1 BREAST TUMOUR GRADING FIELD The present invention relates
to the fields of medicine, cell biology, molecular biology and genetics.
More particularly, the invention relates to a method of assigning a grade to
a breast tumour which reflects its aggressiveness. BACKGROUND
The effective treatment of cancer depends, to a large extent, on the
accuracy with which malignant tissue can be subtyped according to
clinicopathological featUysegth ¢ VOGS PR APPKRSSIveness.  Some
clinical subtypes, despite phenotypic homogeneity, are associated with
substantial clinical heterogeneity (e.g., refractory response to treatment)
Foomfounding their clinical meaning. Recent studies using DNA microarray
technology suggest that such clinical heterogeneity may be resolvable at
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Untreated patients with Gl disease have a -95% five-year survival rate,

Wher%ac%&lfb% 'H?ep(%@é‘ A3 MAIRARSISR QAVGRULY WAl diftes &Eén}éﬁl@{%r

f-75% A) res ectlvely However, the value of histologic
re %&éqﬁ%%é%tﬁ%ﬂ is has been questioned by reports of substantial
inter-observer variability among pathologists (10-13) leading to debate
over IROIGAE AraF grdtid dRsisIaTpisy SARABRASEGR EPPIRFRTJ Y 2585y ing tumors
infuntbegrhodoeicalhsateyvibw priogmestic sfgnificancd dbGdiagd@Bdisaaserigeof
m%%‘?e%%'@lb‘-f clinigal Geleyantioh h%tﬁ H&%ﬁbé"’;ﬂﬁ&ﬁh@l REROReSHGHYAM ore
S s of tggtm {Eegeterggg%g 0 swmocﬁ{] dlfferentlated grade Il tumors,
\Which comprise prOX|ma fy'509 ?alf feast cancer cases (9, 15, 16).
Ther therefor a need for methods w re capable of discrim
oot FST DGO GBIHRY e L Ay GTAtRG Hitsap th L ton-
EtimoeddigvavfARIoom, Righdidsen gowdidemicresmatsd knava gete Nottingham
gﬁ&ﬁf§§§§wh1$@m}891(6 EQMpyisitig &ng, 00MOITHRINGSI A3 geagienotypic
ISC@?@J@&P@/&?AM&Q%&%&‘?cgosé’e) MEURGRE %b&%% HE168RARIE Sfologic

inating between high and low grade tumors. S
feé&ﬁ?é&éu&ﬁ“&‘gﬁ%\ SR Ve S5 eerat e BblB fReLAR: i samﬁeam%r@@sm and
mprEastrendf Ginbe gradef thesayeohastbiertdesdribesaturove wtasegedf(G1) (well-
clinical class discovery that combines gene discovery and class prediction
algorithms with patient survival analysis, and between-group statistical
analyses of conventional clinical markers and gene ontologies
represented by differentially expressed genes. Our findings show that
the genetic reclassification of histologic grade reveals new clinical
subtypes of invasive breast cancer and can improve therapeutic planning
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The methods of gene expression analysis may be employed for
determining the proliferative state of a cell. For example, such a method
may comprise detecting the expression of a gene selected from the genes
set out in Table DI (SWS Classifier 0).%Vhere a high level of expression of
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a patient with a score of less than 3.4 is categorised to a GPG (good
prognostic group), a patient with a score of between 3.4 and 5.4 is
categorised to a MPG (moderate prognostic group), a patient with a score
of greater than 5.4 is categorised to a PPG (poor prognostic group). 15
Alternatively, or in addition, a method of assigning a breast tumour patient
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predicting a survival rate for an individual with a histological Grade 2 breast tumour, the
method comprising assigning a grade to the breast tumour by a method according to any
preceding aspect of the invention.

Asa 4" aspect of the present invention, there is provided a method of prognosis of
an individual with a breast tumour, the method comprising assigning a grade to the breast

tumour by a method as described,

We provide, according to a 5™ aspect of the present invention, a method of
diagnosis of aggressive breast cancer in an individual, the method comprising assigning a
grade indicative of high aggressiveness to a breast tumour of the individual by a method as
described.

The present invention, in a 6™ aspect, provides a method of choosing a therapy for
an individual with breast cancer, the method comprising assigning a grade to the breast
tumour by a method as described, and choosing an appropriate therapy based on the

aggressiveness of the breast tumour.

In a 7™ aspect of the present invention, there is provided a method of treatment of
an individual with breast cancer, the method comprising assigning a grade to the breast
tumour by a method as described, and administering an appropriate therapy to the

individual based on the aggressiveness of the breast tumour.

According to an 8" aspect of the present invention, we provide a method of
determining the likelihood of success of a particular therapy on an individual with a breast
tumour, the method comprising comparing the therapy with the therapy determined by a

such a method.

We provide, according to a 9t aspect of the invention, a method of assigning a
breast tumour patient into a prognostic group, the method comprising applying the
Nottingham Prognostic Index to a breast tumour, in which the histologic grade score of the

breast tumour is replaced by a grade obtained by a method as described.
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indicReeside @gording to a 127 aspect of the invention, a method of identifying a

molecule capable of treating or preventing breast cancer, the method comprising: (a)
grading a breast tumour; (b) exposing the breast tumour to a candidate molecule; and (c)

detecting a change in tumour grade; in which the grade is assigned by a method as

described.

According to a 13" aspect of the present invention, we provide a molecule
identified by such a method.

There is provided, according to a 14" aspect of the present invention, a method of
treatment of an individual suffering from breast cancer, the method comprising

modulating the expression of a gene set out in Table D1 (SWS Classifier 0).

We provide, according to a 15t aspect of the present invention, a method of
determining the proliferative state of a cell, the method comprising detecting the
expression of a gene selected from the genes set out in Table D1 (SWS Classifier 0), in
which: (a) a high level of expression of a gene which is annotated “3” in Column 7
(“Grade with Higher Expression”) indicates a highly proliferative cell; (b) a high level of
expression of a gene which is annotated “1” in Column 7 (“Grade with Higher
Expression”) indicates a non-proliferating cell or a slow-growing cell; (c) a low level of
expression of a gene which is annotated “3” in Column 8 (“Grade with Lower
Expression™) indicates a highly proliferative cell; and (d) a low level of expression of a

‘Cl”

gene which is annotated in Column 8 (“Grade with Lower Expression”) indicates a

non-proliferating cell or a slow-growing cell.
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comprising the genes set out in the above aspects of the invention. According to a 19™

aspect of the present invention, we provide an array, preferably a microarray, comprising
the probesets set out in the above aspects of the invention.

| . . . .
As an 20" aspect of the invention, we provide use of such an array or a microarray

in a method of assigning a grade to a breast tumour.

According to a 21% aspect of the present invention, we provide a computer
implemented method of assigning a grade to a breast tumour, the method comprising
processing expression data for one or more genes set out in Table D1 (SWS Classifier 0)

and obtaining a grade indicative of aggressiveness of the breast tumour.

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of chemistry, molecular biology, microbiology, recombinant
DNA and immunology, which are within the capabilities of a person of ordinary skill in
the art. Such techniques are explained in the literature. See, for example, J. Sambrook, E.
F. Fritsch, and T. Maniatis, 1989, Molecular Cloning: A Laboratory Manual, Second
Edition, Books 1-3, Cold Spring Harbor Laboratory Press; Ausubel, F. M. et al. (1995 and
periodic supplements; Current Protocols in Molecular Biology, ch. 9, 13, and 16, John
Wiley & Sons, New York, N.Y.); B. Roe, J. Crabtree, and A. Kahn, 1996, DNA Isolation
and Sequencing: Essential Techniques, John Wiley & Sons; J. M. Polak and James O’D.
McGee, 1990, In Situ Hybridization: Principles and Practice; Oxford University Press; M.
J. Gait (Editor), 1984, Oligonucleotide Synthesis: A Practical Approach, Irl Press; D. M. J.
Lilley and J. E. Dahlberg, 1992, Methods of Enzymology: DNA Structure Part A: Synthesis
and Physical Analysis of DNA Methods in Enzymology, Academic Press; Using
Antibodies : A Laboratory Manual : Portable Protocol NO. I by Edward Harlow, David
Lane, Ed Harlow (1999, Cold Spring Harbor Laboratory Press, ISBN 0-87969-544-7);
Antibodies : A Laboratory Manual by Ed Harlow (Editor), David Lane (Editor) (1988,
Cold Spring Harbor Laboratory Press, ISBN 0-87969-314-2), 1855, Lars-Inge Larsson
“Immunocytochemistry: Theory and Practice”, CRC Press inc., Baca Raton, Florida, 1988,
ISBN 0-8493-6078-1, John D. Pound (ed); “Immunochemical Protocols, vol 807, in the
series: “Methods in Molecular Biology”, Humana Press, Totowa, New Jersey, 1998, ISBN
0-89603-493-3, Handbook of Drug Screening, edited by Ramakrishna Seethala,
Prabhavathi B. Fernandes (2001, New York, NY, Marcel Dekker, ISBN 0-8247-0562-9);
Lab Ref: A Handbook of Recipes, Reagents, and Other Reference Tools for Use at the
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Figure 3. Survival differences between G2a and G2b genetic grade subtypes.
Kaplan-Meier survival curves for G2a and G2b subtypes are shown superimposed on
survival curves of histologic grades 1, 2, and 3 (see key). Uppsala cohort survival curves
are shown for all patients (A), patients who did not receive systemic therapy (B), patients
treated with systemic therapy (C), and patients with ER+ disease who received anti-
estrogen therapy only (D). Stockholm cohort survival curves are shown for patients treated
with systemic therapy (E) and those with ER+ cancer treated with anit-estrogen therapy
only (F). The p-value (likelihood ratio test) reflects the significance of the hazard ratio
between the G2a and G2b curves.

Figure 4. Expression profiles of the top 264 grade (G1-G3) associated gene
probesets. Gene probesets (rows) and tumours (columns) were hierarchically clustered by
average linkage (Pearson correlation), then tumours were grouped according to grade
while maintaining original cluster order within groups. Red reflects above mean
expression, green denotes below mean expression, and black indicates mean expression.

The degree of color saturation reflects the magnitude of expression relative to the mean.

Figure 5. Statistical analysis of clinicopathological markers. Measurements (or
percentages of binary measurements) of clinicopathological variables assessed at the time
of surgery were compared between different tumour subgroups: G1 vs. G2a, G2a vs. G2b,
and G2b vs. G3. P-values are noted below subgroup designations. Average scores (or

percentages) within each subgroup are shown as vertical bars with standard deviations.
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DETAILED DESCRIPTION

BREAST TUMOUR GRADING

We have identified a number of genes whose expression is indicative of breast
tumour aggressiveness. Accordingly, we provide for methods of grading breast tumours,
and therefore assigning a measure of their aggressiveness, by detecting the level of
expression of one or more of these genes. The genes are provided in a number of gene

sets, or classifiers.

In a general aspect, we provide for the detection of any one or more of a small set
of 264 gene probesets, which we term the “SWS Classifier 0”. This classifier represents
232 genes. In some embodiments, the expression of all of the 264 gene probesets are
detected. For example, the expression of all the 232 genes represented by such probesets
may be detected. '

The genes comprised in this classifier are set out in Table D1 in the section “SWS
Classifier 0” below, in Table S1 in Example 20, as well as in Appendix Al. This and the
other tables D2, D3, D4 and D5 (see below) contain the GenBank ID and the Gene
Symbol of the gene, as well as the “Affi ID”, or the “Affymetrix ID”” number of a probe.



Inoo F-,700-0 o 91.0.0 Izooor., 12U 1-V99 1.1/V99 1.1.17.99 [6340
[L9Z.99 L93.99 166.208 |213Z2.99 1 65.474 81.E.99 P9/..49 64.754
999.49 64.566 Ng vs 9L1.179 66t9 962.E9 1799.9 63.584 63.584
0C.C9 63.256 63.256 62.415162.2%41979.19 WW1 Lower Express'

ATt REMEHR sHMMRCad B0 CorregPdidihg 6BLoAudlédiRde H%@&Q)@eZ(a@:b&ll as

Lo T e

wefy S‘Zeg‘“j?é’di%wg&gs ='.-re enE EI EI
(htép Wﬁﬂormaneh%gﬁﬁwadn&ﬁﬂﬁﬁtﬂﬁdbeBm%aﬁt) BGﬁGdiZbythe Paterson

In@l%.l‘tgfgil-Cancer Research.

In such an embodiment, therefore, our method comprises determining the
expression level of at least one of the genes of the 264 gene probesets (for example, at
least one of the 232 genes) in the classifier which we term the “SWS Classifier 0. More
than one, for example, a plurality of the genes of such a set may also be detected. The 264
gene probesets of the SWS Classifier 0 gene set are set out in Table D1 below.

In some embodiments, the expression level of more than one gene is detected. For
example, the expression level of 5 or more genes may be detected. The expression level of
a plurality of genes may therefore be determined. In some embodiments, the expression
level of all 264 gene probesets (for example, the expression level of all 232 genes) may be
detected, though it will be clear that this does not need to be so, and a smaller subset may
be detected.

We therefore provide for the detection of one or more, a plurality or all, of subsets
comprising 17 genes and several subsets of 5-17 genes from the 264 gene probesets.

Thus, alternatively, or in addition, our method may comprise determining the
expression level of at least one, a plurality, or all of the genes of an 5 gene set which we
term the “SWS Classifier 1”. The 5 genes of the SWS Classifier 1 gene set are set out in
Table D2 below.

In other embodiments, our method may comprise determining the expression level
of at least one, a plurality, or all of the genes of an 17 gene set which we term the “SWS
Classifier 2”. The 17 genes of the SWS Classifier 2 gene set are set out in Table D3 below.

In other embodiments, our method may comprise determining the expression level
of at least one, a plurality, or all of the genes of an 7 gene set which we term the “SWS
Classifier 3”. The 7 genes of the SWS Classifier 3 gene set are set out in Table D4 below.

In other embodiments, our method may comprise determining the expression level
of at least one, a plurality, or all of the genes of an 7 gene set which we term the “SWS
Classifier 4”. The 7 genes of the SWS Classifier 4 gene set are set out in Table D5 below.

In specific embodiments, the methods comprise detection of the expression level of

all of the genes in the gene set of interest. For example, all 5 genes in the “SWS Classifier



s 00061Z.V 1l SIPEOZY | W5399813V LA205046 at A.204 146 at1 A
210559 s at 1 B 225655 at llll s g60ZOni 1u-301903V It EZgEI

lll-s-1g90ZZ V 1 A.203438,..at IB 63160Z.V A.201195 s at Illl 99813V
s |Ws6EQOVIZY IL'V917603V lle-cipva zv A.205898 at | I-tosszt 1

1”&33@@2@¢$§é§ﬁ%@% tli@é’gwgfﬁlé%éggé\lw maé@cc%Maﬂoﬁj%o%ls NIRI the
S S i S et e S RS gk ot e

deteoid3n-inese BPdionts 1 R1g810 INN A1435828 | 06PPO03EI 1
600810E1V NM 022346 6631E0 INN T15777 961,110EIV 881030 LAIN
ocEO¥YheStdrRIW So0Rssdier. 1 othg RIWS Dlagstirr 200heNINY h(lliskdid031 0r the

svﬁﬁtllgsmegggdé\hsé&%rac‘%&ﬁﬂhleﬁ 13%' gI@EMJanZ@&\: &gﬁrg\/c@ﬂréns of the
T Eﬁkﬁ%ﬁ e T e B3] DR GaiEs Loe rlevan:
gerpBichnsdeieriedd IndrAbIBYY [ PrESoishRedtBERA '1 31101511/ K mem

family member CI Similar to Gastric cancer up-regulated-2 F1123311
protdihukjresia femilsorremtaer @0¥m Defhotivegilhsi giedehassneitite dohidsinigh and

loxb@éva@sﬂe{&e%ﬁ%vb%a EYUPAR: @M%Rﬁ%@e/ %98%%‘13?&*91@ WP%@%xample.
Th Oent{om re ote}]n , 312 [c))a RA%% I as ted otelré % ot that
S e e R e R iR V) d?ﬁﬁ’ 5Hg
theRpv@df iyt bbgharr@smﬁa@moxﬁr?almh tepe @w&mmuhg\se(fsﬁxmmoméls L.
AcRARM CMIGhBTHYE iovIaeome: mainﬁaaaﬂﬁ@s@egi@@bﬂ@ itS wereNskner
exﬁo IA)S@ zpr%n\l{ fl%%lFE?n 5@_;)"%]% %%arcgq}lao\rnfa QHo%ﬂgur If a low

mo og ute carrier Catl nic amino acid tran orter, y+
levey ity %@%5@?@6@%@5 éhf’o‘h‘&éh’éafhﬁﬁ iRsla ¢ | may be assigned to

that tumour.

Detection of gene expression, for example for tumour grading, may suitably be
done by any means as known in the art, and as described in further detail below.

The methods described here for gene expression analysis and tumour grading may
be automated, or partially or completely controlled by a controller such as a
microcomputer. Thus, any of the methods described here may comprise computer
implemented methods of assigning a grade to a breast tumour. For example, such a
method may comprise processing expression data for one or more genes set out in Table
D1 (SWS 0 Classifier) and obtaining a grade indicative of aggressiveness of the breast

tumour.

The methods described here are suitably capable of classifying a breast tumour to
an accuracy of at least 85%, preferably at least 90% accuracy, preferably at least 95%
accuracy, with reference to the grade obtained by conventional means, such as for example
grading of the breast tumour by histological grading.

DETECTION OF HIGHER AND LOWER EXPRESSION

In a refinement of our methods, we provide for a “cut-off” level of expression, by
which the expression of a gene in or from a tumour may be judged in order to establish
whether the expression is at a “high” level, or at a “low” level. The cut-off level is set out
in Column 9 of Tables D1, D2, D3, D4 and D5.
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this level, then it is determined to be a “high” level of expression. A grade of 3 may then
be assigned to that tumour. On the other hand, if the expression of the Barren homologue
falls below this cut-off level, then the expression is judged to be a “low” level of
expression. A grade of 1 may be assigned to the tumour in this event.

Thus, we provide for a method which comprises detecting a high level of
expression of a gene in SWS Classifer 0 and assigning the grade set out in Column 7 of
Table D1 to the breast tumour. The method may comprise, or optionally further comprise
detecting a low level of expression of the gene and assigning the grade set out in Column 8
of Table D1 to the breast tumour. A high level of expression may be detected if the
expression level of the gene is above the expression level set out in Column 9 of Table D1,
and a low level of expression is detected if the expression level of the gene is below that
level.

DETECTION OF GENE EXPRESSION

There are various methods by which expression levels of a gene may be detected,
and these are known in the art. Examples include RT-PCR, RNase protection, Northern
blotting, Western blotting etc. The gene expression level may be determined at the
transcript level, or at the protein level, or both. The detection may be manual, or it may be
automated. It is envisaged that any one or a combination of these methods may be

employed in the methods and compositions described here.

The detection of expression of a plurality of genes is suitably detected in the form
of an expression profile of the plurality of genes, by conventional means known in the art.

In some embodiments, the detection is by means of microarray hybridisation.

For example, a sample of a tumour may be taken from a patient and processed for
detection of gene expression levels. Gene expression levels may be detected in the form of
nucleic acid or protein levels or both, for example. Analysis of nucleic acid expression
levels may be suitably performed by amplification techniques, such as polymerase chain

reaction (PCR), rolling circle amplification, etc. Detection of expression levels is suitably
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Classifier 0, SWS Classifier 1, SWS Classifier 2, SWS Classifier 3 or SWS Classifier 4

sets.

Suitably, RNA expression levels may be detected by hybridisation to a microchip
or array, for example, a microchip or array comprising the genes or probesets
corresponding to the specific classifier of interest, as described in the Examples. In some
embodiments, the gene expression data or profile is derived from microarray hybridisation

to for example an Affymetrix microarray.

Detection of protein levels may be performed by for example, immunoassays
including ELISA or sandwich immunoassays using antibodies against the protein or
proteins of interest (for example as described in US6664114. The detection may be
performed by use of a “dip stick” which comprises impregnated antibodies against
polypeptides of interest, such as described in US2004014094.

We provide therefore for sets of one or more antibodies which are capable of
binding specifically to any one or more of the proteins encoded by the genes in the
classifiers disclosed herein. Specifically, we provide for a set of antibodies capable of
amplifying all of the genes in the SWS Classifier 0, SWS Classifier 1, SWS Classifier 2,
SWS Classifier 3 or SWS Classifier 4 sets.

The grade may be assigned by applying a class prediction algorithm comprising a
nearest shrunken centroid method (Tibshirani, et al., 2002, Proc Natl Acad Sci U S A.
99(10): 6567—6572) to the expression data of the plurality of genes. The class prediction
algorithm may suitably comprise Statistically Weighted Syndromes (SWS) or Prediction
Analysis of Microarrays (PAM).

In some embodiments, the grade of the tumour may be assigned by applying a
class prediction algorithm comprising the steps set out here. First, a set of predictor
parameters (i.e., probesets) is obtained, based on predictors which discriminate the
histologic tumors G1 and G3. Next, the potentially predictive parameters (i.e. signal
intensisty values of micro-array) are recoded to obtain cut-off values for robust discrete-
valued variables. The recoding is done in such a way as to maximize an informativity
measure of discrimination ability of the parameter and minimize its instability to the

discrimination object (i.e. patients) belonjed to distinct classes (i.e. G1 and G3). Then,
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complided-gereaenme: apia histological Grade 2 tumour according to any of the
methods described above. For example, the expression of any one or more genes, for
example, all the genes, in any of the SWS Classifiers described here may be detected and a
grade of 1 or 3 assigned using Columns 7, 8 or 9 individually or in combination, as
described above.

Such regrading using our methods is suitably capable of classifying histological
Grade 1 and histological Grade 3 tumours with an accuracy of 70% or above, preferably
80% or above, more preferably 90% or above. The histological grading may be performed
by for example the Nottingham Grading System (NGS) or the Elston-Ellis Modified
Scarff, Bloom, Richardson Grading System.

Such a tumour which has been reassigned will suitably have one or more
characteristics of the reassigned grade. For example, a histological Grade 2 breast tumour
which has been assigned a low aggressiveness grade by the gene expression detection
methods described here will suitably have at least one feature of a histological Grade 1
breast tumour. Similarly, a breast tumour assigned a high aggressiveness grade will have
at least one feature of a histological Grade 3 breast tumour. The feature will suitably
comprise likelihood of tumour recurrence post-surgery or survival rate, or both. The
feature may comprise a disease free survival rate. Suitably, the feature comprises
susceptibility to treatment. Accordingly, application of the grading methods described here
enables the classification of the histological Grade 2 tumour into a Grade 1 tumour or a
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tumour as described using gene expression data.

We therefore describe a method of predicting a survival rate for an individual with
a histological Grade 2 breast tumour, the method comprising assigning a grade to the
breast tumour using gene expression data as described. A low aggressiveness grade may
suitably indicate a high probability of survival and a high aggressiveness grade may
suitably indicate a low probability of survival. We also provide for a method of prognosis
of an individual with a breast tumour, the method comprising assigning a grade to the
breast tumour by a method as described, and a method of diagnosis of aggressive breast
cancer in an individual, the method comprising assigning a grade indicative of high

aggressiveness to a breast tumour of the individual by a method as described.

The methods of gene expression analysis may be employed for determining the
proliferative state of a cell. For example, such a method may comprise detecting the
expression of a gene selected from the genes set out in Table D1 (SWS Classifier 0).
Where a high level of expression of a gene which is anhotated “3” in Column 7 is
detected, this may indicate a highly proliferative cell. Similarly, where a high level of

(Gl”

expression of a gene which is annotated in Column 7 is detected, a non-proliferating
cell or a slow-growing cell mnay be indicated. If a low level of expression of a gene which
is annotated “3” in Column 8 is detected, this may indicate a highly proliferative cell and

C‘l”

where a low level of expression of a gene which is annotated in Column 8§ is detected,

this indicates a non-proliferating cell or a slow-growing cell.

The classifiers are described herein as combinations of probesets, and the skilled
person will be aware that more than one probeset can correspond to one gene.
Accordingly, the SWS Classifier 0 contains 264 probesets which represent 232 genes. It
will be clear therefore that the invention encompasses detection of expression level of one
or more genes, and/or one or more probesets within the relevant classifiers, or any

combination of this.
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clinician to recommend a sultable treatment, in line with the grade of the tumour which

has beenh reassigned.

Thus, a tumour which has been reassignéd to Grade 1 may require more aggressive
treatment than a tumour which has been reassigned to Grade 3, for example. We therefore
describe a method of choosing a therapy for an individual with breast cancer, the method
comprising assigning a grade to the breast tumour by a method as described herein, and
choosing an appropriate therapy based on the aggressiveness of the breast tumour. In
general, the method may be employed for the treatment of an individual with breast
cancer, by assigning a grade to the breast tumour and administering an appropriate therapy

to the individual based on the aggressiveness of the breast tumour.

In general, we disclose a method of treatment of an individual suffering from
breast cancer, the method comprising modulating the expression of a gene set out in Table
D1 (SWS Classifier 0), Table D2 (SWS 1 Classifier), Table D3 (SWS Classifier 2), Table
D4 (SWS Classifier 3) and/or Table D5 (SWS Classifier 4).

It will be evident that any of the diagnosis and treatment methods may suitably be
combined with other methods of assessing the aggressiveness of the tumour, the patient’s
health and susceptibility to treatment, etc. For example, the diagnosis or choice of therapy
may be determined by further assessing the size of the tumour, or the lymph node stage or

both, optionally together or in combination with other risk factors

Specifically, the choice of therapy may be determined by assessing the Nottingham
Prognostic Index (NPI). The NPI is described in detail in Haybittle, et al., 1982. In
combination with the grading methods described here, the method is suitable for assigning
a breast tumour patient into a prognostic group. Such a combined method comprises
deriving a score which is the sum of the following: (a) (0.2 x tumour size in cm); (b)
tumour grade in which the tumour grade is assigned by a method according to any of the
gene expression detection methods described herein; and (c¢) lymph node stage; in which
the tumour size and the lymph node stage are determined according to the Nottingham
Prognostic Index, in which a patient with a score of 2.4 or less is categorised to a EPG
(excellent prognostic group), a patient with a score of less than 3.4 is categorised to a GPG
(good prognostic group), a patient with a score of between 3.4 and 5.4 is categorised to a
MPG (moderate prognostic group), a patient with a score of greater than 5.4 is categorised
to a PPG (poor prognostic group).
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therapy may include receptor status, such as oestrogen receptor (ER) or progesterone
receptor (PR) status, as known in the art. For example, the choice of therapy may be

determined by further assessing the oestrogen receptor (ER) status of the breast tumour.
GENE COMBINATIONS

We further provide for combinations of genes according to the various classifiers
disclosed in this document. Such combinations may comprise mixtures of genes or
corresponding probes, such as in a form which is suitable for detection of expression. For

example, the combination may be provided in the form of DNA in solution.

In other embodiments, a microarray or chip is provided which comprises any
combination of genes or probes, in the form of cDNA, genomic DNA, or RNA, within the
classifiers. In some embodiments, the microarray or chip comprises all the genes or probes
in SWS Classifier 0, SWS Classifier 1, SWS Classifier 2, SWS Classifier 3 or SWS
Classifier 4. The genes may be synthesised or obtained by means known in the art, and
attached on the microarray or chip by conventional means, as known in the art. Such
microarrays or chips are useful in monitoring gene expression of any one or more of the
genes comprised therein, and may be used for tumour grading or detection as decribed

here.

We further describe a probe set consisting of a probe or probes having Affymetrix
ID numbers as set out in Column 6 of Table D1, Table D2, Table D3, Table D4 or Table
DS5. Specifically, we describe an array, preferably a microarray, comprising the probesets
set out in Table D1 (SWS Classifier 0). We also describe an array such as a microarray
comprising the genes or probesets set out in Table D2 (SWS 1 Classifier), an array such as
a microarray comprising the genes or probesets set out in Table D3 (SWS Classifier 2), an
array such as a microarray comprising the genes or probesets set out in Table D4 (SWS3
Classifier), and an array such as a microarray comprising the genes or probesets set out in
Table D5 (SWS Classifier 4).

The probes or probe sets are suitably synthesised or made by means known in the
art, for example by oligonucleotide synthesis, and may be attached to a microarray for
easier carriage and storage. They may be used in a method of assigning a grade to a breast

tumour as described herein.
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Particular screening applications relate to the testing of pharmaceutical compounds

S

in drug research. The reader is referred generally to the standard textbook "In vitro
Methods in Pharmaceutical Research”, Academic Press, 1997, and U.S. Pat. No.

5,030,015). Assessment of the activity of candidate pharmaceutical compounds generally
involves combining the breast cancer cells with the candidate compound, determining any
change in the tumour grade, as determined by the gene expression detection methods
described herein of the cells that is attributable to the compound (compared with untreated
cells or cells treated with an inert compound), and then correlating the effect of the

compound with the observed change.

The screening may be done, for example, either because the compound is designed
to have a pharmacological effect on certain cell types such as tumour cells, or because a
compound designed to have effects elsewhere may have unintended side effects. Two or
more drugs can be tested in combination (by combining with the cells either
simultaneously or sequentially), to detect possible drug-drug interaction effects. In some
applications, compounds are screened initially for potential toxicity (Castell et al., pp. 375-
410 in "In vitro Methods in Pharmaceutical Research," Academic Press, 1997).
Cytotoxicity can be determined in the first instance by the effect on cell viability, survival,
morphology, and expression or release of certain markers, receptors or enzymes. Effects of
a drug on chromosomal DNA can be determined by measuring DNA synthesis or repair.
[3H]thymidine or BrdU incorporation, especially at unscheduled times in the cell cycle, or

above the level required for cell replication, is consistent with a drug effect. The reader is
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candidate molecules are being tested at any one time, whether a batch procedure is being
followed, etc.

The candidate molecules may be provided in the form of a library. In a preferred
embodiment, more than one candidate molecule is screened simultaneously. A library of
candidate molecules may be generated, for example, a small molecule library, a
polypeptide library, a nucleic acid library, a library of compounds (such as a combinatorial
library), a library of antisense molecules such as antisense DNA or antisense RNA, an
antibody library etc, by means known in the art. Such libraries are suitable for high-
throughput screening. Tumour cells may be exposed to individual members of the library,
and the effect on tumour grade, if any, cell determined. Array technology may be
employed for this purpose. The cells may be spatially separated, for example, in wells of a

microtitre plate.

In a preferred embodiment, a small molecule library is employed. By a “small
molecule”, we refer to a molecule whose molecular weight is preferably less than about 50
kDa. In particular embodiments, a small molecule has a molecular weight preferably less
than about 30 kDa, more preferably less than about 15 kDa, most preferably less than 10
kDa or so. Libraries of such small molecules, here referred to as “small molecule libraries”
may contain polypeptides, small peptides, for example, peptides of 20 amino acids or

fewer, for example, 15, 10 or 5 amino acids, simple compounds, etc.

Alternatively or in addition, a combinatorial library, as described in further detail

below, may be screened for candidate modulators of tumour function.
COMBINATORIAL LIBRARIES

Libraries, in particular, libraries of candidate molecules, may suitably be in the

form of combinatorial libraries (also known as combinatorial chemical libraries).

A “combinatorial library”, as the term is used in this document, is a collection of
multiple species of chemical compounds that consist of randomly selected subunits.
Combinatorial libraries may be screened for molecules which are capable of changing the

choice by a stem cell between the pathways of self-renewal and differentiation.
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CHMEM NYGIBRYS QOPE248 Reference is also made to Combinatorial peptide library
protocols (edited by Shmuel Cabilly, Totowa, N.J. : Humana Press, c1998. Methods in
Molecular Biology ; v. 87). Specific combinatorial libraries and methods for their
construction are disclosed in United States Patent 6,168,914 (Campbell, et al), as well as
in Baldwin et al. (1995), “Synthesis of a Small Molecule Library Encoded with Molecular
Tags,” J. Am. Chem. Soc. 117:5588-5589, and in the references mentioned in those

documents.

