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GENE EXPRESSION PROFILING IN BIOPSIED 
TUMOR TISSUES 

CROSS-REFERENCE 

[0001] This application claims the bene?t under 35 U.S.C. 
119(h) of provisional applications Ser. Nos. 60/412,049, 
?led Sep. 18, 2002 and 60/364,890, ?led Mar. 13, 2002, the 
entire disclosures Which are hereby incorporated by refer 
ence. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to gene expression 
pro?ling in biopsied tumor tissues. In particular, the present 
invention concerns sensitive methods to measure mRNA 

levels in biopsied tumor tissues, including archived para?in 
embedded biopsy material. In addition, the invention pro 
vides a set of genes the expression of Which is important in 
the diagnosis and treatment of breast cancer. 

[0003] Oncologists have a number of treatment options 
available to them, including different combinations of che 
motherapeutic drugs that are characterized as “standard of 
care,” and a number of drugs that do not carry a label claim 
for a particular cancer, but for Which there is evidence of 
e?icacy in that cancer. Best likelihood of good treatment 
outcome requires that patients be assigned to optimal avail 
able cancer treatment, and that this assignment be made as 
quickly as possible folloWing diagnosis. 

[0004] Currently, diagnostic tests used in clinical practice 
are single analyte, and therefore do not capture the potential 
value of knoWing relationships betWeen doZens of di?ferent 
markers. Moreover, diagnostic tests are frequently not quan 
titative, relying on immunohistochemistry. This method 
often yields di?ferent results in di?ferent laboratories, in part 
because the reagents are not standardized, and in part 
because the interpretations are subjective and cannot be 
easily quanti?ed. RNA-based tests have not often been used 
because of the problem of RNA degradation over time and 
the fact that it is di?icult to obtain fresh tissue samples from 
patients for analysis. Fixed para?in-embedded tissue is more 
readily available and methods have been established to 
detect RNA in ?xed tissue. HoWever, these methods typi 
cally do not alloW for the study of large numbers of genes 
(DNA or RNA) from small amounts of material. Thus, 
traditionally ?xed tissue has been rarely used other than for 
immunohistochemistry detection of proteins. 

[0005] Recently, several groups have published studies 
concerning the classi?cation of various cancer types by 
microarray gene expression analysis (see, eg Golub et al., 
Science 286:531-537 (1999); Bhattachaijae et al., Proc. 
Natl. Acad. Sci. USA 98:13790-13795 (2001); Chen-Hsiang 
et al., Bioinformalics 17 (Suppl. 1):S316-S322 (2001); 
RamasWamy et al., Proc. Natl. Acad. Sci. USA 98:15149 
15154 (2001)). Certain classi?cations of human breast can 
cers based on gene expression patterns have also been 
reported (Martin et al., Cancer Res. 60:2232-2238 (2000); 
West et al., Proc. Natl. Acad. Sci. USA 98:11462-11467 
(2001); Sorlie et al., Proc. Natl. Acad. Sci. USA 98110869 
10874 (2001); Yan et al., Cancer Res. 61:8375-8380 
(2001)). HoWever, these studies mostly focus on improving 
and re?ning the already established classi?cation of various 
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types of cancer, including breast cancer, and generally do not 
provide neW insights into the relationships of the di?feren 
tially expressed genes, and do not link the ?ndings to 
treatment strategies in order to improve the clinical outcome 
of cancer therapy. 

