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An assumed hierarchical relationship
between the cell types
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Morphology based classification
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* |nvasive carcinomas of no special type, NST
(previously known as “ductal”) —a wide specter

e Special type carcinomas
* Mixed carcinomas



Classification by morphology
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Morphology = phenotype!

“A phenotype is the ensemble of observable
characteristics displayed by an organism”

Indolent behavior: Aggressive behavior:
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Histological grade

Table 1. Summary of semiquantitative method for assessing 3-5 pOintS: grade [ —well-differentiated
histological grade in breast carcinoma -7 points: grade Il __moderately differentiated
8-9 points: grade III—poorly differentiated
Feature Score
o 100

Tubule formation

Majority of tumour (> 75%) ]

Moderate degree (10-75%) 2 e :

Little or none (< 10%) 3
Nuclear pleomorphism s

Small, regular uniform cells 1 g |

Moderate increase in size and variability 2 ¥ . gt i

Marked variation 3 el )
Mitotic counts

Dependent on microscope field area el 5

(see Table 2) 1-3
0 42 dl (li ; ’2) 'll2 114 116 '
Time (years)
342 238 108 33 Grade |
Elston and Ellis, Histopathology, 1991 & = e pi T S
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Grouping of breast cancer - 2020
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St. Gallen consensus meeting 2015

Table 2. Treatment-oriented classification of subgro

Clinical grouping ® TN BC
Triple-negative
* ER-/HER2+

Hormone receptor-negative and HER2-positive

Hormone receptor-positive and HER2- positive P E R+/H E R2+

lormone receptor-positive and HER2- negative

luminal disease as a spectrum: ° E R+/H E Rz_

High receptor, low proliferation, low tumor
burden (luminal A-like)

— Low proliferation

Intermediate

— Intermediate
proliferation

Low receptor, high proliferation, high tumor

burden (luminal B-like)

— High proliferation

Coates et al, Ann Oncol 2015



Revolution in technology reveals unknown
biology

First observations that the
material of inheritance was
abnormal in cancer cells and

consequent proposal that
cancers are clones arising domr;p:\ieolnicg the
due to somatic changes £ shiickis ol DR
* ? ¢ |
e
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W Ganos cancer genome sequences
F e
Identification of DNA First somatic
as the material of driver mutation Cancer genome
inheritance and first cancer sequences as a
gene identified routine diagnostic?
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Stratton M. Science 2011

Fig. 1. Time line showing key events in the investigation of the cancer genome.



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 c
And are the d

inical implication?
esignated class the same

throughout the entire evolution of given cancer?



Molecular based classification

* Biomarkers/signatures for treatment prediction?

* Biomarkers/signatures recognizing biological
distinct traits?



ldentification of biomarker/signatures for
treatment prediction

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

Supervised analyses

Selected tumor samples Molecular markers with predictive or
prognostic potential




ldentification of biomarker/signatures
recognizing biological distinct traits

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

Unsupervised analyses

Tumor samples

Molecular markers for tumor
classes




Treatment prediction

Class identification

Needs validation in clinical
prospective trial

Important for treatment
stratification

Often restricted to a specific
technology and specific
algorithms

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

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

~\

\.

Limited usefulness for
identification of novel treatment
regimens

Aims at identification of novel
treatment regimens
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A GENE-EXPRESSION SIGNATURE AS A PREDICTOR}

Magc J. van ce Viover, M.D., Pu.D,, Yuoons D. He, PH.D., Laura J. van 't Veer,
Avaustings AM. Hart, M.Sc., Doren'W. Veskun, PH.D., Gecace J. Schreiger, M.S
Chris Roeerts, PH.D., MattHew J. MarTon, PHD.,
Annuska Guas, PH.D.,

Ssoere Rotennuis, M.D., PHD., Emier T. Rutcers, M.D, PH.D., Sternen HR

ABsTRACT

Backgrownd A more accurate means of prognos-
tication in breast cancer will improve the selection of
patients for adjuvant systamic therapy.

Metiads  Using microarray analysis to evaluate our
previously established 70-gene prognosis profile, we
classified a saries of 295 consecutive patients with pri-
mary breast carcinomas as having a gene-expression
signature associated with either a poor prognosis or
a good prognasis. All patients had stage | or |l breast
cancarand were younger than 53 years old; 151 had
lymph-node- negative diseass,
node- positive disease. We evaluatad the predictive
pawer of the prognesis profik using univariable and
multivariable statistical analyses.