Further references describing chemical combinatorial libraries, their production
and use include those available from the URL http://www.netsci.org/Science/Combichem/,
including The Chemical Generation of Molecular Diversity. Michael R. Pavia, Sphinx
Pharmaceuticals, A Division of Eli Lilly (Published July, 1995); Combinatorial

Chemistry: A Strategy for the Future - MDL Information Systems discusses the role its
Project Library plays in managing diversity libraries (Published July, 1995); Solid Support
Combinatorial Chemistry in Lead Discovery and SAR Optimization, Adnan M. M. Mjalli
and Barry E. Toyonaga, Ontogen Corporation (Published July, 1995); Non-Peptidic
Bradykinin Receptor Antagonists From a Structurally Directed Non-Peptide Library.
Sarvajit Chakravarty, Babu J. Mavunkel, Robin Andy, Donald J. Kyle*, Scios Nova Inc.
(Published July, 1995); Combinatorial Chemistry Library Design using Pharmacophore
Diversity Keith Davies and Clive Briant, Chemical Design Ltd. (Published July, 1995); A
Database System for Combinatorial Synthesis Experiments - Craig James and David
Weininger, Daylight Chemical Information Systems, Inc. (Published July, 1995); An
Information Management Architecture for Combinatorial Chemistry, Keith Davies and
Catherine White, Chemical Design Ltd. (Published July, 1995); Novel Software Tools for
Addressing Chemical Diversity, R. S. Pearlman, Laboratory for Molecular Graphics and
Theoretical Modeling, College of Pharmacy, University of Texas (Published June/July,
1996); Opportunities for Computational Chemists Afforded by the New Strategies in Drug
Discovery: An Opinion, Yvonne Connolly Martin, Computer Assisted Molecular Design
Project, Abbott Laboratories (Published June/July, 1996); Combinatorial Chemistry and
Molecular Diversity Course at the University of Louisville: A Description, Arno F.
Spatola, Department of Chemistry, University of Louisville (Published June/July, 1996);
Chemically Generated Screening Libraries: Present and Future. Michael R. Pavia, Sphinx
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support, w1th subsequent determination of activity in solution, identification of the particle
from which the active compound was released, and elucidation of its structure by direct
sequencing (Salmon, S. E. et al., 1993, Proc.Natl.Acad.Sci.USA 90:11708-11712), or by
reading its code (Kerr, J. M. et al., 1993, JJAm.Chem.Soc. 115:2529-2531; Nikolaiev, V.
etal., 1993, Pept. Res. 6:161-170; Ohlmeyer, M. H. J. et al., 1993,
Proc.Natl.Acad.Sci.USA 90:10922-10926).

Soluble random combinatorial libraries may be synthesized using a simple
principle for the generation of equimolar mixtures of peptides which was first described by
Furka (Furka, A. et al., 1988, Xth International Symposium on Medicinal Chemistry,
Budapest 1988; Furka, A. et al., 1988, 14th International Congress of Biochemistry,
Prague 1988; Furka, A. et al., 1991, Int. J. Peptide Protein Res. 37:487-493). The
construction of soluble libraries for iterative screening has also been described (Houghten,
R. A. etal.1991, Nature 354:84-86). K. S. Lam disclosed the novel and unexpectedly
powerful technique of using insoluble random combinatorial libraries. Lam synthesized
random combinatorial libraries on solid phase supports, so that each support had a test
compound of uniform molecular structure, and screened the libraries without prior
removal of the test compounds from the support by solid phase binding protocols (Lam, K.
S.etal., 1991, Nature 354:82-84).

Thus, a library of candidate molecules may be a synthetic combinatorial library

(e.g., a combinatorial chemical library), a cellular extract, a bodily fluid (e.g., urine, blood,
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polysaccharides. Each member of the library can be singular or can be a part of a mixture
(e.g., a compressed library). The library may contain purified compounds or can be “dirty”

(i.e., containing a significant quantity of impurities).

Commercially available libraries (e.g., from Affymetrix, ArQule, Neose
Technologies, Sarco, Ciddco, Oxford Asymmetry, Maybridge, Aldrich, Panlabs,

Pharmacopoeia, Sigma, or Tripose) may also be used with the methods described here.

In addition to libraries as described above, special libraries called diversity files
can be used to assess the specificity, reliability, or reproducibility of the new methods.
Diversity files contain a large number of compounds (e.g., 1000 or more small molecules)
representative of many classes of compounds that could potentially result in nonspecific

detection in an assay. Diversity files are commercially available or can also be assembled
from individual compounds commercially available from the vendors listed above.

ANALYSIS METHOD - RNA PURIFICATION

The breast tumour is surgically resected, processed, and snap frozen. A frozen
portion of the tumour is processed for total RNA extraction using the Qiagen RNeasy kit
(Qiagen, Valencia, CA). Briefly, frozen tumours are cut into minute pieces, and pieces
totalling ~50-100 milligrams (mg) are homogenized for 40 seconds in RNeasy Lysis
Buffer (RLT). Proteinase K is added, and the samples are incubated for 10 minutes at 55
degrees C, followed by centrifugation and the addition of ethanol. After transferring the
supernatant into RNeasy columns, DNase is added. Collected RNA is then assessed for
quality using an Agilent 2100 bioanalyzer (Agilent Technologies, Rockville, MD) or by
agarose gel. The RNA is stored at minus -70 degrees C.

MICROARRAY ANALYSIS

Labeled cRNA target is generated for microarray hybridization essentially
according to the Affymetrix protocol (Affymetrix, Santa Clara, CA). Briefly,
approximately 5 micrograms (ug) of total RNA are reversed transcribed into first-strand
cDNA using a T7-linked oligo-dT primer, followed by second strand synthesis. A T7
RNA polymerase is then used to linearly amplify antisense RNA. This “cRNA” is
biotinylated and chemically fragmented at 95°C. Ten pg of the fragmented, biotinylated
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values. To do that for a given array j(j = 1,2,...M), we calculated normalization

coefficients &, (j =1,2,...,n), by the following formula:

k, =n*ln(500)/iln(a[,), (1)

i=l

where 7 is the number of observed probe sets, a, is the signal intensity value of the i-th

Affymetrix probesets representing a gene expression. Then the natural logarithm of the
signal intensity value of the given array j was multiplied by this normalization coefficient.
A normalisation coefficient of 500 is used in determining the cut-offs shown in the Tables
in this document.

SWS ANALYSIS

The microarray-derived normalized numerical expression values corresponding to

the genetic grade signature genes are used as input for the SWS algorithm.
OTHER METHODS

The RNA purification and microarray analysis methodologies above reflect only
our “preffered methods”, and that other variants exist that could be used in conjunction
with our Process for Predicting Patient Outcome...For example, the starting material could
be formalin-fixed paraffin-embedded tumor material instead of fresh frozen material, or
the RNA might be extracted using a Cesium Chloride Gradient method, or the RNA could
be analyzed by NimbleGen Microarrays that include DNA probes corresponding to our
genes of interest. And it should also be noted that a microarray may not be necessary at all
to determine the expression levels of our signature genes, but rather their expression could
be quantitatively measured by PCR-based techniques such as real time-PCR.

CLASSIFIERS, GENE SETS AND PROBE SETS
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53 Follow up, medianyrs 1196 8 7 7 - - All recurrences, % 26 39 50 7
24 36 - - - Endocrine therapy, % 18 37 36 75 62 49 - - - Chemotherapy, %
46224513 ---Combine therapy, % 230 11 16 10 - - - No systemic
therapy, % 77 54 4511 17 28 Table El. Distribution of patients and
tumour characteristics All cohorts are of unselected populations, and
in eagh case,thesoriginal tumour material was collected at the time of
sesgrgery and fq:esEIy frozen on dry ice or in liquid nitrogen and stored under
Sliguid jnitrogef oratZ70C. 37 Example 2. Methods: Details of Uppsala,
Q¢tgapore ardl %ocﬁholm Cohorts Uppsala Cohort The Uppsala cohort
“efiginally conprisedEof 315 women representing 65% of all Sbreast
ancers rese%te&in@ppsala County, Sweden from January 1, 1987 to
_December 3% ]@89%%nformation pertaining to patient therapies, clinical
ollow| up, anﬁ s@inpte processing are described elsewhere (41).
istolpgical GradingzFor histological grading, new tumour sections are
$repared fror—@ the o ginal 10paraffin blocks, stained with eosin, and
raded in a bfinded &ashion by H.N. according to the Nottingham grading
cgystem (6, Hﬁybﬁtleget al., 1982) as follows: Tubule Formation:
B=poor, if < tﬁ)(’/&“of@e tumour showed definite tubule formation,
2=mogderate; T 3409 but 95%, and 1-well, if >75%. Mitotic Index:
1zlow, if <108nitgses, 2=medium, if 10-18 mitoses, and 3-high, if 15>18
smyfoses (per'io;ﬁig@power fields). The field diameter was 0.57 mm.
mf\g;\lhlear Gra(E: ?grlozy, if there was little variation in the size and shape of
t;%kgp nuclei, 2:fnegiu@ for moderate variation, and 3=high for marked

Qyaiation and_?garg_e §zé Scores are then summed, and tumour
msamples withescgeé;’raﬁging from 3-5 are classified as grade I; 6-7 as
d;rade I and@-%as@ra?de lll. Protein Assays Protein levels of
ofstrogen Re—epﬁ@r and Progesterone Receptor (PgR) are assessed
gbgz;im nunoassa%(r@n@glonal 6F11 anti-ER and monoclonal NCL-PGR,
grépectively,&ogocgst@ Laboratories Ltd, Newcastle upon Tyne, UK) and
gdgemed posiﬁvedf éf).l?‘)mol/ug DNA. VEGF was measured in tumour
Cytosol by a@ua’@tit‘give 25immunoassay kit (Quantikine-human VEGF,;
~H&D Pystems, Wn@aﬁolis, MN, USA) as described (42). Protein levels of
;5} 67 [are an%yzgd ﬁsi@ anti-Ki67 antibody (MIB-1) by the grid-graticula
Angthodwith uteffs lowv=2, medium >2 and <6, high=6. Cyclin E was
Cfeas Jr§d usjngghe::anfjbody HE12 (Santa Cruz Inc., USA) with cutoffs:
loiv=0-4%0, nf%digm%- %, and high=50-100% stained tumour cells (43).
Qphafée gac—‘orgwas determined by flow cytometry and defined as
nigh it >2% imdiﬁloigtu@ours, or >12% in aneuploid tumours. TP53
riitatjoffal stétugwas determined by cDNA sequencing as previously
I1gscribed (4D. @qeﬂJQEsala tumour samples ar approved for microarray
filingiby the eghic%l dmmittee at the Karolinska Institute, 5Stockholm,
ede® Sto‘ékhQInP;chaort The Stockholm samples are derived from
DECast Ganceg p@;ieﬂisﬁnat were operated on at the Karolinska Hospital
rgm Jarguarﬁl,;g%g tirough December 31, 1996 and identified in the
S&ckhéﬂn-G%tlajld@regTs]t cancer registry. 10Information on patient age,
Ugn&ur;ﬁze, fmrﬁbefo etastatic axillary lymph nodes, hormonal
e0epto statés, >EICJ'stgnt?-i:netastases, site and date of relapse, initial
Ko ysandglate aid €ause of death are obtained from patient records
filed Witht the@t ‘“kﬁblrﬁ_-Gotland registry. Tumour sections are
Sct@ssi ied usiag Qe@ﬁngham grading system (Haybittle et 15al., 1982).
'I‘ﬁe tq?gkho_ @n@urgamples are approved for microarray profiling by
ke ethial cdinrittee a the Karolinska Hospital, Stockholm, Sweden.
Sihgapore Cohal The Singapore samples are derived from patients that
jyere pperated aEthg National University Hospital (Singapore) from
February 1, 2000 throu§h January 31, 202002. Information on patient
age, tumour size, number of metastatic lymph nodes and hormonal
receptor status are obtained from hospital records. Tumour sections
are graded in a blinded fashion according to the Nottingham grading
system (Hayhbittle et al., 1982) as applied to the Uppsala and Stockholm

rohorte 2Bwith the followina eveention: Mitotie Indev: 1=low if <Q

— =

o~ —

—h

—

Cell division cyclc associated 3

&

Hs.4348

17




contralateral disease are censored. Disease-free survival (DFS) is defined
as the time interval from surgery until the first recurrence or last follow-up.
Multivariate analysis by Cox proportional hazard regression, including a
stepwise 25model selection procedure based on the Akaike information
criterion, and all survival statistics are performed in the R survival
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sdie, gene expression
ictors), thgt aﬂovgthﬁ most accurate
>ample%’|n:ﬂ1eﬁfra|%|ng set. Once the
imal setf vangbles it is then applied
evgset o sé’m;ﬁesﬁwot used in training)

. Mdge deﬁall§at:e gigen 30below. 41

o%tlon_&lnetlog the SWS method
ofG1 agd 83 tBmgur samples) to
edgrad@teﬁ "tSTo@natlve" variables

of tbese 1§p |g§or§ The predictors are

! rE(n 4 ) praBe sets (which
ﬁzrem%]tsé of UE33A and U133B

sdription G eat:hﬁ)at;ent includes n

, X, (s@nars f@mg)robe sets of the

@ rm“é;ftlon £0aBoLk clgss to which a

=dﬂ:tors%1|@1tcﬁe #ble to discriminate

pﬁ;}stenﬂrl gomb@ty" Reliability of
e-3tagdard "leave-one-out

nfof thE clgss-prediction ability on

p()p@latlora.s ( ﬁptlent cohorts). In this
samplesmf ex ISL@psala cohort and

coh_grtsg S@ Niethods) have been

béd [tde SWS class pgec@:thn function.  Let

Ls ¢onsider

Ppro

fossts)

the g
X1,....

mdimension domain
ognastic viariable space. UThéESWS algorithm is

v@riables (the

based on calculating the a posteriori probabilities of the tumours belonging
to one of two classes using a weighted 20voting scheme involving the sets
of so called "syndromes". A syndrome is the sub-region of prognostic

variable space. For a syndrome to be useful in the algorithm, within the
evndrome one clace of eamblec (for inetance OXR fiimotire) miiet he



variables. In two-group comparison
01-02 and 02-03 predictions (data n

s, high CER were observed in the
ot shown), while 01-03 classification

accuracy was high (<5% errors). Complementary to SWS classification

method, the PAM method confirms
distinct from either low or high grad

that 02 tumours are not molecularly
e tumours, possibly 750wing to

substantial mofecalay heterpges
Denvaﬁ)n of ( _
smalles possjbiee|sBsifier

gelfty within the 02glass. Example 11.
(RS of G €5
e 264 vanaéle§ we varied the initial
parameters of the $ WS algorjthin to

WS Class@er 1) To extract the

|n|m|zegth(§mgnber of predictors in

training-set providing the maximum!c rrelatlorEcoeffleent between
poste i pr_§bal: ilitles and B0true class |nd|ca®rsg(5|§0|f|cally, 1 was the
indicait(ir of @ tulrnc urs, and, 3/was the indicatqr c&PGS‘)tumours in the
GI-G3 Boparison), The predictive powcr of tEe ed:u:tor 46 set was
estimafeduging standard Igavie-one-out proceglur® afid counting the
numbgEes of esrons aof class predidgtions We?deav%na classifier
comp"r§ing @gyene probe sets|(5/genes) whiclrwedtegdn the "SWS
Class t.égrg"é’zlrd%u or clasg€ rqr—rd 5:5% for (%S&G CERs were
obtaine® witBithe S|WS Clgssffier 1| See Flgure 1>aQH Table D2 in section
"SWS dier 1" pf the Descriptidn Appendix A, Appendix 5B and
Apper how cletalled 1£1formatio aboutgeleccte:d gene probe sets,
optim b@ugdarle%,,,;'%e glag{es pos?Bsrl@r @bbabmtles and
clinicg gre' af the CWSoCldé‘gl ier 1 prg_dlgor—ﬂfestlmated by patient
survivh §%) SExampie| ¥ Dev|vation gf Clasgifiers of 18 Genes
(sws|g 2% < By SWRII|fie Gl- GSmoraparls@ws maximal
predia ‘aeles are optdimedhyvith 18 pr@eﬁet&(ﬁ genes). We
refer g rohe set as tue 1SwWS CIassﬁFEr 2;. %efl’able D3in
sectiond I%gtfler 2" &t the Descnpﬂon"Th& C‘@ssgﬁer includes all
five 15 SIS (Sassifier f T Appgndix 6A,
Apper %’Gi§h3 i-detailed mform@o& about selected
gene pt a 'tgn@% ndarleSCtrué cc‘gss%s posterior
proba =of the SWS '@Iagsmer 2 (estimated by
patien ith the 18 pgsot§@ sets=hoth the SWS
Classffi sify 20- 96% (aslég) o the Gls and
-95% Ag-out meﬁwﬁ) .Zhe smaller
numbe y-8WSLClassifief 16 @fobe sets)
compg ata ript préiseﬁe Ry reflect the
ability|of SWS Ic nte=r%ﬂon&nd’/o:§ Xpression
patterns durin "’The‘pomr r grobability (Pr) is
an estimate of ﬁn sampfe from ZBtre e@m group of
tumours belon@ £d)"Gl-like'd ogthg e other (le, "03- like").
Both 18 probese I@ >S|ﬁers sgzorzed ﬁﬁe_‘&?ast majority of
Gl and 03 tumal Difit el&of cI@ss«membg)rshlp 47
Exampf 13. Tiag % 4<Gene_§3r0be$e Contains Many
imall|Subsets &\ | Jatly High D‘sc;i atlon Ability of
gne Geretic GRa g)ua to tHé highly i formative and
Stable rggture nge ¢ rg d?!)y Affytr@trb? p@be sets) of the
264 prégictor sgt : t&;ﬁere age ma@/ shall alternative
ne $Tb-sets hiat 5 Blagsify tufnmursgvnﬁ‘hlgh accuracy
nd thgreforg classify patients agcording to o&tcay é)wlfh high prognostic
Significgnce). E,ergKampIe Hgte Pr. spores for &egla(gs &signments of Gl
and 08dy SWclassifier 1|(6 |50 séls, asvshewn ingable D2 in
Sectiop= VS a&lﬁbr 1" JRhE S8 |9ﬁon afid §p@n(ﬂx 5A) and SWS
Llass gSs@nmeh qEOl likeshisdl @3-fke classes withih 02 class were
gbser ved & ~J\m ably, 95%6 ot tieettymours of t l@p@la cohort
Bhowe@=%$5% piiobibility of belonging to either thé 03-lile or 03-like class,

indicating a highly discriminant stati
function of the S WS classifier 1 for
Classifier 3 and SWS Classifier 4

stical 15basis for the class prediction
the 02 class. Example 14. SWS
To find other classifiers, we

excluded the best 6 probe sets (SWS classifier 1) from the 264 probe

cate and randomliv celected hwo non-overlannina <ciritheete (each of A0



1.49-8.01 0.009 1.39-9.99 TN status 0.031 0.27-0.94 0.700 0.01-23.53
0.091 0.13-1.16 0.096 0.11-1.20 Tumour size 0.054 0.99-1.07 0.950
0.91-1.10 0.016 1.01-1.11 0.250 0.9%4L.09 Age 0.500 0.97-1.06 0.820
0.96-1.03 0.440 0.96-1.02 0.450 0.94-1.02 ER status 0.061 0.46-1.06
0.640 0.15-3.18 0.110 0.01-1.55 - I'gR status 0.300 0.57-6.10 0.270
0.56-7.76 0.990 0.10-9.50 Table E3. The generc grade signature is a
EXS;H? gEjbndependent indicator of disease-/lee survival in a multivariate
with conventional risk/actors. 10As Table E3 shows, the genetic
rade sigpature remai ignificantly associgted with outcome in the
Exihale e DS RE MR ONGLAERAB AT DT o and
IS sg&erior to both LN status and tumour size in all four treatment
sub

andsSinQep&igodleatt afhniafindirigeld ituhiele $iibstantiated by a robust model
selection approach (the 15Akaike Information Criterion) whereby the

diisa G rasdeEtenab RISy stk aA RIAS e bR A RDSABu S g kholm

genetic grade classikiipetained more s|gHieidshrlman LN statySingapore
NamerphsghpEtse in all therapeutic subgroups {data not shown). Thesge results

demonstrate a poweHtA¥hd additive confriithfoh of the genetic| dralfe

classifier to patient/prognosis. 51 Examgle 19. G2a and 62b Subtypes

Are Molecularly and®htholedically GibtincG1 | Ehe proghdstiq G1 G2 G3
Patiengse s gtasi§ce of the classifier suggests that G2ajand 62b| genetic grades
may in fact represertdidtinet pAthoRigiéa) enddiedppdviopsiel | n=11 | n=40 | n=47
unrecognized. We binvestigated this possibility by several apprpaches.
Age, mdiaverexamined 98 histéPatholo@ital ¢ormpositidn of thé202a| &3d G252 50
tumours and found|that thie predominant histologic subtypes - (juctal,
<55 ydatsubar and tubular|-2#re gqdfally distdbutedWithjrtihe twp Massps’and | 60 68
therefore not correlated with genetic grade (data not shown). Next, we
Tumoanaiezeththe expregskidn leRels of (He%eledtéd 264 probeseds 1%i4., | 2.8 3.1
- representing -232 genes) |as the maximum numper of probesets capable
Nodesgpestaysitifating a hibh 0183 classifieatigmaccuray (see Methpds). | 40 51
These genes represent thie top mast signjificantly differentially expressed
ER negamestheiwves VGl ahd G3 fumoursHter [cdrrecting for falsé discovery | 28 53

(see Table DI above). As shown in Figuré 4, hierarchical clustef analysi

U7

Followsingrtbdsagetref genés shoWs a ISstriking 8epargfion of thé G2 [populatior
into two primary tumour profiles highly resembling the G| and OB profiles

All reancktiat,Separate web into e G2aHhd GZb claszés. Indééd, gll-but 11 |of
these 264 gene probesets are alsg differ¢ntially|expressed (at p<0.05,

Endocdvihlecdxompsaik-sum tesst) hedWeen (16 G2a78nd Gab tumodss. This finding
shows that extensiye molécular hgterogeneity eiists within the D2

Chema®ierapyuepopulatigni and|tbis heterzgenegiy is nopustly defned by the | -
major determinantg of Gl and 03 cancer. It also [demonstrates that a mugch

Comblatg@eRpd, pervasivertrangcgiptionalrogiam ungdedies thejgenetic grade -
predictions of the WS signature-despite|its coﬁnposition of a mere 5

No syggmqa@t[ﬁmg@g%ore,7$tat|s;tgz|al analysis of the gene ontolagy (GO) terms
associated with thg G2a-G2b diffefentially expressed gepes revealed thP

5 significant 25enrichment of numerous biological processes and molecular
functions. Table E4 displays a selected set of significantly enriched

GO AR b R P LB S O R A3 615H6Ss, cell

motility: and stress response, suggesting an imbalance of these cellular
oroc LR B AL ThE e AR AR LT B gt mour
Mt w8 ToUs Boh 46 2hevens2ef 622y 8BAdEIb Y cleosepPmdrs ipE ozgn liquid
nit2oBEnQEsRmalin@atk@gingrapshreraodriing 1.3E-02 2.5E-02 52
Mitosis 2.7E-02 6.8E-15 | .1E-03 Inhibition of apoptosis 4.4E-03 4.9E-03
Oncogenesis 1.6E-02 5.5E-04 5.5E-03 Cell motility 3.6E-02 4.4E-02
Stress response 5.0E-03 Molecular Function Kinase activator 1.1E-03
7.2E-06 llistone 3.5E-03 5.0E-02
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Nucleic acid binding 1.3E-02 Microtubule family cytoskeletal protein
7.6E-07 4.2E-04 Chemokine 7.5E-03 Non-receptor serine/threonine
protein kinase 7.8E-04 Extracellulanmatrix linker protein 1.9E-02
Pathway Insulin/IGF pathway-MAPKK/MAPK cascade 4.9E-02
Apoptosis signaling pathway 4.9E-02 Ubiquitin proteasome pathway
3.0E-02 Table E4. Gene ontology analysis of differentially expressed
genes. Selected terms are shown with corresponding p-values that reflect

ExRRITERNOR Ao TDRRIR W Rable sizatplate AhPuR i sAIMEIAIGs! o

GO categories and their p values. G2a vs. G2b tumours Biological
Procgs &g FLIST (23481) expected ratio observed ratio P value
Cell cytle’ 4 50 5.69E-28 Mitosis 287 2.38 22 6.78E-15 Cell

gg'fg{f%éﬂg &JHSF@éﬁ%‘i‘rﬁn% %%&%ﬁ?%ﬁ%ﬁ%g é%gé%t‘r}?%@% of all

brea i FaRTERSS g pffaia r‘ES’F ﬁ?téf’é‘éﬂﬁ‘b“ﬁ?’/d I’ok%sfu-éé?ugr’?‘ﬁ%ber 31,
19898 i@ mRvE mﬁt@elhgttgamer@mmnhtyllmal Soligw 2p, TBESOBINA

prav@iahplsenidbiBea2 hdwhdrE£3 Oncogenesis 600 4.98 14 5.52E-04 53
DNA replication 89 0.74 5 9.62E-04 Protein phosphorylation 592 4.92 13

ijg@g%l%qm@%Q@B 4 2.65E-03 Inhibition of apoptosis 127 1.05 5

For histological grading, new tumour sections are prepared from the original
paraffin blocks, stained with eosin, and graded in a blinded fashion by H.N. according to
the Nottingham grading system (6, Haybittle et al., 1982) as follows:

Tubule Formation: 3=poor, if < 10% of the tumour showed definite tubule
formation, 2=moderate, if >10% but <75%, and 1=well, if >75%.

Mitotic Index: 1=low, if <10 mitoses, 2=medium, if 10-18 mitoses, and 3=high, if

>18 mitoses (per 10 high-power fields). The field diameter was 0.57 mm.

Nuclear Grade: 1=low, if there was little variation in the size and shape of the

nuclei, 2=medium for moderate variation, and 3=high for marked variation and large size.

Scores are then summed, and tumour samples with scores ranging from 3-5 are

classified as grade I; 6-7 as grade II; and 8-9 as grade III.

Protein Assays

Protein levels of Estrogen Receptor (ER) and Progesterone Receptor (PgR) are
assessed by immunoassay (monoclonal 6F11 anti-ER and monoclonal NCL-PGR,
respectively, Novocastra Laboratories Ltd, Newcastle upon Tyne, UK) and deemed
positive if >0.1 fmol/ug DNA. VEGF was measured in tumour cytosol by a quantitative
immunoassay kit (Quantikine-human VEGF; R&D Systems, Minneapolis, MN, USA) as
described (42). Protein levels of Ki-67 are analyzed using anti-Ki67 antibody (MIB-1) by
the grid-graticula method with cut-offs: low=2, medium >2 and <6, high=6. Cyclin E was
measured using the antibody HE12 (Santa Cruz Inc., USA) with cutoffs: low=0-4%,
medium=5-49%, and high=50-100% stained tumour cells (43).
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Stress response 187 1.55 6 5.03E-03 Biological process unclassified 9457
78.54 61 5.89E-03 Protein biosynthesis 598 4.97 0 6.54E-03
Carbohydrate metabolism 512 4.25 3¢ .36E-02 Cytokinesis 116 0.96 4
1.65E-02 Protein modification 1013 8.41 15 2.27E-02 Chromatin
packaging and remodeling 196 1.63 5 2.47E-02 Sensory perception 642
5.339-gHERR oytokindmaemaking mediafeshenndnd\&endds digh if >7% in
- - h beycl 0.03 I-3,27E- roteqlysi 3 .
o RO S PR A e

by 5OINA scgeneine B PINIPIILSAs8Ls B S 31dER IopsHR MM IR
ap3® &3 202 mioREFOY Pitddiigntyshcx02ca]4atbiibG2eMotbe lardFimaksidmstitute,
stNERIRERId& ( 23481) expected ratio observed ratio P value
Microtubulc binding motor protein 74 0.61 10 9.86E-10 Microtubule family
cyto [, pretein 233 1.93 12 7.63E-07 Kinase activator 54 0.45 6
7.Zlﬁ%§k%{r?agﬂn%%ulator 126 1.05 8 1.27E-05 Replication origin binding

prOte[.’ﬂeléat&llﬁoﬂT?s%%IQ?aE@&FF%@%%G@Q?(W&%?iﬂﬁi@ﬁ%%tm@§%perated
on2a§t9hf2: ‘Iéa?o?fr?s?(%_lpigslg{toeﬁeflr%mlqgr?t?a?yz?, 1994 through December 31, 1996 and

identified in the Stockholm-Gotland breast cancer registry.

Information on patient age, tumour size, number of metastatic axillary lymph
nodes, hormonal receptor status, distant metastases, site and date of relapse, initial therapy,
and date and cause of death are obtained from patient records filed with the Stockholm-
Gotland registry.

Tumour sections are classified using the Nottingham grading system (Haybittle et

al., 1982). The Stockholm tumour samples are approved for microarray profiling by the
ethical committee at the Karolinska Hospital, Stockholm, Sweden.

Singapore Cohort

The Singapore samples are derived from patients that were operated on at the
National University Hospital (Singapore) from February 1, 2000 through January 31,
2002.

Information on patient age, tumour size, number of metastatic lymph nodes and

hormonal receptor status are obtained from hospital records.

Tumour sections are graded in a blinded fashion according to the Nottingham
grading system (Haybittle et al., 1982) as applied to the Uppsala and Stockholm cohorts,
with the following exception: Mitotic Index: 1=low, if <8 mitoses, 2=medium, if 9-16
mitoses, and 3=high, if >16 mitoses (per 10 high-power fields). The field diameter is 0.55
mm. The Singapore tumour samples are approved for microarray profiling by the
Singapore National University Hospital ethics board.

After exclusions based on tissue availability, RNA integrity, clinical annotation

and microarray quality control, expression profiles of 249, 147, and 98 tumours from the
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4.37 12 1.64E-03 Voltage-gated sodium channel 14 0.12 2 6.23E-03
Cvtoskeletal protein 824 6.84 14 9.42E-03 Kinase 692 5.75 12 1.36E-02
Extracellular matrix linker protein 25 §521 2 1.87E-02 Ribosomal protein
431 3.58 0 2.70E-02 KRAB box transcription factor 640 5.31 | 2.95E-02
DNA strand-pairing protein 6 0.05 1 4.86E-02 Histone 99 0.82 3 5.03E-02

Uppaahivaie EBhRnGELI M A4234 Bbhexepectpectatityohees\Rd s il tyBlei€or further
)%l cycle 22 0.18 3 8.75E-04 Ubiquit in proteasome pathway 80 0.66 3
9

§
g 7SE-02 DNA replication 43 0.36 2 5.03E-02 Gl vs. G2a tumours
Biologi zéké:roce s NCBI REFLIST ( 23481) expected r ié)%%Pserve atio |
ExTOREe RSy 0 AB B TG SR PP aged B8 rocessing
6.19E-06 Chromatin packag ing and remodeling 196 0.18 2 1.32E-02

OncéyeHEpuBsRINpIsa aye peofaghon theebdiacrndiEoie Hsbhernsbips.
Miaeidra87ah3L0%s b 2B ByfjRa bandcSahnpijsme salvitesis 28206 R2a68-G2nome

Ins%?_%JSFé Lé{ﬁgszi}%m}%e@%‘?%ﬁéé’t&i?ﬁo%@ sQEEIQQaPeeé’ﬂBB%eB?% RIBGHIFER Bristol-
Myers quibb, Princeton, New Jersey, USA. RNA processing and microarray

hybridizations are carried out essentially as described (44).

Microarray data processing: all microarray data are processed as previously
described (44).

Example 4. Materials and Methods: Statistical Analysis of Gene Ontology (GO)

Terms

GO analysis is facilitated by PANTHER software
(https://panther.appliedbiosystems.com/) (46). Selected gene lists are statistically
compared (Mann—Whitney) with a reference list (ie, NCBI Build 35) comprised of all
genes represented on the microarray to identify significantly over- and under-represented
GO terms.

Example 5. Materials and Methods: Survival Analysis

The Kaplan Meier estimate is used to compute survival curves, and the p-value of
the likelihood-ratio test is used to assess the statistical significance of the resultant hazard
ratios. For standardization, events occurring beyond 10 years are censored. All cases of
contralateral disease are censored. Disease-free survival (DFS) is defined as the time

interval from surgery until the first recurrence or last follow-up.