[0006] Although modern molecular biology and biochem 
istry have revealed more than 100 genes Whose activities 
in?uence the behavior of tumor cells, state of their differ 
entiation, and their sensitivity or resistance to certain thera 
peutic drugs, With a feW exceptions, the status of these genes 
has not been exploited for the purpose of routinely making 
clinical decisions about drug treatments. One notable excep 
tion is the use of estrogen receptor (ER) protein expression 
in breast carcinomas to select patients to treatment With 
anti-estrogen drugs, such as tamoxifen. Another exceptional 
example is the use of ErbB2 (Her2) protein expression in 
breast carcinomas to select patients With the Her2 antagonist 
drug Herceptin® (Genentech, Inc., South San Francisco, 
Calif.). 
[0007] Despite recent advances, the challenge of cancer 
treatment remains to target speci?c treatment regimens to 
pathogenically distinct tumor types, and ultimately person 
aliZe tumor treatment in order to maximiZe outcome. Hence, 
a need exists for tests that simultaneously provide predictive 
information about patient responses to the variety of treat 
ment options. This is particularly true for breast cancer, the 
biology of Which is poorly understood. It is clear that the 
classi?cation of breast cancer into a feW subgroups, such as 
ErbB2+ subgroup, and subgroups characteriZed by loW to 
absent gene expression of the estrogen receptor (ER) and a 
feW additional transcriptional factors (Perou et al., Nature 
406:747-752 (2000)) does not re?ect the cellular and 
molecular heterogeneity of breast cancer, and does not alloW 
the design of treatment strategies maximiZing patient 
response. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides (1) sensitive meth 
ods to measure mRNA levels in biopsied tumor tissue, (2) a 
set of approximately 190 genes, the expression of Which is 
important in the diagnosis of breast cancer, and (3) the 
signi?cance of abnormally loW or high expression for the 
genes identi?ed and included in the gene set, through 
activation or disruption of biochemical regulatory pathWays 
that in?uence patient response to particular drugs used or 
potentially useful in the treatment of breast cancer. These 
results permit assessment of genomic evidence of the e?i 
cacy of more than a doZen relevant drugs. 

[0009] The present invention accommodates the use of 
archived para?in-embedded biopsy material for assay of all 
markers in the set, and therefore is compatible With the most 
Widely available type of biopsy material. The invention 
presents an e?icient method for extraction of RNA from 
Wax-embedded, ?xed tissues, Which reduces cost of mass 
production process for acquisition of this information With 
out sacri?cing quality of the analysis. In addition, the 
invention describes a novel highly e?fective method for 
amplifying mRNA copy number, Which permits increased 
assay sensitivity and the ability to monitor expression of 
large numbers of di?ferent genes given the limited amounts 
of biopsy material. The invention also captures the predic 
tive signi?cance of relationships betWeen expressions of 
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certain markers in the breast cancer marker set. Finally, for 
each member of the gene set, the invention speci?es the 
oligonucleotide sequences to be used in the test. 

[0010] In one aspect, the invention concerns a method for 
predicting clinical outcome for a patient diagnosed With 
cancer, comprising 

[0011] determining the expression level of one or more 
genes, or their expression products, selected from the group 
consisting of p53BP2, cathepsin B, cathepsin L, Ki67/MiBl, 
and thymidine kinase in a cancer tissue obtained from the 
patient, normaliZed against a control gene or genes, and 
compared to the amount found in a reference cancer tissue 

set, 

[0012] Wherein a poor outcome is predicted if: 

[0013] (a) the expression level of p53BP2 is in the loWer 
10th percentile; or 

[0014] (b) the expression level of either cathepsin B or 
cathepsin L is in the upper 10th percentile; or 

[0015] (c) the expression level of any either Ki67/MiBl or 
thymidine kinase is in the upper 10th percentile. 

[0016] Poor clinical outcome can be measured, for 
example, in terms of shortened survival or increased risk of 
cancer recurrence, e.g. folloWing surgical removal of the 
cancer. 

[0017] In another embodiment, the inventor concerns a 
method of predicting the likelihood of the recurrence of 
cancer, folloWing treatment, in a cancer patient, comprising 
determining the expression level of p27, or its expression 
product, in a cancer tissue obtained from the patient, nor 
maliZed against a control gene or genes, and compared to the 
amount found in a reference cancer tissue set, Wherein an 
expression level in the upper 10th percentile indicates 
decreased risk of recurrence folloWing treatment. 

[0018] In another aspect, the invention concerns a method 
for classifying cancer comprising, determining the expres 
sion level of tWo or more genes selected from the group 
consisting of Bcl2, hepatocyte nuclear factor 3, ER, ErbB2, 
and Grb7, or their expression products, in a cancer tissue, 
normaliZed against a control gene or genes, and compared to 
the amount found in a reference cancer tissue set, Wherein (i) 
tumors expressing at least one of Bcl2, hepatocyte nuclear 
factor 3, and ER, or their expression products, above the 
mean expression level in the reference tissue set are classi 
?ed as having a good prognosis for disease free and overall 
patient survival folloWing treatment; and (ii) tumors 
expressing elevated levels of ErbB2 and Grb7, or their 
expression products, at levels ten-fold or more above the 
mean expression level in the reference tissue set are classi 
?ed as having poor prognosis of disease free and overall 
patient survival folloWing treatment. 