Reswlts Among the 295 patients, 180 had a poor-
prognosis signature and 115 had a good-prognosis sig-
nature, and the mean (=SE) overall 10-year survival
rateswere 54.6+44 percentand 94.5+2.6 percent, re- | _they termed “basal typ

”70-gene profile”

IN BREAST CANCER

Magk ParrisH, Douwe A
Leone DeLaHave, Tony van cer VELDe, Harry Bal

ano Rene Bernsros, PH.D.
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women up
lymph-node—negative d
cancer!2 Itis generally
prognostic features bel
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Condwusions The gene-expression profile we stud-
ied is a more powerful predictor of the cutcome of dis-
ease inyoung patients with breast cancer than stand-
ard systems basad on clinical and histolbgic criteria.
(N Engl J Med 2002;347:1960-2000.)

Copyright & 2002 Maszachusstts Medical Scoisty.

Dowrioagad from www.nejm.org by HEGE RUSSNES MD on June 1
Copyrignt © 2002 MassachiUsetts Medical Society. All rights rese
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.001). This ratio remained significant when the
groups were analyzed according to lymph-node sta-
tus. Multivariable Cox regression analysis showed that
the prognosis profile was a strong independent factor

Using inkjet-synthes|
rays, we recently identi

From che Divisicas of Diagnos|

Th NEW ENGLAND JOURNAL of MEDICIN E

|| ORIGINAL ARTICLE

A Multigene Assay to Predict Recurrence of
Tamoxifen-Treated, Node-Negative Breast Cancer

oonmyung Paik M.D., Steven Shak, M.D., Gong Tang,

Chungyeul Kim, M.D., Joffre Baker, Ph.D., Maureen Croni

Frederick L. Baehner, M.D., Michael G. Walker, Ph.D., DrewW

Taesung Park, Ph.D., William Hiller, H.T, in R. Fishel

D. Lawrence Wickerham, M.D., John Bryart, Ph.D.
and Norman Wolmark, M.D.

ABSTRACT

BACKGROUND
The likelihood of distant recurrence in patients with breast cancer wh
lymph nodes and estrogen-rece ptor—positive tumors is poory defir
histopathological measures.

METHODS
We tested whether the results of a reverse-transcriptase-polymer:
(RT-PCR) assay of 21 prospectively selected genes in paraffin-embe
would correlate with the likelihood of distant recurrence in patients|
tive, tamoxifen-treated breastcancer who were enrolled in the Natior
vant Breastand Bowel Project clinical trial B-14. The levels of express|

Robustness, scalability, and integration of a
wound-response gene expression signature
in predicting breast cancer survival
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CONUbUR by PO Brown, Januay 3, 2005

Rased on the Rypothesis that f2atures of the moleular program of
noemal wound nealleg might play an mportant role In Grrer
metastasls we previously Keniifled conslstent features In the
transcriptional resporse of normal fibroblasts to seum, and ussd
ths signature” to between wound
healing and et progressicn In @ varlety of cammon epitiefal
tumers. Here, In a consecutive 1eries of 295 2aily breast Gnier
patients, we show that Doth overall sUNVNal and dstant

related genes and 5 reference genes were used ina prospectively defil
cakulate a recurence score and © determine a risk group (low, inter
for each patient.

RESULTS
Adequate RT-PCR profiles were obtained in 668 0f 675 tumor blocks)
of patients categorized ashaving a low, intermediate, or high risk by
were 51,22 and 27 percent, respectively. The Kaplan—-Meier estima

DA, AW, AG, LD}, Eil
SR, Biomedics [TV,
h
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Nehalinds Cancer lnuu
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Drs van de Vieer, He,

”"Recurrence score”

N Engl] Med, Vol. 347, No. 25+ December

o T TeT TIeT T survi
could be ud as acontinuous funcmn o pledlcr dbu nt recurrence
tients.

CONCLUSIONS
The recurrence score has been uluhled::qu.muf)mg the likelihof
currence in if d patients with nodi , 2
breast cancer.

WENGL | MED 35127 WwW.NEIM.ORS  DECEMRER 30, 2004

Downloaced from www.ng|m.org by HEGE RUSSNG
Copyrignt © 2004 Massachusetts Medical Soci|

SUVival ae markedy dimialshes In patients
WIO TURIOES SXpressed TS WOUNI-FSponse SIgRiture conl-
por=d 1o tumors ot express ths signaturz. A gene
signature provides a
basls for prospectisely as#gring 3 prognestlc cor that can be
scaled fo sut diffrent cinlal purposes. The weound-isponse
signature Improves sk strafificaton Independently of known
clinieo-pathoiogc sk factrs ind prevtously eitadlisted prognis-
tic ggnatires bawd on unswenled horardikal chiterig
Cmasmir witypes) of supsrvked pradicors of metatasls
703908 progogs dgazture™)

miroarry | pogrozts | mound healng | metatals | raatmant dacsion

I a recentyears, meiemaersy aniysis of gare expeossion patoms
has previdad 2 way to improse the diagnosis and rati-
ficaton of miny cancers (1-6). Ussepervised anaysis of global
e expression patiexns fas idenified molectlarly ditinct

ibtypes of cancer, disti by differences ingene
exrsson indseises tat were considered h‘-n)oomwusbned
oo dasical disgnostic methods (1. 3.4, 7). The moleculas
subtypes are offen amcciated witk different dm.al OULCOmEs.
Looral aoaauezocacalione il

