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than one, for exanple, a plurality of the genes of
such a set may al so be detected. The 264 gene
probesets of the SWs Classifier O gene set are set out
in Table D1 below. In sone e odlnents t he expression
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thee&a‘m@raé texthis hexgin e*sgmmattcbbsere @f:ncall 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.
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detected in or fromthe tunmour. If a | ow IeveI of

this gene is detected in or fromthe tunmour, then a

grade of | may be assigned to that tunour. Detection

of gene expression, for exanple for tunour grading,

may suitably be done by any neans as known in the

art, and as described in further detail below The

nethods descrlbed here for gene expreSS|on analy3|s
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The net hods descri bed here are suitably capabl e of
classifying a breast tunour to an accuracy of at

| east 85% preferably at |east 90% accuracy,
preferably at |east 95% accuracy, with reference to

t he grad bt aj ned by convent'i onal . ns, s a 0 .
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fTaiLED BESCRIATMIN ch conpri ses detecting a high | evel of
expression of a gene in SWs Cl assifer 0 and assigning
BRAASTANASUBERABING I N Colum 7 of Table DI to the
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further canpr.i detecti.ng a l,.ow | evel. of. expressi on
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bel ow that | evel. DETECTI ON OF GENE EXPRESSI ON There

are various nethods by.whi ch expression | evel s of

end® A5 e Herecrenrovidila e SEBC ROl g oh Mo i pmal se
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enpl.gyed i n the. net hods and. conpositi.ons descriped .
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conventi énal’ neans own 1n’the art. n some
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hybri di sati on. For exanple, a sanple of a tunour may

be taken froma patient and processed for detection

of gene expression | evels. CGene expression | evels may

be detected in the formof nucleic acid or protein

| evel s or both, for exanple. Analysis of nucleic acid

expression |evels may be suitably perforned by
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we provide for a set of primer pairs capable of
anplifying all of the genes in the SW6 C assifier O,
SW5 Classifier 1, SWs5 Classifier 2, SWs Classifier 3
or SWs Classifier 4 sets. Syitably, RNA expression
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(re-classification) histologic &, tunors is obtained.
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. the group of tumours in Grade 2 which were hitherto
t hought to be honogenous into Gade 1 |ike tunours
(i.e., nor e aggreSS|ve) and G?ade 3 I|ke ‘tumours
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grade of | or 3 assigned using Colums 7, 8 or 9

individually or in conbination, as described above.
Such regradi ng using our nethods is suitably capable
of classifying histol ogical C}ade 1 and hlstologlca
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or nore genes, and/or one or nore probesets within the
relevant classifiers, or any conbination of this. 14
DI AGNOSI S AND TREATMENT Sui tably, the information
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Particular screening applications relate to the testing of pharmaceutical compounds
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.
[’H]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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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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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,
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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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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 ng of the fragmented, biotinylated
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oup‘oprg'ferga m_etﬁodlg/’l’, a%d 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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Example 1. Materials and Methods: Patients and Tumour Specimens

Clinical characteristics of patient and tumour samples of the Uppsala, Stockholm
and Singapore cohorts are summarized in Table E1.

Uppsala Stockholm Singapore
Name of cohorts

n=254 n=147 n=98

Gl G2 Gl |Gl |G2 G3 |Gl G2 G3
Patients, by grade

| n=68 | n=126 | n=55 | n=28 | n=58 n=61 | n=11 n=40 | n=47

Age, median yrs 62 63 62 55 58 52 59 52 50
<55 years, % 26 25 44 50 41 56 37 60 68
Tumour size, cm 1.8 2.2 2.9 1.9 2.5 2.0 34 2.8 3.1
Nodes, positive, % 15 35 55 33 50 32 36 40 51
ER negative tumours, % | 3 9 38 0 7 33 0 28 53
Follow up, median yrs 11 9 6 8 7 7 - - -
All recurrences, % 26 39 50 7 24 36 - - -
Endocrine therapy, % 18 37 36 75 62 49 - - -
Chemotherapy, % 4 6 22 4 5 13 - - -
Combine therapy, % 2 3 0 11 16 10 - - -
No systemic therapy, % 77 54 45 11 17 28

Table E1. Distribution of patients and tumour characteristics

All cohorts are of unselected populations, and in each case, the original tumour
material was collected at the time of surgery and freshly frozen on dry ice or in liquid

nitrogen and stored under liquid nitrogen or at -70°C.
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breast cancers resected in Uppsala County, Sweden from January 1, 1987 to December 31,
1989. Information pertaining to patient therapies, clinical follow up, and sample
processing are described elsewhere (41).

Histological Grading

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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Stockholm Cohort

The Stockholm samples are derived from breast cancer patients that were operated
on at the Karolinska Hospital from January 1, 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: Miftotic 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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Teﬁtn@ckhol m Cohorts Uppsal a Cohort The Uppsal a cohort
originally conprised of 315 wonen representing 65% of
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rom January er 3 1, 1989.
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graded in a blinded fashion by H N. according to the
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| ows: Tu e Formati on if < 10%of the

turmur showed definite, tubule forrratlon deJ
Jhodsapian Meisoestunate s4zed fo cqnfpu;qg%/lval curves and the p “value of

the hkellhood ratio test is used to assess the statlsttcal 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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f r o) g abien 9€tle obst tidferkiiBadAndnebudl 33xBeehlifasdteamabied variables

{for : e . ! ‘

ond BEORTRLS Pk RGN SRt bRl P o

clagsgs @f Big4rEsti nate GL and G3 tunours with nini mum"a
posteriori probability". Reliability of the SW5 cl ass

predi @allhide tha!fefidtiRAlly Srelhf@doRA of iR ss ty3RIERhEs to allow us to
ure on an additional exam

"| eave- one- o roced an
comprgHE W iy BUCEE SRR Lo one o ot g
i ndependent sanple populations (ie, patient cohorts).
I n OptisadPplritvatngof@Df SWS, the & tunour sanpl es of
the 15 Uppsal a cohort and two other cohorts (NUH and
St odké&IPimetbhd s wsed $@econtstrintidg fheheprienal bpaltomsetbr asch class (G1

m datasets to tegt the SWS class prediction .
an (et TBh e EENI0E SEoNs t}éﬁrO?hsebaé Ph B P RsigiBg of some
potgﬁ{ml o fosﬁ@@ar}/a% e1 ﬁ’?lr e%ﬁ%ﬂ@&%@@%@%t@e‘?aﬁon of t’hgrs]alﬂgles
prognosti c vari abl e’ space. e al gorithmis base
belongiaa ks difRtdnnglabdee. Po e\dDSitethe Q€parnIm@dilitl of pasitioh R Neee
t unour s bel ongi to one of two classes using a
belawi) ghthe dralOny sxti Fg theatheBdunativohMi nspdt (Keizsesay @fal,d@98). The
called "syndrones”. A syndrone is the sub-region of
oppnalgreions ayasdapdhled inspdecabserved variabladiodie thay cortaingaftifions
withbut-BE Al @9 hbt SHehteMihb A h Mixk ehre SHYIAOARd KUISW F TRE Pafftion with
sanplef (for_ins a$ e, .3 tunours) must Eg% . :
thegpgymel ¥t PythR icBh §ln0fle?ﬂl S eHpidafedippHman K fs gixpryyariable.
(for instance, G1ls), and in other sub-region(s) the
I nv&rddiry vgPattitionstyi p shoul d be observed. In the
present version of the SWS nethod, one 25 di nensiona
and Agmndimpo&eab 'nogladracsuhﬁﬁe@it@nsw t:waﬂn@lartira]l?relss?1 p@godtisadility of
t b'; a . not e e haoundaries of the ...
porginPs gr BRY o oo il e B RGBT Bl it
Xbe optimal"partitdne oflvarabdd dhahngey mcht el dudated Betraining set

m

_variable X, is defined as the set of points in

~

S, Y81 1. ak| ewapace, fsahe whinafy senedhaltides@ptibn oP th¥, k% shmple. Let K,

are satisfied. Two- di nensional syndrone for variables
denxite thersdffxent classes @def.Zhddt &6, a.Bet boboyndantppints of optimal