[0019] All types of cancer are included, such as, for 
example, breast cancer, colon cancer, lung cancer, prostate 
cancer, hepatocellular cancer, gastric cancer, pancreatic can 
cer, cervical cancer, ovarian cancer, liver cancer, bladder 
cancer, cancer of the urinary tract, thyroid cancer, renal 
cancer, carcinoma, melanoma, and brain cancer. The fore 
going methods are particularly suitable for prognosis/clas 
si?cation of breast cancer. 
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[0020] In all previous aspects, in a speci?c embodiment, 
the expression level is determined using RNA obtained from 
a formalin-?xed, paraffin-embedded tissue sample. While all 
techniques of gene expression pro?ling, as Well as proteom 
ics techniques, are suitable for use in performing the fore 
going aspects of the invention, the gene expression levels are 
often determined by reverse transcription polymerase chain 
reaction (RT-PCR). 

[0021] If the source of the tissue is a formalin-?xed, 
para?in embedded tissue sample, the RNA is often frag 
mented. 

[0022] The expression data can be further subjected to 
multivariate analysis, for example using the Cox Propor 
tional Hazards model. 

[0023] In a further aspect, the invention concerns a 
method for the preparation of nucleic acid from a ?xed, 
Wax-embedded tissue specimen, comprising: 

[0024] (a) incubating a section of the ?xed, Wax-embed 
ded tissue specimen at a temperature of about 56° C. to 70° 
C. in a lysis buffer, in the presence of a protease, Without 
prior deWaxing, to form a lysis solution; 

[0025] (b) cooling the lysis solution to a temperature 
Where the Wax solidi?es; and 

[0026] (c) isolating the nucleic acid from the lysis solu 
tion. 

[0027] The lysis buffer may comprise urea, such as 4M 
urea. In a particular embodiment, incubation in step (a) of 
the foregoing method is performed at about 65° C. 

[0028] In another particular embodiment, the protease 
used in the foregoing method is proteinase K. 

[0029] In another embodiment, the cooling in step (b) is 
performed at room temperature. 

[0030] In a further embodiment, the nucleic acid is iso 
lated after protein removal With 2.5 M NH4OAc. 

[0031] The nucleic acid can, for example, be total nucleic 
acid present in the ?xed, Wax-embedded tissue specimen. 

[0032] In yet another embodiment, the total nucleic acid is 
isolated by precipitation from the lysis solution, folloWing 
protein removal, With 2.5 M NH4OAc. The precipitation 
may, for example, be performed With isopropanol. 

[0033] The method described above may further comprise 
the step of removing DNA from the total nucleic acid, for 
example by DNAse treatment. 

[0034] The tissue specimen may, for example, be obtained 
from a tumor, and the RNA may be obtained from a 
microdissected portion of the tissue specimen enriched for 
tumor cells. 

[0035] All types of tumor are included, such as, Without 
limitation, breast cancer, colon cancer, lung cancer, prostate 
cancer, hepatocellular cancer, gastric cancer, pancreatic can 
cer, cervical cancer, ovarian cancer, liver cancer, bladder 
cancer, cancer of the urinary tract, thyroid cancer, renal 
cancer, carcinoma, melanoma, and brain cancer, in particular 
breast cancer. 

[0036] The method described above may further comprise 
the step of subjecting the RNA to gene expression pro?ling. 
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Thus, the gene expression pro?le may be completed for a set 
of genes comprising at least tWo of the genes listed in Table 
l. 

[0037] Although all methods of gene expression pro?ling 
are contemplated, in a particular embodiment, gene expres 
sion pro?ling is performed by RT-PCR Which may be 
preceded by an ampli?cation step. 

[0038] In another aspect, the invention concerns a method 
for preparing fragmented RNA for gene expression analysis, 
comprising the steps of: 

[0039] (a) mixing the RNA With at least one gene-speci?c, 
single-stranded DNA scalfold under conditions such that 
fragments of the RNA complementary to the DNA scalfold 
hybridize With the DNA scaffold; 

[0040] (b) extending the hybridized RNA fragments With 
a DNA polymerase to form a DNA-DNA duplex; and 

[0041] (c) removing the DNA scalfold from the duplex. 