The Nstheriands "Rsccta npharnatice Saxttl, WA RRIOR and Maweglin Fadim mpn\

rosponse” (CSR) gegesand heir candnic ¥ expression parta e in
Hlists actiratad wih serum. the soluble fraction of cloted
d ind a1 inporiant iaitator of moand healing o vivo, The
(SR genis were chosen 1o minmize crerlap with cell cycle
genes, but instead appeared (o reprisent other important peo-
cesses in wound healing, such as mateix remodeding, call motdlity
and angicgenesis, procisses that are likely akso o contsibote o
cincer yrasion and metistasis. 0 several common epithetial
tumorssich as breas, ling, and gastoc caccess, expression of the
wound-response signatire peedicied poce overall survival ind
increased risk of Decastasis (10). These iaital lindings demon-
strate ihe promise of nsing Mypohesis-driven gene expresson
sigiztures 10 provide NsgOis (o existing ene expreson
profiles of comen, Howerer, as i1 oier medyadologies, repro-
ducivitity and scales for inerpretadon seed 10 be erakiaied
befoce this siratezy can be generally adopied for Kol dis-
covery and dinkal use
The beat validatica of a genc signature’s progncetic valus iste
test 23 ability to predict oxteome in lirge ndopendeat data sits
Tere wo examine a database of 205 breoet cancer paticats from
the Netherlends Cancer Tastitute thet had previowly been used
to identify end validaw o pregnosiic gno expression proile
. 0 Wo used this date set 1o et
the reproducitility of the asociation between the wound-
respones tigaanies and breait carcer peogression, asd 10 inves-
tigats how the infornaica from diverss gons expeossi

Ty and for clinical se
Materils and Methods

”"Wound Response”

isclacion, lateling of com-
eridization of each wnoor

from all samples © 25,
s, in¢ measuenent of ex-
P tailed patient infornaton
iting was based on nacional
atenin clinkal trais at the
patinis who had lmph

mechanisms.

Gene exproscios pattoms provice 1 common nzoags ameng
biolcak phanomana and allow an alteraative appmach to infar
physiolegic 10d molicalar machanisms fron compiax hnman
diessa states (1, 10, 11, 12), Starting with the gene expressin
profia of cefls nanipalated i vivoro simulate a biclogic process,
the expeession profile can then be wsed 1 interpret the gene
exwresson dita of homan cancars and test speafic typothesss.
To understand the similarities between wouad healing and
cancer, Chang et al (10) Menrified a set of “core sarvm
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Gene expression patterns of breast carcinomas
distinguish tumor subclasses with

clinical implications
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Michael B. Eisen", Matt van de Rijn', Stefanie S. Jeffreyl, Thor Thorsen¥, Hanne Quist, John C. Matese<,
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Contrbutsd by David Botstain, July 17, 2001

this study was to classify breast carcinomas based
n gene expression patterns dertved from cDNA
to correlate tumor characteristics to clinical out-
85 cDNA microarray experiments representing 78
broadenomas, and four normal breast tissues were

erarchical As p , the
cancers could be classifled Into a basal eplthellal-llke gmup an
ERBB2-overexpressing group and a normal breast-l1ke group based
on varlations In gene expression. & novel finding was that the
previously characterized luminal eplthellal/estrogen receptor-
positive group could be divided Into at least two subgroups, each
‘with a distinctive expression profile, These subtypes proved to be
reasonably robust by clustering using two different gene sets: first,
a set of 456 CDNA clones previously selected to reflect Intrinsic
propertles of the tumors and, second, a gene set that highly
correlated with patlent outcome. Survival analyses on a subcohort
of patlents with locally advanced breast cancer uniformly treated
In a prospective study showed significantly different outcomes for
the patlents belonging to the varlous groups, Induding a poor
prognosls for the basal-like subtype and a significant difference In
outcome for the two estrogen receptor-positive groups.

he biology of breast cancer remains poorly understood.
Although lymph node metastases (1), histologic grade (2),
expression of steroid and growth factor receptors (3, 4), estro-
gerrinducible genes like cathepsin D (5), protooncogenes like
ERBB2 (6), and mutations in the TP53 gene (7, 8) all have been
correlated to prognosis, knowledge about individual prognostic
factors provides limited information about the biology of the
disease. Thus, because of their intemal correlations in multivar-
iate analysis, the prognostic value of many of these parameters
fades away (9, 10).
The cellular and molecular heterogeneity of breast tumors and

improved taxonomy of cancer (11-1£).