: . . . Ch S

par\éi?ig):l a]ggﬁ)dlﬁg |b§ glggqemg(ge’rt ’SA'I,\(QIL(E:)P 1S I’tl?es1 uiglgcl‘aet (!Pfg\;righl_e )'fhél*h’&éaoundary

syndronmes are constructed at the initial stage of

training using the optimal partitioning (OP)

al gorithm descri bed below. SW5 Training Al gorithm5

SW5 training algorithmis based on three major steps:

1) optimal recoding (partitioning) of the given

covariates (signal intensity values) to obtain

di screte-val ued variables with | ow and hi gh gradati on;

2) selection of the nost informative and robust of

o o,
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15 and G3) using the training set go . The OP is based
on the optimal partitioning of sone potentia
prognostic variable X, ranggBthat all ows the best
separation of the sanples belonging to different
cl asses. To evaluate the separating ability of
partition R (see below) in the training set SO the
chi-2 functional is used (Kuznetsov et al, 1998). The
optimal partitions are searched inside observed
1115Va%‘flit§‘mcﬁxdf§{‘$a'1@ bhatr Senddi Rant El'eﬁf&ﬁts%g)cé%ﬁlgted as the ratio
cut - val uds fhot greater than a fixed threshold
G(@ﬁeﬁomeddbé@%mw. The partition with the maxi mal val ue
of the chi-2 functional is considered optinmal for the
given variable. ,Stabjlijty of Partitioning Another
i mporFan zﬁapaeieL4§§ D tiiatp’gt].ons eval uation the
prognostlc abilixylot= Bartitioning nodel for specific
variables is the index of boundary instability. Let 25

R tigqpl partitions of variable X
ran8%£%4¢%ﬁfcknﬁggﬁgﬁrgﬁm y training set So , S

descP? p%tpl’ COEIH bg:ﬂg?(agt tEg,u‘l alls pﬁ%e of fth Elrl mrl%]gforsretéihl% hl%%élmensmn of the
praginpstisrvanebles seisteeqtpapf zl)e opitisnal sstiof phagnbetimeraiaples dieprngls on a
suf@itzleﬁfﬂf hiTR! partRfInt Vol heOdb 1 Iﬁéeil{ﬂqhbtht Qéfﬁrﬂ,]t gg Bl ao%lftlonapcrlterlon
I's the varlance of varlab e X . boun
of jahgtiabiof ptognbsidtevariableSe, tthstabrl)ty frmiex pe(St JK Js o)‘u Tig: variable is
r elenments is calculated as the ratio (Kuznetsov et
usadl if val9O&Y.S, 1K nm Is.less tharOheshyld, , 8&f5@d L Agiorj by theruser. When the
k=1Y, (b - b/) 5 Selecting of Optimal Variables Set
parTitien OPtheagvdmevanigbld 1ainstabie (A{iS} ,ilal r st mge thefvatinbliens regnoved from
4{) redu0|ng %he di nensi.on of the prognostic
the, 1 gpfiaal ssbet pragnestie varatles. £ H@“brﬁl? fRfmalget gff prognostic
vagirbdgnegeiedifibotabkestidepandsaonulgilleguf fi ci ently hi gh
partition val ue deternined by the Chi-2 function. The
addi .af..,sel ection of prognostic
var i@%?@?ﬁ%’%ﬁﬁ%ﬁ&a | ty index rc(S0, K , r)
The _vari,a

dif value K(SO , Kr) is |e
thallrei B 1edﬁ?<€§t O%]Sg‘fsfrlﬁét& gy%ﬁ?%ig fgwlaﬁ%ré) /ugg'r ?‘835’1‘1%6 the
pomt Rf Pao z%%%:tlj'ltc 58%(9 §‘he Sﬁ\’esgi:,sglﬁnaée\é%&()%genpg%Q/kéagsl t? ?’me(xt()féfst%e class
t I Fi nal |
SN N N W ol T

ol selection criteria are fulfilled. The Wi ght ed
Voting Procedure 15 Let Q denote the set of
constructed syndromes for class K/ . Let x{ denote the

p0|nt of pﬁgﬁ petric space. The SW5 estimates a

ob

post ability P (x*) of the f{ass at the
p0|n rh belongs to the intersec Jon of syndrones
q, q,. fron1 ‘ﬁs follows: r 11V,/Vil P11'(xy) I-Ir '

(1) 20 where<v;' is the fraction of class K, anong
objects with prognostic vari abl es vectors bel ongi ng
whiR Y RALOWBctfbn of¥lask K T Ié‘lﬁm?é)olﬁ@étk Wi‘th ﬁ?@%rg)l's‘ﬁc w?rtables vectors
syndrone g, . The weight w, cal cul ated by t
belbﬁﬁlﬁ‘fg |t@syn@40ménq 1wWsﬁhd‘&djcalleﬂhafe%hdﬂof—syﬁ&om\é q.) The welght w, is
(1 0 )vO (Kuznet'sov, 1996). The estimate of fraction
CdﬁmawﬁWYQ@?ﬁéﬁé@-haS the second term 1(1- vO )vO ,
which is used to avoid a value di equal to mM zero in
cases when the given syndrone is associated only with
objects of one class from 5 the training set.
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The results of testing applied and sinul ated tasks

have denonstrated that forrmula (1) gives too | ow of

esti mates of conditional prgpabilities for classes

that are of smaller fraction in the training set. So

the additional correction of estimates in (1) has been

i npl emented. The final estinmates of conditiona

probabllﬂﬂy dt point x° are calculated as 1 0 P "

(x> We 'gK ) , where x(S0, Kj) = n 1 and xk is the

vect or of! I (x,) k=1 prognostic variables for the

k-th sanples fromthe training set. Exanple 9.

Derivation of a assi fier. Conprising 264 Probe Sets
whe SV, €l(assi ivkr-0)(1 Svde)vré (@fuzhreo VSV BaSkeledinstovLiryction v/

Met hod of hbve”"plass f Tunmours Qur nethodol ogy is

based on the schema presented in Figure 1. 15
var%%% nsu g s¥ichll ttrnﬁ_bp(q&at Aydat aneh i¢00RNb 386l vaR Elequal to

tumours, mye d 0SS opti mal partitioning’

(CP) at the |n|t|al stage of training to reduce the
zergiipredsss vien gfe given pindepiessis desogiakadalewith ebiccs\wh opg alass from
theQfHgihg s¢the set of probes according to specific

algorlthntc criteria for assessing differentia
expressi on between c n th| two-criteri
CopiF8 Feshlls Sy it anplieT FifsmpTaal wdtingne drgrar Foddmula
(Hused toDwShestihiate? of abndiBornl gedbabiliianfo?41a3&es (tkdt are of smaller

t | j
fragtlonalaltﬁe r? %ﬁ}g SEF %thQ Qcpag e%(rtacl: ?5} eé:ggg F %ttfngages\l\fnf(m hagg)&en
unpt%mt:hteds"elheeﬁrtee dstnmﬁtesr ofataind gionwlaprb Bebliléts aapoinKa' a6k caldubated as

10% of the other informative variables). Visua
P peS em “axi )qw(Ser )soatehats, K)ot —og—Kand xhis-tB vector of

'di'stribution of probesets, thesg pwpy, gut - of f val ues

di scrim nated the reIatlver S I’ahd conpact group

of robes hat thls 25 _group of
prebpaBlsSar s i P2 PR SRt RS nes Er r or
Rate (CER) functlon and 45 provide an opti mal
Exguipde?.i Rerivitionef apcbistifier Covipaiséng 2@k ProbeSets (WS Gdassifier 0)
Usi ng these 264 probe sets, the both SWs and PAM

met @9%7@5/@74& g WSch%@@bu Va5 hWassld J)]Q@J\‘ep@lcﬁfers% Tuthon o
for A, and 5.5%for G3, respectivély) whe

| eaygy Q%dﬁéiog%h%e%e& ahigdalchona BFe@&ﬁngfrﬁfléuﬂesl used Ve

al so used the test wth critical value p=0. O (with

Bonferroni corre n and all 264 ohese [ | ow

i SePge i eGP RA da o OB L s DA T Lerpigours. we
usatieS W8l aptiendl particiasgi(OP ut the imtial Stagg o Gdinprgobeediet she dimension
of YM@ &?g%n\g?né g{)'\gbgggets §%%ng%§&efr§ ﬁ]ﬁ th cBg% es-g?glrgmgto E&:mﬁc
alg\@eﬂtm iasrimpiadndassestingiiffeyentsd! lesprasseorsbrywacer ﬂaﬁppendl X