Multivariate analysis by Cox proportional hazard regression, including a stepwise
model selection procedure based on the Akaike information criterion, and all survival
statistics are performed in the R survival package. Remaining predictors in the Cox

models are assessed by Likelihood-ratio test p-values.
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3.77E-02 ritRNA transcription regulation 1553 1.39 4 4.63E-02 Molecular
Function NCB! REFLIST (23481) expected ratio observedratio P value
Kinase activator 54 0.05 2 1.08E-03 Hjstone 99 0.09 2 3.54E-03 Kinase
modulator 126 0.11 2 5.65E-03 Select regulatory molecule 979 0.88 4
1.02E-02 Nucleic acid binding 3014 2.7 7 1.29E-02 Nuclear hormone
receptor 48 0.04 1 4.21E-02 Other transcription factor 387 0.35 2
4.64E-02 Pathway NCBI REFLIST (23481) expected ratio observed ratio

Exan{plé® AemIddanceimesipine Q¥ eaRai ¥ ie v Hh 143 H2

Insulin/IGF pathway- mltogen activated protein kinase kinase/MAP kinase

cas E: O rs Bi I Pr NCB'
REEﬁﬁES?%%O@&%éX%%&e e SR SR, HO RS

formgla 2 2 50E-06 Cell proliferation and differentiation 751 2.01 10
3.03E-05 Cell cycle control 390 1.05 7 8.55E-05 Mitosis 287 0.77 5
1.06 B3 @Mmoibdontesaygraigation) 02017 (38,2 68H-0 3. Mbigdnh.afor 3)
apoptosis 127 0.34 3 4.93E-03 Oncogenesis 600 1.61 6 5.45E-03
Aporbeisctbizeds defl OB Mengsis Hidheld BfkGEsOXdGht@moatirLN stage is

1, ﬁ?ﬁﬁ@frﬁgm&ﬁmd%'% or fewer nodes involved, and 3, if >3 nodes involved
(47). As the number of cancerous lymph nodes are not available for the Uppsala cohort, a
LN stage score of 2 is assigned if 1 or more nodes are involved, and a score of 3 is
assigned if nodal involvement showed evidence of periglandular growth. For ggNPI

calculations, grade scores (1,2 or 3) are replaced by genetic grade predictions (1 or 3).

NPI scores <3.4 = GPG (good prognostic group); scores of 3.4 to 5.4 = MPG
(moderate prognostic group); scores >5.4 = PPG (poor prognostic group). Scores of 2.4 or

less = EPG (excellent prognostic group).
Example 7. Methods: Descriptive Statistics

For inter-group comparisons using the clinicopathological measurements, non-
parametric Mann—Whitney U-test statistics are used for continuous variables and one-
sided Fisher’s exact test used for categorical variables. This work is facilitated by the

Statistica-6 and StatXact-6 software packages.

Example 8. Materials and Methods: Details of Genetic Reclassification Algorithm of
Grade 2 Tumours Based on SWS Approach

In simplified terms, the algorithm of genetic re-classification of Grade 2 tumour,
based on SWS approach can be described as follows.

A training set consisting of samples of known classes (eg, histologic grade [ (G1)
and histologic grade I1I (G3) tumours) is used to select the variables (ie, gene expression
measurements; probesets or predictors), that allow the most accurate discrimination (or
prediction) of the samples in the training set. Once the SWS algorithm is trained on the
optimal set of variables, it is then applied to an independent exam sef (ie, a new set of
samples not used in training) to validate it’s prediction accuracy. More details are given

below.
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196 0.53 3 1.59E-02 Protein targeting and localization 225 0.6 3 2.28E-02

Developmental processes 2150 5.77 11 2.69E-02 Oncogene 98 0.26 2

2.88E-02 Skeletal development 108 9129 2 3.43E-02 Determination of

dorsal/ventral axis 14 0.04 1 3.69E-02 Cytokinesis 116 0.31 2 3.91E-02

Cell motility 291 0.78 3 4.36E-02 Embryogenesis 131 0.35 2 4.86E-02

lar Function Molecular NCB! REFLIST (23481) xpected ratio

observedratio P value Microtubule family cytoskeletal protein 233 0.63 5

4. 19§r%§%‘?mﬁﬂlﬁa‘fﬁ%ﬁ\ IRRGRY LIRSS R 8R I 04903 uses the

Chemokine 48 0.13 2 7.51E-03 Non-motor microtubule binding protein 52
tra(hing Se8Sg6E OB NNesotl Sl {dinymmotosanroteih tp 2 st st istoally the
wegm%rf‘ﬁ?é‘%ﬁﬂ%% tﬁﬁ%?rﬁ?t?v% Ov“aﬁa%igé 538% 8&9@"«1 gl ngg%ne%%[]is of these

31E-02 Reductase 108 athwa
pr%iu@ﬁr@iﬁ@ﬂ%@&ﬁ%&ﬂ?&ﬁb@m&bfoﬁ%&é %ﬁbé@xﬁ&ﬁtdéés‘*éréﬂmgmobe
setpéthiayrd 3t ©185 B gB86E e@pressionatesBRnompoeHéhsive dable 1053 B
AfBigRficatgengntology terms identified in the different tumour group

comparisons. To extend our anaIyS|s beyond the transcript level,

we nﬁlesé ate .the |fferences en G a an b tumo Irs usi
101’1 O alle mc p&lgnh vdriapiles

conventlona |n|copat |ca markers. oo IC

X grading, diiterials st mwn@@@@rﬁttlambl }rﬁﬁcfbearqollé@ﬁ}srpihmmlqumat@n
ab&&nlﬂg?%lx 1\1/1%% b;?&i"’ rﬁ%ého%%%z gﬁlgu%%je VHE?()#%&PMQ lﬁ? ?Bg able to

igure roteln e proliteration

ure
dlﬁ%famé?tkrg and %’zrséwaahﬁ w%&u&mnﬂmff@%mﬁmemhgwaﬂlty of
thea®W & 2la st prediks i Q01 1; i OBsgdiken DE) standddeSeafineingsogetiednre” and
onWHRABRRA AT G PEPROMTRY %&@alyé%lﬁkgggﬁ%mmgﬁmﬂsﬁmﬁample

classifier may largely mirror ce proliferation us reflect the
POPUHIEItVE S BRMITABR AR o B AREERR Giiang! %e\)%? SHBPAfGATples of the
Uppot theobnty ancogentbdactbofsuiid bedsSiook atkn witlrtfesetidgthdds)ihave
bethaiadRdumen tmpyatain dexels 8wLS VR6 pikigue 36 @omajor inducer

of angiogenesis, and the degree of vascular growth (Figure 5D) are both

found 3o ke significantly higher compargdiadhe N mﬁl@fb &‘@}Qj;ﬁobesets)
and p=0.002, respectively) suggestlgg that a difference in aqtgglogemc

potential ASUAEBAHIKESNPRID BRSNS PRt s Based fiesalculating the a

poﬁeé}bﬁlgreﬁmlmrgﬂﬁerﬁ}fﬁalﬁgae% gfww&&ff@s@@%ﬁ@é&mmed

90mutations are found in on 6% hg tumo,uA% whereas.44% of
vofing n%vL?ﬁvgll%t esets fso ca ed “syndromes s

of prognostlc variable space. For a syndrome to be useful in the algorithm, within the

yndrome is the sub-region

syndrome, one class of samples (for instance, G3 tumours) must be significantly highly
represented than another class (for instance, Gls), and in other sub-region(s) the inverse
relationship should be observed. In the present version of the SWS method, one-

dimensional and two-dimensional sub-regions (syndromes) are used.

Let 4',and ", denote the boundaries of the sub-region for the variable X, (the i-th
probe set); b’ > X, > b . One-dimensional syndrome for the variable X, is defined as the

set of points in variable space for which inequalities 5' > X, > b are satisfied. Two-

dimensional syndrome for variables Xi’ and Xl.,, is defined as a set of points in variable

space for which inequalities 5, > X, > b and b;,, > X.0> blf',, are satisfied. The



10

p53 mutants (p<0.0001; Figure 5E) consistent with their higher replicative
potential, and likely conferring a further survival advantage to these
tumours via decreased apoptotic potgmtial. We also observed higher
levels of cyclin El protein (p=0.04; Figure 5F) in the 62b tumours which, in
addition to contributing to enhanced proliferation (20), may also 95confer
greater genomic instability (21, 22). Finally, we observed a significant
difference in hormonal status between the 02a and 02b tumours, with an
sylBFSRRIIAG Era@gtmfefd%&ﬁkegﬁﬁé{ﬁsao@ SEEHRNOTRTHOD ARA PARioning
Og f%atlve % v%ﬁglna 3% p=0. 02) tumours in the G2b class, indicating
( SR FeRSRTERE Wensitivity and dependence. 30Taken together,
these results show that multiple tumourigenic properties measured at the
RNAS BNR airitgidd! «%ﬁd/@éllular levels can subd|V|de the G2a and G2b
tum gjbt@es - 56 Eg %at m Ialn in part, the different
pati 'ed %8% } 0 genetic classes.
Example 20. The Grade Slgnature is More Than a Proliferative Marker
5The bepietaldpePeinecppEtHemBRAehrisiver SRifyiases thianthéngisdticvalucs)

to gb&de dignedt e heftevisiabraongtiotber prd paittigsadigoproliferative capacity
of tumour cells. That proliferation rate is positively correlated with poor

outcome|in MRt FERRSN (zﬁ)rﬁawe%al?&B&Eneopmggm@a@%p@aqiﬁxooa}&h@bles

netic e signature. To further | ate th| |b||| we
o e ot R e R T Y e e e
Claﬁﬁﬁﬁ)ﬁé ingesstiogether with the genetic grade S|gnature, for survival
correlations in Cox regression models (Table S3). Uppsaft 612 patients
Varidbled pngilbe stidizare atioe (S1596 €} ef dtisgs aoldrcigrsatky bl 007 B
comAReAiRBHIBT 8300, R 8RR8I SrihasR iagtion 0.9200 0.50-1.86 Mitotic
index 0.6900 0.56-2.40 Table 83. Multivariate analysis of
prollfgr?no ers. ang(y;)? genetic grade .signature for diseasefree

imda I[I 10NN
survival correlations am ng’patients with grade Il tumours. 15Multivariate

analysis opawedJinal thedasrelsseadpSign %‘i&ﬁﬁlﬁ?@%ﬂi@ﬂ]@smﬁ@%tass (G1
independent predictor of recurrence (p=0.0075) in the presence of these

ang(dhlaninehmtinieieg stigdesting fﬂ&tl%ﬂ@ﬁ@ﬁb@m&sm@mwérpéﬂtﬁewadé some
r [ e
P el et ol
beldigtniggiciGteac 6B BGsChmeeatuate tha thmsumnvgvaliinabfgierfRigar® Jxee
we observed no significant surwv&ndlfferences between patients with Gl

belovy B UFABLIRS, Fibrindle Shint A4'SHeraRl HERIOEEZAeRE bEaAtioh, The
op Hgatgsgmnstgfe UanshLpt Wé BPaANRIg uaﬁagréfao‘%naﬁqua%ﬁtm Britions

b classes may be clinicall and mo ecularl% indistinguishable
WIGHIERSRIYRS B BBEHEr OB RS clowgl, Hipgpadiion with
thethmsxwmfm&herm‘nhh/zbdmﬁmeupnebsa@nrpatmdsmtﬁmé RB4he given variable.
grade-associated probesets described in Figure 4. We discovered 14
geness il daenesisigndficantly differentially expressed (p<0.01,
Mann-Whitney U-test) between the Gl and 5G2a tumours and 03 and G2b
tumoAinstlressipeptinety .charastetably DS and HEISEB | @etitegirognpsonehtBty of
pafl DR AP Hb SIS FURLIAN LRGN FMPIRX i RIEXEXBE 252t B AL YRl In

the GI tumours, while genes involved in cell cycle progression such as
RGRNE2 RMJa\wunfnﬂ@ﬁ%ﬂ%@&@aﬁélexﬁr&ggeﬁé&lﬁ@%@%F&Hﬁﬁémmg set

G§’Za tu our Slml|ﬁlle r fashion, the 0 ours show

Soexpression ‘.’LbecEFcesn‘cs;}c o RS SElcH S ° @f&pﬂﬁﬁi\la‘and TW‘B‘C Letk,
deNvRd @ arﬁ‘ét@ﬁauvaa@raﬁzs1vmhmmﬂgenI%ﬂoogwaida&alngtwf‘%bamal
ECT2 and CCNE1 when compared to the G2b tumours, while the
pariitpaphpfotiodend, amek%Xpﬁé%éb%Y%ﬁlgﬂ@fPé\Yérsai?iQhé 04iye boundary
tumours. GO analysis of these differentially expressed genes indicated
larger biological 15differences. In the GI-02a comparison, the differentially
expressed genes pointed to differences primarily in cell cycle-related
processes and oncogenesis, while differences between the G2a and G3
tumours included cell cycle-related processes, inhibition of apoptosis,
oncogenesis and cell motility (Table E4, Table S2). Statistical analysis of
conventional clinicopathological markers revealed further 20 distinctions
iNn the Gl-CG?23 and the G2h-CGR trimoiir comnaricone Ac chown in EiAdrlire
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primary tumours, 94% could be molecularly classified with high probability
of being G1-like or G3-like, while only 6% showed intermediate Pr scores
(ie, <0.75 for G1-like or G3-like). Notably, we observed these same
percentages in the G2 population of 224 tumours. These findings support
the genetic pathways model of grade origin, as they suggest that 30the
large majority of breast cancers fundamentally exist in one of two
predominant forms marked by the molecular and clinical essence of low or
her these forms.correlat W|th the rade-specific
i e preut TSSETRER (38 7 SR R e U 5 2 the raio
(K ehnetdaiad.alo2dvshiould also be noted that although a small percentage
(-6%) of the tumours in our study had intermediate genetic grade
measurements (ie, analogous te-the hybrid signature observed in Ma et.
al. (2@(:&5),)Ktpe)ferrwere~irb§ov§ébf te bfetdrmine the clinical relevance of
this intermediate angty Furthermore, it is unclear whether these
5intermediates arise as homogeneous cells that truly borderline low and
high Sgraden oo fdihemd gfesehtdheigrogeneous tumours comprised of
distinct low and high grade cell types, such as that observed in tubular
mixebhedprdisemee(38)d Alltbmiatielylagme e bibee foe dethisisgrite dimension of the
prcrgermmagﬁa@id@wnmitaﬁwﬂrbmm;ﬁlaesitaadiqn@r@étwadﬁamgmg ona
suﬁ?cﬁ‘@rﬁ %%3% RillAbAE §lRss, Jier?e{%eac%?%et‘ dSyergL aHS‘%%%é] driterion
owing echnical noise. n conc dion. our fesu ts show that th
of g@n@tmeﬁsmwgemlhrsmlegks gsableiostatbbty rstdtaetdld&,g\m(tp theThe variable is
expression patterns of a mere 5 genes with powerful prognostic
usGh e s Soaftictiily/ Rt Hen s he khfing ARG dri e é htetheotsete When the

NPI. The results ndc ethatG nva re stc ncer at least.in
P R T HBL R GO A koot AR B B from

thdgRatipamslesionaidm sitbtamized BRAWNMErsiniRve: RiolReicalYIc
vaﬁa‘ét %"ﬂ'ﬁ@ﬂ%éjdﬁt'%'ﬂ?%%?%% thateuld gy e distinguished from Gl

G3 populations. Thus hIStO|OgIC grading, together with measurements
of geﬁletrﬁ/ ovrd%,a rational basis for the refinement of the G2

subtype m?dgsuengra &g g'c%inﬁeZb Wlth immediate clinical ramifications.

20F rt mare, our finding that the g grade. sig aturec uld further
resot GCHRHIERSEO SRS IO raﬁl&%ﬁ%ﬁ%ﬁ Pehadfiyh the
pofl 8?85‘?&95‘?&@9{5%‘&9 IO NAtkHe aggét%w ?&j&ﬁﬁﬁ?}f'?’“ MEGhe class

as a scalable continuous variable, may have robust prognostic benéfit in
K thft tHagonsis dhiadt Béﬂﬁﬁgstwﬁﬁéliﬁteﬁ@w@l epyMaAyMeight. thQ]QQHﬁHCQ as
rade measurement in combination with other risk factors for greatest !
f¥ognostic return is a clinical challenge that must next be addressed.
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We estimated the class error rate based on the misclassification error rate plot
(Tibshirani et al, 2002) and found that for the 264 selected probe sets, CER consists of 5%
for G1, and 6% for G3, respectively. Similar discrimination was obtained with SWS

methods (see above).

Based on consistency between SWS and U-tests and PAM CER validation of the
selection procedure, we further considered the classification results using the 264
variables. In two-group comparisons, high CER were observed in the G1-G2 and G2-G3
predictions (data not shown), while G1-G3 classification accuracy was high (<5% errors).
Complementary to SWS classification method, the PAM method confirms that G2
tumours are not molecularly distinct from either low or high grade tumours, possibly

owing to substantial molecular heterogeneity within the G2 class.
Example 11. Derivation of Classifiers of 6 Genes (SWS Classifier 1)

To extract the smallest possible classifier from the 264 variables, we varied the
initial parameters of the SWS algorithm to minimize the number of predictors in training
set providing the maximum correlation coefficient between posteriori probabilities and
true class indicators (specifically, 1 was the indicator of G1 tumours, and 3 was the

indicator of G3 tumours in the G1-G3 comparison). The predictive power of the predictor
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the’SIPE ICRBIHERr 3.5 Figure 1 and Table D2 in section “SWS Classifier 17 of the
Description.

Appendix 5A, Appendix 5B and Appendix SC show detailed information about
selected gene probe sets, optimal partition boundaries, true classes, posterior probabilities
and clinical significance of the SWS Classifier 1 predictor (estimated by patient survival
analysis).

Example 12. Derivation of Classifiers of 18 Genes (SWS Classifier 2)

By SWS, for the G1-G3 comparisons, maximal prediction accuracies are obtained
with 18 probe sets (17 genes). We refer to this 18 probe set as the “SWS Classifier 2”. See
Table D3 in section “SWS Classifier 2” of the Description. This classifier includes all five
genes represented by SWS Classifier 1.

Appendix 6A, Appendix 6B and Appendix 6C show detailed information about
selected gene probe sets, optimal partition boundaries, true classes, posterior probabilities
and clinical significance of the SWS Classifier 2 (estimated by patient survival analysis).

With the 18 probe sets, both the SWS Classifier 2 and PAM correctly classify
~96% (65/68) of the G1s and ~95% (52/55) of the G3s (by leave one-out method).

The smaller number of probes sets required by SWS Classifier 1 (6 probe sets)
compared to PAM (18 probe sets, data not presented) may reflect the ability of SWS to use

more diverse interaction and/or co-expression patterns during variable selection.

The posterior probability (Pr) is an estimate of the likelihood that a sample from
the exam group of tumours belongs to one class (termed “G1-like”) or the other (ie, “G3-
like”). Both 18 probesets SWS and PAM classifiers scored the vast majority of G1 and G3

tumours with high probabilities of class membership.
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basis for the class prediction function of the SWS classifier 1 for the G2 class.

Example 14. SWS Classifier 3 and SWS Classifier 4

To find other classifiers, we excluded the best 6 probe sets (SWS classifier 1) from
the 264 probe sets, and randomly selected two non-overlapping subsets (each of 40 probe
sets) from the remaining 258 probe sets and applied the SWS algorithm to each subset.

In this way, we selected two additional classifiers: SWS classifier 3 (6-probe sets;
Table D4 in section “SWS Classifier 3” of the Description and Appendix 7A) and SWS
classifier 4 (7-probe sets; Table D5 in section “SWS Classifier 4” of the Description and
Appendix 8A).

Tables D4 and D5 are organized as Table D3. For Uppsala , Stockholm and
Singapore cohorts, each of three SWS classifiers provide similar high accuracy of
classification in G1-G3 comparisons (Tables D3-D5). SWS also provided high and
reproducible levels of separation of G2a and G2b sub-groups for different cohorts and
highly significant differences in G2a-G2b comparison based on survival analysis (Tables
D3-D5).
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pre%:l'zt%gsec‘ll oY b%(l:rved that the G2 tumours could be separated into G1-like (n=83) and

G3-like (n=43) classes with few tumours exhibiting intermediate Pr scores (Appendix 2).

The probabilities of the SWS class assignments are shown in Figure 2B (Figure 2,

Panel B) and more detailed information in Appendix 2.

We found 96% of the G2 tumours were assigned by the SWS classifier (and 94%
by the PAM classifier, data not shown) to either the G1-like or G3-like classes with >75%

probability, indicating that almost all G2 tumours can be molecularly well separated into
distinct low- and high-grade-like classes (henceforth referred to as “G2a” and “G2b”
genetic grades) (Appendix 2).

We validated the separation ability of Gla and G2b based on individual predictors
and showed that all of them are statistically significant by U-test and t-test (Appendix 3).

Clinical validation (survival analysis) of G2a and G2b tumour subtypes based on
the predictor set (or genetic classifier), showed a highly significant difference between

survival curves of the Gla and G2b patients (Appendix 4).
Example 16. Genetic Grade is Prognostic of Tumour Recurrence

To determine if the genetic grade classification correlates with patient outcome, we
compared the disease-free survival (DFS) of patients with histologic G2 tumours classified
as G2a or G2b by the SWS algorithm. (Due to space limitations and high concordance
between the SWS and PAM classifiers, only data for the SWS classifier are presented

hereafter.)
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findings demonstrate a robust prognostic power of the genetic grade classifier in

moderately differentiated tumours independent of therapeutic effects.

Example 17. External Validation of the Genetic Grade Signature on the Stockholm
and Singapore Cohorts

For external validation, we directly applied the SWS classifier to two large
independent cohorts of primary breast cancer cases that are also graded according to the

NGS guidelines and profiled on the Affymetrix platform (albeit at different times and in

different laboratories). The results of the grade classifications are shown in Figure 2.

In both the Stockholm and Singapore cohorts, the G1 tumours are correctly
classified with high accuracies similar to that observed in the training set: 96% (27/28) for
Stockholm and 91% (10/11) for Singapore (Figure 2C and Figure 2E). However, both
cohorts showed less accuracy in classifying the G3 tumours: 75% (46/61) for Stockholm
and 72% (34/47) for Singapore. Despite this, the classifier remained capable of dividing
the vast majority of the tumour samples into G1-like and G3-like classes with high Pr
scores, and this remained true for the G2 tumours of both the Stockholm and Singapore
cohorts (Figure 2D and Figure 2F).

As clinical histories are available on the Stockholm patients, we tested the
prognostic performance of the classifier on this new G2 population of which 79% (46/58)
of tumours are classified as G2a and 21% (12/58) are classified as G2b. Though this set is

considerably smaller than the Uppsala G2 set, similar survival associations are observed.

As Figure 3E and Figure 3F show, patients with the G2a subtype are significantly
less likely to relapse than those with tumours of the G2b subtype, indicating that the
prognostic performance of the genetic grade classifier is reproducible in a second,

independent population of G2 patients.
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0.110

0.01-1.55

PgR status

0.300

0.57-6.10

0.270

0.56-7.76 0.990

0.10-9.50

Table E3. The genetic grade signature is a strong independent indicator of
disease-free survival in a multivariate analysis with conventional risk factors.

As Table E3 shows, the genetic grade signature remained significantly associated
with outcome in the different therapeutic contexts independent of the classical predictors,
and is superior to both LN status and tumour size in all four treatment subgroups with the

exception of systemic therapy where only tumour size is more significant.

This finding is further substantiated by a robust model selection approach (the
Akaike Information Criterion) whereby the genetic grade classifier remained more
significant than LN status and tumour size in all therapeutic subgroups (data not shown).
These results demonstrate a powerful and additive contribution of the genetic grade

classifier to patient prognosis.
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Patient ID Histolgic grade Probability for G1 Probability for G3 Predicted
grade 1 X100B08 1 0.956 0.044 1 2 X209C10 1 0.930 0.070 1 3 X21C28
10.941 0.059 1 4 X220070 1 0.941 G.p59 1 5 X224C93 1 0.834 0.166 1 6
X227C50 1 0.950 0.050 1 7 X229C44 1 0.917 0.083 1 8 X231C80 1 0.860
0.140 1 9 X233C91 1 0.958 0.042 1 10 X235C20 1 0.2310.769 3 11
X236C55 1 0.955 0.045 1 12 X114B68 1 0.502 0.498 1 13 X243C70 1
0.951 0.049 1 14 X246C75 1 0.950 0.050 1 15 X248C91 1 0.956 0.044 1

ExhfnffROBC €24 $hA48 1 Karbh iy pds 238 Nedtt chR e3¢ A K0Pl &1¢2RY A tin et
0.952 0.048 1 19 X262C85 1 0.924 0.076 1

The prognostic performance of the classifier suggests that G2a and G2b genetic
grades may in fact represent distinct pathological entities previously unrecognized. We

investigated this possibility by several approaches.

First we examined the histopathological composition of the G2a and G2b tumours
and found that the predominant histologic subtypes — ductal, lobular and tubular — are
equally distributed within the two classes and therefore not correlated with genetic grade
(data not shown). Next, we analyzed the expression levels of the selected 264 probesets
(i.e., representing ~232 genes) as the maximum number of probesets capable of
recapitulating a high G1/G3 classification accuracy (see Methods). These genes represent
the top most significantly differentially expressed genes between G1 and G3 tumours after

correcting for false discovery (see Table D1 above).

As shown in Figure 4, hierarchical cluster analysis using this set of genes shows a
striking separation of the G2 population into two primary tumour profiles highly
resembling the G1 and G3 profiles and that separate well into the G2a and G2b classes.
Indeed, all but 11 of these 264 gene probesets are also differentially expressed (at p<0.035,
Wilcoxon rank-sum test) between the G2a and G2b tumours.

This finding shows that extensive molecular heterogeneity exists within the G2
tumour population, and this heterogeneity is robustly defined by the major determinants of
G1 and G3 cancer. It also demonstrates that a much larger and pervasive transcriptional
program underlies the genetic grade predictions of the SWS signature — despite its
composition of a mere 5 genes. Furthermore, statistical analysis of the gene ontology (GO)
terms associated with the G2a-G2b differentially expressed genes revealed the significant

enrichment of numerous biological processes and molecular functions.

Table E4 displays a selected set of significantly enriched GO categories which
includes cell cycle, inhibition of apoptosis, cell motility and stress response, suggesting an

imbalance of these cellular processes between the G2a- and G2b-type tumour cells.

Biological Process G1vs G2a G2avs G2b G2bvs G3

Cell cycle 6.2E-06 5.7E-28 2.5E-06

Chromatin packaging and remodeling 1.3E-02 2.5E-02




20 X263C82 1 0.955 0.045 1 21 X266C51 1 0.950 0.050 1 22 X267004 1
0.628 0.372 1 23 X282C51 1 0.942 0.058 1 24 X284C63 1 0.923 0.077 1
25 X289C75 1 0.958 0.042 1 26 X28676 1 0.927 0.073 1 27 X294C04 1

0.310 0.690 3 28 X309C49 1 0.013 0.987 3 29 X316C65 1 0.952 0.048 1
30 X128B48 1 0.962 0.038 1 31 X33C30 1 0.945 0.055 1 32 X39C24 1

MI36s0.065 1 33 X42C57 1 0.912 0.088 1.8340X45A96 361844 0.156.1E3I5
X48A46 1 0.942 0.058 1 36 X49A07 1 01886 0.114 1} 37 X52A90 1|0.954
Jr#gian38axBIAS3 1 0.878 0.122 1 39 X65A68 1 0.888100%12 4.9E-03
Oncogenesis 1.6E-02 5.5E-04 5.5E-03
Cell motility 3.6E-02 4.4E-02
Stress response 5.0E-03

Molecular Function

Kinase activator 1.1E-03 7.2E-06

Histone 3.5E-03 5.0E-02

Nucleic acid binding 1.3E-02

Microtubule family cytoskeletal protein 7.6E-07 4.2E-04
Chemokine 7.5E-03
Non-receptor serine/threonine protein kinase 7.8E-04

Extracellular matrix linker protein 1.9E-02

Pathway

Insulin/IGF pathway-MAPKK/MAPK cascade 4.9E-02

Apoptosis signaling pathway 4.9E-02
Ubiquitin proteasome pathway 3.0E-02

Table E4. Gene ontology analysis of differentially expressed genes. Selected terms
are shown with corresponding p-values that reflect significance of term enrichment

Table S2 below shows the complete list of GO categories and their p values.