Recently, we reported that variations in gene expression
patterns in 40 grossly dissected human breast tumors analyzed by
cDNA microarrays and hierarchical clustering provided a dis-
tinctive “molecular portrait” of each tumor, and that the tumors
could be classified into subtypes based solely on differences in
these patterns (1£). The present work refines our previous
classifications by analyzing a larger number of tumors and
explores the clinical value of the subtypes by searching for

W, PN 069091301/ 10,1073 pras. 191357038

correlations between gene expression patters and clinically
relevant parameters. We found that classification of tumors
based on gene expression pattems can be used as a prognostic
marker with respect to overall and relapse-free survival in a
subset of patients that had received uniform therapy. One
finding was the separation of estrogen receptor (ER)-positive
tumors into at least two distinctive groups with characteristic
gene expression profiles and different prognosis.

Materials and Methods

Patients and Tumor Specimens. A total of 78 breast carcinomas (71
ductal, five lobular, and two ductal carcinomas i situ obtained
from 77 different individuals; two inde pendent tumors from one
individual diagnosed at different times) and three fibroadeno-
mas were analyzed in this study. These include 40 rumors that
were previously analyzed and described (1£). Four normal breast
tissue samples from different individuals also were included,
three of which were pooled normal breast samples from multiple
individuals (CLONTECH). In summary, 85 tissue samples rep-
resenting & individuals were analyzed. Tissue samples were
snap-frozen in liquid Nz and stored at —170°C or —&0°C. All
tumor specimens analyzed contained more than 30% tumor
cells. Fifty-one of the patients were part of a prospective study
on locally advanced breast cancer (T3/Ts and/or N2 tumors)
treated with doxorubicin monotherapy before surgery followed
by adjuvant tamoxifen in the case of positive ER and/or
progesterone receptor (PgR) starus (15). All but three patients
were treated with tamoxifen. ER and PgR status was determined
by using ligand-binding assays, and mutation analysis of the TPS3
gene was performed as described (15). All common polymor-
phisms were recorded, but are considered wild type in this study.
A detailed list of all samples and clinical data for the patients &
included in Table 1, which is published as supporting information
on the PNAS web site, www. pnas.org.

y Analysls. Total RNA was isolated by phenol-
m extraction (Trizol, GIBCO/BRL), and mRNA was
either magnetic separation using Dynabeads (Dy-
e Invitrogen FastTrack 2.0 Kit. All experiments and
e production of microarrays were performed as described
(14), with detailed protocols available at hrtp://cmgm.

Abbtradatiors: ER, astrogen recepton SAM, dgnificanca analysk of microamays.
*T.5.and C.MP. contributed squally to thiswork
“Towhom reprint requasts should ba addrassad. E-mal: ab@labned.dono.

The publication costs of this srtide wara defragod In part by pege charge paymant. This
artkls must thersfora ba hareby marked "advarmisament™ in accordanca wkh 13 US.C
§1734 :okaly 1 Indicate this fact.

PNAS | Septomber 11,2001 | wol98 | no.19 | 10863-10874
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Molecular subtypes by gene expression

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

e 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.

Sarlie et al. PNAS 2001



Pathway differences - phenotypes

(a) Basal Her2 LuminalA  Luminal B Norm

* Some pathways
vary between

Bcat

subtypes e
M
 Some pathways "
L PI3K
vary within
subtypes NS

Ras

pS3mut

LT u

Her1

E2F3

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
cancer

HER2- enriched

* Can be either ER+ or ER-

 HER2 pathway active

e Can have gain of HER2 (low level or high level)
e  High proliferating

e Can have extensive immune cell infiltration

* Canrespond 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...
Basal-like: ImmunoFISH:
* ER-/PgR-/HER2- Blue: DAPI (nuclear)
. Frequently grade 3 Green: HERZ2 protein

Yellow: HER2 gene probe

. i h
Solid growt Light blue: Cent 17 probe

e  High proliferation

* Can have extensive immune cell infiltration
* Can be positive for CK5/6, EGFR
 Canrespond to chemotherapy
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Table 2. Treatment-oriented classification of subgroups of breast cancer

Clinical grouping

Notes

Triple-negative
Hormone receptor-negative and HER2-positive
Hormone receptor-positive and HER2-positive

Hormone receptor-positive and HER2-negative
luminal disease as a spectrum:
High receptor, low proliferation, low tumor
burden (luminal A-like)

Intermediate

Low receptor, high proliferation, high tumor
burden (luminal B-like)

Negative ER, PgR, and HER2

ASCO/CAP guidelines

ASCO/CAP guidelines

ER and/or PgR positive =>1%"

Multiparameter molecular marker ‘favorable prognosis’ if available. High ER/PgR and
clearly low Ki-67. Low or absent nodal involvement (N 0=3), smaller T size ('T'1 T2).