I A, Appendi x 2, Appendix 3 and Appendi x 4. Exanple

10. pAsfost ﬁ’*ﬁé Qo crﬁéﬁbﬁm b'ahél’ 155%11%@?&%&1‘09 rang)rltl%t@“we used

Probe. Sets) assi r
SWroshiet r%weﬁle%mm %4y38r@t pri usﬁ%ss w&b@oaﬁ §d“é§’t“% tleamth
lowBorniBryana@bility BidexX cfiRFia (RAHN 1 o 1IN, oS RRERCRY iffBEmative

cl assi cal | eave-one-out cross-validation procedure. 15
vaNlestnidmt € fdrd 084 athe etheomforatativbageablen). Yiseal presentation on

m sc aSS|f|cat|on gﬁﬂﬁgwtate pl.ot (Tibshirani et a

scagiigng Plghdog Gunthith R PRERE S TBese O SHbBE Vakies
dls%l&QJ@ﬂlé?éamelﬁs{Ttali erfdd @npa@f‘% {:{Of erobg%ts We observed that this

respectlve I scrim n.was_obt ai ned w.t
oA pﬁééteﬁ%aﬁr%@ea lepdvenimpan gy QtﬁSSchﬁér.%%tet@; bBngagimand

SWSs and U-tests and PAM CER validation of the 20

sel ection procedure, we further considered the

classification results using the 264 variables. In

t wo- group conparisons, high CER were observed in the G

1-& and -G predictions (data not shown), while

Gl- G3 classification accuracy was high (<5%errors).

Conpl enmentary to SW5 cl assification nethod, the PAM

nethod conflrns that GQ ~tunours are not nDIecuIarIy

R R o - N
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set providing the maxi mum correl ation coefficient

bet ween posteriori probabilities and 30 true cl ass

indicators (specifically, 1 s the indicator of d

tumours. and 3 was the indicator of G3 tunmours in the

Gl- G3 conparison). The predictive power of the

predictor 46 set was estimated using standard

| eave- one-out procedure and counting the nunbers of

errors of class predictions. W derived a classifier
prooidepemi gitingpl 6elgeivg @268 eraesas (hsgieres)G Mridohi3 igsih@these 264
oSt T B AR At a0 A58 e Al o o5
forcy hgwil 5i8p far. GHaesprrigiehe vheane IFatd-engoutionossegtid@ipn procedure

is uso BvelaBdsistd Bl G‘-—tes@twthQﬁtlcmﬁﬁ{e'pgb'(gr(wwﬁwg‘r%l%&vrectlon)
yggqglx 5B gg Een i X . 5C show detailed information
andyplh o4 probessts odoydhis cyt-afeyaligt s, optimal partition
boundari es, true cl asses, posterior probabilities and
cli asal orsdng‘n;'lelfeblﬁ‘,can@ﬁe@:i \tehseleS\AB adlasifiet cemprsing 264 probe sets,
\\hpcrhe\ige etrr%rthé Eiwsn(?tases?_g pseevarlxl gble L gv V%ggs% SeFlSas%l 1er, % of the
De@mé@n(aSV\Bll@lsa%mefldlerl 2) By SW5, for the GI-G3
conpari sons, maximal prediction accuracies are

obt @jeRed areMHotvnlid Aﬁfp@ﬁﬁxqﬂ V\éfp@ﬁdlg Qn?@})endY%B raﬁcfi pr&rﬁilx 4.

this 18 probe set as the Classifier

Expagls 1Bk BeeRAreopaBlyy farrS W GiniCer, 26f‘irkfé’be§5ts)cl and

G@EnMaWedmy&é’St(éushﬂe&/\S Cl assifier 1. Appendi X 6A,
Appendi x 6B and Appendi x 6C show detail ed information
about NRREO
bo ulA pos%e?io‘?%}cﬁ)Qbﬂ‘?} gosfselség% é?(vé? algér?'éétrm'{;[e(ggf Igwge@ﬁsmﬁer 2 for

eaqhy tupognsangile Ay fheccéaﬁé@alolﬁa\twesmcmsayg iid4tiep ppocedure.
(estimated by patient survival analysis). Wth the 18
pr ol¥ée seinsatedibt klasherrGMbeBasalsord the migel@idicBAdA error rate plot

0

(Tl_%grggj’l% é%f%@i? ({ ﬁounéghat? {?wf gfgé(/ sgezlp%:ﬁeg poréFe Sff:gt’ h%(;':3{'(_(3.jonslsts of 5%
forthb au;dré% for GRundseectoklyp Soblées desstiminasigni wascdbbamedWgith SWS
1né%&§%&£%£5v% (6 probe sets) conpared to PAM (18 probe

sets, data not presented) may reflect the ability of

SW5 to use npre djverse_jnteraction and/o

co- SRPFEULGBRISFAEY E?twefaﬁ}*’%@ld\}éﬁ?%@r@ Ps%Me%ERdﬁhdqu@ of the
selB@Bianrbwduw waabtthertcwn{lﬂ’efr}d the chdsifishticrdesul 6fusinpahe 264

hood t hat a sa 25 the exam gr f "
vt CRERHE s Pe TR ik Bk r ph e BT L Oy R ing -3
preglidtions (dagy ndtGBownh), kdillp G1BOB lelak 8 fiprtoines etrscySWSs gl (Flerrors).
I‘ I
c&lﬁéﬁ%@é She ﬁ%ﬁﬂﬁg’s $&§ hdﬁggf%ol:]t/{l\gll lgétgé%ln% em@haé G2
tumqurs EreAiRh n@lefylarw Sts»w;fr@néfs@ﬁlflpyrordu%hzmdwww dpesibly

owied b sEBdthRial fnMar BEREdgenSHbshis tWGehiacan Provi de
Equal |y High Discrimnation Ability of the Genetic (Ra

Exg i B IR ot Ol o B s PR SERETRELY e 1

probe-sets) of the 264 predictor set we hypothesized
t hatloteirnes the smatkasypeild classifies fioat the @64 envatded vweetasied the
iniflgl?arzﬁx‘i’é{élg O?&CW@ Al rﬁlllrﬁ§§ h‘rlﬁ{u’r{lmg nBmbkt b ;ﬂb&@tors in training
uracy (and  therefore classif ¥ atients accordin
Settpéow@mééh*ﬁsmmwr% refrelptiyeRs Eigient FE YfepipesiAG@) prabgpilities and

truemgpinalcamrg{z; E’cnﬁ&azryr €Svak Blic ihbRawl 3661 a&ﬁb@ﬁ rmﬂtzsw@sf the

S pr obesets
'“dé% (%C%’r‘a%%”és ‘BéF? ﬁsf aéjcf‘?‘Bﬂa“S%Ws]rgF Redigiive rpoi‘“ 8? the peedictor
Description and Appendi x 5A) and SWS cl ass
assignnments of A-like and G3-1ike classes within &
class were observed. Notably, 95% of the tunours of
t he Uppsal a cohort showed >75% probability of
bel onging to either the G-like or &-1ike class,
indicating a highly discrimnant statistical 15 basis
for t he cl ass predlctlon functlon of t he SW5

L L A r ' P~ o o p— o A A ~ A S
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20 In this way, we selected two additiona
classifiers: SW5 classifier 3 (6-probe sets; Table D4
in section "SWs C assifier of the Description and
Appendi x 7A) and SWS cIassr?rer 4 (7-probe sets;
Tabl e D5 in section "SW5 Classifier 4" of the
Descrii. 8n and AE ndi x 8@%. Tadﬁes D4 and Dﬁ
selgyagAnit s s i atrdb Bdeavesne REFEUR agb R PET b Rpm b of
errGisngajes predieiiond.s, each of three SVB classifiers
provide simlar high accuracy of «classification in