G2a vs. G2b tumours

NCBI d bserved
Biological Process REFLIST i:{’ii"“ ‘r’a tsi‘:)”e P value

(23481) ‘
Cell cycle 853 7.08 50 5.69E-28
Mitosis 287 2.38 22 6.78E-15
Cell proliferation and differentiation 751 6.24 32 4.21E-14
Cell cycle control 390 3.24 23 3.50E-13
Chromosome segregation 102 0.85 10 2.00E-08
Cell structure 624 5.18 17 2.16E-05
Protein targeting and localization 225 1.87 10 2.27E-05
Cell structure and motility 1021 8.48 22 4.73E-05
DNA metabolism 305 2.53 11 5.82E-05
Oncogenesis 600 4.98 14 5.52E-04




140 X6B85 1 0.212 0.788 3 41 X72A92 1 0.867 0.133 1 42 X135B40 1
0.901 0.099 1 81 43 X74A63 1 0.6350.365 1 44 X83A3710.7790.2211
45 X8B87 1 0.949 0.051 1 46 X99AX11 0.767 0.233 1 47 X138634 1

0.956 0.044 1 48 X155652 1 0.961 0.039 1 49 X156601 1 0.962 0.038 1
50 X160616 1 0.956 0.044 1 51 X163627 1 0.945 0.055 1 52 X105B13 1

DNA Beplicthid@3 1 53 X173B43 1 0.959 @041 1 54 X174641 1 0.9350 0.090 1 9.62E-04
Profin X627 67210®.958 0.042 1 56 X10BB55 1 0.940/3.860 1 57 X3180B38 1| 49E-03
Mefy9513 0.052 1 58 X181B70 1 0.834/8%166 1 59 X184888 4 2.65E-03
Inhibition of apoptosis 127 1.05 5 4.43E-03
Stress response 187 1.55 6 5.03E-03
Biological process unclassified 9457 78.54 6l 5.89E-03
Protein biosynthesis 598 4.97 0 6.54E-03
Carbohydrate metabolism 512 4.25 0 1.36E-02
Cytokinesis 116 0.96 4 1.65E-02
Protein modification 1013 8.41 15 2.27E-02
Chromatin packaging and remodeling 196 1.63 5 2.47E-02
Sensory perception 642 5.33 | 2.91E-02
Cytokine/chemokine mediated immunity 83 0.69 3 3.26E-02
Other cell cycle process 4 0.03 l 3.27E-02
Proteolysis 813 6.75 2 3.35E-02
Chemosensory perception 399 3.31 0 3.54E-02
Cell motility 291 242 6 3.57E-02
Apoptosis 459 3.81 8 3.91E-02
DNA recombination 38 0.32 2 4.03E-02
Olfaction 364 3.02 0 4.75E-02
NCBI
Molecular Function REFLIST exp'ected obs'erved P value
(23481) ratio ratio
Microtubule binding motor protein 74 0.61 10 9.86E-10
Microtubule family cytoskeletal protein 233 1.93 12 7.63E-07
Kinase activator 54 0.45 6 7.21E-06
Kinase modulator 126 1.05 8 1.27E-05
Replication origin binding protein 19 0.16 4 2.21E-05
Non-receptor serine/threonine protein kinase 289 24 9 7.79E-04
Protein kinase 526 437 12 1.64E-03
Voltage-gated sodium channel 14 0.12 2 6.23E-03
Cytoskeletal protein 824 6.84 14 9.42E-03
Kinase 692 5.75 12 1.36E-02
Extracellular matrix linker protein 25 0.21 2 1.87E-02
Ribosomal protein 431 3.58 0 2.70E-02
KRAB box transcription factor 640 5.31 | 2.95E-02
DNA strand-pairing protein 6 0.05 | 4.86E-02
Histone 99 0.82 3 5.03E-02
NCBI
Pathway REFLIST f_;‘{’if)“ed ‘r’:tsi‘;”e" P value
(23481)
Cell cycle 22 0.18 3 8.75E-04
Ubiquitin proteasome pathway 80 0.66 3 2.97E-02
DNA replication 43 0.36 2 5.03E-02
G1 vs. G2a tumours
NCB!
Biological Process REFLIST i:{)izc(ed (::tsif)r\'ed P value
(23481)
Cell cycle control 390 0.35 6 9.19E-07
Cell cycle 853 0.76 7 6.19E-06
Chromatin packag 196 0.18 2 | 32E-02
ing and remodeling
Oncogenesis 600 0.54 3 1.57E-02
Nucleoside, nucleotide and nucleic acid 3372 3.02 7 2.31E-02




1 0.936 0.064 1 60 X185B44 1 0.943 0.057 1 61 X10B88 1 0.444 0.556 3
62 X192B69 1 0.960 0.040 1 63 X195B75 1 0.916 0.084 1 64 X196681 1
0.868 0.132 1 65 X19C33 1 0.690 0.840 1 66 X204B85 1 0.948 0.052 1

67 X205B99 1 0.570 0.430 1 68 X207008 1 0.921 0.079 1 69 X111651 3
0.043 0.957 3 70 X222C26 3 0.680 0.320 1 71 X226C06 3 0.013 0.987 3

metéBo(idk 3611 3 0.077 0.923 3 73 X232C58 3 0.040 0.960 3 74|X234C15 §
MiQs386 0.914 3 75 X238C87 3 0.153 98847 3 76 X244.801 3 0.035 0.965 B2.69E-02
Calpipriy DR OME9sRsY 036 0.964 3 78 X258078 3.0.039/-061 3 79 ! 2.82E-02
Developmental processes 2150 1.92 5 3.77E-02
mRNA transcription regulation 1553 1.39 4 4.63E-02
NCBI
Molecular Function REFLIST expected Obs.erved P value
(23481) ratio ratio
Kinase activator 54 0.05 2 1.08E-03
Histone 99 0.09 2 3.54E-03
Kinase modulator 126 0.11 2 5.65E-03
Select regulatory molecule 979 0.88 4 1.02E-02
Nucleic acid binding 3014 2.7 7 1.29E-02
Nuclear hormone receptor 43 0.04 [ 4.21E-02
Other transcription factor 387 0.35 2 4.64E-02
NCBI
Pathway REFLIST i;‘{’i‘:f‘ed ‘r’:tsieo“'ed P value
(23481)
Axon guidance mediated by semaphorins 50 0.04 1 4.38E-02
Insulin/IGF pathway-mitogen activated protein
kinase kinase/MAP kinase cascade 36 0.05 ! 4.89E-02
G2b vs. G3 tumours
NCBI
Biological Process REFLIST i:ﬁiﬁed (r)ztl)tsiirved P value
(23481)
Cell cycle 853 2.29 12 2.50E-06
Cell proliferation and differentiation 751 2.0l 10 3.03E-05
Cell cycle control 390 1.05 7 8.55E-05
Mitosis 287 0.77 5 1.06E-03
Chromosome segregation 102 0.27 3 2.68E-03
Inhibition of apoptosis 127 0.34 3 4.93E-03
Oncogenesis 600 1.61 6 5.45E-03
Apoptosis 459 1.23 5 7.85E-03
Meiosis 68 0.18 2 1.46E-02
Chromatin packaging and remodeling 196 0.53 3 1.59E-02
Protein targeting and localization 225 0.6 3 2.28E-02
Developmental processes 2150 5.77 11 2.69E-02
Oncogene 98 0.26 2 2.88E-02
Skeletal development 108 0.29 2 3.43E-02
Determination of dorsal/ventral axis 14 0.04 | 3.69E-02
Cytokinesis 116 0.31 2 3.91E-02
Cell motility 291 0.78 3 4.36E-02
Embryogenesis 131 0.35 2 4.86E-02
NCBI d b d
Molecular Function REFLIST expected ] o2Vt | pvalue
(23481) )
Microtubule family cytoskeletal protein 233 0.63 5 4.19E-04
Chromatin/chromatin-binding protein 132 0.35 3 5.49E-03
Chemokine 48 0.13 2 7.51E-03
Non-motor microtubule binding protein 52 0.14 2 8.76E-03
Microtubule binding motor protein 74 02 2 1.71E-02
Other transcription factor 387 1.04 4 2.04E-02
Cytoskeletal protein 824 221 6 2.31E-02
Reductase 108 0.29 2 3.43E-02




X252C64 3 0.033 0.967 3 80 X269C68 3 0.015 0.985 3 81 X26C23 3
0.250 0.750 3 82 X270C93 3 0.028 0.972 3 83 X271C71 3 0.065 0.935 3
84 X279C61 3 0.024 0.976 85 X287667 3 0.045 0.955 3 86X291017 3
0.015 0.985 3 87 X127B00 3 0.026 0.974 3 88 X303C36 3 0.017 0.983 3
89 X304C89 3 0.961 0.039 1 90 X311A27 3 0.041 0.959 3 91 X313A87 3

0.024 0.976 3 92 X314B55 3 0.016|(Né84 3 93 X101B88 3 0.014 0.986 3

Pag@uyX}37C06 3 0.030 0.970 3 95 X46ABFBISNA4 00585 66 X1AFE763 | P value
0.151 0.849 3 82 97 X54A09 3 0.018HHR7 3 08 X55A79 3 0,075

Apoptosis signaling pathway 131 0.35 2 4.86E-02
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Table S2. Comprehensive table of significant gene ontology terms identified in the
different tumour group comparisons.

To extend our analysis beyond the transcript level, we investigated the differences

between G2a and G2b tumours using conventional clinicopathological markers.

Of the three histologic grading criteria, both mitotic count and nuclear
pleomorphism are found to significantly vary between the G2a and G2b tumours (p=0.007
and p=0.05; Figure 5A and Figure 5I). Protein levels of the proliferation marker Ki67 are
also found to be significantly different between the G2a and G2b tumours (p<0.0001;
Figure SB).

These findings, together with those of the gene ontology analysis, suggest that the
genetic grade classifier may largely mirror cell proliferation and thus reflect the replicative
potential of the breast tumour cells. However, proliferation is not the only oncogenic
factor found to be associated with genetic grade. In the G2b tumours, protein levels of
VEGF (Figure 5C), a major inducer of angiogenesis, and the degree of vascular growth
(Figure 5D) are both found to be significantly higher compared to the G2a samples
(p=0.015 and p=0.002, respectively) suggesting that a difference in angiogenic potential

also distinguishes the two genetic grade classes.

Further analysis of bio-markers revealed yet more oncogenic differences. P53
mutations are found in only 6% of the G2a tumours, whereas 44% of the G2b tumours are
p53 mutants (p<0.0001; Figure SE) consistent with their higher replicative potential, and
likely conferring a further survival advantage to these tumours via decreased apoptotic
potential. We also observed higher levels of cyclin E1 protein (p=0.04; Figure SF) in the
G2b tumours which, in addition to contributing to enhanced proliferation (20), may also
confer greater genomic instability (21, 22).

Finally, we observed a significant difference in hormonal status between the G2a
and G2b tumours, with an increasing fraction of ER negative (7% versus 19%; p=0.06)
and PgR negative (8.5% versus 23%; p=0.02) tumours in the G2b class, indicating

differences in hormome sensitivity and dependence.

Taken together, these results show that multiple tumourigenic properties measured at the

RNA, DNA, protein, and cellular levels can subdivide the G2a and G2b tumour subtypes —
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0.925 3 99 X62A02 3 0.018 0.982 3 100 X66A84 3 0.019 0.981 3 101
X67A43 3 0.020 0.980 3 102 X69A93 3 0.084 0.916 3 103 X70A79 3
0.016 0.984 3 104 X73A01 3 0.324 05676 3 105 X76A44 3 0.123 0.877 3
106 X79A35 3 0.048 0.952 3 107 X82A83 3 0.235 0.765 3 108 X89A64 3
0.015 0.985 3 109 X90A63 3 0.031 0.969 3 110 X139B03 3 0.133 0.867 3
111 X102B06 3 0.034 0.966 3 112 X142B05 3 0.037 0.963 3 113
X143B81 3 0.073 0.927 3 114 X146B39 3 0.015 0.985 3 115 X147B19 3
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between these two genetic classes.

Example 20. The Grade Signature is More Than a Proliferative Marker

The genetic and clinicopathological evidence suggests that the genetic grade
signature reflects, among other properties, the proliferative capacity of tumour cells. That
proliferation rate is positively correlated with poor outcome in breast cancer (23) could

explain the prognostic capacity of the genetic grade signature.

To further investigate this possibility, we analyzed the major proliferation markers,
Ki67, S-phase fraction and mitotic index, together with the genetic grade signature, for

survival correlations in Cox regression models (Table S3).

Uppsala G2 patients

Hazard ratio

Variables p-value (95% CI)
Uenetic grade | g 0975 | 1.28-4.88
signature
Ki67 0.9300 0.92-1.08

S-phase fraction | 0.9200 0.50-1.86
Mitotic index 0.6900 0.56-2.40

Table S3. Multivariate analysis of proliferation markers and the genetic grade
signature for disease-free survival correlations among patients with grade 1l tumours.

Multivariate analysis showed that the genetic grade signature remained a
significant independent predictor of recurrence (p=0.0075) in the presence of these
proliferation markers, suggesting that the prognostic power of the grade signature derives

from more than just and association with cell proliferation.

Example 21. G2a and G2b Tumours Are Not Identical to Histologic G1 and G3

Cancers

In the survival analysis (Figure 3), we observed no significant survival differences
between patients with G1 and G2a tumours, nor those with G3 and G2b tumours. This
observation, together with the transcriptional analysis in Figure 4, suggests that the G2a
and G2b classes may be clinically and molecularly indistinguishable from histologic Gl

and G3 tumours, respectively.
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0.104 0.896 3 119 X162B98 3 0.503 0.497 1 120 X172B19 3 0.079 0.921
3121 X182B43 3 0.014 0.986 3 122 X194B60 3 0.030 0.970 3 123
X200B47 30.951 0.049 1 83 APPENDRIX 2 SWS Classifier O:
Prediction of genetic G2a and G2b tumour sub-types based on 264 gene
classifier Order Patient ID Histologic grade Probability for 02a Probability
for G2b Predicted grade 1 X210072 2 0.404 0.596 2b 2 X211C88 2 0.445
0.555 2b 3 X212C21 2 0.959 0.041 2a 4 X213C36 2 0.333 0.667 2b 5
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signigeamti g pHergnviaBpeapressed4p<0.01, Mann—Whitney U-test) between the G1 and
G2a tumours and G3 and G2b tumours, respectively.

Notably, FOS and FOSB, central components of the AP-1 transcription factor
complex, are expressed at higher levels in the G1 tumours, while genes involved in cell
cycle progression such as CCNE2, MAD2L1, ASK and ECT?2 are expressed at higher
levels in the G2a tumours. In a similar fashion, the G3 tumours showed higher expression
of cell cycle genes such as CDC20, BRRNI and TTK as well as proliferative genes with
oncogenic potential including MYBL2, ECT2 and CCNE1 when compared to the G2b
tumours, while the anti-apoptotic gene, BCL2, is expressed at higher levels in the G2b

tumours.

GO analysis of these differentially expressed genes indicated larger biological
differences. In the G1-G2a comparison, the differentially expressed genes pointed to
differences primarily in cell cycle-related processes and oncogenesis, while differences
between the G2a and G3 tumours included cell cycle-related processes, inhibition of
apoptosis, oncogenesis and cell motility (Table E4, Table S2).

Statistical analysis of conventional clinicopathological markers revealed further
distinctions in the G1-G2a and the G2b-G3 tumour comparisons. As shown in Figure 5,
G2a tumours showed significant increases in tumour size (K), lymph node positivity (L),
cellular mitoses (A), tubule formation (J) and Ki67 levels (B) compared to histologic G1
tumours, and the G3 population showed significant increases in tumour size (K), vascular
growth (D), mitoses (A), tubule formation (J), cyclin E1 (F) and ER negative status (G)
when compared to the G2b tumours.

Taken together, these data indicate that the G2a and G2b populations, though
highly similar to G1 and G3 tumours in terms of survival and transcriptional

configuration, remain separable at multiple molecular and clinicopathological levels.
Example 22. Prognostic Potential of the Genetic Grade Signature in G3 Tumours

The prognostic performance of the genetic grade signature in the G2 population suggests

that the molecular “misclassifications” in the G1-G3 comparisons might correlate with
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0.958 2b 14 X237C56 2 0.046 0.954 2b 15 X23C52 2 0.095 0.905 2b 16
X240054 2 0.157 0.843 2b 17 X242C21 2 0.287 0.713 2b 18 X244C89 2
0.104 0.896 2b 19 X245C22 2 0.1424%858 2b 20 X247C76 2 0.501 0.499
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0 93%18\)966\/761‘,2219(:?11):%( t?esg;Sgﬁppsala and 61 Stockholm G3 tumours, a total of 18 are

classified as G1-like. Kaplan-Meier analysis could not confirm a significant disease-free-
survival advantage for these patients, though a trend is observed (Figure 7A).
Interestingly, scaling of the SWS probability (Pr) score to a threshold of Pr>0.8 (for G1-
like) resulted in the selection of 12 G1-like G3 tumours associated with only two relapse
events (one being a local recurrence only), thus having a survival curve moderately

different from that of the remaining G3 population (p=0.077; Figure 7A).

This finding suggests that the prognostic significance of the classifier may extend
also to the poorly differentiated G3 tumours, and that scaling based on the classifier Pr
score may allow the fine tuning of prognostic sensitivity and/or specificity, depending on

the clinical application.
Example 23. Genetic Grade Improves Prognosis by the Nottingham Prognostic Index

The Nottingham Prognostic Index (NPI) is a widely accepted method of stratifying
patients into prognostic groups (good (GPG), moderate (MPG) and poor (PPG)) based on
lymph node stage, tumour size, and histologic grade (24). It is described in detail in
Haybittle et al., 1982. We investigated whether incorporating genetic grade into the NPI

could improve patient stratification. A simplified substitution method was explored.

For all tumours of the Uppsala and Stockholm cohorts for which NPI scores and
survival information could be obtained (n=382), histologic grade (1, 2 or 3) is replaced by
the genetic grade prediction (1 or 3) and new NPI (ie, ggNPI) scores are computed (see
Methods). The survival of patients stratified into risk groups is then compared between
classic NPI and ggNPI.

Though the survival curves of the NPI and ggNPI prognostic groups are
comparable (Figure 6A and Figure 6B), the ggNPI reclassified 96 patients into different
prognostic groups (ie, 46 into GPG, 36 into MPG, and 13 into PPG). The survival curves
of these reclassified patients are highly similar to the GPG, MPG and PPG of the classic
NPI (Figure 6C) indicating that reclassification by genetic grade improves prognosis of

patient risk.
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0.013 0.987 2h 34 X272C88 2 0.939 0.061 2a 35 X274C81 2 0.918 0.082
2a 36 X275C70 2 0.933 0.067 2a 37 X277C64 2 0.957 0.043 2a 38
X124625 2 0.921 0.079 2a 39 X278G80 2 0.219 0.781 2b 40 X27C82 2
0.892 0.108 2a 41 X280C43 2 0.957 0.043 2a 42 X286C91 2 0.959 0.041
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2.%@@@.2@}9@4&:@_9@25 in this group with lymph node negative disease have a
95% 10-year survival probability — equivalent to that of an age-matched female population

without breast cancer (26). Thus, patients in this group are routinely not recommended for
post-operative adjuvant therapy (25-27).

We compared the NPT and ggNPI stratifications on a subset of 161 lymph-node-
negative patients who received no adjuvant systemic therapy. Forty-three and 87 patients
are classified into the EPG by the classic NPI and ggNPI, respectively. Of the 43 patients
classified into the EPG by the classic NPI, only one was considered different by the
ggNPI; whereas, of those classified as needing adjuvant therapy by the classic NPI (ie,
scores >2.4), 45 are reclassified by the ggNPI into the EPG.

When examined for outcome, the survival curves of the 43 and 87 EPG patients by
NPI and ggNPI, respectively, are statistically indistinguishable, both showing ~94%
survival at 10 years (Figure 6D).

Thus, twice as many patients could be accurately classified into the EPG by the
ggNPI, suggesting that the use of genetic grade can improve prediction of which patients
should be spared systemic adjuvant therapy.

Example 24. Discussion

The clinical subtyping of cancer directly impacts disease management. Subtypes
indicative of tumour recurrence or drug resistance indicate the need for more aggressive or
specific therapeutic strategies, while those that suggest less aggressive disease may specify
milder therapeutic options. While clinical subtyping has historically been based primarily
on the phenotypic properties of cancer, comprehensive genomic and transcriptomic
analyses are beginning to reveal robust genotypic determinants of tumour subtype. In this
context, we have studied the transcriptomes of primary invasive breast cancers using
expression microarray technology to elucidate the genetic underpinnings of histologic
grade, and to use this information to resolve the clinical heterogeneity associated with

histologic grade.

Using two different supervised learning algorithms, SWS and PAM, we identified small

gene subsets capable of classifying histologic grade I and grade Il tumours with high
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with G1-like and G3-like properties (G2a and G2barespect1vely) Not only are the G2a

and G2b tumours molecularly similar to those of histologic G1 and G3, respectively, but
the disease-free survival curves of G2a and G2b patients are also highly resemblant of
those of G1 and G3 patients. Moreover, these observations are confirmed in a large
independent breast cancer cohort. Further analysis revealed that extensive genetic
differences between the G2a and G2b classes are accompanied by a host of biological and
tumourigenic differences know to separate low and high grade cancer (28) including
proliferation rate (mitotic index, Ki67), angiogenic potential (VEGF, vascular growth),
p53 mutational status, and estrogen and progesterone dependence, to name a few.
Together, these findings demonstrate that the genetic grade signature recognizes and
delineates two novel grade-related clinical subtypes among moderately differentiated G2

tumours.

Ma et. al. (2003) were the first to report a histologic grade signature capable of
distinguishing low and high grade breast tumours. Using [2K ¢cDNA microarrays to
analyse material from 10 G1, 11G2 and 10 G3 microdissected tumors, they identified from
a list of 1,940 variably expressed, well-measured genes (the top 200 differentially
expressed between G1 and G3 tumours (p<0.01 after false discovery correction) (29).
Using these genes to cluster their graded tumours, they observed that the majority of G2
tumours possessed a hybrid signature intermediate to that of G1 and G3 with few
exceptions (see Figure 3 in Ma et. al., PNAS, 2003). Notably, this finding is in contrast
with our discovery that the majority of G2 tumours do not display hybrid signatures
(Figure 4; profiles of the top 264 gene probesets), but rather possess clear G1-like or G3-
like gene features. According to our SWS classifiers, only a small percentage (6%) of the
grade 2 tumors has intermediate grade measurements (i.e. Pr score <0.75 for G!-like and
G3-like).

To address this discrepancy, we cross-compared their list of 200 grade-associated
genes to our list of 232 and observed a significant overlap of 35 genes (p<1.0x10-7; Monte
Carlo simulation) including 2 of our 5 SWS signature genes, MELK and STK6. However,
this overlap, despite its significance, represents only a small percentage of either gene list.
That the two lists are mostly dissimilar in composition, and that the Ma et. al. study
included both invasive (IDC) and noninvasive (DCIS) tumours could explain, to some

degree, the variable results observed. Nevertheless, our finding that G2 tumours are
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pogsippe that differences in sample size (we have much larger number of patients than in
Ma etc work), sample preparation, sample size, RNA purification, data normalization

could have contributed to the variable results.

To better understand the prognostic value of the genetic grade signature, we
compared its performance to other major indicators of outcome in multivariate Cox
regression models. In G2 tumours, not only did the classifier remain an independent
predictor of disease recurrence, but it is consistently a more powerful predictor than lymph
node status and tumour size, underscoring its value as a new prognostic indicator. When
incorporated into the Nottingham Prognostic Index (Haybittle et al., 1982), the genetic
grade signature improved risk stratification for 25% of patients (compared to the classic
NPI) and more than doubled the fraction of lymph node negative patients that should be

classified into the excellent prognostic group and thus spared adjuvant treatment.

Breast cancer is thought to progress from a hyperplastic state, to a noninvasive

malignant form (carcinoma in situ), to invasive carcinoma and, ultimately, to metastatic
disease (30-32). Both the noninvasive and invasive forms can be stratified according to

histologic grade. Whether grade is a continuum through which breast cancer progresses, or
whether it is merely the endpoint of distinct genetic pathways has been debated (33-38).
Studies comparing primary tumours to their subsequent metastases have supported the
grade progression model, particularly when multiple metachronous recurrences are
analyzed (38, 39). However, comparative genomic studies have identified reproducible
chromosomal alterations that distinguish low and high grade disease including a 16q
deletion unique to G1 carcinomas (36, 37, 40). These studies argue against the progression
model and point to genetic origins of histologic grade. In our study of 494 invasive
primary tumours, 94% could be molecularly classified with high probability of being G1-
like or G3-like, while only 6% showed intermediate Pr scores (ie, <0.75 for G1-like or G3-
like). Notably, we observed these same percentages in the G2 population of 224 tumours.
These findings support the genetic pathways model of grade origin, as they suggest that
the large majority of breast cancers fundamentally exist in one of two predominant forms
marked by the molecular and clinical essence of low or high grade. Whether these forms
correlate with the grade-specific genomic alterations previously reported (36, 37, 40)

remains to be elucidated.
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relevance of this intermediate genotype. Furthermore, it is unclear whether these
intermediates arise as homogeneous cells that truly borderline low and high grade, or
rather represent heterogeneous tumours comprised of distinct low and high grade cell
types, such as that observed in tubular mixed carcinoma (38). Alternatively, that we
observed the same percentage of intermediacy in tumor classification of all grades and
across cohorts, suggests that this class represent a baseline level of uncertainty owing the

technical noise.

In conclusion, our results show that the genetic essence of histologic grade can be
distilled down to the expression patterns of a mere 5 genes with powerful prognostic
implications, particularly in the grade I setting and in the context of the NPI. The results
indicate that G2 invasive breast cancer, at least in genetic terms, does not exist as a
significant clinical entity. Indeed, our genetic grade signature dichotomized G2 tumours
into two biologically and clinically distinct subtypes that could further be distinguished
from G1 and G3 populations. Thus histologic grading, together with measurements of
genetic grade, provide a rational basis for the refinement of the G2 subtype into subgrades

“2a” and “2b” with immediate clinical ramifications.

Furthermore, our finding that the genetic grade signature could further resolve
outcome prediction in G3 tumours, and in a manner dependent on Pr score thresholding,
suggests that the genetic grade classifier, viewed as a scalable continuous variable, may
have robust prognostic benefit in the diagnosis of all breast tumours. How to optimally
weight the genetic grade measurement in combination with other risk factors for greatest

prognostic return is a clinical challenge that must next be addressed.
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Various modifications and variations of the described methods and system of the
invention will be apparent to those skilled in the art without departing from the scope and
spirit of the invention. Although the invention has been described in connection with
specific preferred embodiments, it should be understood that the invention as claimed
should not be unduly limited to such specific embodiments and that many modifications
and additions thereto may be made within the scope of the invention. Indeed, various
modifications of the described modes for carrying out the invention which are obvious to
those skilled in molecular biology or related fields are intended to be within the scope of
the claims. Furthermore, various combinations of the features of the following dependent
claims can be made with the features of the independent claims without departing from the

scope of the present invention.
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7.25 on 1 df,

SWS Classifier 0: Clinical validation (survival

analysis) of G2a and G2b tumour subtypes (264 classifier). # Cox PH test

summary (Baseline group 1) coef exp(coef) se(coef) zp group2b

0.7952.21 0.292 2.72 0.0066 Likelihood ratio test
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2b 2.17 1 18 X244C89 0.777 0.223 2a 7.25 1 19 X245C22 0.143 0.8572b
0120 X247C76 0.959 0.041 2a 10.5 0 21 X11B47 0.959 0.041 2a 7.42 0
22 X24C30 0.959 0.041 2a 10.67 0 23 X251C14 0.959 0.041 2a 10.50 24
X254C80 0.959 0.041 2a 10.5 0 25 X255006 0.959 0.041 2a 10.5 0 26
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0.959 0.041 2a 10.33 0 35 X274C81 0.959 0.041 2a 10.33 0 36 X275C70
0.959 0.041 2a 10.25 0 37 X277C64 0.959 0.041 2a 8.58 0 38 X124B25
0.959 0.041 2a 5 1 39 X278C80 0.351 0.649 2b 10.25 0 40 X27C82 0.959
0.041 2a 6.83 0 41 X280043 0.959 0.041 2a 1 1 42 X286C91 0.959 0.041
2a 10 0 43 X288C57 0.959 0.041 2a 10 0 44 X290091 0.959 0.041 2a 10
APQ :3; §§25C66 0.959 0.041 2a 10 0 4@ X296C95 0.959 0.041 2a 9.92 0 47
959 0.041 2a 9.92 0 48 X298C47 0.959 0.041 2a 6.51 49

. : 7 777 0.223 2a 9. 1
YGOL000 2500011 286,920 80 X07CS0 0.777 0223 2205305

Accuracy: G1 vs
G3

G1=63/68 (92.6%)
G3=51/55 (92.7%)

Number |Patient|D |Histolgic Probability  [Probability |Predicted grade
grade for G1 for G3

11X100B08 1 0.956 0.044 1

2/X209C10 1 0.930 0.070 1

3|X21C28 1 0.941 0.059 1

4|X220C70 1 0.941 0.059 1

5/X224C93 1 0.834 0.166 1

6|X227C50 1 0.950 0.050 1

7/X229C44 1 0.917 0.083 1

8/X231C80 1 0.860 0.140 1

9|X233C91 1 0.958 0.042 1
10({X235C20 1 0.231 0.769 3
111X236C55 1 0.955 0.045 1
12{X114B68 1 0.502 0.498 1
13|X243C70 1 0.951 0.049 1
14)X246C75 1 0.950 0.050 1
15|X248C91 1 0.956 0.044 1
16/X253C20 1 0.948 0.052 1
17{X259C74 1 0.949 0.051 1
18|X261C94 1 0.952 0.048 1
19|X262C85 1 0.924 0.076 1
20|X263C82 1 0.955 0.045 1
21|X266C51 1 0.950 0.050 1
22({X267C04 1 0.628 0.372 1
23|X282C51 1 0.942 0.058 1
24/X284C63 1 0.923 0.077 1
25|X289C75 1 0.958 0.042 1
26|X28C76 1 0.927 0.073 1
27|X294C04 1 0.310 0.690 3
28|X309C49 1 0.013 0.987 3
29|X316C65 1 0.952 0.048 1
30|X128B48 1 0.962 0.038 1
31|X33C30 1 0.945 0.055 1
32|X39C24 1 0.935 0.065 1
33{X42C57 1 0.912 0.088 1
34|X45A96 1 0.844 0.156 1
35|X48A46 1 0.942 0.058 1
36|X49A07 1 0.886 0.114 1
37|X52A90 1 0.954 0.046 1
38|X61A53 1 0.878 0.122 1
39|X65A68 1 0.888 0.112 1
40,X6B85 1 0.212 0.788 3
41|X72A92 1 0.867 0.133 1
42|X135B40 1 0.901 0.099 1




0.005 0.995 2b 2.25 1 52 X34C80 0.959 0.041 2a 10.17 0 53 X35C29
0.202 0.798 2b 2.42 1 54 X36C17 0.959 0.041 2a 10.08 0 55 X40057
0.877 0.1232a 10 0 56 X41065 0.959 0.041 2a 9.92 0 57 X130B92 0.959
0.041 2a 4.42 1 58 X43C47 0.877 0.128 2a 9.92 0 59 X44A53 0.123

0.874Pk74R685 0 60 X47A8710.001 0c0&Es[2b 9.6866/61 X50A91 0.7A(7
0.22342%89/38 1 62 X51A98 (/959 0.07a 12.620 63 X53A06 0.202
0.798%X%8BH8 1 64 X56A94 (/959 0.(4M%a 1.08.9565 X58A50 0.00t
0.999%98909 1 66 X5897 0.001 0.99978p|0.75 8452 X60A05 0.959'0.041
29 0H7X1 B3I 34833 1 0.956 0.044 1
48|X155B52 1 0.961 0.039 1
49|X156B01 1 0.962 0.038 1
50(X160B16 1 0.956 0.044 1
51|X163B27 1 0.945 0.055 1
52/X105B13 1 0.877 0.123 1
53(X173B43 1 0.959 0.041 1
54|X174B41 1 0.910 0.090 1
55(X177B67 1 0.958 0.042 1
56/X106B55 1 0.940 0.060 1
57|X180B38 1 0.948 0.052 1
58(X181B70 1 0.834 0.166 1
59|X184B38 1 0.936 0.064 1
60(X185844 1 0.943 0.057 1
61|X10B88 1 0.444 0.556 3
62{X192B69 1 0.960 0.040 1
63[X195B75 1 0.916 0.084 1
64(X196B881 1 0.868 0.132 1
65|X19C33 1 0.690 0.310 1
66/X204B85 1 0.948 0.052 1
67|X205B99 1 0.570 0.430 1
68(X207C08 1 0.921 0.079 1
69|X111B51 3 0.043 0.957 3
70|X222C26 3 0.680 0.320 1
71|X226C06 3 0.013 0.987 3
72|X113B11 3 0.077 0.923 3
73(X232C58 3 0.040 0.960 3
74{X234C15 3 0.086 0.914 3
75{X238C87 3 0.153 0.847 3
76|X241C01 3 0.035 0.965 3
77|X249C42 3 0.036 0.964 3
78{X250C78 3 0.039 0.961 3
79(X252C64 3 0.033 0.967 3
80[X269C68 3 0.015 0.985 3
81(X26C23 3 0.250 0.750 3
82(X270C93 3 0.028 0.972 3
83(X271C71 3 0.065 0.935 3
84/X279C61 3 0.024 0.976 3
85|X287C67 3 0.045 0.955 3
86|X291C17 3 0.015 0.985 3
87(X127B00 3 0.026 0.974 3
88|X303C36 3 0.017 0.983 3
89/X304C89 3 0.961 0.039 1
90|X311A27 3 0.041 0.959 3
91|X313A87 3 0.024 0.976 3
92|X314B55 3 0.016 0.984 3
93/X101B88 3 0.014 0.986 3
94|X37C06 3 0.030 0.970 3
95|X46A25 3 0.044 0.956 3
96{X131B79 3 0.151 0.849 3




0.015 0.9852b 21 69 X63A62 0.959 0.041 2a 0.17 1 70 X64A59 0.046
0.954 2b 12.42 0 71 X75A01 0.202 0.798 2b 3.58 1 72 X77A50 0.662
0:338 2a1.08 1 73 X7B96 0.959 0.04} 2a 2.42 1 74 X84A44 0.017 0.983
2b 12.17 0 75 X136B04 0.959 0.041 2a 2.42 1 76 X85A03 0.777 0.223 2a

ra

a

-

0.041

2.08 W' [KBMB6A40]0.001 0.939 2b 121718 78 X&¥8w[9 0.662 0.338
12.088)Xp9AX88A6Y 0.029 0.971 2b 44| 80 X@42616 0.959 0.0413
11.0890X643RB1 X96A21 0.959 0.0410418).08 1®BIBX|137688 0.894 3
0.1062X666% 1 83 X9B52 0.877 0.18098 11.38.8884 X13679 0.958
54 10 1DBFRAL3 3 0.020 0.980 3
102|X69A93 3 0.084 0.916 3
103|X70A79 3 0.016 0.984 3
104|X73A01 3 0.324 0.676 3
105|X76A44 3 0.123 0.877 3
106]X79A35 3 0.048 0.952 3
107|X82A83 3 0235 0.765 3
108|X89A64 3 0.015 0.985 3
109]X90A63 3 0.031 0.969 3
110/X139B03 3 0.133 0.867 3
111]X102B06 3 0.034 0.966 3
112|X142B05 3 0.037 0.963 3
113]X143B81 3 0.073 0.927 3
114]X146B39 3 0.015 0.985 3
115]X147B19 3 0.037 0.963 3
116]X103B41 3 0.016 0.984 3
117/X153B09 3 0.023 0.977 3
118]X104B91 3 0.104 0.896 3
119]X162B98 3 0.503 0.497 1
120[X172B19 3 0.079 0.921 3
121X182B43 3 0.014 0.986 3
122|X194B60 3 0.030 0.970 3
123]X200B47 3 0.951 0.049 1