Multiparameter molecular marker ‘intermediate’ if available®.
Uncertainty persists about degree of risk and responsiveness to endocrine and
cytotoxic therapies.

Multiparameter molecular marker ‘unfavorable prognosis’ if available. Lower ER/PgR
with clearly high Ki-67°. More extensive nodal involvement, histological grade 3,
extensive lymphovascular invasion, larger T size (T3).

“ER values between 1% and 9% were considered equivocal. Thus, endocrine therapy alone cannot be relied upon for patients with these values.

PKi-67 scores should be interpreted in the light of local laboratory values: as an example, if a laboratory has a median Ki-67 score in receptor-positive
disease of 20%, values of 30% or above could be considered clearly high; those of 10% or less clearly low.
“Not all multiparameter molecular marker tests report an intermediate score.

Coates et al, Ann Oncol 2015
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Table 2. Treatment-oriented classification of subgroups of breast cancer

Clinical grouping Notes

Triple-negative Negative El i3 ;i ”’Basal-like”

Hormone receptor-negative and HER2-positive ASCO/CAP ghidelines "HER2-enriched”

Hormone receptor-positive and HER2-positive ASCO/CAP gnidelines Luminal B/HER2-like”

Hormone receptor-positive and HER2-negative R : T - Y]
luminal disease as a spectrum: Luminal A-like

High receptor, low proliferation, low tumor Multipar: er molecular marker ‘favorable prognosis’ if available. High ER/PgR and

Still IHC phenotypes for diagnosis —

burden (luminal A-like) 2).

Intermediate

but luminal disease in need of more

Low receptor, high proliferation, high tumor Multiparameler molecular marker ‘ol RUT I 1N R [LCRERE:. Lower ER/PgR
burden (luminal B-like) with cle: i . nodal involvement, histological grade 3,

extensive Mmphovascular invasion, larger T size (T3).

*ER values between 1% and 9% were considered equivocal. Thus, endocrine therapy alone cannot be relied upon for patients with these values.

PKi-67 scores should be interpreted in the light of local laboratory values: as an example, if a laboratory has a median Ki-67 score in receptor-positive
disease of 20%, values of 30% or above could be considered clearly high; those of 10% or less clearly low.

“Not all multiparameter molecular marker tests report an intermediate score.

Coates et al, Ann Oncol 2015



Molecular based classification

* Genomic —transcriptomic — metabolomic —
proteomic features?

* |Integrated approaches?



Similarities in phenotype....







...but different genotype!
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DNA Translocations and copy number changes

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

Dutrillaux et al. Cancer Genet Cytogenet 1990

...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

A
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- 1
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|
LN
wzs9
10°° ¢+ — =~ r—
Simplex

often Luminal

Hicks et al. Genome Res 2006
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Sequenced breast cancer genomes
- structural rearrangements
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ER* PR* ERBB2~
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Stephens, Nature 2009
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Centromere close translocations; gain and
losses of whole chromosome arms

der(1;16)

Probe combinations in tumor cells

(r—y— Ch.1

— ‘;— Chr.16
m—— e 1;16)(10;10p)

Rye et al, Genes Chrom Cancer 2015




Class discovery by integrating DNA alterations and gene
expression data

i3 Different genomic drivers across ER+ breast cancer
g Table 1 Overview of the Integrative Cluster Subtypes and the Dominating Properties with Regard to Copy Number Driving Events,
Biomarkers, Type of DNA Architecture,”® Dominant PAM50 Subtype, and Clinical Outcome
Integrative
g Ccluster Pathology biomarker Clinical characteristics
group Copy number driver class DNA architecture Dominant PAM50 (survival)
1 Chromosome 17/ ER™ (HER2™) Simplex/firestorm Luminal B Intermediate
1 chromosome 20 (chromosome 17q)
2 Chromosome 11 ER™ Firestorm Luminal A and B Poor
(chromosome 11q)
5 3 Very few ER™ Simplex/flat Luminal A Good
4 Very few ER"/ER™ Sawtooth/flat Luminal A (mixed)  Good (immune cells)
5 Chromosome 17 ER™(ER™)/HER2™ Firestorm Luminal B and HER2 Extremely poor (in pre-
10 (HERZ gene) (chromosome 17q) Herceptin cohorts)
6 8p deletion ER™ Simplex/firestorm Luminal B Intermediate
(chromosome 8p/
- chromosome 11q)
7 Chromosome 16 ER™ Simplex (chromosome  Luminal A Good
8q/chromosome 16q)
. 8 Chromosome 1, ERT Simplex (chromosome  Luminal A Good
Chromosome 16 1q/chromosome 16q)
9 Chromosome 8/ ER™ (ER7) Simplex/firestorm Luminal B (mixed)  Intermediate
Chromosome 20 (chromosome 8q/
Y chromosome 20q)
10 Chromosome 5, TNBC Complex/sawtooth Basal-like Poor 5-year, good
Chromosome 8, long-term if survival
2 Chromosome 10,
Chromosome 12
] 'ER, estrogen receptor; TNBC, triple-negative breast carcinoma. Russnes et al. Am J Pathology, 2017