%‘;e 8&8‘%@ c?z?sgl%le g@g};&%?ﬁ §Q§e) pro§é’§t§a{55% Q%) @ﬁ@e tecrm the

separa
) S@@oCki@mﬁgrlouﬁd% &t céiss £5di anit 5.e'Grfor PIQSSeK&&i CERsghgrg obtained with
theSS WRI ¢ 1h &M 1d KEd Pfgﬁfhcﬁ%d raﬁezqﬁbe&leﬂpsweerhsgﬁaﬁﬁ Mhe

survival anal ysis (Tables - These tabl es
DestilioPhe val ues of paraneters of SMB algorlthnrfor

sel ected classifies, predicted individua

pr olgpehdik i5AS Aquelhxﬁk GlginﬂmﬂmrldrhéG;]éhoe\ndatzh&denfoamdtron about

selgéetefaeneooro easteltsotrdHtrmigp rfct%rbgo % éscg gla?seg po{ﬂ%%f %r\ggabrlrtres

and tlagedl fsignifiaance plethe &SV@gla(ss}ﬁer i p@)ilcacrrdembate@y patl@e) survival
anggggur types. Exanple 15. Dichotony of G2 Tunours by
4 'Probe Sets Gene Gade Cassifier W next applied

our grade cIaSS|f|ers ire to t 126 tunours
Exgmple 2. Respeation chﬁrafsr igrg 0 ié%erne% f?ggé é@ﬁ@%ﬂ

determ nants of |ow and high grade m ght resolve

nod &yl Wy fodithid @1 €5t ¢canh jerali sG, tmanoni] prédittmnsepaaaibt are obtained

L AR ELDR LD 0 R0 B SAL S5 g s
Tabie 103 Reseg ey Waridlasseeri2 106 UerBesgyipictadbees agstivr fraudes all five

ae&&@&%&n%%y@ﬁ/‘s@laésnﬁ&rlﬁed' ate Pr scores (Appendix
2). The probabilities of the SW5 cl ass assi gnnents

o R ARG L5 o TR0l BERE v

seledted Ghet prodxusess, wetimabssiigoreboungattidse tred\Basdeagwisterier probabilities

t
SRR e SR g ihaslel it
probabil it i ndi cating that al nost al unour s can
b NBitb e B prgbeueat. boRjar AUESICIane ger Anad PAM CgRi shauy
~9B°/<Q(f65m8§6f3mleld<l% llassesstireneeiheadn (pefeats e6k-b@ mehod).
&a" and "&Db" genetic grades) (Appendlx 2) W

val i.dat ed,.t he separ.ation

basade s HuTar Plspenray e sis hsIB (ickrons e
comipated eorPaM (& m)bssets:,adatayncs perfted)anay tefleds-theshiliyad SWS to use

- G4 ji.cal [

mdR RS éﬁesf\@%?“%énﬁ%fdw@rr%% r“?aﬁ?%@ré@%*&%ﬁme

predictor set (or genetic classifi showed a hig

si griiheiroaistlogppehi w&@ﬂuéwé%wme af e ikelihqpdythal aofra”tnlrefrom
thd@anaHd u@%bttﬂ@ddr@ﬁél&nés&b@ﬂ@dla&s (‘iérme&xa}l‘plhl&,’ 16r theefrtek (ie, “G3-

LS B PEPRERNS B R PRSP Bty or 61 am

tuinouns evidt legh prdbabipisies eftlasuaoeeshime conpared t he
di sease-free survival (DFS) of patients with
histologic G tunours classified as (a or &b by the
SWS algorithm (Due to space limtations and high
concordance between the SW5 and PAM cl assifiers, only
data for the SW5 classifier are presented hereafter.)
30 49 The Kapl an- Mei er survival curves for these
patients are shown in Figure 3 (green and red curves)
superinposed on the survival curves of histologic Gl,
& and G patients (black curves) for conparison
Patients with GQ2a tunmours showed a significantly
better disease-free survival than those wwth &b
di sease, regardless of therapeutic background 5
(p=0.001; Figure 3A). This finding is consistent in
specrflc therapeutlc contexts |nclud|ng untreated

- o P——— s L " o N N\
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with survival differences significant at p=0.019,
p=0. 10 and p=0.022, respectively. These findings
denonstrate a robust progno&flc power of the genetic
grade classifier in 10 noderately differentiated
tunours i ndependent of therapeutic effects. Exanple
17. External Validation of the Genetic G ade Signature
on the Stockhol m and Singapore Cohorts For externa
validation, we directly applied the SWs classifier to
Exampld 83.Gfhe $WSHeORsdfiat 0 240G érse PifobeISetiaC ynthirsadhny Small

cel S r d or di PSict . )
SRS SRR LT B EAR S lS gl o
anQéIBETumaurﬁlfferent tinmes and in dlfferent
| aboratories). The results of the grade

cl aggiefié Qﬁ:tﬂnglﬁlg iHoAnShRWAdIstbl rQaltUr@ o2eachl g%n@Q%BreEJiﬁed by
Ad? t ockhol m and

ST DI SErASLIE DY PRI e bipdhredarg e & gy small
altéd’latﬁveohﬁe sutedets that beuld bausddng ckasify ﬁﬁ%l(%?{tﬁﬁ)ghfaaturacy (and
v SRR PP LARL A L8 SLOORRRT o LER AV RC RS For
exanolorlagly Pt rspocd:safostlfewlasg asshenn@Rits efrfoluast G759 chigjifier 1 (6
per@EetsStaggmll A TW@D&%@S&%@W“@NSI 8555%56@9&@?(}% DggﬁBh&?and

| assifier remai ned capable of dividi t he
A%@%N ﬁép @Pﬁi SYW Dflagsassignmsts o %vl@sanﬁrﬁbh@c Pissséwatﬁw G2 class
wetBothsekedcl asses with high Pr scores, and this
remai ned true for the & tunours of both the Stockhol m
and ote{hq% r’/eof t;ﬁ(e) I't]l.(l)nrel(t%usrgg)g hg\l’/ﬁ qs%glcca)lqgrt 5'{ ed%t?ég/%(;aro%isblllty of
beloagunem slthewehet €blikd or he-lipradgnosticatimes highlyehewinphanthtistical
ba&L ?o?%lhé‘ é1§§s ;REHIEGBxﬁqu&%nC%?f tR@@W@élhgme‘Pﬁ f\%‘{h%*lﬂ A%es.

tunours are classified as (Q2a and 21%

E\felz’ Si%é&Sﬁg bt SRASVATEREAT @@ et similar

survi val aSSOC|at|ons are observed. As Figure 3E and
Fi gUiodigFotbéragssifats, mtescmﬂtmtfmrbest@aaobmmty@é’v Srckassifier 1) from
thesi@;BrBBeC?ert l¥d {é‘)hgoh?f% éétéﬁﬁtl\% foR-dve Jé@g % Elh%@tht(@cgﬁ%f 40 probe

r e,
seiph GYAGBR o ApEE 3F MRITGE S6F S red dhd W gr B dg speh spset.

is reproduci ble in a second, independent popul ation
of @tkﬂﬁ%?ﬂb@sel&@ed tE)@&ﬁﬂitﬁmchlas-Ehﬁx?B@gﬂeﬁkilﬁel@(@%robe sets;

ol Rt e e ool e ro g Bl PR ) s

classifielr 41(i1-probasetst Bablok 5 5n seegoe S WSClsdférst tad tcoPparigtion and
Aﬂ%glg%rfornance to that of other conventi onal
rognos i ndi cators assessed in the Uppsala cohort
i ncl udin ynph node status, tunour_ size,
age,T aa}?a%sqnddé%ﬁre(%%m%?ﬁdls grbi§dat éprm%R?tOFl@tOélﬁta@fi

Snr%taﬁbﬂéscohiﬁ@ﬁ Jaigd)ﬂ%hiéa sh’]gzs @wss@yrstpml@e $Rtar ?llgntawaﬁcgcbf
rea anoxi a | €
e S b e LA D B SSRGS i g

regracaildle takelsomfepdriatiar e G2tdnd (2b ddhzaoubsrfat didferamkoleorts and

0/ 0 e 04.. 0 o
i eI RRg 1 (KB g Gl RS S5 hnplygis (Tables
[1&D49 8. 01 0.009 1.39-9.99 signature LN status 0.031
.27-0.94 0.700 0.01-23.53 0.091 0.13-1.16 0.096
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.94-1.02 ER status 0.061 0.46-1.06 0.640 0.15-3.18
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grade signature is a strong independent indicator of
di sease-free survival in a nmultivariate analysis wth
conventional risk factors. 10 As Table E3 shows, the
genetic grade signature remained significantly
associ at ed

COO0OO0OO0O0OO



10

]
(9]

with outcone in the different therapeutic contexts

i ndependent of the classical predictors, and is

superior to both LN status d turmour size in all four

treatment subgroups with the exception of systemc

t herapy where only tunmour size is nore significant.