85 X140B91 0.959 0.041 2a 11.5 0 86 X144649 0.959 0.041 2a 11.50 87

X145610 0.003 0.9972b 11.42 0 88 X146

98 0.924 0.076 2a 10.83 0 89

X150681 0.777 0.2232a 11.42 0 90 X151684 0.894 0.1062a 11.42 091
X152699 0.959 0.041 2a 2.08 0 92 X154642 0.005 0.995 2b 3.42 1 93
X158684 0.959 0.041 2a 4.67 1 94 X159647 0.001 0.999 2b 6.5 1 95
A%%@@%:%OSSQ 0.041 2a 4.42 0 96 X161631 0.959 0.041 2a 11.42 0 97
0.001 0.9992b 11.33 0 98 X165672 0.046 0.954 2b 1.51 99

16989 b8

264 gene classifier

MR e

RN

0.

tumour su

ot Sb20ypes based on

Probability for

Order Patient ID |Histologic Probability |Predicted grade
grade G2a for G2b

1|X210C72 2 0.404 0.596 2b

2|X211C88 2 0.445 0.555 2b

3[X212C21 2 0.959 0.041 2a

4|X213C36 2 0.333 0.667 2b

5(X216C61 2 0.856 0.144 2a

6|X217C79 2 0.943 0.057 2a

7|X218C29 2 0.805 0.195 2a

8|X112B55 2 0.337 0.663 2b

9{X221C14 2 0.612 0.388 2a
10{X223C51 2 0.818 0.182 2a
11|X225C52 2 0.055 0.945 2b
12|X22C62 2 0.82 0.18 2a
13|X230C47 2 0.042 0.958 2b
14|X237C56 2 0.046 0.954 2b
15|X23C52 2 0.095 0.905 2b
16|X240C54 2 0.157 0.843 2b
17]X242C21 2 0.287 0.713 2b
18]X244C89 2 0.104 0.896 2b
19[X245C22 2 0.142 0.858 2b
20[X247C76 2 0.501 0.499 2a
21|X11B47 2 0.941 0.059 2a
22|X24C30 2 0.924 0.076 2a
23/X251C14 2 0.95 0.05 2a
24|X254C80 2 0.949 0.051 2a
25/X255C06 2 0.905 0.095 2a
26/X256C45 2 0.025 0.975 2b
27|X120B73 2 0.032 0.968 2b
28|X257C87 2 0.931 0.069 2a
29[X258C21 2 0.958 0.042 2a
30|X260C91 2 0.643 0.357 2a
311X265C40 2 0.253 0.747 2b
32|X122B81 2 0.933 0.067 2a
33|X268C87 2 0.013 0.987 2b
34|X272C88 2 0.939 0.061 2a
35/X274C81 2 0.918 0.082 2a
36{X275C70 2 0.933 0.067 2a
37(X277C64 2 0.957 0.043 2a
38|X124B25 2 0.921 0.079 2a
39|X278C80 2 0.219 0.781 2b
40|X27C82 2 0.892 0.108 2a
41|X280C43 2 0.957 0.043 2a
42|X286C91 2 0.959 0.041 2a
43|X288C57 2 0.943 0.057 2a
44/X290C91 2 0.945 0.055 2a
45/X292C66 2 0.914 0.086 2a
46/X296C95 2 0.932 0.068 2a
47{X297C26 2 0.945 0.055 2a
48|X298C47 2 0.609 0.391 2a




102 X16C97 0.877 0.1232a 3.58 1 103X170815 0.894 0.1062a 4.08 1
104 X171677 0.005 0.9952b 1.75 1 105 X175672 0.894 0.1062a 0 1 106
X176B74 0.959 0.041 2a 6 0 107 X178674 0.761 0.239 2a 7.42 0 108
X179628 0.959 0.041 2a 2.33 1 109 Xg#C40 0.959 0.041 2a 1.92 0 110

X18367301804 0.1062a 7 2[111 X186672[0.029 00%28[2b 0.17 1 112b
X187%68607062 (0.9992b 0 2/113 X1886%3|0.469 00538/2b 11 0 114 2a
X1894B08088 (0.9952h 1120 115 X18Q%4 0.777 #2358 23 10.750 125
X108V #4881 0.9992h 4.4p 1 117 XO¥872 0 468%%31 25 10.92 3218
332297 0 09294 10202 0 0.872 0.128 2a
54TX36C17" 1 =7V TrT Y 0.933 0.067 2a
55/X40C57 2 0.814 0.186 2a
56/X41C65 2 0.859 0.141 2a
57|X130B92 2 0.954 0.046 2a
58|X43C47 2 0.564 0.436 2a
59|X44A53 2 0.696 0.304 2a
60|X47A87 2 0.025 0.975 2b
61|X50A91 2 0.779 0.221 2a
62|X51A98 2 0.386 0.614 2b
63|X53A06 2 0.336 0.664 2b
64| X56A94 2 0.853 0.147 2a
B65{X58A50 2 0.017 0.983 2b
66/X5B97 2 0.049 0.951 2b
67|X60A05 2 0.9 0.1 2a
68|X134B33 2 0.197 0.803 2b
69| X63A62 2 0.919 0.081 2a
70[X64A59 2 0.186 0.814 2b
71|X75A01 2 0.506 0.494 2a
72|X77A50 2 0.593 0.407 2a
73]X7B96 2 0.461 0.539 2b
74|X84A44 2 0.127 0.873 2b
75|X136B04 2 0.74 0.26 2a
76/X85A03 2 0.364 0.636 20
77|X86A40 2 0.02 0.98 2b
78| X87A79 2 0.817 0.183 2a
79|X88A67 2 0.262 0.738 2b
80|X94A16 2 0.957 0.043 2a
81|X96A21 2 0.817 0.183 2a
82(X137B88 2 0.579 0.421 2a
83[X9B52 2 0.712 0.288 2a
84|X13B79 2 0.955 0.045 2a
85{X140B91 2 0.958 0.042 2a
86(X144B49 2 0.87 0.13 2a
87(X145B10 2 0.056 0.944 2b
88(X14B98 2 0.754 0.246 2a
89|X150B81 2 0.914 0.086 2a
90[X151B84 2 0.926 0.074 2a
91[X152B99 2 0.934 0.066 2a
02|X154B42 2 0.07 0.93 2b
93(X158B84 2 0.922 0.078 2a
94(X159B47 2 0.14 0.86 2b
95/X15C94 2 0.944 0.056 2a
96(X161B31 2 0.949 0.051 2a
97|X164B81 2 0.024 0.976 2b
98(X165B72 2 0.384 0.616 2b
99|X166B79 2 0.399 0.601 2b
100{X168B51 2 0.889 0.111 2a
101|X169B79 2 0.751 0.249 2a
102|X16C97 2 0.946 0.054 2a
103|{X170B15 2 0.867 0.133 2a
104|X171B77 2 0.05 0.95 2b
105{X175B72 2 0.762 0.238 2a




119 X198690 0.959 0.041 2a 10.92 0 120 X199655 0.894 0.1062a 10.92
0 121 X110634 0.001 0.9992b 11.67 0 122 X201 863 0.959 0.041 2a
10.92 0 123 X202644 0.959 0.041 2a 10.83 0 124 X203649 0.959 0.041
2a 10.83 0 125 X206CO5 0.924 0.0768%a 6.42 0 126 X208C06 0.001

0.99862%1068340 [103 APPERIDIX 6A 55 Classifiey gzé)rder UGID (beald
#17WXiIRETd Name Gene2|Symbol @éribank AccoAi®elD cut-off 1 2a
Hs %‘g §§?ﬁ‘?§temal embryg{wic Ieuci;&? er kinar%é ;1 ELK NM_014%291
A-204 %@Aull 2 Hs. 308045 B 1omolo r\anhjla)_BR@ﬁl
Aokt 11843 Z5>4ln ~t £ ENA 2 Lle 24 "A TDY fQ. 61‘-|||r\l:’||n ecncdl ed
U\)IJL,]JTJI\ 18682? v AU J. JIJU TS =T ;2 _:_\:_\:\f’;\ql,“ L:::I’:. MQQ\JLUQ%.
plUlﬂQ] kl%?mgg \}\BIIUpUb IéﬂEVIb) I I"/b[ow UtJOJ.O%{gsns. UloZs "5 dal 2b
5.87%33X 1eE51§86401 CDNA[CIoNe IMiegz[445258g g pairtial cds BG49¢35
9 B226936md3/.56993 5 H[75573 Cerdgamere proiegs|E, 312kDa 2p
CENPEXNS5©018 13 A.205046 at 6.048A2 6 Hs.528654 Hypotheticzd
protEif ¥19187820 FI J11022BG16500038(2282730:862/71114 7 2b
accINMBE3A58  NM_0031 58 A 208879 s at 6. 5%188 8 Hs 52457228ell
di\lil—im\x;]-\ezggéo nr\lafnj’l Q 2 0247 0'753 2b
CUUTGIXI08BO0 T 2 0.943 0.057 2a
120{X199B55 2 0.668 0.332 2a
121]X110B34 2 0.016 0.984 2b
122|X201B68 2 0.884 0.116 2a
123{X202B44 2 0.944 0.056 2a
124[X203B49 2 0.961 0.039 2a
125{X206C05 2 0.675 0.325 2a
126(X208C06 2 0.07 0.93 2b




-like 2 MYBL2 NM_0024

protein kinase TTK NM 0033

lgg) murine osteosarcoma viral

at 8.76158 13

0067 32 A.202768

CDCA8 BC001651 A.221520 s at 6.8942 9 Hs.239 Forkhead box M1
FOXM1 NM 0219 53 A.202580 x at 5.21151 10 Hs.179718 V-myb
Hs.25647 V-fos FBJ murine osteosarcoma viral oncogene homolog FOS

myeloblastosis viral oncogene homolog (avian)
66 A.201710 _at 6.26908 11 Hs.169840 TTK
18 A.204822 at 8.2308 12 Hs.75678 F
oncogene homolog B FOSB NM

GL59606%0°0 LLESY96EL0 GL-30L'2 €L-3.¢°L 195.2¢¢°L e S 6008L2'Y 186£00 WN 1o¥d| 4G
880£8.280°0 6¥8528999°0 A LP9PL6'9 187S 089602 VY 21200009 104 /8
WBSL.vLL 08 ]/98€859169 G1-3z0'L  |ei-3zT 2£0089°9 J8 GG/E02'Y 112100” AN giang) 1z1
®Fz9/ LoD S N6s08ezL L) Li-3eLz [e1-3z2) €196€2'9 18 2Z8roT'Y 81L€€£00 NN N
25280 DN 8RS80z ED v1-3906  [eL-3LL) S6v96¥'9 e Zvselzy LEL8LO_ AN €H00LD[ 6L
YIRBSHOBED v JrELRA D 81-30L'€  |vl-39¢2 9820¢1'9 8 80€8LZ'Y Zre900 NN €00Vl €sL
Ser aoresen - _l6thiglE0&d < [s1-389€  |pi-380% 8vopYe’9 18S 296¥02'Y 608100 NN VdN3O| 69
D BEMBQAD — AT B/ZLESDD  [vL-3eve |pi-asl€ £19600°. 18760202V 102¥00 WN ZaNDOD| 18
S6eDR0L6Q0 S J|opFREEGDO [/1-366C  |v1-358°C 8Y02ZHS°L 12 650812V 65£9L0° N LdVSNN| 26
SexErB/ceon O Jisbaee @ - [£1-3.66  |pL-3S8T e 1 prry0T Y £25%00 NN N
SyeesarnN Jep5ee0 [91-326L [pi-391T ¥81L10'9 18 Zy9602 VY P6ZEY04Y lang] 68t
Uy 00 Yogedg069 s [91-300L  [p-316'L LE221E9 18 ¥9/£02'V 0S.¥L0 NN (97al L2
Yo @eEE © (secls@en— |si3eL L |vi3gLl L0E¥8'L 18 ¥56202'Y 610,00 WN ozaan| sl
LHe8e3lD 0 MogsBraded D [21-3ve's  [ri-3eL) 65220172 18 5Z8Y02'Y 16.710_INN MENEED
Sjess@eB o0y qemdEehanQ (/13819 |vi-360') 92£8.9°G 187S 159022’V 815810” AN 0LWOW| ¥02
11 E69088 0D N VIEdhIB/EeO N |pi-3eeL  [vL-360°1L 898812°S je s 0zsieey 16910009 8v0ad| 6.
Syeoedronm J/EElloeYS0X  [L1-3erL  |pi-350°) LOLSOY'L 1e7S 2500l 8518604V ZXdl| 0kt
188204 LEB5D S MocEPE@mED O [81-390°L G1-32G°2 2€0.10°9 18 29LP0Z VY 101900 NN ZOLNM| 621
JrapReErodS JleBoziesed ! I1-300  [S1-3€v'9 2289L1°L 1eTEE0V0T Y LEZ¥00” WN cldidl| 9¢
oloro/ B9 = Q/BE DS [L1-avyy  [51-369G 2.9068°9 J18S 660202V 891100” WN sodigl oz
onnm@ 226200 L “{6eBIBIBeD —  [94-306€  |51L-369°G Z5065¥°9 187680222V 68.262VV 60697L001]  0€
[y J90@eD  SrB0tPsere0m [6L-301'€  [S1-320°€ €0.916'S 18616212V £668¢0 INYYd| 6L
<58 CY6e5@ < o es6Ros Doy [9l-3zLt  |9L-TveE 18062} "L 18 s 0/8202'V 652100 AN 020a9| 6§
BEEIREGE N N THEBSHED O [91-382'1L  [91-3187¢ opLLLE L 18 801602 Y ev.£9N 0z4M| 801
[oTBUsHAHO N1BeBiegTHT [21-3058  [91-3001 £0£902°2 e £/2822'9 11059199 620LLMd] 4L
m&%&@mma@w ﬂmwﬂ,vw_% N [o1-369'r  [z1-3628 ___|s061957 18 9e6922'9 65£26vO9 Ll
m O o = m o M.u © = > 9 anjea d ‘ysa)| anjea-d ‘}s9)
gniex Eeaand] S Q81 @ieeu| 1:9z0-Z9| -n :9z9-BZO|140-IND SMS al Ayv| ONO9Y juequag|  joquAgausn| uN
oo oX8 880 -a-X
22022 p 048 Lo I31ISSB[0 9uaB 97 £q Q7O PUB BZD) SIIUIJIP JO SIS, 1) JOUISSBID SMS
SCLONZ g BRB oD~
322429050898 EXIANTIdY
MaoXXTIT<oNaoOoXo



6 X227C50 1 0.995 0.005 1 7 X229C44 1 0.987 0.013 1 8 X231C80 1

0.978 0.022 1 9 X233C91 1 0.993 0.007 1 10 X235C20 1 0.120 0.880 3
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0.995 0.005 1 19 X262C85 1 0.995 0.005 1 20 X263C82 1 0.995 0.005 1

21 X266C51 1 0.976 0.024 1 22 X267C04 1 0.812 0.188 1 23 X282C51 1
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126 X28C76 1 0.995 0.005 1 27 X294C04 1 0.859 0.141 1 28 X309C49 1
0.086 0.914 3 29 X316C65 1 0.993 0.007 1 30X128648 1 0.995 0.005 1
31 X33C30 1 0.995 0.005 1 32 X39C24 1 0.989 0.011 1 33 X42C57 1

0.995 0.005 1 34 X45A96 1 0.995 0.005 1 35 X48A46 1 0.995 0.005 1 36
X49A07 1 0.993 0.007 1 37 X52A90 1 0885 0.0151 105 38 X61A53 1

0.968 0.032 1 39 X65A68 1 0.991 0.009 40 X6B85 1 0.035 0.965 3 41

X72A92 1 0.855 0.145 1 42 X135B40 1 0.995 0.005 1 43 X74A63 1 0.927

€L20€¥¥000 £99656v1L1L°L ¢1-300°L 01-39¢°1 6.£2S€°9 Je'S $20502'Y G/8200 WN L1Savd| €l
CcEESC0L690 999s¥¥2ol 0 ci-318'€¢ oL-3¢¢’L 9889Y°S 1B S ZVesleY 8/1€.649 13IS1D| 9€C
1SS8LL.64°0 S01¢8€EEQL 0 803111 0L-320'1 1888629 le’s €01802Y 0260€0 WN I2EANY|  8¥¢C
G6£6./2SS0 8G2r9.vcc 0 cl-3re’s L1-329'6 6.veel’L 1B 659622'd 8/.S5GCOMY L4dHN| ¥l
92s1eeEYrL 0 ev.yy00GS 0 11-329°S 11-386'8 ¥1990°9 e 0L/102Y 99¥200 N CIHAN[ L1
L6PEYCECE D LE6€656ZY 0 bL-38. ¥ bL-3LL'8 89¥S2ZL’9 le’s gzozleVv 908100449 LODIN| €91
yC€95101L0°0 81/6¥8096°0 01-3€9°¢ FL-311'8 £188¥¢’9 e 1y/8leV £50v20 NN 8lH022¢]| 0Z
¥G9€GS00°0 £G/999p€0°L cl-3e€¢ LL-d1L'8 6¥8.¢.°9 e 60.5¢2'9 L18.EH €1eSVO| Gl
G20S€642€°0 6v10€.E0 L-391v L-3¥8°. S6S5291°9 12 8yl6leY Z6¥8L0 N AdOL| S9l
9¢60v61L80°0 8950€£89v¥9°0 L1-360°¢ L-346°/ S6€LL9 e 20L90Z'V /90120 NN 98
G¥1G/2G81°0 8508¢¢6150 L1-3489/ L-3202 6vV¥961°8 187880102’V 992200 WN CVYNdM] 62l
¢8¢y6580°0 ¥8/2256/.9°0 01-369'¥ L1-3€8°9 1992882 e /6229 Y060SZMV OvLHOBD| L6
160€¢2SS0°0 ¥cSSGClv/. 0 ¢l-3/99 11-309°9 c6LEP8'S e 00/€22'9 916820AY rvol 19
™NP29526991°0 9205118250 bi-3vll L1-38€°9 iv8108°9 e 62.822'd L6106N LANOJ| SlLi
09065162000 £¥8589266 0 cl-3vy9 L1-38€9 9r6€£8.L°9 e g/65¢e2'8 886971V ygods| /I
><|6€590156 0 S01L660¥20°0- 60-39¢°¢ b1-3S2°G 689.6V°S e 0869z2'd 991 100XV 4100d3d| €9¢
% 162€89999°0 SG0ELPSL 0 CL-366°6 L1-36/°G £ee68rl L IumHmowmmN.m 16295049 Ldidg| LEc
£99109//20 6969981 L¥ 0 OL-3ce’L bL-32€°6 8062269 je X /9¢y0CV €0¢¥00 WN LLAWMG]  0GL
NNCEECY/L80°0 8091€4/¥9°0 cl-3S1°1 LL-361°G 6L2100°2 1B 1L¥9r0C v /6200 WN AIN| S8
—56082.055°0 GEBEBO0EC O L1-38¢9 L-398'Y 20S2¢v'8 e g6e222'g §260904V INH| ¢l¢
€88700209°0 982287861 0 L-32L'L 11-389% V19556°9 le"s 809¢zz'g 80CECONV NINV| 0c¢
¢3259869+01 0 269€60429°0 L1-366°G Ll-3€6¢ yZse6ve9 e 6pssez'd G001 8IV 10ad34d| ¥6
6945919620 96¢68888€°0 €L-3€1°G 11-308°¢€ 602679 leigeee’d L£492€E4Y Iv0dlO| 66l
—7r959rE800 Zr8.91€99°0 €1-346°7C 11-388'L v.iZS€8°L le’s 0/1¥0zZ'Y /28100 WN ¢SHO| 68
~9L092Ly200 £€879€9¥88°0 ¢l-30¢€°1L L1-388'L 1221599 e 8ygzee'd 00¥#50004 PLOSHd| 8€
<€02.401421°0 /882996850 LL-369°L L1-328'L 699189 Je’s 8s6¢cz'g 06¥000MY 10dd34| +0l
0g692208¥01°0 6106491890 ¢l-3¢o’l L1-304°) L065S.°8 e loeece’d 28991 14V GLLHUOGD| 66
96281€8€50 90.v¥9E6YC 0 01-39¢¢ bL-3¥9'L 9.€.19°9 e GGe8LTY 0LEZL0 N V¥did|  80¢
J|¥88992r.E0 cr88l61EE0 Li-310°L b1-3¢S°L £669¢¢°L le’s 82g.0z'Vv 961500 WN 08l
—1L22606€£€0°0 9./110v6.°0 L1-30C'L LL-34v) ¢0¥650°9 e s zooglTY 9r£220 WN 9-dvVOH; 9%
Novzeeslse o 11608yLSE 0 cl-3iv’L L-devi 65509¥°9 le”s z9eeoz'y 85£200 WN L12AVYIN| €21
L09€69650°0 ¥091918¢€.°0 €L-362v L-32v) 6£56¢£0°2 Je’s 6550L2'Y £5€88d c0dd| 99
¢660.06€£2°0 9e2199v.Ly 0 ¢l-306'9 L-361°1 2108859 e X pLzeozy 982100 WN ¢0dd| 6gl




1 0.9950.005 1 46 X99A50 1 0.759 0.241 1 47 X138B34 1 0.995 0.005 1
48 X155B52 1 0.995 0.005 1 49 X156B01 1 0.995 0.005 1 50 X160B16 1

0.993 0.007 1 51 X163B27 1 0.995 0.005 1 52 X105B13 1 0.870 0.130 1
53 X173843 1 0.995 0.005 1 54 X174B41 1 0.990 0.010 1 55 X177667 1
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58 X181B70 1 0.969 0.031 1 59 X184B38 1 0.983 0.017 1 60X185844 1
0.995 0.005 1 61 X10B88 1 0.892 0.108 1 62 X192B69 1 0.995 0.005 1
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X19C33 1 0.986 0.014 1 66 X204685 1 0.995 0.005 1 67 X205B99 1

0.837 0.163 1 68 X207C08 1 0.993 0.007 1 69 X111 B51 3 0.001 0.999 3

70 X222C26 3 0.240 0.760 3 71 X226C06 3 0.001 0.999 3 72 X113B11 3
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80 X269C68 3 0.001 0.999 3 81 X26C23 3 0.444 0.556 3 82 X270C93 3
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107 X82A83 3 0.012 0.988 3 108 X89A64 3 0.000 1.000 3 109 X90A63 3
0.001 0.999 3 110 X139B03 3 0.003 0.997 3 111 X102B06 3 0.001 0.999

3 112 X142B05 3 0.006 0.994 3 113 X143881 3 0.009 0.991 3 114
0.001 0.999 3 117X153809 3 0.001 07999 3 118 X104B91 3 0.023 0.977
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3 119 X162B98 3 0.134 0.866 3 120 X172819 3 0.051 0.949 3 121
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12.8 on 1 df,
b- G2b)

49 28 6.98 0.75073 Inf

coef exp(coef) se(coef) z p

126 n events rmean se(rmean) median 0.95LCL 0.95UCL
2b Predicted grade (2a-G

7719 10.330.499 Infinf Inf §rbup 2b
* DES Event defined as any type of recurrence or death because of breast

cancer, whichever comes first Num ber Patient ID Histologic grade

0.000341 n

APPENDIX 6C SWS Classifier 2: G2a-G2b Prediction and Survival # Cox

group2b 1.06 2.87 0.298 3.54 4e-04 Likelihood ratio test

PH test summary (Baseline group 1)
Prabability for G?a Praobability for

group 2a

P
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0.0002a 10.5 0 14 X254C80 2 1.000 0.0002a 10.5 0 15 X255C06 2

0.999 0.001 2a 10.5 0 16 X257C87 2 1.000 0.0002a 10.50 17 X258C21
2 1.000 0.0002a 5.751 18 X265C40 2 0.934 0.066 2a 10.42 0 19

X122B81 2 0.999 0.001 2a 11.17 0 2§,X272C88 2 1.000 0.000 2a 10.33 0
21 X274C81 2 1.000 0.000 2a 10.33 0 22 X275C70 2 0.999 0.001 2a

10.25 0 23 X277C64 2 1.000 0.000 2a 8.58 0 24 X124825 2 0.999 0.001

2a 5125 X27C82 2 1.000 0.000 2a 6.83 0 26 X280C43 2 1.000 0.0002a

08 27 X286C91 2 1.000 0.000 2a 10 0 28 X288C57
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2 0.999 0.001 2a 10 0 29 X290C91 2 1.000 0.000 2a 10 0 30 X292C66 2
0.961 0.039 2a 10 0 31 X296C95 2 1.000 0.000 2a 9.92 0 32 X297C26 2
1.000 0.000 2a 9.92 0 33 X298C47 2 0.998 0.002 2a 6.5 1 34 X301066 2
0.902 0.098 2a 9.92 0 35 X307C50 2 0.406 0.594 2b 9.83 0 36 X34C80 2
0.999 0.001 2a 10.17 0 37 X36C17 2 1.660 0.000 2a 10.08 0 38 X40057 2
AP80B,9-4952a 10 0 39 X41065 2 0.999 0.001 2a 9.92 0 40 X130B92 2
‘TOOO‘O’OOOZa 4. 42 141 X43C47 2 0.539 0.461 2a 9.92 0 42 X50A91 2

0. 99%%081%51 ler Cﬂlmcal validation (survival analysis) of G2a and G2b tumour
subtypes (264 classifier).

# Cox PH test summary (Baseline
group 1)

coef exp(coef) se(coef) z )
group2b 0.795 2.21 0.292 2.72
0.0066

Likelihood ratio test=7.25 on 1 df, p=0.00711
n= 126

n events rmean se(rmean) median 0.95LCL
0.95UCL
group 2a=79 23 9.97 0.507 Inf Inf Inf
group 2b=47 24 7.35 0.793 8.5 2.58
Inf




X51A98 2 0.155 0.845 2b 12.67 0 44 X56A94 2 0.999 0.001 2a 1.08 1 45
X60A05 2 0.999 0.001 2a 0.67 1 46 X63A62 2 0.999 0.001 2a 0.17 1 47
X7B96 2 0.081 0.919 2b 2.42 1 48 X136604 2 0.999 0.001 2a 2.42 1 49
X85A03 2 0.939 0.061 2a 2.08 0 50 X94A16 2 1.000 0.0002a 11.08 0 51
X96A21 2 0.999 0.001 2a 0.08 1 52 X3,37B88 2 0.992 0.008 2a 10.5 1 53
AX%B?Z %8‘.134 0.8662b 11.33 0 54 X13879 2 1.000 0.000 2a 10.83 0 55
1.000 0.0002a 11.5 0 56 X144B49 2 1.000 0.0002a 11.50
57 X%%%SQ%%S% 197 0.0032a 10.830

erl
Order UGID(build GeneSym Genbank  Affi ID Cut-off
#183) Unigen bol Acc
eName

1 Hs.528654 Hypothe FLJ11029 BG16501 B.228273_a 7.706303
tical 1 t
protein
FLJ110
29
2 acc_NM_0031 Serine/t STK6 NM_0031 A.208079_s 6.652593
58.1 hreonin 58 _at
e kinase
6.
transcri
pt1
3 Hs.35962 CDNA clone BG49235 B.226936_a 7.561905
IMAGE:4452583, 9 t
partial cds
4 Hs.308045 Barren BRRN1 D38553 A.212949_a 5.916703
homolo t
g
(Drosop
hila)
5 Hs.184339 Materna MELK NM_0147 A.204825 a 7.107259
| 91 t
embryo
nic
leucine
Zipper
kinase
6 Hs.250822 Serine/t STK6 NM_0036 A.204092_s 6.726571
hreonin 00 _at
e kinase
6,
transcri
pt 2



58 X150B81 2 0.995 0.0052a 11.42 0 59 X151B84 2 0.998 0.0022a
11.42 0 60 X152899 2 1.000 0.000 2a 2.08 0 61 X158B84 2 1.000 0.000
2a4.67 1 62 X15C94 2 1.000 0.000 2a 4.42 0 63 X161B31 2 0.999 0.001
2a11.42 0 64 X168B51 2 1.000 0.000 2a 5.33 0 65 X169B79 2 0.996
0.0042a 11.33 0 66 X16C97 2 0.997 ¢.003 2a 3.58 1 67 X170B15 2

Al Q-8872a 4.08 168 X175B72 2 0.760 0.240 2a 0 1 69 X176B74 2

—1.0000:0002a 6 0 70 X178B74 2 0.996 0.004 2a 7.42 0 71 X179B28 2
0. 99%%9%%31 erel 172 X}7C4O 2 0.999 0.001 2a 1.92

Classifier Accuracy
Accuracy
Gl= 65/68
(95.6%)
G3= 51/55 ?
(94.5%)
Number | Patient ID |Histologic | Probability | Probability | Predicted
grade for G 1 for G3 grade
1/X100B08 1 0.959 0.041 1
2{X209C10 1 0.959 0.041 1
3|X21C28 1 0.959 0.041 1
4(X220C70 1 0.959 0.041 1
5[X224C93 1 0.959 0.041 1
6{X227C50 1 0.959 0.041 1
7|X229C44 1 0.959 0.041 1
8/X231C80 1 0.959 0.041 1
9[X233C91 1 0.959 0.041 1
10{X235C20 1 0.287 0.713 3
11|X236C55 1 0.959 0.041 1
12|X114B68 1 0.782 0.218 1
13|X243C70 1 0.959 0.041 1
141X246C75 1 0.959 0.041 1
15|X248C91 1 0.959 0.041 1
16|X253C20 1 0.959 0.041 1
17{X259C74 1 0.959 0.041 1
18(X261C94 1 0.959 0.041 1
19(X262C85 1 0.959 0.041 1
20(X263C82 1 0.959 0.041 1
21|X266C51 1 0.959 0.041 1
22|X267C04 1 0.959 0.041 1
23(X282C51 1 0.959 0.041 1
24|X284C63 1 0.959 0.041 1
25(X289C75 1 0.959 0.041 1
26|X28C76 1 0.959 0.041 1
27|X294C04 1 0.887 0.113 1
28(X309C49 1 0.01 0.99 3
29/X316C65 1 0.959 0.041 1
30|X128B48 1 0.959 0.041 1
31|X33C30 1 0.959 0.041 1
32|X39C24 1 0.959 0.041 1
33[X42C57 1 0.959 0.041 1
34| X45A96 1 0.959 0.041 1
35|X48A46 1 0.959 0.041 1
36|X49A07 1 0.959 0.041 1
37|X52A90 1 0.959 0.041 1
38|X61A53 1 0.959 0.041 1




0 73 X183B75 2 0.045 0.9552b 7 1 74 X18C56 2 0.997 0.003 2a 10.750
75 X197B95 2 0.072 0.928 2b 10.92 0 76 X198B90 2 0.999 0.001 2a
10.92 0 77 X199B55 2 0.074 0.926 2b 10.92 0 78 X201B68 2 0.998 0.002
2a 10.92 0 79 X2021344 2 1.000 0.000p3a 10.83 0 109 80 X203B49 2

