cancer
IS a heterogeneous clinical entity

e 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) ???



Claudin-low carcinomas

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

mm? Breast Cancer

2010 258

RESEARCH ARTICLE Open Acoess

Phenotypic and molecular characterization of the
claudin-low intrinsic subtype of breast cancer
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*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



Characteriration ol b Kilurally Occwring Breast Cancer Subael
Enriched in Epithelial-ic-Masanchymal Transflicn and
Stem Cell Chamacieristics
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MBCs and Claudin-low tumors present similar
transcriptional profiles and are enriched in stem cell
characteristics
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Immunohistochemical features of claudin-low intrinsic subtype in metaplastic
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Molecular Apocrine  Benign and malignant
apocrine lesions of the breast

Expert Rev. Anticancer Ther, 12(2), 215-221(2012)
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Prapnctypic avalua iom ol the basal-like
subtype of invasive breasi carcinoma

Histology of Basal-Like Cancers
ldentified By Expression Profiling

* Histologic grade 3 (100%)

e 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)






Do we still need a morphological
classification?

“Triple-Negative” breast carcinomas

Low grade tumours High grade tumours

Secretory carcinoma Medullary breast cancer Metaplastic breast cancer
= - I | it Lo . ” :




Breast cancer classification

Histopathological Subtype defined by Subiypes defined by Structural alteraticns
ypes

IHC markers gene expression by NGS

Metaplastic
ER-/HER2"
IDC NOS
ER*/HER2*
ER"HERZ"

Momal like

Russnes et al. JCl 2011



The genomic and transcriptomic architecture
of 2,000 breast tumours reveals novel
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Cumulative Survival

Integrative clusters and survival

Discovery set

Logrank P = 1.2 = 10714
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The open question:
How can we integrate these subtypes into
daily clinical work?
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A new genome-driven integrated classification
of breast cancer and its implications

IntClust
IHC

Expression

IntClust

IHC

Expression

SNP&

IntClust
Expression
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M IntCluster4 M IntClusterg Her? IHC O Her2 SNPE Loss W Expression +
M IntClusters | IntCluster10 Her2 IHC 1 Her2 SNPE Meutral

The EMBO Journal (2013) 32, 617-628



High-throughput DNA sequencing

Overview of all
genomic variation
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ARTICLE

Landscape of somatic mutations in 560
breast cancer whole-genome sequences
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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.



Molecular Classification
Conclusions

e 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.



First Generation
Gene Signhatures

Systemic Therapy

Second Generation
Gene Signatures

Predictive gene signatures

Novel avenues for
prognostication and therapy
prediction

ER POSITIVE ER NEGATIVE

PROGNOSTIC SIGNATURES

. LOW PROLIFERATION ’
. HIGH PROLIFERATION

LOW HIGH
PROLIFERATION PROLIFERATION

HIGH PROLIFERATION

Immune-response

§
Stromal signatures

signatures
LOW IMMUNE- HIGH IMMUNE-
RESPONSE RESPONSE

Predict signature (SET index)

Predict signatures

MASSIVE PARALLEL SEQUENCING



Taxonomy dilemma: lumpers vs splitters

Life and
Letters of

CHEHESPEAVTEVAINTEES  » “Those who make many species
R 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.

Charles Darwin
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axonomy of breast cancer based
on normal cell phenotype predicts outcome

Sandro Santagata,! Ankita Thakkar,?2 Ayse Ergonul,2
Bin Wang,2 Terri Woo,! Rong Hu,34 J. Chuck Harrell,5 George McNamara,2
Matthew Schwede ® Aedin C. Culhane,® David Kindelberger,! Scott Rodig,?
Andrea Richardson,! Stuart J. Schnitt,? Rulla M. Tamimi,2?4 and Tan A. Ince2
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JClin Invest. 2014;124(2):859-870.



A ER* tumors B HER* tumors

Luminal Basal Luminal Basal
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HRO (ER-AR-VDR-)

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

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

HR3 (ER+VDR+AR+)




A ER/PR/HER2 classification B HRO-HR3 classification
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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 (HRO)



Balancing between classic morphology
and molecular classification

WHO Classzsification of Tumours of

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




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.