This finding is further substantiated by a robhust
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M crotubule famly cytoskel etal protein 7.6E-07

A ™ N A



[\
W

Chenoki ne 7. 5E-03 Non-receptor serine/threonine

protein kinase 7.8 E-04 Extracellular matrix |inker

protein |.9E-02 Pat hway I ni(yl in/l G-

pat hway- MAPKK/ MAPK cascade 9E- 02 Apoptosis signaling

pat hway 4.9E-02 Ubi quiti n proteasone pathway 3.0E-02

Tabl e E4. Gene ontol o s of dlfferent| al

exprl g§§é‘6 lageMeisr swsxva ‘f‘%&e afléfﬁf’ﬁ RAtSNS RERARANM 1R lJ g“re 3 (green
and &rdrcﬁhs\&@)’lﬂlpﬁgnmoyﬁl arethe bl@tvat efrvecdf 8stghoigic @&r@?aand G3 patients

(bliack %ur\egn) NG pgﬁsgorn -II;atl%nEsdwftP]Qﬁa(%umoursmﬁowec? %ilgn 1cant&%etter

dlSt&HﬁffCﬁe§UNGBil tkmddaotee\dltb bé dissalse, Elg@ﬂddﬁ}s ohtheRpegeskackground

(p%WS deyalue ratio ratio (23481) Cell cycle 853
7.08°50 5 69E-28 Mtosis 287 2.38 22 6. 78E-15 Cel |

prol |f ation and di fferentll ation 751 6. 24 3|(29 21E-14
Cel ITh é‘}dé“ncﬁr?PP%iFte@‘gG SpeCplic BrapewiEEONE X ICRE g mFreated
pa@e&@ﬂsﬁfﬁl@hb GB%kQQeﬂ;cﬁtﬂierb@y 2F 100308, arﬁeﬂdrmishe’ thetapy @nb62& igure 3D)
p. 18 .17 2..16E- Q5. otein_ e lization
wiffshR g e Sian g b3 IR AR R 1R S8ty These
fin8ing8 d@RodstABER %ustmlmn@bWﬂSIﬁtl&O@nztusgraﬁi casﬂﬁﬁ-lﬁs

| ication
moqg&g@gH%ré’t%%g-ﬁ?%ﬁgg'@?@ue ﬁ&’ﬁg@&?iﬁ SR 05 4. 02

49E-03 Meiosis 68 4265E-03 I nhi bition of
Examcpl% bgilxtepmal ¥ a@éasouoﬁﬁs @snetst%'élg YgrpBrsen dg7Stockholm

and Sh®zAdpobe 03hbr@3 Bi ol ogi cal process uncl assified 9457
78.54 61 5.89E-03 Protein biosynthesis 598 4.97 O

6. 54E-0 hyd : 5

Oyt o rdeme” RN OL & Go RS BByl e S AR KAt 0k
inde@arglest q:)_’boms of painErydreasCharsratases lpatakagisa graad accordmg to the
N%§g‘ﬁqgliﬂe@ gn&%ﬁ)fﬁe@g&%e%ﬁ\zg&tg% 'Pﬁc(ﬁl%eﬁgf &?@Pén@’ﬂm@‘@nd in

ki ne/ chenoki ne nedi at I nuni t

Y
difgeseny Igrprajores) gRhqyssulqidhe ragy C'evérféﬂﬁ?so%fsggmn“ 5 guge2.
3.27E-02 Proteolysis 813 6.75 2 3.35E-02
Cherwbethsh Stopbhcdmpﬁridcﬂin@@@re&:oﬁmrtg tle 64 EaB3urs @ed dorrectly

Pl LB AT SRR B BB eTFP o BB 7o o

St@khelon #rgh9 B641@1 bfoo Singasee (BigMeRIC anvbligegi 2&D. Hovetardipth
cofteEldhee 8 X8 6 RLh QRS era¥EH iR alasaumbatst 95%akb/@1{ R348kkholm

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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Table E3. The genetic grade signature is a strong independent indicator of
disease-free survival in a multivariate analysis with conventional risk factors.
10 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
15  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.



10

20

[\
wn

NCBI Pat hway REFLI ST expected observed P value ratio

ratio (23481) Axon gui dance nedi ated by senma horins

50 0.04 | 4.38E-02 [Insulini| G- pathway-n togen

activated protein 56 0.05 1 4.89E-02 kinase

ki nase/ MAP ki nase cascade &b vs. G3 tunours NCB

expected observed Biological Process REFLIST P val ue

ratio ratio (23481) Cell cycle 853 2.29 12 2. 50E-06

Cell proliferation and differentiation 751 2.01 10
Ex3mple B.0Ra Geal GZb)Eaibey[msmrred"loﬁ@ﬁlaitly@&d?Pf&hEEEic@ﬂy Distinct

Mtosis 287 0.77 5 1. 06E-03 Chronbsone segregation

102 I |
3 4@%%70(%02{83%?08%%%#?} lgé élbs%ﬁ'le?% %GQ%EQ% (ﬁak%a d%b;{%%netlc
graglggmay pnfagt rppgggqt@lgstm%@ alqlegiea eptiiep previouggpupecognized. We
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1e8613#)ﬁwa§}1e%%111 5 péo %48 zﬁt separate Qeellinto e ?’J2a "Wd 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 Gl vs G2a G2avs G2b G2b vs G3

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

Chromatin packaging and remodeling 1.3E-02 2.5E-02
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context, we have studied the transcriptonmes of primary
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regression nodels. In & tunours, not only did the
classifier remain an i ndependent predictor of disease
recurrence, but it is consi§éently a nore powerful
predi ctor than | ynph 10 nodé status and tunour size,
underscoring its value as a new prognostic indicator.
When incorporated into the Nottingham Prognostic
I ndex (Haybittle et al., 1982), the genetic grade
signature inproved risk stratification for 25% of
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prddeatioch rage isposihivslyabagiacdgriatpoor\Bhetoherin $radecanserg23) could
t 0 Ahi rogresses, or
ex B L R P O Genet o
pat hways has been debated (33-38). 20 Studies .
conmpartpribergpyastigste thippessdiky. whanalyzedpbemaiosproliferation markers,