Chromosome

4 5 o 7 8 8 10 11 12 1314 1516171819’.‘%’&X

Curtis et al. Nature, 2012



PAMS50 — IntClust — DNA architecture

B IntClust
B® PAMS0

Luminal A Luminal B/HER2 Basal-like

NB: centroid classification has five dimensions! Russnes et al., Am J of Pathology, 2017
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Mutations - “Personal” profiles?

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

TP53 ]
PIK3CA EE B |
ENEE | 2] HE® ]

= |

chri7: (ERBB2) EElE
chre:

CivE: (FGFR1/ZNF705) HEEE 0
GATA3 (B | &l E B ([ 1] ([ 1]
chri1: {CONDT) = 28 &

8!‘\;{2.2" EZNF217) m I | o n - n

ER+ ER-

Stephens et al. Nature 2012



A specter of DNA mutations

Mutations
Predicted somatic non-silent mutations M Truncation mutation Missense mutation Clinical data  Copy number status per Mb

All 3% 3% 2% 4% 2% 3% 3% 1% 2% 3% 3% 1% 2%
45% 12%13% 7% 14% 8% 9% 4% 0.4% 4% 5% 2% 3% 5% 4% 1% 0.4% 1% 2% 0.4% 2%
PEiminalBl 29% 29% 5% 2% 15% 6% 5% 4% 2% 2% 2% 2% 4% 2% 2% 2% 0% 1% 3% 2% 4% 2% 4% .
HERBinfiched 39% 72% 4% 2% 2% 7% 5% 2% 4% 2% 4% 2% 0% 0% 2% 2% 4% 2% 0% 5% 0% 5% 4% Mutation load
B 0% 50% 0% 0% 2% 5% 0% 1% 0% 0% 0% 0% 1% 2% 1% 0% 1% 0% 4% 4% 2% 0% 1%
Percentages of cases with mutation by expressionsubtype

The cancer genome atlas (TCGA) 2012



Molecular based classification

* Are they recapitulating already established
classes...”?

* What is the clinical implication?



Yes — but clearly adding more!
Luminal breast cancer

Table 2. Treatment-oriented classification of subgroups of breast cancer

Clinical grouping Notes

Triple-negative Negative ER, PgR, and HER2
Hormone receptor-negative and HER2-positive ASCO/CAP guidelines

Hormone receptor-positive and HER2- positive ASCO/CAP guidelines

Hormone receptor-positive and HER2-negative ER and/or PgR positive =>1%"
luminal disease as a spectrum:

TTIoN TCCOpLOT, TOW ProNTeration, 1ow tumor ! arameter molecular marker ‘favorable prognosis’ if available. High ER/PgR and
burden (luminal A-like) clearly low Ki-67. Low or absent nodal involvement (N 0=3), smaller T size ('T'1 T2).

Intermediate “intermediate group” Multiparameter molecular marker ‘intermediate’ if available®.

Uncertainty persists about degree of risk and responsiveness to endocrine and
cytotoxic therapies.

Low receptor, high proliferation, high tumor g rameter molecular marker ‘unfavorable prognosis’ if available. Lower ER/PgR
: : ” ika” St . . . :
burden (luminal B-like) LumB'Ilke learly high Ki-67". More extensive nodal involvement, histological grade 3,

extensive lymphovascular invasion, larger T size (T3).

*ER values between 1% and 9% were considered equivocal. Thus, endocrine therapy alone cannot be relied upon for patients with these values.

Bin i - E P i i A s ¢ i
Ki-67 scores should be interpreted in the light of local laboratory values: as an example, if a laboratory has a median Ki-67 score in receptor-positive
disease of 20%, values of 30% or above could be considered clearly high; those of 10% or less clearly low.