1.0000sK62a 10.83 0 81 X206C0%558]0.99400006 2a 6.421D 82
X2780888250.990 0.010 2a110.25 0.B83[X77A3X270.989 0.011 2a 1.08 1
84 X822 0.927 0.073 2a 12.08-#885 X1881¥138/ 2 0.934 0,0662a 110
86 X299B249 0.400 0.600'2b 10.99%87 X203386 2 0.0411
43|X74A63 1 0.894 0.106 1
44/ X83A37 1 0.733 0.267 1
45/X8B87 1 0.959 0.041 1
46|X99A50 1 0.959 0.041 1
47/X138B34 1 0.959 0.041 1
48|X155B52 1 0.959 0.041 1
49/X156B01 1 0.959 0.041 1
50|X160B16 1 0.959 0.041 1
51|X163B27 1 0.959 0.041 1
52|X105B13 1 0.959 0.041 1
53|X173B43 1 0.959 0.041 1
54|X174B41 1 0.959 0.041 1
55|X177B67 1 0.959 0.041 1
56|X106B55 1 0.959 0.041 1
57|X180B38 1 0.959 0.041 1
58|X181B70 1 0.887 0.113 1
59|X184B38 1 0.959 0.041 1
60(X185B44 1 0.959 0.041 1
61/X10B88 1 0.678 0.322 1
62|X192B69 1 0.959 0.041 1
63|X195B75 1 0.959 0.041 1
64[X196B81 1 0.887 0.113 1
65/X19C33 1 0.959 0.041 1
66|X204B85 1 0.959 0.041 1
67|X205B99 1 0.915 0.085 1
68(X207C08 1 0.959 0.041 1
69(X111B51 3 0.001 0.999 3
70|X222C26 3 0.036 0.974 3
71|X226C06 3 0.001 0.999 3
72|1X113B11 3 0.001 0.999 3
73|X232C58 3 0.001 0.999 3
74|X234C15 3 0.003 0.997 3
75|X238C87 3 0.163 0.837 3
76|X241C01 3 0.001 0.999 3
77|X249C42 3 0.001 0.999 3
78|X250C78 3 0.001 0.999 3
79|X252C64 3 0.001 0.999 3
80|X269C68 3 0.001 0.999 3
81[X26C23 3 0.047 0.953 3
82|X270C93 3 0.001 0.999 3
83|X271C71 3 0.001 0.999 3
84/X279C61 3 0.001 0.999 3
85|X287C67 3 0.001 0.999 3
86|X291C17 3 0.001 0.999 3
87|X127B00 3 0.001 0.999 3
88/X303C36 3 0.001 0.999 3
89|X304C89 3 0.996 0.004 1
90{X311A27 3 0.001 0.999 3
91|X313A87 3 0.001 0.999 3
92|X314B55 3 0.001 0.999 3




0.959 2b 10.08 0 88 X112B55 2 0.000 1.000 2b 0.92 1 89 X221C14 2
0.363 0.637 2b 3 1 90 X225C52 2 0.000 1.000 2b 10.75 0 91 X230C47 2
0.000 1.000 2b 0.5 1 92 X237C56 2 0.001 0.999 2b 10.67 0 93 X23C52 2
0.000 1.000 2b 8.5 1 94 X240054 2 0.088 0.950 2b 2.42 1 95 X242C21 2

0.09X80B& 2.17 1 96 X245C22.a060.005 008¥92b 0 1 9'B[X256C45 2
0.008 X9u@b 1.25 1 98 X120B78.200/000 10€62b 11.583) 99 X260C91
2 0.6 4948%% 2b 10.42 0 130 X268087 2 0.00998/000 2b 18,33 0 101
X308TXBPEFD00 1.000:2032.25 1 %8BY X35C A3 1
97|X54A09 3 0.001 0.999 3
98|X55A79 3 0.001 0.999 3
99|X62A02 3 0.001 0.999 3
100]X66A84 3 0.001 0.999 3
101}X67A43 3 0.001 0.999 3
102} X69A93 3 0.001 0.999 3
103|X70A79 3 0.001 0.999 3
104/X73A01 3 0.034 0.966 3
105|X76A44 3 0.005 0.995 3
106|X79A35 3 0.005 0.995 3
107|X82A83 3 0.005 0.995 3
108|X89A64 3 0.001 0.999 3
109|X90A63 3 0.001 0.999 3
110{X139B03 3 0.001 0.999 3
111|X102B06 3 0.001 0.999 3
112|X142B05 3 0.003 0.998 3
113|X143B81 3 0.016 0.984 3
114|X146B39 3 0.001 0.999 3
115|X147B19 3 0.001 0.999 3
116|X103B41 3 0.001 0.999 3
117{X153B09 3 0.001 0.999 3
118{X104B91 3 0.001 0.999 3
119{X162B98 3 0.033 0.977 3
120{X172B19 3 0.004 0.996 3
121]X182B43 3 0.001 0.999 3
122|X194B60 3 0.005 0.995 3
123|X200B47 3 0.931 0.069 1




0.003 0.997 2b 2.42 1 103 X44A53 2 0.996 0.004 2a 12.75 0 104 X47A87
2 0.000 1.0002b 9.58 1 105 X53A06 2 0.038 0.962 2b 2.58 1 106
X58A50 2 0.000 1.000 2b 0.42 1 107 X5B97 2 0.000 1.000 2b 0.75 1 108
X134B33 2 0.000 1.0002b 2 1 109 XBAA59 2 0.001 0.999 2b 12.42 0 110
X75A01 2 0.001 0.999 2b 3.58 1 111 X84A44 2 0.000 1.0002b 12.17 0
AMO 2 0.000 1.0002b 12.17 0 113 X88A67 2 0.000 1.0002b 4.25
B10 2 0.000 1.0002b 11.42 0 115 X154B42 2 0.000 1.0002b

342 SRR PR VAR 1 117 X104B8L

# Cox PH test summary (Baseline
group 1)

coef exp(coef) se(coef) z p
group3 0.921  2.51 0.2923.15

0.0016
Likelihood ratio test=9.66 on 1 df, p=0.00189
n= 126
n events rmean se(rmean) median 0.95LCL
0.95UCL
group 2a=83 23 10.0 0.489 Inf Inf
Inf
group 2b=43 24 7.0 0.820 6.5 258
Inf

* DFS Event defined as any type of recurrence or death because of breast cancer,

whichever comes first

Number |Patient ID Probability | Probability | Predicted [DFS TIME |DFS
for G2a for G2b grade EVENT*
11X210C72 0.894 0.106|2a 0.5 1
2{X211C88 0.777 0.223|2a 1.5 0
3[X212C21 0.959 0.041|2a 3.75 1
4|1X213C36 0.005 0.995|2b 10.08 0
5[X216C61 0.959 0.041|2a 10.75 0
6|X217C79 0.959 0.041|2a 10.75 0
7(X218C29 0.894 0.106|2a 10.75 0
8|X112B55 0.007 0.993|2b 0.92 1
9|X221C14 0.143 0.857|2b 3 1
10|X223C51 0.894 0.106{2a 8.42 0
111X225C52 0.001 0.999|2b 10.75 0
12|X22C62 0.959 0.041|2a 483 0
13{X230C47 0.001 0.999(2b 0.5 1
14|X237C56 0.143 0.857|2b 10.67 0
15|X23C52 0.005 0.995|2b 8.5 1
16(X240C54 0.005 0.995|2b 242 1
17|1X242C21 0.209 0.791|2b 2.17 1
18|X244C89 0.777 0.223|2a 7.25 1
19|X245C22 0.143 0.857|2b 0 1
20(X247C76 0.959 0.041|2a 10.5 0
21|X11B47 0.959 0.041|2a 7.42 0
22|X24C30 0.959 0.041)2a 10.67 0
23(X251C14 0.959 0.041{2a 10.5 0
24/X254C80 0.959 0.041|2a 10.5 0
25{X255C06 0.959 0.041|2a 10.5 0
26(X256C45 0.001 0.999|2b 1.25 1




2 0.000 1.0002b 11.33 0118 X165B72 2 0.304 0.6962b 1.51 119
X166B79 2 0.064 0.9362b 11.33 0120 X1711377 2 0.000 1.0002b 1.75
1121 X1861322 2 0.002 0.998 2b 0.17 1 122 X1871336 2 0.000 1.0002b

01123 X189B83 2 0.000 1.0002b 113@;124X191679 2 0.000 1.0002b

4.427x1258%310B34 2 @000 1.0008medRkH7 0 126 X208Q03[2 0.000 o
1.008/2ps0@3 0 |110 ARPEBHNDIX 7A. 8N SClassifier 3 OrdesUGID(buitd
#1839 Kahge2ieName Gé&R8Yy mbolW@dn@ankAcc Affi ID Guitsoff 1 Hs.93pR9
TP ¥AefeRlibule- assokif®ed protedPh@molog (Xenopu$ #evis) TPX2
AFGUR 26534910052 saPd77748 2 922342837 Protein red®iRbr of 0
cytaldREB8 prc1 NMOGB%as1 A O94NAd s at 82229 g 292511 O
Newa 388858 Gic iaen 1°N8A2ZR1 NM 00251519-Fpos794 st
A0 N eeo o DI i 10048(28r o A1 haeaoWA303438
——3RIXP74C81 [ 0.959]  0.04T|2a | 10.33] -
—3B[X275C70 0.959 0.041[2a 10.25 0
37|X277C64 0.959 0.041(2a 8.58 0
38(X124B25 0.959 0.041|2a 5 1
39[X278C80 0.351 0.649[2b 10.25 0
40[X27C82 0.959 0.041|2a 6.83 0
41[X280C43 0.959 0.041]2a 1 1
42[X286C91 0.959 0.041[2a 10 0
43(X288C57 0.959 0.041[2a 10 0
44/X290C91 0.959 0.041[2a 10 0
45[X292C66 0.959 0.041[2a 10 0
46[X296C95 0.959 0.041|2a 9.92 0
47(X297C26 0.959 0.041[2a 9.92 0
48[X298C47 0.959 0.041[2a 6.5 1
49[X301C66 0.959 0.041[2a 9.92 0
50[X307C50 0.777 0.223[2a 9.83 0
51/X308C93 0.005 0.995[2b 2.25 1
52|X34C80 0.959 0.041|2a 10.17 0
53(X35C29 0.202 0.798/2b 2.42 1
54/X36C17 0.959 0.041]2a 10.08 0
55/X40C57 0.877 0.123[2a 10 0
56|X41C65 0.959 0.041|2a 9.92 0
57(X130B92 0.959 0.041[2a 4.42 1
58|X43C47 0.877 0.123[2a 9.92 0
59(X44A53 0.123 0.877[2b 12.75 0
60[X47A87 0.001 0.999(2b 9.58 1
61|X50A91 0.777 0.223[2a 9.08 1
62[X51A98 0.959 0.041[2a 12.67 0
63|X53A06 0.202 0.798[2b 2.58 1
64/X56A94 0.959 0.041|2a 1.08 1
65/X58A50 0.001 0.999[2b 0.42 1
66/X5B97 0.001 0.999[2b 0.75 1
67[X60A05 0.959 0.041[2a 0.67 1
68[X134B33 0.015 0.985[2b 2 1
69|X63A62 0.959 0.041[2a 0.17 1
70[X64A59 0.046 0.954(2b 12.42 0
71|X75A01 0.202 0.798[2b 3.58 1
72|X77A50 0.662 0-338[2a 1.08 1
73|X7B96 0.959 0.041[2a 2.42 1
74|X84A44 0.017 0.983[2b 12.17 0
75(X136B04 0.959 0.041[2a 2.42 1
76|X85A03 0.777 0.223[2a 2.08 0
77|X86A40 0.001 0.999[2b 12.17 0
78|X87A79 0.662 0.338]2a 12.08 0
79|X88A67 0.029 0.971[2b 425 1
80[X94A16 0.959 0.041]2a 11.08 0




Hs.437351 Cold inducible RNA binding protein CIRBP AL565767
B.225191 at 8.2308 6 Hs.24395 Chemokine (C-X-C motif) ligand 14
CXCL14 NM 004887 A.218002 sat 7.086 7 Hs.435861 Signal peptide,

CUB domain, EGF-like 2 SCUBE2 A1424243 A.219197 s _at 7.2545 111

APREN&C B SWS Classtper 3: Ctassifer Accurdcy Acauoaty G1= 64/68
(98 YR B8 1/65 (92.0%894|Numb @n@atents ID Histol ogic 1
ProB3Bi®iBpZor Cl|Probal®i#®7for G3 Pr@djgsed grade 1 X1008()8 1 0.990
0.083X135¢209C10 1 0.898°0.182 034 2BC28 1 0,964 0.088 70
1 0808 '@ 1 5§ X2248859) 0 530041221 6 X227C50 115000 0.00091 7
X 22804144B 8% g1 0.019%198%% 231884 12300.0.000 1 9 X33 90
0.0831X ¥88%83500 1 §:8%% 0.024%%912035c55]1 1,000 0
-B 9 0000 n1n‘6r§? X242 é@Q1Q 01892 ’ITQI8 0
T LBAIXTEORES L et 0223 2a - ] 11.47 0
2 79o[X151B84 0.894 0.106/2a 11.42 0
91[X152B99 0.959 0.041[2a 2.08 0
92|X154B42 0.005 0.995[2b 3.42 1
93]X158B84 0.959 0.041[2a 4.67 1
94/X159B47 0.001 0.999[2b 6.5 1
95[X15C94 0.959 0.041]2a 4.42 0
96/X161B31 0.959 0.041[2a 11.42 0
97/X164B81 0.001 0.999[2b 11.33 0
98/X165B72 0.046 0.954[2b 15 1
99/X166B79 0.025 0.975/2b 11.33 0
100/X168B51 0.959 0.041]2a 533 0
101]X169B79 0.959 0.041]2a 11.33 0
102|X16C97 0.877 0.123]2a 3.58 1
103[X170B15 0.894 0.106[2a 4.08 1
104[X171B77 0.005 0.995[2b 1.75 1
105|X175B72 0.894 0.106[2a 0 1
106|X176B74 0.959 0.041(2a 6 0
107|X178B74 0.761 0.239[2a 7.42 0
108]X179B28 0.959 0.041]2a 2.33 1
109]X17C40 0.959 0.041|2a 1.92 0
110[X183B75 0.894 0.106[2a 7 1
111]X186B22 0.029 0.971[2b 0.17 1
112|X187B36 0.001 0.999(2b 0 1
113]X188B13 0.469 0.531]2b 11 0
114[X189B83 0.005 0.995/2b 11 0
115/X18C56 0.777 0.223[2a 10.75 0
116]X191B79 0.001 0.999[2b 4.42 1
117]X193B72 0.469 0.531|2b 10.92 0
118[X197B95 0.777 0.223[2a 10.92 0
119]X198B90 0.959 0.041[2a 10.92 0
120{X199B55 0.894 0.106/2a 10.92 0
121[X110B34 0.001 0.999[2b 11.67 0
122[X201B68 0.959 0.041[2a 10.92 0
123]X202B44 0.959 0.041]2a 10.83 0
124]X203B49 0.959 0.041]2a 10.83 0
125[X206C05 0.924 0.076/2a 6.42 0
126]X208C06 0.001 0.999[2b 0.08 0




X248C91 1 0.907 0.093 1 16 X253C20 1 1.000 0.000 1 17 X259C74 1
0.990 0.010 1 18 X261C94 1 1.000 0.000 1 19 X262C85 1 1.000 0.000 1
20 X263C82 1 1.000 0.000 1 21 X266C51 1 1.000 0.000 1 22 X267C04 1
0.907 0.093 1 23 X282C51 1 0.907 0.093 1 24 X284C63 1 1.000 0.000 1
25 X289C75 1 1.000 0.000 1 26 X28C76 1 1.000 0.000 1 27 X294C04 1

AGEHIOH
0.900, 09313

31 28 X309C49 1 0.015 0.985%29 X316C65 1 0.990 0.010 1
81 1.000 0.000 1 31 X33C30 1 1.000 0.000 1 32 X39C24 1

X42C57 1 0.983 0.017 1 34 X45A96 1 0.765 0.235 1

1er

Order |UGID (build |Unigene Name Gene | [Genbank [AffylD cut-off
#177) Symbol  |Acc
1{Hs.184339 |Maternal embryonic MELK NM_0147 |A.204825 543711
leucine zipper kinase 91 at
2|Hs.308045 |Barren homolog BRRN1 |D38553 |A.212949 5.560455
"~ [(Drosophila) at
3|Hs.244580 |TPX2, microtubule- TPX2 AF098158 [A.210052 5.87219
associated protein _s_at
homolog (Xenopus
laevis)
4|Hs.486401 |CDNA clone IMAGE:4452583, BG49235 (B.226936 7.56993
partial cds 9 at
5|Hs.75573 Centromere protein E, CENPE [NM_0018 |A.205046 6.94342
312kDa 13 at
6|Hs.528654 |Hypothetical protein FLJ11029 |BG16501 |B.228273 7.71114
FLJ11029 1 at
7lacc_NM_003 NM_0031 |A.208079 6.57103
158 58 s_at
8|Hs.524571 |Cell division cycle CDCA8 |BC001651|A.221520 6.8942
associated 8 s _at
9|Hs.239 Forkhead box M1 FOXM1 |NM_0219 |A.202580 521151
53 X_at
10{Hs.179718 |V-myb myeloblastosis MYBL2 |{NM_0024 |A.201710 6.26908
viral oncogene homolog 66 _at
(avian)-like 2
11|Hs.169840 |TTK protein kinase TTK NM_0033 [A.204822 8.2308
18 at
12|Hs.75678 FBJ murine FOSB NM_0067 [A.202768 8.76158
osteosarcoma viral 32 _at
oncogene homolog B
13|Hs.25647 V-fos FBJ murine FOS BC004490|A.209189 7.08598
osteosarcoma viral _at
oncogene homolog
14|Hs.524216 |Cell division cycle CDCA3 [NM_0312 |A.221436 6.29283
associated 3 99 s_at
15|Hs.381225 |Kinetochore protein Spc24 Al469788 |B.235572 6.3405
Spc24 at
16|Hs.62180 Anillin, actin binding ANLN AK023208 |B.222608 6.84578
protein (scraps homolog, _s_at
Drosophila)
17|Hs.434886 |Cell division cycle CDCA5 |BE614410(B.224753 5.29067
associated 5 at
18|Hs.523468 {Signal peptide, CUB SCUBE2 |Al424243 |A.219197 579216

domain, EGF-like 2

s at




35 X48A46 1 1.000 0.000 1 36 X49A07 1 0.990 0.010 1 37 X52A90 1
0.990 0.010 1 38 X61A53 1 1.000 0.000 1 39 X65A68 1 0.827 0.173 1
112 40 X6B85 1, 0.529 0.471 1 41 X72A92 1 0.907 0.093 1 42 X135B40
1 0.907 0.093 1 43 X74A63 1 _0.529 0.471 1 44 X83A37 1 0.976 0.024 1
45 X8B87 1 0.910 0.090 1 46 X99A50 10,931 0.4691 47X138834 1

MO 148 X155B52 1 1.000 0.000 1 49 X1561301 1 1.000 0.000 1

61 1.000 0.000 1 51 X163B27 1 1.000 0.000 1 52 X105B13 1

0. 90%&89&3188619&(%7%(:43 10.9100.090 1 54 X174B41 1

curacy
Accuracy
G1=65/68
(95.6%)
G3=53/55
96.4%)
Number |Patients ID [Histologic |Probability |Probability |Predicted grade
grade for G1 for G3 G1orG3
1|X100B08 1 0.993 0.007 1
2|X209C10 1 0.982 0.018 1
3(X21C28 1 0.993 0.007 1
4/X220C70 1 0.993 0.007 1
5[X224C93 1 0.991 0.009 1
6|X227C50 1 0.995 0.005 1
7|X229C44 1 0.987 0.013 1
8[X231C80 1 0.978 0.022 1
9(X233C91 1 0.993 0.007 1
10{X235C20 1 0.120 0.880 3
11(X236C55 1 0.995 0.005 1
12|X114B68 1 0.684 0.316 1
13|X243C70 1 0.993 0.007 1
14(X246C75 1 0.993 0.007 1
15[X248C91 1 0.995 0.005 1
16]X253C20 1 0.995 0.005 1
17|X259C74 1 0.991 0.009 1
18|X261C94 1 0.995 0.005 1
19(X262C85 1 0.995 0.005 1
20(X263C82 1 0.995 0.005 1
21|X266C51 1 0.976 0.024 1
22|X267C04 1 0.812 0.188 1
23|X282C51 1 0.995 0.005 1
24|X284C63 1 0.989 0.011 1
25(X289C75 1 0.995 0.005 1
26{X28C76 1 0.995 0.005 1
27|X294C04 1 0.859 0.141 1
28|X309C49 1 0.086 0.914 3
29|X316C65 1 0.993 0.007 1
30|X128B48 1 0.995 0.005 1
31{X33C30 1 0.995 0.005 1
32|X39C24 1 0.989 0.011 1
33|X42C57 1 0.995 0.005 1
34|X45A96 1 0.995 0.005 1
35|X48A46 1 0.995 0.005 1
36|X49A07 1 0.993 0.007 1
37|X52A90 1 0.985 0.015 1




1.000 0.000 1 55 X177B67 1 0.990 0.010 1 56 X106B55 1 0.990 0.010 1
57 X180B38 1 0.990 0.010 1 58 X1811370 1 0.990 0.010 1 59 X184B38 1
0.907 0.093 1 60 X185B44 1 1.000 0.000 1 61 X101388 1 0.7390.261 1
62 X192B69 1 1.000 0.000 1 63 X195B7%,1 1.000 0.000 1 64 X196881 1

0.000 1

(111B51 3

50.995 3

1.00Q&)x@a858 65 X19C33 1]0.587 988113 10632{204B85 1 1.0
67 X3 2 0.827 0.1/31] 68 x2®i{ C0801089000 0.000 1 69 X
0.008@@BB 70 X222C2613 0.62836{377 1.965(X226006 3 0.00
72 X31332493 0.093 0.90718 73 X@3NC58W18016 0.984 3 74 X234C15
42{X135B40 1 0.995 0.005 1
43|X74A63 1 0.927 0.073 1
44|X83A37 1 0.833 0.167 1
45|X8B87 1 0.995 0.005 1
46|X99A50 1 0.759 0.241 1
47|X138B34 1 0.995 0.005 1
48|X155B52 1 0.995 0.005 1
49/X156B01 1 0.995 0.005 1
50]X160B16 1 0.993 0.007 1
51|X163B27 1 0.995 0.005 1
52|1X105B13 1 0.870 0.130 1
53|X173B43 1 0.995 0.005 1
54|X174B41 1 0.990 0.010 1
55|X177B67 1 0.993 0.007 1
56|X106B55 1 0.993 0.007 1
57|X180B38 1 0.993 0.007 1
58|X181B70 1 0.969 0.031 1
59|X184B38 1 0.983 0.017 1
60(X185B44 1 0.995 0.005 1
61|X10B88 1 0.892 0.108 1
62|X192B69 1 0.995 0.005 1
63|X195B75 1 0.993 0.007 1
64|X196B81 1 0.644 0.356 1
65(X19C33 1 0.986 0.014 1
66|X204B85 1 0.995 0.005 1
67|X205B99 1 0.837 0.163 1
68|X207C08 1 0.993 0.007 1
69|X111B51 3 0.001 0.999 3
70|X222C26 3 0.240 0.760 3
71|X226C06 3 0.001 0.999 3
72|1X113B11 3 0.005 0.995 3
73|X232C58 3 0.001 0.999 3
74|/X234C15 3 0.014 0.986 3
75|X238C87 3 0.293 0.707 3
76|X241C01 3 0.001 0.999 3
77|X249C42 3 0.002 0.998 3
78|X250C78 3 0.004 0.996 3
79|X252C64 3 0.002 0.998 3
80|X269C68 3 0.001 0.999 3
81|X26C23 3 0.444 0.556 3
82|X270C93 3 0.018 0.982 3
83|X271C71 3 0.005 0.995 3
84|X279C61 3 0.001 0.999 3
85|X287C67 3 0.005 0.995 3
86|X291C17 3 0.001 0.999 3
87{X127B00 3 0.001 0.999 3
88|X303C36 3 0.001 0.999 3
89|X304C89 3 0.999 0.001 1
90|X311A27 3 0.004 0.996 3




3 0.005 0.995 3 75 X238C87 3 0.205 0.795 3 76 X241C01 3 0.009 0.991
3 77 X249C42 3 0.002 0.998 3 78 X250078 3 0.016 0.984 3 79 X252C64
3 0.016 0.984 3 80 X269C68 3 0.002 0.998 3 81 X26C23 3 0.129 0.871 3
82 X270C93 3 0.000 1.000 3 83 X271G@é% 3 0.002 0.998 3 84 X279C61 3

0.002(23A8ABB5 X287C6 AR 0.00600]995 GRB[X291CI7 3 0.
87 X$2[XB0MKBS50.0/L6 0.98435 88 XGUAC 360208005 0.995 3 89 A
0.899%XM01BBBO X31 1A23[3 0.0451.9550994 X313A87 3 0.
92 X384\X8HE08 0.0p2 0.99838 116 @B|X100883|3 0.009 0.991 3
95|X46A25 3 0.002 0.998 3
96{X131B79 3 0.241 0.759 3
97|X54A09 3 0.001 0.999 3
98{X55A79 3 0.002 0.998 3
99(X62A02 3 0.001 0.999 3
100|X66A84 3 0.001 0.999 3
101|X67A43 3 0.001 0.999 3
102(X69A83 3 0.043 0.957 3
103(X70A79 3 0.001 0.999 3
104|X73A01 3 0.145 0.855 3
105|X76A44 3 0.018 0.982 3
106|X79A35 3 0.004 0.996 3
107|X82A83 3 0.012 0.988 3
108(X89A64 3 0.000 1.000 3
109(X90A63 3 0.001 0.999 3
110{X139B03 3 0.003 0.997 3
111{X102B06 3 0.001 0.999 3
112{X142B05 3 0.006 0.994 3
113|X143B81 3 0.009 0.991 3
114|X146B39 3 0.001 0.999 3
115|1X147B19 3 0.003 0.997 3
116{X103B41 3 0.001 0.999 3
117|1X153B09 3 0.001 0.999 3
118(X104B%1 3 0.023 0.977 3
119(X162B98 3 0.134 0.866 3
120(X172B19 3 0.051 0.949 3
121|1X182B43 3 0.001 0.999 3
122]X194B60 3 0.004 0.996 3
123|X200B47 3 1.000 0.000 1

6 0.994 3
304C89 3
20.998 3



3 94 X37C06 3 0.006 0.994 3 95 X46A25 3 0.057 0.943 3 96 X131B79 3
0.075 0.925 3 97 X54A09 3 0.000 1.000 3 98 X55A79 3 0.028 0.972 3 99
X62A02 3 0.006 0.994 3 100 X66A84 3 0.002 0.998 3 101 X67A43 3
0.002 0.998 3 102 X69A93 3 0.136 0.864 3 103 X70A79 3 0.005 0.995 3
104 X73A01 3 0.194 0.806 3 105 X76A443 0.022 0.978 3 106 X79A35 3
A'p"ggg gg§4 3 107 X82A83 3 0.062 0.938 3 108 X89A64 3 0.005 0.995 3
3 30.002 0.998 3 110 X139B03 3 0.022 0.978 3 111 X102B06

3 00088 2hastner 2 39898 Prodictron at

# Cox PH test summary (Baseline
group 1)

coef exp(coef) se(coef)
group2b 1.06
4e-04

Z p
2.87 0.298 3.54

Likelihood ratio test=12.8 on 1 df, p=0.000341
n= 126

n events rmean se(rmean) median 0.95LCL
0.95UCL

group2a=77 1910.33 0499 Inf Inf
Inf
group 2b=49 28 6.98 0.750 7 3
Inf

3113 f(143881 30.002
Surviva

* DFS Event defined as any type of recurrence or death because of breast cancer,

whichever comes first

Num {Patient ID [Histologic |Probability for |Probability |Predicted grade |DFS TIME|DFS
ber grade G2a for G2b (2a-G2a, 2b- EVENT*
G2b)
1|1X210C72 2 0.017 0.983|2b 0.5 1
2|X211C88 2 0.673 0.327|2a 1.5 0
3|1X212C21 2 1.000 0.000(|2a 3.75 1
4|1X216C61 2 0.999 0.001|2a 10.75 0
5|X217C79 2 0.999 0.001|2a 10.75 0
6/X218C29 2 0.999 0.001|2a 10.75 0
7|X223C51 2 0.997 0.003|2a 8.42 0
8|X22C62 2 0.999 0.001|2a 4.83 0
91X244C89 2 0.059 0.941|2b 7.25 1
10{X247C76 2 0.894 0.106|2a 10.5 0
11|1X11B47 2 0.999 0.001|2a 7.42 0
12|X24C30 2 1.000 0.000|2a 10.67 0
13(X251C14 2 1.000 0.000|2a 10.5 0
14|X254C80 2 1.000 0.000|2a 10.5 0
15[X255C06 2 0.999 0.001)2a 10.5 0
16|X257C87 2 1.000 0.000(2a 10.5 0
17|X258C21 2 1.000 0.000j2a 5.75 1
18{X265C40 2 0.934 0.066)2a 10.42 0
19|X122B81 2 0.999 0.001]2a 11.17 0
20{X272C88 2 1.000 0.000)2a 10.33 0
21|X274C81 2 1.000 0.000|2a 10.33 0
22|X275C70 2 0.999 0.001|2a 10.25 0
23|X277C64 2 1.000 0.000|2a 8.58 0
24|X124B25 2 0.999 0.001|2a 5 1
25|X27C82 2 1.000 0.000|2a 6.83 0
26|X280C43 2 1.000 0.000|2a 1 1




0.998 3 114 X146B39 3 0.002 0.998 3 115 X147B19 3 0.016 0.984 3 116
X103841 3 0.002 0.998 3 117 X153B09 3 0.002 0.998 3 118 X104B91 3

0.119 0.881 3 119 X162B98 3 0.623 0.377 1 120 X172B19 3 0.055 0.945
3121 X182B43 3 0.002 0.998 3 122 X194B60 3 0.002 0.998 3 123

%2DpMBade3 0.979 0.081 1 APPENIDIX 7ChbddRWS Classifief 3. GZ2ar632b 0
RexipegeaN/alidation 2| DFS Evensbeaefined @soa(a type of recurrence o 0
datRd9€0ause of bregst cancet,08d)icheves.o@es first Number Patigdg ID 0
Riy¥182§ikSgrade ProBability foP-&Pa Prob&diRgy2for G2b Predicted grédle 0
(RHXBPEIPNG2b) DS TIME DFR%E vent 102318872 2 0.012 0.988 2820.5 0
BY%e314288 2 0.9990.001 2a'10600 3 X29H0%322 1,000 0.000 2a 8.4 1 0
3PICEED () 001 0. 989 2b 10 B85 X2168684122 0.820 0.1802a 10673 0 1
B4%361E66 9 0 gog 2 0.902 0.098j2a 9.92 0
35[X307C50 2 0.406 0.5942b 9.83 0
36[X34C80 2 0.999 0.001|2a 10.17 0
37|X36C17 2 1.000 0.000{2a 10.08 0
38[X40C57 2 0.805 0.195[2a 10 0
39[X41C65 2 0.999 0.001[2a 9.92 0
40|X130B92 2 1.000 0.000|2a 442 1
41[X43C47 2 0.539 0.461[2a 9.92 0
42|X50A91 2 0.998 0.002[2a 9.08 1
43|X51A98 2 0.155 0.845|2b 12.67 0
44|X56A94 2 0.999 0.001|2a 1.08 1
45|X60A05 2 0.999 0.001[2a 0.67 1
46|X63A62 2 0.999 0.001|2a 0.17 1
47|X7B96 2 0.081 0.919[2b 2.42 1
48|X136B04 2 0.999 0.001|2a 2.42 1
49|X85A03 2 0.939 0.061|2a 2.08 0
50{X94A16 2 1.000 0.000[2a 11.08 0
51X96A21 2 0.999 0.001[2a 0.08 1
52|X137B88 2 0.992 0.008|2a 10.5 1
53(X9B52 2 0.134 0.866/(2b 11.33 0
54|X13B79 2 1.000 0.000|2a 10.83 0
55(X140B91 2 1.000 0.000[2a 11.5 0
56(X144B49 2 1.000 0.000[2a 11.5 0
57(X14B98 2 0.997 0.003[2a 10.83 0
58(X150B81 2 0.995 0.005|2a 11.42 0
59(X151B84 2 0.998 0.002[2a 11.42 0
60{X152B99 2 1.000 0.000|2a 2.08 0
61|X158B84 2 1.000 0.000[2a 467 1
62|X15C94 2 1.000 0.000[2a 4.42 0
63|X161B31 2 0.999 0.001[2a 11.42 0
64/X168B51 2 1.000 0.000[2a 5.33 0
65|X169B879 2 0.996 0.004|2a 11.33 0
66(X16C97 2 0.997 0.003|2a 3.58 1
67[X170B15 2 0.913 0.087|2a 4.08 1
68{X175B72 2 0.760 0.240[2a 0 1
69(X176B74 2 1.000 0.000[2a 6 0
70|X178B74 2 0.996 0.004|2a 7.42 0
71|1X179B28 2 0.999 0.001|2a 2.33 1
72{X17C40 2 0.999 0.001|2a 1.92 0
73{X183B75 2 0.045 0.955(2b 7 1
741X18C56 2 0.997 0.003[2a 10.75 0
75|X197B95 2 0.072 0.928[2b 10.92 0
76(X198B90 2 0.999 0.001[2a 10.92 0
77\X199B55 2 0.074 0.926|2b 10.92 0
78|X201B68 2 0.998 0.002|2a 10.92 0
79(X202B44 2 1.000 0.000[2a 10.83 0