KibBtAsha8 Bacti@VadSHROR! fhask, kel thed ivathah® aRtie $8ddRRignature, for
articularly when nu ; §g$ achr onous

nodel ,
SuB B ForE s 4f £o% sferpdap wever
conpar at i ye—genonte—studi-es—have—i-dent+fted
reproduci bl e chronmosopaly@lshRr@t pafiendhat di stingui sh
| ow and hilgh grade dispase including a 16g deletion
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grade neasurenents (ie, analogous to the hybrid
Exahiéd G2 PReE C28Ar i oM Lfe Nod IdehBOAI) HistoRZid €V aHRIGE3
discovered to deternmne the clinical relevance of
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cel [sthersatvival ahylyboIbenieiNnewd obseared noisigdnifjcaad eyrvoml differences
: . t 0 r .
e Bl B Y i B! QRRRACHS:, SR SR QA This
obgrsatonepepthet wish it travisseéniionak analysisen £a8lye 4, suggests that the G2a
and\GL8NBbds\edyWbe difddalyVRnd ﬂm&hya??«_iﬁﬁlﬁ_il%%aﬂ% RN hA8fogic G1
i nternmediacy. in tunor classification of all grades
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a“iﬁHtUQ8Fﬁs§S@3 $f%¥s, suggests that this class
represent a baseline |level of uncertainty ow ng the
10 technical noise. In conclusion, our results show
that the genetic essence of histologic grade can be
distilled dowmn to the expression patterns of a nere 5
genes with powerful prognostic inplications,
particularly in the grade Il setting and in the
context of the NPI. The results indicate that &
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wei ght the genetic grade measurenent in conbination

wWth other risk factors for greatest 25 prognostic

return is a clinical challisge t hat nmust next be
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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 Il 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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0555 _2h 2 _X212C21 2 0. 060 N N41 24 4 X213C36
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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/X177867 1 0.959 0.041 1

56(X106B55 1 0.959 0.041 1

57|X180B38 1 0.959 0.041 1

58/X181870 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

72X113B11 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

881X303C36 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
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grog?ﬂx Woef exp(coe,f} s8p Eef) 9339 group2h 0. 795
2 2BPPBES 5 Loy oles L PPl hood B3k o tesi]=7. 25 on
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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

111X 102806 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

115X147B19 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

119X 162B98 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




Order UG D(build GeneSym Genbank Affi ID Cut-off

#183) Uni gen bol Acc eNane 1 Hs.528654 Hypot he

FLJ11029 BGl16501 B. 228273 _a 7.706303 tical 1t

protein FLJ110 29 2 acc_Nwph@031 Serine/t STK6

NM 0031 A 208079_s 6.652593 58.1 hreonin 58 _at e

kinase 6. transcri pt 1 3 Hs.35962 CDNA cl one
ABEABR3SCB. 226936_a 7.561905 | MAGE: 4452583, 9t

partial cds 4 Hs.308045 Barren BRRN1 D38553 A. 212949 a

Vit o1 EL R bt e 8 SHE8Er. 7 107280 1 01 &

#ggprp)q) ggtgurﬂrﬁg@l sefh®Per Kinase 6 Hs]250822
t STK6 NV 36 A. 204092_s 6.726571 hreonin 00

Fgeg cc;er nszcrl pt 2 97 APPENDI X 5B SWS
g i @?@ ccuracy Accuracy Gl= 65/68
gr&?% %11/ (12554 5% Nunber Patilent 1D

oI ogi c Probability Probability Predi¢ted grade
for G1 for G3 grade 1 X100608 1 0.959 0,041 1 2
Likelhgcdaatio te59.66. on1l df, 303018828 1 0.9%9 0.041 1 4

n=XP2HC70 1 0.959 0.041 1 5 X224C93 1 0.95%9 0.041 1
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 70 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™®
1]1X210C72 0.894 0.106/2a 0.5 1
2|1X211C88 0.777 0.223|2a 1.5 0
3|X212C21 0.959 0.041|2a 3.75 1
4|X213C36 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
11|X225C52 0.001 0.999/2b 10.75 0
12|X22C62 0.959 0.041|2a 4.83 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|X242C21 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




6 X227C50 1 0.959 0.041 1 7 X229C44 1 0.959 0.041 1

8 X231 C80 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
12 X114668 1 0.782 0.218 1 13 X243C70 1 0.959 0.041
14246075 1 0.959 0 041 1 X248091-1 0,959 0. 041
16 HRH0EE 1 1o osd Wy 10999285000k 1 d18B o 0410
18 RPEPTCRY | o g gy Q08YRA vogochs 1 30859 o g4d
1 ZXRBCEBab 1 o0l g 040047281 yogkost 378 959 1|
0-GRYZ0CS, {og7cn k08 o g5 d Bty 1 b3 yJBdds1 1 O
0. GHEROGH, | o4 0778 g gﬁ%ﬁsg 0.0k1 11998 o807
+ﬁ%§2$§1n4_ 1 9990 3c7609412859 0 D41 11197 Xx2040
1 P3a98e87 18 1 PPNBaocaB89% 01 0. ba 31038 x318C8
1 04028208841 1 P95%h 2354804128 959 0 04119331 %23
1 _035g%d4e81041 1 IP5830c24094250 0 041 19333 xa2csY
1 02002359’ Dy 1 IP58n5a060941028059 0 _pa1 19285 xa8A4
1 /994766041 1 BPRUoa0799412859 0 n41 18587 X52A9
1 0?8084 %41 1 P5%pB1A5309412m59 0 n41 1 9B 39 1
X6 5ERR79C ora o B8P 4005&HAS 1 0. 733 (30287 1 410
X7PROP7482) 489 o #1%P9R 420R4B2m40 1 0. 959683041 1
X724ARR89CHS 804 0 PRI 440848217 1 0| 733 0.2967 1 48
X869 X286@9°950 0. 041959 46 XO04WBD 1 0.959 0.04)1 1 470
X1388%88G5710 059 0. 0PP9| 1 480%1ZHEBR52 1/ 0.95910. 041 1 O
49 H4P28801 1]0. 959-99041 100602160815 1 0. 969 0. 0410
51 4RPPSBOE6 1| 0. 959-239041 10.0492ax105B18 1 0. 989 0.0410
53 4R[X2S6A%5 1[0, 959999041 1004423174841 1 09989 0. 0410
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/X308C83 0.005 0.995|2b 2.25 1
521X34C80 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 992 0
59|X44A53 0.123 0.877|2b 12.75 0
601X47A87 0.001 0.999)2b 9.58 1
61|X50A91 0.777 0.223(2a 9.08 1
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3. A method according to Claim 1 or 2, in which a high level of expression is
detected 1f the expression level of the gene is above the expression level set out in Column
9 (“Cut-Off”) of Table D1, and a low level of expression is detected if the expression level

of the gene is below that level.

4. A method according to Claim 1, 2 or 3, in which the expression of a plurality of

genes is detected, preferably in the form of an expression profile of the plurality of genes.

5. A method according to any preceding claim, in which the gene expression data or
profile is derived from microarray hybridisation such as hybridisation to an Affymetrix
microarray, or by real time polymerase chain reaction (RT-PCR).

6. A method according to any preceding claim, in which the expression level of the
gene or genes 1s detected using microarray analysis with a probe set consisting of a probe
or probes having Affymetrix ID numbers as set out in Column 6 (“Affi ID”) of Table D1.

7. A method according to any preceding claim, in which the method is 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 of the
breast tumour by histological grading.

8. A method according to any preceding claim, in which the expression level of 5 or

more genes is detected.