“Not all multi .
Multiparameter molecular marker needed

Coates et al, Ann Oncol 2015



Luminal disease is defined as a spectrum

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

* Oncotype Dx

* Mammaprint

 BCI

* |HCA4

* Rotterdam signature

* Prosigna (PAM50 ROR)
* Endopredict

* Mammostrat

* MammaTyper

...but Ki-67 is easy and cheaper



From intrinsic subtypes to PAM50 to
Prosigna

PAMS5O0: 5 subtypes (rarker et ai. co 2009)
m ﬂ m m ”l * Prosigna™ Breast Cancer Prognostic
H\ Hffﬂ”’ v ¥ 5 H‘ T e Gene Signature Assay on the nCounter®

ke | Dx Analysis System (Nanostring)
4 subtypes and ROR score

* Assignment of subclass by centroide

correlation
Determine Intrinsic Subtype through Calculate Risk of Recurrence (ROR) Score
Pearson’s Correlation fo Centroids
PAMS50 centroids
Patient & N ROR= aRLumA+ ; .
e T L expression Q Ny g earson’s
S— profile $ § & &8 DRuune - comelation to
Sgrlie, Perou et al PNAS, 2 NN & A
5 ORperze* centroids
~‘ i dREasa!+ -
LuiA
g l . eP+ Proliferation score
E BB il Tumor size



PAMS0/Prosigna: Risk of relapse (ROR) predictions using a
test set of node-negative, no systemic therapy patients.
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Joel S. Parker et al. JCO 2009;27:1160-1167

©2009 by American Society of Clinical Oncology



NanoString nCounter Analysis System

e Not PCR based — suited for RNA from FFPE

e Can berun as both a research instrument and a
diagnostic instrument (black box)

* Up to 800 genes (can do DNA and protein as well)

_
k

nanoString

nanoString




Challenge: regional intra tumor heterogeneity

Tumor area selection by three pathologists:

Prosigna score:

Risk of Recurrence*:
Low risk

[0 [‘vv'vvull"']ruv

Risk of Recurrence™:

Low risk Intermediate nsk/_\l High risk PatOIOg 2
0 - 137‘ 100 . a q
[ fmw j Luminal A Luminal A Luminal A
. ROR: 47 ROR: 37 ROR: 39
Risk of Recurrence*: Patolog 3 High risk Intermed. Intermed.

Low risk Intermediate risk /J\ High risk

risk risk

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



The diversity of Basal-like tumors

Biology of Human Tumors N Clinical

Cancer
Research

Comprehensive Genomic Analysis Identifies Novel
Subtypes and Targets of Triple-Negative Breast
Cancer

Matthew D. Burstein', Anna Tsimelzon?, Graham M. Poage?®, Kyle R. Covington?,
Alejandro Contreras®?, Suzanne AW. Fugua?, Michelle | Savage®, C. Kent Osborne?, Susan
G. Hilsenbeck?, Jenny C. Chang®, Gordon B. Mills®, Ching C. Lau’, and Powel H. Brown®




Molecular pathways enriched in the four groups

h

Ingenuity canonical pathways

Frolactin signakng

Ayl hydrocarbon receptor signaling

EroB4 signaking

Estrogan-medialed S-phase entry

Xanohatic meabolism signabng

Cell cyde: G~M DNA damage checkport regulason
Coaguation system

ATM signaing

Heredtary breast cancer signakng

Mitotic roles of Pole-bke kinase

Cell-cycle control of chromasomal repicason

Mismanch repair in eusanyotes

DNA damage—-nduced 14-3-3 sigma signaing
Complament systeen

Extringic prothromdin acivaton pathway

Hepatic fivrass [ hepatic stellate cel acvason

MNatural wller col sigraing

Calcum-induced T ymphocyte apaptosis

Type | disbetos melitus sigraing

Cyiotowic T lymphocyte-mediated apopiosis of larget ceils
8-cal develcpment

Tumonicidal tunction of hepatic natural kibar ceils
Antigen presaniason pathway

Leukocyls extravasation signakng

Cdca2 sigraing

Alogratt rajction signakng

Anered T-cel and B-cell sgnaling in thaumatoid arthiitis
Autommune thyroid disaase signaing

T-Heaper cell dfferentiason

Graft-varsus-nost disease signaing

Nur?7 sigrasing in T lymphocytes

OX40 signakng pathway

ICOS-ICOSL signading n T helper calls

NF-xB actvaton by viruses

Aouptoss sigrakng

Tec kinase signaing

CCRS signaing in macrophages

Production of nitric oxide and reactive axygen specias in macrophages
IL16 sigraing

Aoie of pattem recognition recepiors in recognton of bactana and vinuses

Subtype 3 Subtype 4
Subtype 1 Subtype 2 Basal-ike BasaHike
Lumiral AR Mesanchymal immune immune
(LAR) (MES) suppressed activaled
(BLIS) (BLIA)
o™ = o = n = ¥ =R
'g > w g > w g > w g > w
|
L
[




The diversity of HER2+ tumors
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RNA group:
PAM50

ER/PR
HER2

HER2 CNV.