0.001 2a 10.75 0 7 X218C29 2 0.996 0.004 2a 10.75 0 8 X112B55 2

0.418 0.582 2b 0.92 1 9 X221C14 2 0.901 0.099 2a 3 1 10 X223C51 2
0.999 0.001 2a 8.42 0 11 X225C52 2 0.001 0.999 2b 10.75 0 12 X22C62
2 0.901 0.099 2a 4.83 0 13 X230C47 2 0,09 1.000 2b 0.5 1 14 X237C56

20X11384000 2b 10.6]7 0 15 X23082 2 0.Q0h@xR09 2b 8.5 1 16 X248854 0
BOXOIBC990 2b 2.42]1 17 X242041 2 0.630E 2366 22 2.17 118 6.42 0
X240CE980 ().001 0.9899 2b 7.26 P79 X24502222 0.004 0.996 2b 0A23D 0
XRAITHE2 (0.996 0.004 2a 10.6BY1 X11B4712a 1.08 L
84|X87A79 2 0.927 0.073|2a 12.08 0
85|X188B13 2 0.934 0.066/|2a 11 0
86|X193B72 2 0.400 0.600|2b 10.92 0
87|X213C36 2 0.041 0.959|2b 10.08 0
88|X112B55 2 0.000 1.000|2b 0.92 1
89|X221C14 2 0.363 0.637|2b 3 1
90|X225C52 2 0.000 1.000|2b 10.75 0
91|X230C47 2 0.000 - 1.000|2b 0.5 1
92|X237C56 2 0.001 0.999|2b 10.67 0
93]X23C52 2 0.000 1.000|2b 8.5 1
94|X240C54 2 0.050 0.950i2b 2.42 1
95|X242C21 2 0.099 0.901{2b 217 1
96|X245C22 2 0.005 0.995(2b 0 1
97|X256C45 2 0.000 1.000{2b 1.25 1
98|X120B73 2 0.000 1.000(2b 11.68 0
99|X260C91 2 0.005 0.995|2b 10.42 0
100|X268C87 2 0.000 1.000{2b 10.33 0
101|X308C93 2 0.000 1.000|2b 2.25 1
102[X356C29 2 0.003 0.997|2b 242 1
103|X44A53 2 0.996 0.004|2a 12.75 0
104|X47A87 2 0.000 1.000|2b 9.58 1
105|X53A06 2 0.038 0.962|2b 2.58 1
106|X58A50 2 0.000 1.000|2b 0.42 1
107{X5B97 2 0.000 1.000|2b 0.75 1
108|X134B33 2 0.000 1.000|2b 2 1
109|X64A59 2 0.001 0.999|2b 12.42 0
110|X75A01 2 0.001 0.999|2b 3.58 1
111|X84A44 2 0.000 1.000|2b 12.17 0
112{X86A40 2 0.000 1.000|2b 1217 0
113|X88A67 2 0.000 1.000(2b 4.25 1
114|X145B10 2 0.000 1.000|2b 11.42 0
115{X154B42 2 0.000 1.000(2b 3.42 1
116|X159B47 2 0.010 0.990|2b 6.5 1
117|X164B81 2 0.000 1.000|2b 11.33 0
118|X165B72 2 0.304 0.696|2b 1.5 1
119|X166B79 2 0.064 0.936|2b 11.33 0
120{X171B77 2 0.000 1.000|2b 1.75 1
121|X186B22 2 0.002 0.998|2b 0.17 1
122{X187B36 2 0.000 1.000|2b 0 1
123{X189B83 2 0.000 1.000|2b 11 0
124|X191B79 2 0.000 1.000|2b 4.42 1
125{X110B34 2 0.000 1.000|2b 11.67 0
126|X208C06 2 0.000 1.000(2b 0.08 0




0.640 0.360 2a 7.42 0 22 X24C30 2 0.999 0.001 2a 10.67 0 23 X251C14
2 0.999 0.001 2a 10.5 0 24 X254C80 2 0.999 0.001 2a 10.5 0 25
X255C06 2 0.744 0.256 2a 10.5 0 26 X256C45 2 0.000 1.000 2b 1.25 1
27 X120B73 2 0.000 1.0002b 11.58 0 28%257C87 2 0.901 0.099 2a 10.5
0 29 X258C21 2 0.999 0.001 2a 5.75 1 30 X260C91 2 0.640 0.360 2a
AdQ42, X265C40 2 0.578 0.422 2a 10.42 0 32 X122B81 2 0.999 0.001
—%—ﬁ—% 33 X268C87 2 0.000 1.000 2b 10.33 0 34 X272C88 2 0.998
0.002,27.10.33.0 35 X274C81 2 0.820 0.180 2a 10.33 0 36

Order |UGID(build {UnigeneName GeneSy |GenbankAcc |Affi ID Cut-off
#183) mbol
1|Hs.9329 TPX2, microtubule- TPX2 AF098158 A.210052_s_at | 8.7748

associated protein
homolog (Xenopus
laevis)

2|Hs.344037  |Protein regulator of PRC1 NM_003981 |A.218009_s_at | 8.2222
cytokinesis 1

3|Hs.292511 Neuro-oncological NOVA1 |NM_002515 |A.205794_s_at | 6.7387
ventral antigen 1

4iHs.155223  |Stanniocalcin 2 STC2 Al435828 A.203438_at 8.0766

5|Hs.437351 Cold inducible RNA CIRBP [AL565767 B.225191_at 8.2308

binding protein
6{Hs.24395 Chemokine (C-X-C CXCL14 |NM_004887 |A.218002_s_at 7.086
motif) ligand 14
7|Hs.435861 Signal peptide, CUB SCUBE2 |Al424243 A219197_s_at | 7.2545
domain, EGF-like 2




X275C70 2 0.999 0.001 2a 10.25 0 37 X277C64 2 0.999 0.001 2a 8.58 0
38 X124B25 2 0.640 0.3602a 51 39 X278C80 2 0.002 0.998 2b 10.250
40 X27C82 2 0.550 0.450 2a 6.83 0 41 X280C43 2 1.000 0.000 2a 11 42
X286C91 2 1.000 0.000 2a 10 0 43 X288C57 2 0.820 0.180 2a 10 0 44
X290C91 2 1.000 0.000 2a 10 0 45 X2b2E66 2 0.999 0.001 2a 10 0 46
m 1.000 0.000 2a 9.92 0 47 X297C26 2 0.820 0.180 2a 9:92 0
7 20.999 0.001 2a 6.5 1 49 X301066 2 0.640 0.360 2a 9.92 0

20 XIWEPhssthiérs: LRAAS Aluracy

Accuracy
G1l=67/68 (98.5%)
G3= 51/55 (92.7%)

Numb [Patients ID [Histol |Probability [Probability |Predicted
er ogic |for G1 for G3 grade
grade
1]1X100B08 1 0.990 0.010 1
2|X209C10 1 0.818 0.182 1
3|X21C28 1 0.964 0.036 1
4|X220C70 1 0.990 0.010 1
5|X224C93 1 0.587 0.413 1
6|X227C50 1 1.000 0.000 1
7(X229C44 1 0.981 0.019 1
8[X231C80 1 1.000 0.000 1
9(X233C91 1 0.990 0.010 1
10[X235C20 1 0.976 0.024 1
11[X236C55 1 1.000 0.000 1
12|1X114B68 1 0.990 0.010 1
13|X243C70 1 0.818 0.182 1
141X246C75 1 0.990 0.010 1
15(X248C91 1 0.907 0.093 1
16(X253C20 1 1.000 0.000 1
17|X259C74 1 0.990 0.010 1]
18|X261C94 1 1.000 0.000 1
19|X262C85 1 1.000 0.000 1
20|X263C82 1 1.000 0.000 1
21|X266C51 1 1.000 0.000 1
22|X267C04 1 0.907 0.093 1
23|X282C51 1 0.907 0.093 1
24|X284C63 1 1.000 0.000 1
25|X289C75 1 1.000 0.000 1
26|X28C76 1 1.000 0.000 1
27|X294C04 1 0.587 0.413 1
28|X309C49 1 0.015 0.985 3
29|X316C65 1 0.990 0.010 1
30|X128B48 1 1.000 0.000 1
31|X33C30 1 1.000 0.000 1
32|X39C24 1 0.907 0.093 1
33|X42C57 1 0.983 0.017 1
34|X45A96 1 0.765 0.235 1
35|X48A46 1 1.000 0.000 1
36{X49A07 1 0.990 0.010 1
37|X52A90 1 0.990 0.010 1
38|X61A53 1 1.000 0.000 1
39|X65A68 1 0.827 0.173 1




51 X308C93 2 0.000 1.000 2b 2.25 1 52 X34C80 2 0.820 0.180 2a 10.17
0 53 X35C29 2 0.999 0.001 2a 2.42 1 54 X36C17 2 0.901 0.099 2a 10.08
0 55 X40057 2 0.999 0.001 2a 10 0 56 X41065 2 1.000 0.000 2a 9.92 0

57 X130B92 2 1.000 0.000 2a 4.42 1 58 ¥A3C47 2 0.574 0.426 2a 9.92 0

5908853 2 11000 1.000205762.75 0 ®R7 X4 7TA87 2
631%60A9 2 0012 (.988 s 08 1 GR0¥S1A98 2 0
6321638862 1,000 0.000 283758 1 GHOESH6A94 2 )
633REBA6D 2 0,000 1.00Q 2667942  0.471 1
44|X83A37 1 0.976 0.024 1
45/X8B87 1 0.910 0.090 1
46(X99A50 1 0.5631 0.469 1
47|X138B34 1 1.000 0.000 1
48|X155B52 1 1.000 0.000 1
49|X156B01 1 1.000 0.000 1
50(X160B16 1 1.000 0.000 1
51|X163B27 1 1.000 0.000 1
52|X105B13 1 0.907 0.093 1
53(X173B43 1 0.910 0.090 1
54|X174B41 1 1.000 0.000 1
55|X177B67 1 0.990 0.010 1
56|X106B55 1 0.990 0.010 1
57|X180B38 1 0.990 0.010 1
58|X181B70 1 0.990 0.010 1
59|X184B38 1 0.907 0.093 1
60(X185B44 1 1.000 0.000 1
61|X10B88 1 0.739 0.261 1
62(X192B69 1 1.000 0.000 1
63|X195B75 1 1.000 0.000 1
64|X196B81 1 1.000 0.000 1
65[X19C33 1 0.587 0.413 1
66|X204B85 1 1.000 0.000 1
67|X205B99 1 0.827 0.173 1
68|X207C08 1 1.000 0.000 1
69(X111B51 3 0.006 0.994 3
70[X222C26 3 0.623 0.377 1
71|X226C06 3 0.005 0.995 3
72|1X113B11 3 0.093 0.907 3
73|X232C58 3 0.016 0.984 3
74|X234C15 3 0.005 0.995 3
75|X238C87 3 0.205 0.795 3
76|X241C01 3 0.009 0.991 3
77|X249C42 3 0.002 0.998 3
78|X250C78 3 0.016 0.984 3
79(X252C64 3 0.016 0.984 3
80|X269C68 3 0.002 0.998 3
81|X26C23 3 0.129 0.871 3
82|X270C93 3 0.000 1.000 3
83|X271C71 3 0.002 0.998 3
84|X279C61 3 0.002 0.998 3
85|X287C67 3 0.005 0.995 3
86|X291C17 3 0.006 0.994 3
87|X127B00 3 0.016 0.984 3
88(X303C36 3 0.005 0.995 3
89(X304C89 3 0.899 0.101 1
90|X311A27 3 0.045 0.955 3
91[X313A87 3 0.002 0.998 3
92|X314B55 3 0.002 0.998 3

0.000 1.000 2b 9.58 1
1998 0.002 2a 12.67 0
1998 0.002 2a 1.08 1




1 66 X5897 2 0.000 1.000 2b 0.75 1 67 X60A05 2 1.000 0.000 2a 0.67 1
68 X134B33 2 0.001 0.999 2b 2 1 69 X63A62 2 0.999 0.001 2a 0.17 1 70
X64A59 2 0.001 0.999 2b 12.42 0 71 X75A01 2 0.999 0.001 2a 3.58 1 72
X77A50 2 0.391 0.609 2b 1.08 1 73 X7B96 2 0.391 0.609 2b 2.42 1 74

012 0.9882b 2.42 1

.000 1.0002b 12.170

0.574 0.426 2a 4.25 1

X83IA1e1 288.00P 0.9982b 0297 0 75 0(9936804 2 &
764e85A03 2 0012 §.988 298 0 77¥B6A40 2 0
785¢BPAZS 2 01820 8.1802K08722.08 0 FHXS8AG7 B
8EOROBARESD 0[0003]  0.075]  0.925 3

97|X54A09 3 0.000 1.000 3

98(X55A79 3 0.028 0.972 3

99(X62A02 3 0.006 0.994 3
100(X66A84 3 0.002 0.998 3
101|X67A43 3 0.002 0.998 3
102|X69A93 3 0.136 0.864 3
103(X70A79 3 0.005 0.995 3
104|X73A01 3 0.194 0.806 3
105|X76A44 3 0.022 0.978 3
106|X79A35 3 0.006 0.994 3
107|X82A83 3 0.062 0.938 3
108|X89A64 3 0.005 0.995 3
109(X90A863 3 0.002 0.998 3
110|X139B03 3 0.022 0.978 3
111]X102B06 3 0.006 0.994 3
112(X142B05 3 0.005 0.995 3
113(X143B81 3 0.002 0.998 3
114|X146B39 3 0.002 0.998 3
115(X147B19 3 0.016 0.984 3
116|X103B41 3 0.002 0.998 3
117|X153B09 3 0.002 0.998 3
118({X104B91 3 0.119 0.881 3
1191X162B98 3 0.623 0.377 1
120|X172B19 3 0.055 0.945 3
121(X182B43 3 0.002 0.998 3
122{X194B60 3 0.002 0.998 3
1231X200B47 3 0.979 0.021 1




0.001 2a 11.08 0 81 X96A21 2 0.020 0.980 2b 0.08 1 82 X137B88 2
0.640 0.360 2a 10.5 1 83 X9B52 2 0.999 0.001 2a 11.33 0 84 X13B79 2
0.999 0.001 2a 10.83 0 85 X140B91 2 .0.901 0.099 2a 11.5 0 86
X144B49 2 0.796 0.204 2a 11.5 0 87 X145B10 2 0.000 1.0002b 11.42 0
88 X14B98 2 0.999 0.001 2a 10.83 0 89 X150B81 2 1.000 0.000 2a 11.42
APy 9¢B84 2 1.000 0.0002a 11.42 0 B14X152B99 2 1.000 0.000 2a
—2.08092 X154B42 2 0.099 0.901 2b 3.42 1 93 X158B84 2 0.999 0.001

2a 4?&/% 8?%2(5:1[15 erB_’)4 aaq(ggbZPore%?gtlgr? 9%1% agan15C94 2

# Cox PH test summary (Baseline group 1)
coef exp(coef) se(coef)

z p

group2b 1.05  2.85 0.292 3.58

0.00035

Likelihood ratio test=12.2 on 1 df, p=0.000485 n=
126

# Survival fit
summaries
n events rmean se(rmean) median 0.95LCL
0.95UCL ’
group2a= 87 24 10.05 0482 Inf
Inf Inf

group2b=39 23 6.61 0.844 6.5
2.42 Inf

* DFS Event defined as any type of recurrence or death because of breast

cancer, whichever comes first

Number [Patient ID Histolo [Probability |Probability |Predicted |DFS TIME |DFS
gic for G2a for G2b grade (2a- Event
grade G2a, 2b-
G2b)
11X210C72 2 0.012 0.988|2b 0.5 1
2{X211C88 2 0.999 0.001|2a 1.5 0
3|X212C21 2 1.000 0.000{2a 3.75 1
4|X213C36 2 0.001 0.999|2b 10.08 0
5(X216C61 2 0.820 0.180|2a 10.75 0
8|X217C79 2 0.999 0.001}2a 10.75 0
7{X218C29 2 0.996 0.004|2a 10.75 0
8/X112B55 2 0.418 0.582|2b 0.92 1
9(X221C14 2 0.901 0.099|2a 3 1
10{X223C51 2 0.999 0.001|2a 8.42 0
11{X225C52 2 0.001 0.999|2b 10.75 0
12{X22C62 2 0.901 0.099|2a 4.83 0
13{X230C47 2 0.000 1.000|2b 0.5 1
14{X237C56 2 0.000 1.000|2b 10.67 0
15(X23C52 2 0.001 0.999|2b 8.5 1
16(X240C54 2 0.001 0.999/|2b 242 1
17|X242C21 2 0.634 0.366|2a 2.17 1
18/X244C89 2 0.001 0.999|2b 7.25 1
19/X245C22 2 0.004 0.996/2b 0 1
20{X247C76 2 0.996 0.004|2a 10.5 0
21{X11B47 2 0.640 0.360|2a 7.42 0




1.000 0.000 2a 4.42 0 96 X161B31 2 1.000 0.000 2a 11.42 0 97 X164B81
2 0.000 1.000 2b 11.33 0 98 X165B72 2 0.944 0.0562a 1.51 99
X166B79 2 0.980 0.020 2a 11.33 0 100 X168B51 2 0.800 0.200 2a 5.33 0
101 X169B79 2 0.995 0.005 2a 11.33 0 102 X16C97 2 1.000 0.000 2a

3.58 22[M230E070B15 2 02999 0.G0doFla 4.08 (e X171B77 2 01069 0
1.00Q2[x25670514 105 X178B72 2000991 0.099RH |22 1 106 X[176B7438/1.000 0
0.0002X264T307 X[178B74 2 1.00899.000 20714220 108 X179B282(0.999 0
0.002H8ZPHA 109 X17440 2 0894 0.00P-286292 0 110/ X183BTS 0
26|X256C45 2 0.000 1.000{2b 1.25 1
27|X120B73 2 0.000 1.000|2b 11.58 0
28|X257C87 2 0.901 0.099{2a "10.5 0
29|X258C21 2 0.999 0.001|2a 5.75 1
30(X260C91 2 0.640 0.360{2a 10.42 0
31|1X265C40 2 0.578 0.422|2a 10.42 0
32|X122B81 2 0.999 0.001|2a 11.17 0
33|X268C87 2 0.000 1.000|2b 10.33 0
34|X272C88 2 0.998 0.002|2a 10.33 0
35[(X274C81 2 0.820 0.180|2a 10.33 0
36(X275C70 2 0.999 0.001|2a 10.25 0
37|X277C64 2 0.999 0.001|2a 8.58 0
38(X124B25 2 0.640 0.360|2a 5 1
39|X278C80 2 0.002 0.998|2b 10.25 0
40(X27C82 2 0.550 0.450{2a 6.83 0
41{X280C43 2 1.000 0.000|2a 1 1
42|X286C91 2 1.000 0.000|2a 10 0
43|X288C57 2 0.820 0.180{2a 10 0
44|X290C91 2 1.000 0.000j2a 10 0
45|X292C66 2 0.999 0.001|2a 10 0
46|X296C95 2 1.000 0.000{2a 9.92 0
47(X297C26 2 0.820 0.180{2a 9.92 0
48{X298C47 2 0.999 0.001|2a 6.5 1
49|X301C66 2 0.640 0.360|2a 9.92 0
50{X307C50 2 0.744 0.256|2a 9.83 0
51{X308C93 2 0.000 1.000|2b 2.25 1
52{X34C80 2 0.820 0.180|2a 10.17 0
53{X35C29 2 0.999 0.001|2a 2.42 1
54/X36C17 2 0.901 0.099|2a 10.08 0
55{X40C57 2 0.999 0.001|2a 10 0
56|X41C65 2 1.000 0.000)2a 9.92 0
57|1X130B92 2 1.000 0.000|2a 4.42 1
58]X43C47 2 0574 0.426]2a 9.92 0
59|X44A53 2 1.000 0.000{2a 12.75 0
60|X47A87 2 0.000 1.000|2b 9.58 1
61|X50A91 2 0.012 0.988|2b 9.08 1
62|X51A98 2 0.998 0.002{2a 12.67 0
63|X53A06 2 1.000 0.000|2a 2.58 1
64| X56A94 2 0.998 0.002|2a 1.08 1
65(X58A50 2 0.000 1.000|2b 0.42 1
66|X5B97 2 0.000 1.000|2b 0.75 1
67|X60A05 2 1.000 0.000|2a 0.67 1
68]X134B33 2 0.001 0.999[2b 2 1
69| X63A62 2 0.999 0.001|2a 0.17 1
70| X64A59 2 0.001 0.999(2b 12.42 0
71| X75A01 2 0.999 0.001|2a 3.58 1
72|X77A50 2 0.391 0.609|2b 1.08 1
73|X7B96 2 0.391 0.609|2b 242 1
74|X84A44 2 0.002 0.998|2b 12.17 0
75|X136B04 2 0.012 0.988|2b 2.42 1




20.8200.1802a 71111 X186B22 2 0.786 0.2142a 0.17 1 112 X187B36
2 0.000 1.0002b 01 113 X188B13 2 0.999 0.001 2a 11 0 114 X189B83 2
0.000 1.0002b 11 0 115 X18C56 2 1.000 0.0002a 10.75 0 116 X191B79
20.099 0.901 2b 4.42 1 117 X193B72 2.0.640 0.360 2a 10.92 0 118

X197B9%EA0297 0.70320 10.98@4[19 X 2°0.901]0.09928]0.92 0
0 120718865 2 0820 0]180220.0MP2 0 1200280834 2 0.000400020 0
11.6789XEZA 201868 2 01999 0MZD[2a 1009BUZD3 X202B44 22008D9 0
0.0079%BPART3 0 1p4 X2R3B49 D-H7#00 0.00tPP8210.83 0 125 425 1
80|X94A16 2 0.999 0.001{2a 11.08 0
81(X96A21 2 0.020 0.980|2b 0.08 1
82|X137B88 2 0.640 0.360|2a 10.5 1
83|X9B52 2 0.999 0.001|2a 11.33 0
84/X13B79 2 0.999 0.001|2a 10.83 0
85/X140B91 2 - 0.901 0.099(2a 11.5 0
86(X144B49 2 0.796 0.204|2a 11.5 0
87(X145B10 2 0.000 1.000|2b 11.42 0
88|X14B98 2 0.999 0.001|2a 10.83 0
89|X150B81 2 1.000 0.000|2a 11.42 0
90{X151B84 2 1.000 0.000{2a 11.42 0
91|1X152B99 2 1.000 0.000(2a 2.08 0
92|X154B42 2 0.099 0.901(2b 3.42 1
93|X158B84 2 0.999 0.001|2a 4.67 1
94|X159B47 2 0.002 0.998|2b 6.5 1
95{X15C94 2 1.000 0.000(2a 442 0
96|X161B31 2 1.000 0.000{2a 11.42 0
97|1X164B81 2 0.000 1.000{2b 11.33 0
98(X165B72 2 0.944 0.056|2a 1.5 1
99(X166B79 2 0.980 0.020{2a 11.33 0
100(X168B51 2 0.800 0.200|2a 5.33 0
101|X169B79 2 0.995 0.005(|2a 11.33 0
102|X16C97 2 1.000 0.000|2a 3.58 1
103|X170B15 2 0.999 0.001|2a 4.08 1
104\ X171B77 2 0.000 1.000|2b 1.75 1
105|X175B72 2 0.901 0.099|2a 0 1
106|X176B74 2 1.000 0.000(2a 6 0
107/ X178B74 2 1.000 0.000|2a 7.42 0
108|X179B28 2 0.999 0.001|2a : 2.33 1
109{X17C40 2 0.999 0.001)2a 1.92 0
110|X183B75 2 0.820 0.180{2a 7 1
111{X186B22 2 0.786 0.214|2a 0.17 1
112|X187B36 2 0.000 1.000(2b 0 1
113|X188B13 2 0.999 0.001|2a 11 0
114|X189B83 2 0.000 1.000(2b 11 0
115|X18C56 2 1.000 0.000|2a 10.75 0
116(X191B79 2 0.099 0.901}2b 442 1
117(X193B72 2 0.640 0.360{2a 10.92 0
118/X197B95 2 0.297 0.703|2b 10.92 0
119|X198B90 2 0.901 0.099|2a 10.92 0
120|X199B55 2 0.820 0.180|2a 10.92 0
121{X110B34 2 0.000 1.000(2b 11.67 0
122|X201B68 2 0.999 0.001|2a 10.92 0
123[{X202B44 2 0.999 0.001|2a 10.83 0
124|X203B49 2 1.000 0.000(2a 10.83 0
125{X206C05 2 1.000 0.000|2a 6.42 0
126/X208C06 2 0.136 0.864(2b 0.08 0




X206C0O5 2 1.000 0.000 2a 6.42 0 126 X208C06 2 0.136 0.864 2b 0.08 0
117 APPENDIX 8A SWS Classifier 4 Order UGID(build #183)
UnigeneName GeneSy mbol GenbankAc c Affi ID Cut-off 1 Hs.48855 cell
division cycle associated 8 CDCA8 BC0OD1651 A.221520_s_at 5.5046 2
Hs.75573 centromere protein E, 312kDa CENPE NM_001813
A.205046_at 5.2115 3 Hs.552 steroid-5-alpha- reductase, alpha

ARaxBepgde 1 (3- oxo-5 alpha-steroid delta 4- dehydrogenase alpha 1)
SRD5AT BC006373 A.211056_s_at 6.9192 4 Hs.101174 microtubule-

assog%%g rot?,m tgu MAPT NM 016835 A.203929 s at 4.8246 5

Hs.1 e?Jstl:lne zipper protein FKSG14 FKSG14 8C005400 B.222848

oratp.18é(bane_R3IAIHiGNeNant3811CG éndIp 1 ndlnkAZ A 1D HS. 325 off
EH-déh8d)n containing 2 EHD2 Al417@1b6A.22d870 at 7.6677 118
APPSBPR8B SW‘Célasyﬁf%rQﬂC‘@Ia {SeA8AcBGRAGHA cqirae b Bl=s 61t/685.5046
(98.5%4)-53= 52/55 18 tﬁd Blumbet Patients 1D I—llcfnln'ur-
Pro apgllltyb?or G1HA e%trgmﬁre ro%@ Fcl:(@{gfed '&Ma&g &H § § -at 52115
X108ED8sh 1.000 Uk Jf29Hphs. T 018RAEAVUBCh 37310 RE L5892t 6.9192
0.008 1 4 X220070 &ebxﬁﬂﬁ;@ 8pkh1 5 X224C93 1
polypeptide 1 (3-
0x0-5 alpha-steroid
delta 4-
dehydrogenase
alpha 1)
4|Hs.101174 microtubule- MAPT  |NM_016835 |A.203929_s_at| 4.8246
associated protein
tau
5|Hs.164018 leucine zipper FKSG14 |BC005400 |B.222848_at 6.1846
protein FKSG14
acc_R38110 N.A. R38110 B.240112_at 6.2557

Hs.325650 EH-domain EHD2 Al417917  |A.221870_at 7.6677
containing 2

()]

~




0.962 0.038 1 6 X227C50 1 1.000 0.000 1 7 X229C44 1 0.962 0.038 1 8
X231C80 1 0.742 0.258 1 9 X233C91 1 1.000 0.000 1 10 X235C20 1
0.633 0.367 1 11 X236C55 1 0.986 0.014 1 12 X114B68 1 0.852 0.148 1
13 X243C701 1.000 0.000 1 14X246075 1 1.000 0.000 1 15 X248C91 1
1.000 0.000 1 16 X253C20 1 1.000 0.006 1 17 X259C74 1 1.000 0.000 1
%@%@94 1 1.000 0.000 1 19 X262C85 1 0.992 0.008 1 20 X263C82 1
. 7000 1 21 X266C51 1 1.000 0.000 1 22 X267C04 1 0.633 0.367 1
23 X%%gé}a%s%gpg;% 38&& X284C63 1 0.992 0.008 1 25 X289C75

assi ccuracy

Accuracy
Gl1=67/68
(98.5%)
G3= 52/55
(94.5%)
Number |Patients |Histologic |Probability |Probability [Predicted
ID grade for G 1 for G3 grade (G1 or
G3)
1{X100B08 1 1.000 0 1
2|X209C10 1 0.992 0.008 1
3|X21C28 1 0.992 0.008 1
4|X220C70 1 1.000 0.000 1
5|X224C93 1 0.962 0.038 1
6|X227C50 1 1.000 0.000 1
7{X229C44 1 0.962 0.038 1
8[X231C80 1 0.742 0.258 1
9{X233C91 1 1.000 0.000 1
10{X235C20 1 0.633 0.367 1
11{X236C55 1 0.986 0.014 1
12{X114B68 1 0.852 0.148 1
13|X243C70 1 1.000 0.000 1
14|X246C75 1 1.000 0.000 1
15/X248C91 1 1.000 0.000 1
16{X253C20 1 1.000 0.000 1
17(X259C74 1 1.000 0.000 1
18(X261C94 1 1.000 0.000 1
191X262C85 1 0.992 0.008 1
20(X263C82 1 1.000 0.000 1
21|X266C51 1 1.000 0.000 1
22|X267C04 1 0.633 0.367 1
23|X282C51 1 0.962 0.038 1
24(X284C63 1 0.992 0.008 1
25|X289C75 1 0.969 0.031 1
26|X28C76 1 0.992 0.008 1
27|X294C04 1 0.667 0.333 1
28|X309C49 1 0.531 0.469 1
29|X316C65 1 1.000 0.000 1
30{X128B48 1 1.000 0.000 1
31|X33C30 1 0.992 0.008 1
32{X39C24 1 0.992 0.008 1
33{X42C57 1 1.000 0.000 1
34|X45A96 1 0.703 0.297 1
35|X48A46 1 1.000 0.000 1
36|X49A07 1 0.992 0.008 1
37|X52A90 1 0.992 0.008 1




10.969 0.031 1 26 X28C76 1 0.992 0.008 1 27 X294004 1 0.667 0.333 1
28 X309C49 1 0.531 0.469 1 29 X316C65 1 1.000 0.000 1 30 X128B48 1
1.000 0.000 1 31 X33C30 1 0.992 0.008 1 32 X39C24 1 0.992 0.008 1 33
X42C57 1 1.000 0.000 1 34 X45A96 1 Q.793 0.297 1 35 X48A46 1 1.000