9. A method according to Claim 8, in which the 5 or more genes comprises the genes
set out in Table D2 (SWS Classifier 1), viz: Barren homolog (Drosophila) (BRRNI,
GenBank Accession No. D38553); Hypothetical protein FLJ11029 (FLJ11029, GenBank
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18( SCUBRR hoeR BRI %%ﬁiéf @Fl ihos tﬂﬂ%ﬁ%‘i‘@q thynfe%d':c%;nprlses

nmur.i ne osteosar Ira oncogene
deegtimny Righdeved of %%prmlongé@m@@) andpssigning the grade set out in Column

ﬁﬂﬁ%d@tMHUHth@SEQﬁ‘eﬁ&ﬂ’) Bf ittt D2HEWH OthséiBENDPTEble D3 (SWS
aevis) (TPX2, GenBank Accession 20 No. AF098158);

Ki net ochore protein Spc24 (Spc24, GenBank Accession

No. A1469788); Forkhead box ML (FOXML, GenBank

Accessi on No. NM 021953); Mternal enbryonic | eucine

zi pper kinase (MELK, GenBank Accession No. NM 014791);
Cell division cycle associated 5 (CDCA5, GenBank

Accessi on No. BE614410); and Cell division cycle
aSSOCIated 3 (CDCAS GEnBank AcceSS|on No NM 031299)

~ - A — Y -
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30 A 210052 s at; B.235572 at; A 202580 x at; A. 204825

at; B.224753 at; and A.22 1436 s at. 18. A nethod

according to any of C ains %o 17, in which the

nmet hod conprises detecting % hi gh level of expression

of the gene and assigning t he grade set out in Cblunn

de wth H gher Expression") of Table g

ClEgsts PR b ety (T @osal (ranar 1ome 8 S9LF Ciweifay 0) ety breas
tuldu{ SW6 C assifier 3) or Table D5 (SWs O assifier 4)

to the breast tunDur 19. A nmethod according to any

f 8 ¢t 17
19ger b Pieleiet Gahlsoal B CEpt B MR oy alel comprises
de@ggn@mlqmlqvhbofgqxad:@mgepf t’mlgtgenen a@d hssngningthg gfdd@rsateut in Column
8 qci&aekﬂnﬂo»ﬁé&%%&sm 90@1‘@?@1@% %s@% <§1§¥§$ﬁ&' @V\Béﬁ‘ié BS (SWS

C assifier ,
Clisifics 20 Bbleaps G Widphes s ) Sy ASuiSHY Sl ines ) e breast
tub@ast tunmour. 20. A nethod according to any of

Clains 8 to 17, in which a high | evel of expression

20,5 o el %g%irsfg‘g ST RECRIBES Sl in Fnicy BBl eb St expression
is det@ued itlic 9XP®¢SSMB¢\®1 DRthe Q¥ Glahewd the erpre)siomivbleseD3ut in

: f | .

Ccﬁéﬁi%(%’ ch‘ﬁrsg\ﬁs)e% "l?sbéei PIS@ @%séﬁéﬁﬂr@o‘i‘?bﬁ (?W$’tla@§1ﬁer 2),
Taéi@d%é%\\’§r¢1p§1f@épé@r dablp D3t (3&V e Lirsaidist b andg &w sivel ofe
exPRESon & RRIRVY it MRtexpRYAbn 1e4d] of%ggﬁngﬁﬁ@qhﬂ'l@\%lt Y

any preceding claim in which the expressron Ieve of

al | e i n 1s.dete
2t HomUbEGe ST b aaweﬁrdé%éir 1R P OF RX@RFAR el ofal of
thggadein Fakds Bilgndaediyd. appl yi ng a cl ass prediction

al gorithm conprising a nearest shrunken centroid

20Met hﬁp%etr{o-glqlgéaﬁfr%r}b ’an)gmre@édmg 31991? in WHG: tN@%LadAt}@g l%?‘ik:d by

to. fhe expre
2P faesd S Rt giprwi%emratrsaﬁiéwﬁ@p ﬁ@ntrcad method
(THBshirani 262 al.j 7008hPele NAEAcddeSs Ups edioetliopre 5al7.96972Y kimhe 2Rpression
da% rmi SEs 1Pr efjle%tl on Analysis of Mcroarrays (PAM.
4 thﬁ e Srding to any preceding claim in
whi ch the grade is assigned by applying a class
23pr ed\ orethed agtqrdimgtth faloonh, i ivhighttheclgssapediofion glggrithm

co&%ﬁ@ésm@&cﬁor§§hal%ls Bf@/ﬁ&&ﬁﬁﬁysRﬁAWt ers; (b) re-coding
the paraneters t0 obtain discrete- val ued vari abl es; 25

(c) sel tin tatistically robust. discrete-val ued
24y a1 AABHSdSREPTABIRP AR PRI EREBfn Wheﬁi the,ggas iy #gigaed by
applyimgaf clieradiaidnsdlg@athinyconmprighnigabe stesscsfet e- val ued
vari abl es and conbinations thereof; and (e) obtaining
pr, ancer subtype based on
the(gﬂhﬁ&&§gaqgg&ﬂﬁgdﬁ%hg%%g%égéding to any preceding
claim in which the grade is assigned b ying a
cl adB) isresdinetthe paramgisrs tormbiaid diseicks-yaju ‘e@triagﬁﬁcai Iy
Wi ghted Syndrones (SW5) to the gene expression data.

26. (Y wrichagsacaraly RibubQdisdiite RaR©E $higb1€d AidBonibinations thereof;
mhich t he breast tunour conprises 5 a histologica

br east tu f clas

i o0 GufBER A Pt siafidisely TR Bhordls3rbise ol
t unmambenatianhihgteofggdessi veness t unour, the net hod
conprising assigning a grade to the histologica

ade) c%tsiiirfrgtirpi@&e@redéiri&)rﬁ@omxaspEﬁreeldgirrgfﬁdbagén orPde s&m
nethod according to Caim 27, st ol ogi cal
G ade 2 breast tunmour 10 assigned a | ow
aggr essi veness grade has at | east one feature of a
hi stol ogi cal Grade | breast tunour. 29. A nethod
according to Claim?27, in which a breast tunour
assigned a high aggressiveness grade has at | east one
feature of a histological Gade 3 breast tunour. 30. A
nmet hod according to Claim28 or 29, in which the
feature conprises likelihood 15 of tunour recurrence
post surgery or survival rate, preferably disease free

.
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31. A nethod according to Caim28 or 29, in which the
feature conprises susceptibility to treatnent. 32. A
nmet hod according to any pre?$€ing claim in which the
nmet hod i s capable of <classiTying histological Gade 1
and histological Gade 3 tunpburs with an accuracy of
20 70% or above, preferably 80% or above, nore. )
255 efePsHIoY a0l ioe ta ey Brecesing laimptindthicdrthe gedE ét #saigned by
applyIngi avddss paddectfodral @dtithmcowi pdigidly Stattskicallyhwelghkos dtomes (SWS)
¢ g%ade 2 Dbreast tunour, the nmethod conprising
0 HESACYn PRI Yy to the breast tunour by a method
according to any preceding claim 34. A nethod
26acc dy tietigdtagca@imigrio 38y picnedihd clhing ih ewicighe bewbtvemesscomprises
a rggt@iggicalr@faeétzeq%e& twhroufl gh probability of survival and
a hi gh aggressiveness grade indicates a | ow
2750, ROt G4 oo Dl Btskesicnl Gl LpT b ag ageresiveness
tur O iadii fl)a G8&Is Rh g t@nouracthe nﬁ@hddﬁ@nhfr%ﬁﬁgz as%i%ggigrafgydezto the

. met hag cecording to a f Clains,, 1 to 3
nBbREd GRage LRty Mgyl BrefRongd ehe cancer in an
i ndi vidual, the nethod conprising assigning a grade
28i ndifcaeihed agfordingho &dgmeis ilvehisbs igolagisae@rade R2ueast tumour
oAl . : .
o e B e A R PR oA Bl AP Glace
breagdiiiodlial with breast cancer, the method 5 conpri sing
assigning a grade to the breast tunour by a nethod
29acc oy mhiethgdtaocadingad CHimi 27 in Which adleastfighcih agssdiied adfigh

T R DTS
i ndi vidual with breast cancer, the nmethod conprising
30assifgmicthgdacenrding to &laime2&ooredds tn whieb the fogtuze ermnprisds likelihood

of AfEAIrGedigreh€e PAY-s@igeld] RisiBvivial tfle, PefedaBlyddISkase free survival rate.
adm ni stering an appropriate therapy to the individua