PRidy:

Quartiles (%):

: A Hs Hc ‘D
: ELumA LumB [ Her2 i Basal

Neg [ /NA
2+/ FISH+

: IlPos
: 3+
. [l Amplified Gained
2 H>2 [N
M (75, 100]
[50,75]

[25,50]
[0,25]

W Missense mutation

B Truncating mutation

Ampiification

I Homozygous deletion

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:

|
-ﬂ Basal-Like Basal-Like Basal-Like
s ROR: 62 ROR: 62 ROR: 61
'.7“ High Risk High Risk High Risk
v 0l

Mammaresektat (ve. side) med infiltrende duktalt karsinom, histologisk grad 3
DIAGNOSE 3+3+3p)

umordiameter 23 mm
Frie reseksjonsrender, knapp ventralt (under 0,5 mm)

Tidl BM15 13094:

o ER: positiv (ca. 20%)

PGR: negativ (0%)

Her2: score=0 ved immunhistokjemi (klinisk negativ)
Ki-67 score: >75% gjennom hele tumor

. BU15 28335:
NB: Not ER+ by gene PAMS50, and En sentinel lymfeknute uten paviste patologiske forandringer
medullary BC is most frequently ER- SNOMED T 04030 M 85003 pT2 pNO pMx G3 F 12391 F 12645 E her2N P k763 P 11010
\Vurdering Reseptorstatus, HER-2 og Ki-67 er gjentat! i operasjonspreparatet med samme resultat somi
rovnalsbiopsi.

umor har morfologisk visse medulleere trekk.




Molecular based classification

* And are the desighated class the same
throughout the entire evolution of a given
tumor?



Pre-invasive disease:
Many different
histological appearances }
with uncertain A
relationship...

g

. ‘_ Unfolded lobule with microcalcifications

T AN L

PR Ry o S

Atypical lobular hyperplasia

e “Weichmann et al.
Al Cancer 2008

v elod



Heterogeneity and evolution
- disease progression

Navin, Genome Biol 2014

Rx

+>0»

0
®.0 %0

Transformation Clonal Evolution Metastasis Chemoresistance

T4 4 4

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




Liquid biopsies

Development and standardization of protocols and assays for cell-free tumor DNA

detection in peripheral blood

©
. ®
2 ™ Ulike kreftceller
g
g 6 % DNA fra ulike
(72} [
© 2 dgde kreftceller
Primaer- Sprednings-
tumor ... tumor
’ *’
Brystkreft-o / 9 Brystkreft-
celler gar , € celler gar inn
. . h& i&‘ ) 2N (9 ) - .
inn i kar i‘«éé g y- P& %_::( i lungevev
N e V. & A
g hy
%
© ’ :
Q Monitorering av

% ' 2 sykdommen ved
4 4

N 0 blodanalyser
Spredning kreftceller

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:

Hereditary Cancer Risk

Tumor Gene-Expression
Signatures

Tumor Genomic Mutations

Assay Germline DNA test

Tumor RNA-expression assay

Tumor (or circulating tumor or
cell-free) DNA for genomic
profiling

Number of Genes Measured Varies by assay; typically 2 to 40.

Varies by assay; typically
10-100

Varies by assay; typically > 400

Assay Readout Mutations in germline DNA

Patterns of gene expression
often weighted with
proprietary score

Mutations, deletions,
amplifications in tumor DNA

Clinical Role Defining hereditary cancer syndromes (e.g.,
BRCA1/2); identifying patients for selected
therapy in metastatic breast cancer with

PARP inhibitors or platinum analogs

Prognostic markers for outcome
in ER+ breast cancer;
predicting benefit from
adjuvant chemotherapy in
ER+ breast cancer

Identifying mutations for
targeted therapy in
metastatic breast cancer,
including dynamic evolution
of mutations associated with
treatment resistance;
potential surrogate for cancer
burden in setting of
metastatic disease

Recommend for: All patients with metastatic breast cancer;

—
patients with early-stage breast cancer
with family history or other clinical features
associated with hereditary cancer

syndromes

Women with early-stage ER+
breast cancer, typically stage

1 or 2, for deciding whether
to recommend adjuvant
chemotherapy in addition to
endocrine therapy

Selection of endocrine/targeted
treatments inadvanced ER+
breast cancer based on
PIK3CA or ESR1 mutations;
experimental for other
precision medicine purposes



MULTIDISCIPLINARY DIAGNOSTICS
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Deciding standard Selection for Plan for Focused translational
treatment clinical trials follow-up research

Russnes et al., Am J of Pathology, 2017



Tusen takk!

c\ Oslo
+ University Hospital

Norwegian Radium Hospital