081 11938
B85 1 0.633
0001 43

0.00Q4d X33 A649A07 1 0,99p 0.00874237 X92580 1 0.992 0.
X61/83K6506812 10.258 1 39 X65A66(1 0.9¥626/025 1 40 X6
0.36 20 XpB3672A92 1 0.992 0.00853342 XT3BB40 1 1.000 0
X74X68129 %52 10.148 1 44 X83NSR1 0.85008|148 1
42|X135B40 1 1.000 0.000 1
43|X74A63 1 0.852 0.148 1
44|X83A37 1 0.852 0.148 1
45|X8B87 1 1.000 0.000 1
46/X99A50 1 0.738 0.262 1
47|X138B34 1 0.992 0.008 1
48/X155B52 1 1.000 0.000 1
49|X156B01 1 1.000 0.000 1
50|X160B816 1 0.992 0.008 1
51|X163B27 1 0.992 0.008 1
52|X105B13 1 0.939 0.061 1
53|X173B43 1 1.000 0.000 1
54|X174B41 1 0.986 0.014 1
55|X177B67 1 1.000 0.000 1
56{X106B55 1 1.000 0.000 1
57{X180B38 1 1.000 0.000 1
58{X181B70 1 0.947 0.053 1
59|X184B38 1 0.852 0.148 1
60(X185B44 1 0.992 0.008 1
611X10B88 1 0.463 0.537 3
62|X192B69 1 0.992 0.008 1
63|X195B75 1 1.000 0.000 1
64(X196B81 1 0.742 0.258 1
65(X19C33 1 0.962 0.038 1
66|X204B85 1 1.000 0.000 1
67|X205B99 1 0.633 0.367 1
68(X207C08 1 1.000 0.000 1
69(X111B51 3 0.027 0.973 3
70|X222C26 3 0.105 0.895 3
71|X226C06 3 0.003 0.997 3
72|X113B11 3 0.320 0.680 3
73|X232C58 3 0.020 0.980 3
74/X234C15 3 0.028 0.972 3
75|X238C87 3 0.062 0.938 3
76|X241C01 3 0.009 0.991 3
77|X249C42 3 0.003 0.997 3
78|X250C78 3 0.007 0.993 3
79|X252C64 3 0.020 0.980 3
80|X269C68 3 0.003 0.997 3
81|X26C23 3 0.078 0.922 3
82|X270C93 3 0.105 0.895 3
83|X271C71 3 0.009 0.991 3
84/X279C61 3 0.009 0.991 3
85|X287C67 3 0.079 0.921 3
86|X291C17 3 0.008 0.992 3
87|X127B00 3 0.003 0.997 3
88|X303C36 3 0.003 0.997 3
89|X304C89 3 0.888 0.112 1
90|X311A27 3 0.010 0.990 3
91(X313A87 3 0.059 0.941 3




145 X8B87 1 1.000 0.000 1 46 X99A50 1 0.738 0.262 1 47 X138B34 1

0.992 0.008 1 48X155652 1 1.000 0.000 1 49 X156B01 1 1.000 0.000 1
50X160616 1 0.992 0.008 1 51 X163B27 1 0.992 0.008 1 52 X105B13 1
0.939 0.061 1 53 X173B43 1 1.000 0.00Q 4554 X174B41 1 0.986 0.014 1

b7 X180B38 1

D.852 0.148 1

? X192B69 1

742

55 X9Z[XB6#B551J000 0.0G) 1 560a105B55540000 0.000 13
1.000%000BB&g X181B7) 1 0.94307.05301959 X184B38 13
60 X 985874206 0,992 0.008 1 610003888 9.99463 0.537 3 &
0.9999) 16820 63 X195B7; 1 1.000PH.00001984 X196B81 13
96/X131B79 3 0.078 0.922 3

97, X54A09 3 0.007 0.993 3
98|X55A79 3 0.322 0.678 3
99[X62A02 3 0.007] 0993 3
100{X66A84 3 0.003 0.997 3

101 X67A43 3 0.003 0.997 3
102|X69A93 3 0.007 0.993 3
103|X70A79 3 0.003 0.997 3
104|X73A01 3 0.643 0.357 1
105|X76A44 3 0.064] 0936 3
106|X79A35 3 0.007 0.993 3
107|X82A83 3 0.147| 0853 3
108|X89A64 3 0.003]  0.997 3
109|X90A63 3 0.009 0.991 3
110|{X139B03 3 0.067 0.933 3
111{X102B06 3 0.003 0.997 3
112{X142B05 3 0.010 0.990 3
113|X143B81 3 0.020 0.980 3
114X146B39 3 0007 00993 3
115/X147B19 3 0.020]  0.980 3
116/X103B41 3 0.009] _ 0.991 3
117{X153B09 3 0.007 0.993 3
118|X104B91 3 0.052 0.948 3
119/X162B98 3 0439 0561 3
120{X172B19 3 0.007 0.993 3
121|1X182B43 3 0.003 0.997 3
122|X194B60 3 0.009 0.991 3
123{X200B47 3 0.795 0.205 1




0.258 1 65 X19C33 1 0.962 0.038 1 66 X204B85 1 1.000 0.000 1 67
X205B99 1 0.633 0.367 1 68 X207C08 1 1.000 0.000 1 69 X111B51 3
0.027 0.973 3 70 X222C26 3 0.105 01895 3 71 X226C06 3 0.003 0.997 3
72 X113B11 3 0.320 0.680 3 73 X232C58 3 0.020 0.980 3 74 X234C15 3
0.028 0.972 3 75 X238C87 3 0.062 0.938 3 76 X241C01 3 0.009 0.991 3
77 X249C42 3 0.003 0.997 3 78 X250078 3 0.007 0.993 3 79 X252C64 3

Alq,ggglggéo 3 80 X269C68 3 0.003 0.997 3 81 X26C23 3 0.078 0.922 3

330.1050.895 383 X271C71 3 0.009 0.991 3 84 X279C61 3
SWS Classifier 4: G2a-G2b Prediction Validation

# Cox PH test summary (Baseline group 1)
coef exp(coef) se(coef) z p
group2b 0.789 2.2 0.2932.69 0.007

Likelihood ratio test=7.2 on 1 df, p=0.0073 n= 126

n events rmean se(rmean) median 0.95LCL
0.95UCL
grade 2a=77 22 10.0 0.508 Inf Inf Inf
grade 2b=49 25 7.4 0.777 8.5 3 Inf

* DFS Event defined as any type of recurrence or death because of breast cancer,

whichever comes first

Probability for  |Probability for  |Predicted grade DFS |DFS Event*
G2a G2b (2a-G2a, 2b-G2b) |TIME
0.001 0.999|2b 0.5 1
0.001 0.999(2b 1.5 0
0.999 0.001|2a 3.75 1
0.003 0.997|2b 10.08 0
0.999 0.001}2a 10.75 0
1.000 0.000|2a 10.75 0
1.000 0.000(2a 10.75 0
0.024 0.976|2b 0.92 1
0.024 0.976|2b 3 1
0.998 0.002|2a 8.42 0
0.001 0.999{2b 10.75 0
1.000 0.000|2a 4.83 0
0.001 0.999|2b 0.5 1
0.000 1.000(2b 10.67 0
0.001 0.999|2b 8.5 1
0.002 0.998|2b 2.42 1
0.670 0.330/2a 2.17 1
0.007 0.993|2b 7.25 1
0.002 0.998|2b 0 1
0.525 0.475|2a 10.5 0
1.000 0.000/|2a 7.42 0
1.000 0.000|2a 10.67 0
0.999 0.001|2a 10.5 0
1.000 0.000|2a 10.5 0
1.000 0.000|2a 10.5 0
0.000 1.000(2b 1.25 1
0.000 1.000(2b 11.58 0
1.000 0.000|2a 10.5 0
1.000 0.000|2a 5.75 1




0.009 0.991 3 85 X287C67 3 0.079 0.921 3 86 X291C17 3 0.008 0.992 3
87 X127B00 3 0.003 0.997 3 88 X303C36 3 0.003 0.997 3 89 X304C89 3
0.888 0.112 1 90 X311A27 3 0.010 01990 3 91 X313A87 3 0.059 0.941 3
120 92 X314B55 3 0.010 0.990 3 93 X101B88 3 0.007 0.993 3 94
X37C06 3 0.003 0.997 3 95 X46A25 3 0.064 0.936 3 96 X131B79 3 0.078

0.922 8 83X54A09 300806]Z00.993 3 98 X55AT43]0.322 0.678 8|99

X62A02®%).007 0.0983B2/20 X66A84 3 0.00304g07 3 101 X678\43 3

0.003 0.99% 3 102 X69M9P 0.007 0.993 3 10B1X[70A79 3 0.008 0.997 3
0.000 1.000(2b 10.33 0
1.000 0.000(2a 10.33 0
1.000 0.000|2a 10.33 0
0.999 0.001(2a 10.25 0
1.000 0.000|2a 8.58 0
0.999 0.001|2a 5 1
0.997 0.003|2a 10.25 0
1.000 0.000|2a 6.83 0
0.999 0.001|2a 1 1
1.000 0.000|2a 10 0
1.000 0.000|2a 10 0
1.000 0.000|2a 10 0
1.000 0.000|2a 10 0
1.000 0.000|2a 9.92 0
1.000 0.000(2a 9.92 0
1.000 0.000|2a 6.5 1
0.007 0.993|2b 9.92 0
0.754 0.246|2a 9.83 0
0.001 0.999{2b 2.25 1
1.000 0.000(2a 10.17 0
0.003 0.997|2b 2.42 1
1.000 0.000}2a 10.08 0
1.000 0.000{2a 10 0
0.999 0.001|2a 9.92 0
1.000 0.000(|2a 4.42 1
0.727 0.273|2a 9.92 0
0.525 0.475|2a 12.75 0
0.000 1.000|2b 9.58 1
0.999 0.001|2a 9.08 1
0.007 0.993|2b 12.67 0
0.001 0.999|2b 2.58 1
1.000 0.000(2a 1.08 1
0.000 1.000|2b 0.42 1
0.001 0.999|2b 0.75 1
0.999 0.001)2a 0.67 1
0.007 0.993|2b 2 1
1.000 0.000|2a 0.17 1
0.001 0.999|2b 12.42 0
0.848 0.152|2a 3.58 1
0.719 0.281|2a 1.08 1
0.719 0.281(2a 2.42 1
0.001 0.999|2b 12.17 0
0.693 0.307|2a 2.42 1
0.999 0.001|2a 2.08 0
0.001 0.999{2b 12.17 0
1.000 0.000|2a 12.08 0
0.001 0.999(2b 4.25 1
1.000 0.000|2a 11.08 0
0.999 0.001|2a 0.08 1




104 X73A01 3 0.643 0.357 1 105 X76A44 3 0.064 0.936 3 106 X79A35 3
0.007 0.993 3 107 X82A83 3 0.147 0.853 3 108 X89A64 3 0.003 0.997 3
109 X90A63 3 0.009 0.991 3 110 X139803 3 0.067 0.933 3 111 X102B06
3 0.003 0.997 3 112 X142B05 3 0.010 0.990 3 113 X143B81 3 0.020
0.980 3 114 X146B39 3 0.007 0.993 3 115 X147B19 3 0.020 0.980 3 116

X103B498]0.009 0.98803]247 X153609 3 0.008.6.993 3 118 X1
0.052 0.954 3 119 X 162838 3 0.439 0.561|3 M2BX172B19 3 0]
3 121 X080B43 3 0.00800/887 3 122 X194B6W33).009 0.991 30
X200B4998]0.795 0.20§00[2a 11.5 0
1.000 0.000|2a 11.5 0
0.000 1.000[2b 11.42 0
0.848 0.152|2a 10.83 0
1.000 0.000|2a 11.42 0
1.000 0.000j2a 11.42 0
0.999 0.001(2a 2.08 0
0.002 0.998|2b 3.42 1
1.000 0.000(2a 4.67 1
0.001 0.999[2b 65 1
1.000 0.000|2a 4.42 0
1.000 0.000|2a 11.42 0
0.000 1.000|2b 11.33 0
0.001 0.999|2b 1.5 1
0.001 0.999(2b 11.33 0
1.000 0.000(2a 5.33 0
0.525 0.475|2a 11.33 0
1.000 0.000/|2a 3.58 1
1.000 0.000[2a 4.08 1
0.001 0.999|2b 1.75 1
0.003 0.997(2b 0 1
0.999 0.001|2a 6 0
0.999 0.001|2a 7.42 0
0.999 0.001|2a 2.33 1
1.000 0.000(2a 1.92 0
0.592 0.408(2a 7 1
0.001 0.999|2b 0.17 1
0.000 1.000|2b 0 1
0.005 0.995|2b 11 0
0.000 1.000|2b 11 0
0.030 0.970[2b 10.75 0
0.001 0.999|2b 4.42 1
0.000 1.000|2b 10.92 0
0.001 0.999|2b 10.92 0
1.000 0.000|2a 10.92 0
0.001 0.999(2b 10.92 0
0.000 1.000|2b 11.67 0
1.000 0.000|2a 10.92 0
1.000 0.000|2a 10.83 0
1.000 0.000{2a 10.83 0
0.754 0.246|2a 6.42 0
0.001 0.999|2b 0.08 0

4B91 3
07 0.993
23



1 121 APPENDIX 8C SWS Classifier 4: 02a-G2b Prediction Validation #
Cox PH test summary (Baseline group 1) eoef exp(coef) se(coef) z p
group2b 0.7892.2 0.293 2.69 0.007 Likelihood ratio test=7.2 on 1 df,
p=0.0073 n=126 n events rmean se(rmean) median 0.95LCL 0.95 Ii CL
grade 2a=77 22 10.0 0.508 Inf Inf Inf grade 2b=49 25 7.4 0.777 8.53 Int'
* DFS Event defined as any type of regmrrence or death because of breast
cancer, whichever comes first Probability for G2a Probability for G2b
Predicted grade (2a-G2a, 2b-G2b) DES TIME DFS Event " 0.001 0.999
CL 510.001 0.999 2b 1.5 0 0.999 0.001 2a 3.75 1 0.003 0.997 2b 10.08
99 0.001 2a 10.75 0 1.000 0.0002a 10. 75 0 1.000 0.000 2a 10.75 0

885% 8 bty S g g A G B A A e
gragg pgshetty Dol thersgssse/enesy @U@@tg@@%w@@ﬂ@%?@f@%@&a@tectmg
thezeztﬁrasmﬂafcmﬂa @D 1 QEnBBOR:2898n2K1nb&. BPH 654T5) 2ad 65 ghing a

grali@%otlgqupagtatgnﬂ%r based on the expression detected.

2. A method according to Claim 1, in which a histological Grade 2 breast tumour
assigned a low aggressiveness grade comprises at least one feature of a histological Grade
1 breast tumour, and/or in which a breast tumour assigned a high aggressiveness grade

comprises at least one feature of a histological Grade 3 breast tumour.

3. A method according to Claim 2, in which the feature comprises any one or more
of: (a) likelihood of tumour recurrence post-surgery or survival rate, such as disease free

survival rate; and (b) susceptibility to treatment.

4. A method according to Claim 1, 2 or 3, in which the method comprises detecting a
high level of expression of FLJ11029, such as above 7.7063, and assigning Grade 3 to the
breast tumour or detecting a low level of expression of FLJ11029, such as below 7.7063,
and assigning Grade 1 to the breast tumour.5. A method according to any preceding
claim, in which the expression of a plurality of genes is detected, such as all the genes set
out in Table D1 (SWS Classifier 0), for example in the form of an expression profile of the
plurality of genes, in which the expression profile is preferably derived from microarray
hybridisation such as hybridisation to an Affymetrix microarray comprising for example a
probe set consisting of a probe or probes having Affymetrix ID numbers as set out in
Column 6 (“Affi ID”) of Table D1, or by real time polymerase chain reaction (RT-PCR).

6. A method according to any preceding claim, in which the expression level of 5 or
more genes is detected, in which the 5 or more genes preferably comprises the genes set
out in Table D2 (SWS Classifier 1), viz: Barren homolog (Drosophila) (BRRN1, GenBank
Accession No. D38553); Hypothetical protein FLJ11029 (FLJ11029, GenBank Accession
No. BG165011); cDNA clone IMAGE:4452583, partial cds (GenBank Accession No.
BG492359); Serine/threonine-protein kinase 6 (STK6); and Maternal embryonic leucine
zipper kinase (MELK, GenBank Accession No. NM_014791), or in which the expression
level of the genes is preferably detected using microarray analysis with a probe set
consisting of probes having Affymetrix ID numbers as set out in Column 6 (“Affi ID”’) of
Table D2 (SWS Classifier 1), viz: B.228273 at, A.208079 s _at, B.226936 _at,
A.212949 at, A.204825 at, A.204092 s at.



0 1.000 0.000 2a 10.67 0 0.999 0.001 2a 10.5 0 1.000 0.0002a 10.50
1.000 0.0002a 10.5 0 0.000 1.000 2b 1.25 1 0.000 1.0002b 11.58 0
1.000 0.0002a 10.50 1.000 0.000 2a 5.751 122 0.025 0.975 2b 10.42 0
0.008 0.992 2b 10.42 0 1.000 0.0002a 11.17 0 0.000 1.000 2b 10.330
1.000 0.000 2a 10.33 0 1.000 0.000 2a 10.33 0 0.999 0.001 2a 10.25 0
1.000 0.000 2a 8.58 0 0.999 0.001 2a5 1 0.997 0.003 2a 10.25 0 1.000
0.000 2a 6.83 0 0.999 0.001 2a 1 1 1.000 0.0002a 10 0 1.000 0.0002a

7. 10 OAL 4O SHQRESAIADE dnDWeceding claim, in which the expression level of 17 or

more genes in Table D1 (or all the genes in Table D1) is detected, in which the genes
preferably comprise the genes set out in Table D3 (SWS Classifier 2), viz: Barren homolog
(Drosophila) (BRRN1, GenBank Accession No. D38553); Cell division cycle associated 8
(CDCAS, GenBank Accession No. BC001651); V-myb myeloblastosis viral oncogene
homolog (avian)-like 2 (MYBL2, GenBank Accession No. NM_002466); Hypothetical
protein FLJ11029 (FLJ11029, GenBank Accession No. BG165011); FBJ murine
osteosarcoma viral oncogene homolog B (FOSB, GenBank Accession No. NM 006732);
CDNA clone IMAGE:4452583, partial cds ( GenBank Accession No. BG492359);
Serine/threonine-protein kinase 6 (STK6, GenBank Accession No. BC027464); Anillin,
actin binding protein (scraps homolog, Drosophila) (ANLN, GenBank Accession No.
AKO023208); Centromere protein E, 312kDa (CENPE, GenBank Accession No.
NM_001813); TTK protein kinase (TTK, GenBank Accession No. NM_003318); Signal
peptide, CUB domain, EGF-like 2 (SCUBE2, GenBank Accession No. Al424243); V-fos
FBJ murine osteosarcoma viral oncogene homolog (FOS, GenBank Accession No.
BC004490); TPX2, microtubule-associated protein homolog (Xenopus laevis) (TPX2,
GenBank Accession No. AF098158); Kinetochore protein Spc24 (Spc24, GenBank
Accession No. Al469788); Forkhead box M1 (FOXM1, GenBank Accession No.

NM 021953); Maternal embryonic leucine zipper kinase (MELK, GenBank Accession
No. NM 014791); Cell division cycle associated 5 (CDCAS, GenBank Accession No.
BE614410); and Cell division cycle associated 3 (CDCA3, GenBank Accession No.
NM_031299), or in which the expression level of the genes is preferably detected using
microarray analysis with a probe set consisting of probes having Affymetrix ID numbers
as set out in Column 6 (“Affi ID”) of Table D3, viz: A.212949 at; A.221520 s at;
A.201710_at; B.228273 at; A.202768 at; B.226936_at; A.208079 s_at; B.222608 s _at;
A.205046_at; A.204822 at; A.219197 s at; A.209189 at; A.210052_s_at; B.235572 at;
A.202580 x_at; A.204825 at; B.224753 at; and A.221436_s_at.

8. A method according to Claims 6 or 7, in which the method comprises:

(a) detecting a high level of expression of the gene, and assigning the grade set out
in Column 7 (“Grade with Higher Expression”) of Table D2 (SWS Classifier 1) or
Table D3 (SWS Classifier 2) to the breast tumour; or

(b) detecting a low level of expression of the gene, and assigning the grade set out
in Column 8 (“Grade with Lower Expression”) of Table D2 (SWS Classifier 1) or
Table D3 (SWS Classifier 2) to the breast tumour;



0.0002a 10 0 1.000 0.000 2a 9.92 0 1.000 0.000 2a 9.92 0 1.000 0.000
2a6.510.007 0.993 2b 9.92 0 0.754 0.246 2a 9.83 0 0.001 0.999 2b 2.25
11.000 0.0002a 10.17 0 0.003 0.997 2b 2.42 1 1.000 0.000 2a 10.08 0
1.000 0.0002a 10 0 0.999 0.001 2a 9.92 0 1.000 0.000 2a 4.42 1 0.727
0.273 2a9.92 0 0.525 0.475 2a 12.75 0 0.000 1.000 2b 9.58 1 0.999
0.001 2a 9.08 1 0.007 0.993 2b 12.6743,0.001 0.999 2b 2.58 1 1.000
0.000 2a 1.08 1 0.000 1.000 2b 0.42 1 0.001 0.999 2b 0.75 1 0.999 0.001

in %ﬂi@h@%@f&a@@%@s@&éw expression is detected if the expression level of the
gene is above the expression level set out in Column 9 (“Cut-Off”) of Table D2 (SWS
Classifier 1) or Table D3 (SWS Classifier 2) and preferably a low level of expression is

detected if the expression level of the gene is below that level.
9. A method according to any preceding claim, in which the grade is assigned by
applying:

(a) a class prediction algorithm comprising a nearest shrunken centroid method

(Tibshirani, et al., 2002, Proc Natl Acad Sci U S A. 99(10): 6567-6572) to the
expression data of the plurality of genes;

(b) a class prediction algorithm comprising Prediction Analysis of Microarrays

(PAM) to the expression data of the plurality of genes;
(c) a class prediction algorithm comprising the steps of:
(1) obtaining a set of predictor parameters;
(1) re-coding the parameters to obtain discrete-valued variables;

(111) selecting statistically robust discrete-valued variables and combinations

thereof;

(iv) obtaining a sum of the statistically weighted discrete-valued variables

and combinations thereof; and

(v) obtaining a predictive outcome of breast cancer subtype based on the

sum; or

(c) a class prediction algorithm comprising Statistically Weighted Syndromes

(SWS) to the gene expression data.

10. A method according to any preceding claim, in which the method is capable of
classifying a breast tumour such as a histological Grade 1 and histological Grade 3 tumour
to an accuracy of at least 85%, at least 90% accuracy, or at least 95% accuracy, with

reference to the grade obtained of the breast tumour by histological grading.

11. A method according to any preceding claim, in which the histological grading
comprises the Nottingham Grading System (NGS) or the Elston-Ellis Modified Scarff,
Bloom, Richardson Grading System.

12. FLJ11029 (GenBank Accession Number BG165011) or a probe capable of
hybridising thereto, for example a probe having Affymetrix ID number B.228273 at, for

use in a method selected from the following:



1.000 0.0002a 0.17 1 0.001 0.999 2b 12.42 0 0.848 0.152 2a 3.58 1
0.7190.281 2a1.08 1 0.719 0.281 2a 2.42 1 0.001 0.9992b 12.170
0.693 0.307 2a 2.42 1 0.999 0.001 2a 2.08 0 0.001 0.9992b 12.170
1.000 0.000 2a 12.08 0 0.001 0.999 2b 4.25 1 1.000 0.0002a 11.08 0
0.999 0.001 2a 0.08 1 123 0.999 0.001 2a 10.51 0.754 0.246 2a 11.33 0
1.000 0.000 2a 10.83 0 1.000 0.0002711.5 0 1.000 0.0002a 11.50
0.000 1.000 2b 11.42 0 0.848 0.152 2a 10.83 0 1.000 0.000 2a 11.42 0

1.00Q:PaGQ0tLsH Bgr &R A89 Hs0RE AR08 thQRS B @RS with a histological

Grade 2 breast tumour, the method comprising assigning a grade to the breast
tumour by a method according to any preceding claim, in which a low
aggressiveness grade preferably indicates a high probability of survival and a high
aggressiveness grade indicates a low probability of survival;

(b) a method of prognosis of an individual with a histological Grade 2 breast
tumour, the method comprising assigning a grade to the histological Grade 2 breast

tumour by a method according to any preceding claim,;

(c) a method of diagnosis of aggressive breast cancer in an individual, the method
comprising assigning a grade indicative of high aggressiveness to a histological

Grade 2 breast tumour of the individual by a method according preceding claim;

(d) a method of choosing a therapy for an individual with breast cancer, the method
comprising assigning a grade to the histological Grade 2 breast tumour by a
method according to any preceding claim, and choosing an appropriate therapy

based on the aggressiveness of the breast tumour;

(e) a method of treatment of an individual with breast cancer, the method
comprising assigning a grade to the histological Grade 2 breast tumour by a
method according to any preceding claim, and administering an appropriate

therapy to the individual based on the aggressiveness of the breast tumour;

(f) a method of determining the likelihood of success of a particular therapy on an
individual with a histological Grade 2 breast tumour, the method comprising
comparing the therapy with the therapy determined by a method according to (e)

above;

(g) a method of assigning a breast tumour patient into a prognostic group, the
method comprising applying the Nottingham Prognostic Index to a histological
Grade 2 breast tumour, in which the histologic grade score of the breast tumour is

replaced by a grade obtained by a method according to any preceding claim;

(h) a method of assigning a histological Grade 2 breast tumour patient into a
prognostic group, the method comprising deriving a score which is the sum of the

following:
(1) (0.2 x tumour size in cm);

(i1) tumour grade in which the tumour grade is assigned by a method
according to any preceding claim; and



2b 3.421 1.000 0.000 2a 4.67 1 0.001 0.999 2b 6.5 1 1.000 0.000 2a 4.42
0 1.000 0.0002a 11.42 0 0.000 1.0002b 11.3300.0010.9992b1.51
0.001 0.999 2b 11.33 0 1.000 0.0002a 5.33 0 0.525 0.4752a 11.330
1.000 0.000 2a 3.58 1 1.000 0.000 2a 4.08 1 0.001 0.999 2b 1.75 1 0.003
0.997 2b 0 1 0.999 0.001 2a 6 0 0.999 0.001 2a 7.42 0 0.999 0.001 2a
2.3311.0000.000 22 1.9200.592 0,498 2a 71 0.001 0.999 2b 0.17 1
0.000 1.000 2b 0 1 0.005 0.9952b 11 0 0.000 1.0002b 11 0 0.030 0.970

2b 10.75 0 @iQ¥mph node stage;

in which the tumour size and the lymph node stage are determined
according to the Nottingham Prognostic Index, in which a patient with a
score of 2.4 or less is categorised to a EPG (excellent prognostic group), a
patient with a score of less than 3.4 is categorised to a GPG (good
prognostic group), a patient with a score of between 3.4 and 5.4 is
categorised to a MPG (moderate prognostic group), a patient with a score

of greater than 5.4 is categorised to a PPG (poor prognostic group);

(1) a method of determining whether a histological Grade 2 breast tumour is a
metastatic breast tumour, the method comprising assigning a grade to the breast

tumour by a method according to any preceding claim,;

(j) a method of identifying a molecule capable of treating or preventing breast
cancer, the method comprising: (a) grading a histological Grade 2 breast tumour;
(b) exposing the breast tumour to a candidate molecule; and (c) detecting a change
in tumour grade; in which the grade or change thereof, or both, is assigned by a

method according to any preceding claim; or

(k) a method of treatment or prevention of histological Grade 2 breast cancer in an
individual, the method comprising modulating the expression of a FLJ11029
(GenBank Accession Number BG165011) together with one or more genes as set
out in Table D1 (SWS Classifier 0);

in which for (c), (d) and (e) optionally (1) the diagnosis or choice of therapy is
determined by further assessing the size of the tumour, or the lymph node stage or
both, optionally together or in combination with other risk factors; (ii) the choice
of therapy 1s determined by assessing the Nottingham Prognostic Index (Haybittle,
et al., 1982) and/or (iii) the choice of therapy is determined by further assessing the

oestrogen receptor (ER) status of the breast tumour.

A composition comprising a plurality of nucleic acid sequences comprising:
(a) each of the genes set out in Table D1 (SWS Classifier 0);

(b) each of the probesets set out in Table D1 (SWS Classifier 0);

(c) each of the genes set out in Claim 4 or 5; or

(d) each of the probesets set out in Claim 4 or 5;

preferably in the form of an array such as a microarray, preferably for use in a
method according to any of Claims 1 to 11.



0.999 2b 4.42 1 0.000 1.0002b 10.92 0 0.001 0.999 2b 10.92 0 1.000
0.000 2a 10.92 0 0.001 0.999 2b 10.92 0 0.000 1.000 2b 11.67 0 1.000
0.0002a 10.92 0 1.000 0.0002a 10.83 0 1.000 0.0002a 10.83 00.754
0.246 2a 6.42 0 0.001 0.999 2b 0.08 0 124 CLAIMS 1. A method of
assigning a grade to a histological Grade 2 breast tumour, which grade is
indicative of the aggressiveness of thegumour, the method comprising
detecting the expression of FLJ11029 (GenBank Accession Number
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br&¥pPrgssign of FLJ11029, such as below 7.7063, and assigning Grade 1 to
the breast tumour.5.A method according to any preceding claim, in which
the expression of a plurality of genes is detected, such as all the genes
set out in Table D1 (SWS Classifier 0), for example in the form of an
expression profile of the plurality of genes, in which the expression profile
is preferably derived from microarray hybridisation such as hybridisation to
an Affymetrix microarray comprising for example a probe set consisting of
a probe or probes having Affymetrix ID numbers as set out in Column 6
("Affi ID") of Table D1, or by real time polymerase chain reaction
(RT-PCR). 6.A method according to any preceding claim, in which the
expression level of 5 or more genes is detected, in which the 5 or more
genes preferably comprises the genes set out in Table D2 (SWS Classifier
1), viz: Barren homolog (Drosophila) (BRRN1, GenBank Accession No.
D38553); Hypothetical protein FLJ11029 (FLJ11029, GenBank Accession
No. BG165011); cDNA clone IMAGE:4452583, partial cds (GenBank
Accession No. BG492359); Serine/threonine-protein kinase 6 (STK6); and
Maternal embryonic leucine zipper kinase (MELK, GenBank Accession
No. NM 014791), or in which the expression level of the genes is
preferably detected using microarray analysis with a probe set consisting
of probes having Affymetrix ID numbers as set out in Column 6 ("Affi ID")
of Table D2 (SWS Classifier 1), viz: B.228273 at, A.208079 s at, B.226936
at, A.212949 at, A.204825 at, A.204092 s at. 125 7. A method according
to any preceding claim, in which the expression level of 17 or more genes
in Table D1 (or all the genes in Table D1) is detected, in which the genes
preferably comprise the genes set out in Table D3 (SWS Classifier 2), viz:
Barren homolog (Drosophila) (BRRN1, GenBank Accession No. D38553);
Cell division cycle associated 8 (CDCAS8, GenBank Accession No.
BC001651); V-myb myeloblastosis viral oncogene homolog (avian)-like 2
(MYBL2, GenBank Accession No. NM 002466); Hypothetical protein
FLJ11029 (FLJ11029, GenBank Accession No. BG165011); FBJ murine
osteosarcoma viral oncogene homolog B (FOSB, GenBank Accession No.
NM 006732); CDNA clone IMAGE:4452583, partial cds ( GenBank
Accession No. BG492359); Serine/threonine-protein kinase 6 (STK6,
GenBank Accession No. BCO27464); Anillin, actin binding protein (scraps
homolog, Drosophila) (ANLN, GenBank Accession No. AK023208);
Centromere protein E, 312kDa (CENPE, GenBank Accession No. NM
001813); TTK protein kinase (TTK, GenBank Accession No. NM 003318);
Signal peptide, CUB domain, EGF-like 2 (SCUBE2, GenBank Accession
No. Al424243); V-fos FBJ murine osteosarcoma viral oncogene homolog
(FOS, GenBank Accession No. BC004490); TPX2,
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14. A kit comprising FLJ11029 (GenBank Accession Number BG165011)
or a probe capable of hybridising thereto, for example a probe having
Affymetrix ID number B.228273 at or a combination, array or microarray
according to Claim 13, together with instructions for use in detecting the
expression of FLJ11029 (GenBank fAggession Number BG165011) in or of
a histological Grade 2 breast tumour and assigning a grade thereto in a
method according to any of Claims 1 to 11. 15. A computer implemented
method of assigning a grade to aAB¥dIB4i€al Grade 2 breast tumour, the
method comprising progeRpRG PN ATEIRICRAY NG 11029 (GenBank

Accession Number BG165011) and obtaining a grade indicative of
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