..based on the aqggressivengss of. the breast tunour. 39.
31 et RO AE PGS R oh Bbin Wheb SR TR ¢ ne
sugtepignbeite teatndmbi ce of therapy is determ ned by
further assessing the size of the tunour, or the |ynph
nod t Lo : her [ :
2oy PR ac i n.Y P Bick QA ok TISHR O gtib i apable of
claggi bangihistelagica fiyadss | mpdhipiglogirat Gragig 3 upmows wish gmaccuracy of
7086 (BB v e préBRbRM0% Sr aM%Me‘EQfe@blﬁW)@%hwd he
Not t i ngham Prognostic I ndex (Haybittle, et al., 1982).
241, t hod accordi ng t.o.a of C ai 6.10,4 i n
S3ani R SRR e Syt 45 apdp B RALR b Rloiphip! Orade 2
braassteswiunghd method sompgeing nestopioa glaER)o tiediresst miauhby a method
43, A met hod according to any
ac&;{rﬁéggg? nI cl geldrlrr]]g %ﬁlm\?hi ch the histol ogi cal grading 20
conpri ses the Nottingham G adi ng System (NGS) or the
341 s PoMSO RECUBED EdRI 0 1 whlcg@d@maggaeé%wr@gwade indicates a
hidH EbdMilitPYS b@ivivad nd HhiphtaBO@sHMend@! @hdd iliRGtes A8ow probability of
| i kelihood of success of a particular therapy on an
SUVRivi dual with a breast tumour, the nethod conprising
conparing the therapy with the therapy determ ned by
35a met method of praginngjs bHarCndivid BiF with5 brdast Annaitrhibid nodthod
. ico ,
o R h gt Rt LU asP RIS Ry § Pl REQUIRG sfy of Claims
ltPP%gnostic Index to a breast tunmour, in which the
hi st ol ogi ¢ grade score of the breast tunour is
repl aced by a grade obtained by a nethod according to
any of Clainms 2 to 32. 45. A nethod of assigning a
breast tunour patient into a prognostic group, the
met hod 30 conprising deriving a score which is the
sumof the followng: 130 (a) (0.2 x tunour size in
cm); (b) tumour grade in which the tunmour grade is
assigned by a nethod according to any of Clains 2 to
32; and (c) |ynph node stage;
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5 in which the tunmour size and the | ynph node stage
are determ ned according to the Nottingham Prognostic
I ndex, in which a patient wiiy a score of 2.4 or |ess
is categorised to a EPG (excel | ent prognostic group),
a patient with a score of less than 3.4 is categorised

36 cob I RO Al SN DTN icahear e B Ul fpepethod

cofnpuisiap atsterin® g posle modlgatiw pf high agaies@vdnewd fola et ameowfof the
. t a rhsed to a PPG (poor
mcﬂ 1%@5180 rg@trﬁod%g‘)o?d%g to gfauln?%g%ggf det er mi ni ng whet her
a br east tunour is a netastatic breast tunour, the
37mret Homethorot ichoasinga ety fier 2 igdiaitiual with beeabireaaesr, the method
coh%ﬁ@i‘rlg apsYgrﬁn%@tgnﬁ@ t@%%@’dsf@m{dﬁr bﬁayn&ﬁooqc%bsmn%tota%y of Claims

hod of i.dentifyin ecul e capa

Lp ga%‘]dﬁé‘oﬁﬁm%ﬁ'é%l?fpp%ﬁe ey g%dﬁfagﬁle BRI Y el reast
turgoupri sing: (a) grading a breast tunour; (b) exposing

the breast tunour to a candidate nDIecuIe and (c)

8det %gélgﬂ%ﬁg)éggm%t OF?]n %HRflﬁang'?ﬂ%’r?aspca\ﬁhé Fle eethgc{ qunprlsmg
aSStl@mBQa gBde tq\thﬁrdireatﬁml@mmémalrmqt@di Woraﬂm@tomd Oé&ifumdllrtg 32,
and thgrﬁ'été?n%gan eﬁﬂ)ropbx‘la'f@&g%gy@cf the i Rl BRI baQdd &Dthe aggressiveness of

i ndi vi dual fering from breast cancer, the ne?%
th?@®€%ﬁ%?@§rng nmodul ating the expression of a gene set

out in Table DI (SWs Classifier 0). 52. A nethod of
39det et methiod@ctdrdingrtolCildier B4, 3Ver 38 ahevinth de (dﬁglnosit bechoice of

thé.r[gp%}hlg%etgpgﬁl H%%/ ri}grthe(ij %gs%gstnlér_{] Qlets{]zg o?ﬁrtgﬁl%h%%r Mﬂ%g MSde stage
or GpthseptidneHy @gethen or/\m aombirgasionavit grher r@keﬂactofs
expression of a gene which is annotated "3" in Colum
407 %m@t;@a@@@ormntgho lah)gbﬁtla@ipﬁ@ﬁﬁjgmn ivhlcmc{h@ @Ecﬁ@e & therapy is

deEyﬁ Vel 9 55t S B o bbb BV €t o

7 "Grade with H gher Expression") indicates a
41non Apmthoﬂeucatrd'mg teehy obClazms Bow- 4y iowhing thethqgicq of)therapy is

' i
defe gﬂydeg%&y%erggs%% @gtlﬁ%e&gc@% &ﬁﬁL\‘@%ﬁﬁﬁxp?QQE“? gﬁ&?fjtumour
i ndi cates a hi rollferatlve cell; and 131 (d)
42} owh E\?é]od@m@%mgé@ SNy presFding glaive inmhigh the h&.ﬁmg@a@lé@admg

comprisdsth€NottAghdm CGra@ngCSS}'st‘émt (INGDVR theERRI0RSEIT® MJdified Scarff,
erating cell or a slow grow ng

| nd|
Blg%rﬁ é%;%sw ﬁﬁdﬂgdggﬁgbr ding to Caim52, which

conprises the features of any of Clains 5 5 to 32.
4354. Amethodayf defsrainengtbk yikelitmodrod angcass, ofaarapti¢udarherapyeon an
mcgei'aﬁ:?l with a gi‘gast' tUm-gﬁp g RbthbP¥Enp ﬁ%&kﬁfn%}he tiRPapyWith the

, preferab amcroarra% rs
theﬁ? féf frdnegielyy fb{!i‘tethoﬁ argpfioga Clyi Classifier 0). 10
56. An array, preferably a microarray, conprising the
44geneﬁsrrﬁﬂiod®ﬂhssiighi@ aibraas, tuﬁhbur ﬁﬁlenﬂmtdﬁp&énos‘t\i& g:'MSLEpﬁYhe method

eferably. a.m a n esets
coB‘anlsmﬁ aa)lém%tq%&ro 51314 L{)r rgp{}c lsqggg t({_ggreg?t(%g IROUL, r”hV B:Ih the
hisgolpgic grasiarscang oé(chﬁobrdasm tnauransepbicedChynn geads 4btagned byi amethod
: g a grade to a breast tunour.
ac{B?HllP&%go Qﬁayc%%@g?ﬁgttqgg% aim58, in which the nethod
conprises any of Cains | to 32., 60. A conputer
457 npllesHod of retignine 6breaétsw@lﬁph@atlsngmgu%pwn@stwrgé@m the method
colnpABHE detiMiglg arBbiRGrhiSIOTIARE Sindgf Ped6IRSSInAg expr essi on
data for one or nore genes set out in Table D1 (SWs
Classifier 0) and obtaining a grade indicative of
aggr essi veness of the breast 20 tunour.
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(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 Claims 2 to 32; 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).

48. A method of determining whether a breast tumour is a metastatic breast tumour,
the method comprising assigning a grade to the breast tumour by a method according to
any of Claims 1 to 32.

49, 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 according to any of Claims 1 to 32.

50. A molecule identified by a method according to Claim 49.

51, 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).

52. 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
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(d) a low level of expression of a gene which is annotated “1” in Column 8
(“Grade with Lower Expression™) indicates a non-proliferating cell or a slow-

growing cell.

53. A method according to Claim 52, which comprises the features of any of Claims 5
to 32.

54. An array, preferably a microarray, comprising the genes set out in Table D1 (SWS
Classifier 0).

55. An array, preferably a microarray, comprising the probesets set out in Table D1
(SWS Classifier 0).

56. An array, preferably a microarray, comprising the genes set out in Claim 9, 11, 13
or 16

57. An array, preferably a microarray, comprising the probesets set out in Claim 10,
12, 14 or 17.

58. Use of an array or a microarray according to any of Claims 54 to 57 in a method of

assigning a grade to a breast tumour.
59. Use according to Claim 58, in which the method comprises any of Claims 1 to 32.

60. 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.