[0042] In a speci?c embodiment, in step (b) of this 
method, the RNA may be mixed With a mixture of single 
stranded DNA templates speci?c for each gene of interest. 

[0043] The method can further comprise the step of heat 
denaturing and reannealing the duplexed DNA to the DNA 
scalfold, With or Without additional overlapping scaffolds, 
and further extending the duplexed sense strand With DNA 
polymerase prior to removal of the scaffold in step (c). 

[0044] The DNA templates may be, but do not need to be, 
fully complementary to the gene of interest. 

[0045] In a particular embodiment, at least one of the DNA 
templates is complementary to a speci?c segment of the 
gene of interest. 

[0046] In another embodiment, the DNA templates 
include sequences complementary to polymorphic variants 
of the same gene. 

[0047] The DNA template may include one or more dUTP 
or rNTP sites. In this case. In step (c) the DNA template may 
be removed by fragmenting the DNA template present in the 
DNA-DNA duplex formed in step (b) at the dUTP or rNTP 
sites. 

[0048] In an important embodiment, the RNA is extracted 
from ?xed, Wax-embedded tissue specimens, and puri?ed 
su?iciently to act as a substrate in an enzyme assay. The 
RNA puri?cation may, but does not need to, include an 
oligo-dT based step. 

[0049] In a further aspect, the invention concerns a 
method for amplifying RNA fragments in a sample com 
prising fragmented RNA representing at least one gene of 
interest, comprising the steps of: 

[0050] (a) contacting the sample With a pool of single 
stranded DNA scaffolds comprising an RNA polymerase 
promoter at the 5' end under conditions such that the RNA 
fragments complementary to the DNA scaffolds hybridize 
With the DNA scaffolds; 

[0051] (b) extending the hybridized RNA fragments With 
a DNA polymerase along the DNA scaffolds to form DNA 
DNA duplexes; 
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[0052] (c) amplifying the gene or genes of interest by in 
vitro transcription; and 

[0053] (d) removing the DNA scaffolds from the duplexes. 

[0054] An exemplary promoter is the T7 RNA polymerase 
promoter, While an exemplary DNA polymerase is DNA 
polymerase I. 

[0055] In step (d) the DNA scaffolds may be removed, for 
example, by treatment With DNase I. 

[0056] In a further embodiment, the pool of single 
stranded DNA scaffolds comprises partial or complete gene 
sequences of interest, such as a library of cDNA clones. 

[0057] In a speci?c embodiment, the sample represents a 
Whole genome or a fraction thereof. In a preferred embodi 
ment, the genome is the human genome. 

[0058] In another aspect, the invention concerns a method 
of preparing a personalized genomics pro?le for a patient, 
comprising the steps of: 

[0059] (a) subjecting RNA extracted from a tissue 
obtained from the patient to gene expression analysis; 

[0060] (b) determining the expression level in such tissue 
of at least tWo genes selected from the gene set listed in 
Table 1, wherein the expression level is normalized against 
a control gene or genes, and is compared to the amount 
found in a cancer tissue reference set; 

[0061] (c) and creating a report summarizing the data 
obtained by the gene expression analysis. 

[0062] The tissue obtained from the patient may, but does 
not have to, comprise cancer cells. Just as before, the cancer 
can, for example, be breast cancer, colon cancer, lung 
cancer, prostate cancer, hepatocellular cancer, gastric cancer, 
pancreatic cancer, cervical cancer, ovarian cancer, liver 
cancer, bladder cancer, cancer of the urinary tract, thyroid 
cancer, renal cancer, carcinoma, melanoma, or brain cancer, 
breast cancer being particularly preferred. 

[0063] In a particular embodiment, the RNA is obtained 
from a microdissected portion of breast cancer tissue 
enriched for cancer cells. The control gene set may, for 
example, comprise S-actin, and ribosomal protein LPO. 

[0064] The report prepared for the use of the patient or the 
patient’s physician, may include the identi?cation of at least 
one drug potentially bene?cial in the treatment of the 
patient. 

[0065] Step (b) of the foregoing method may comprise the 
step of determining the expression level of a gene speci? 
cally in?uencing cellular sensitivity to a drug, Where the 
gene can, for example, be selected from the group consisting 
of aldehyde dehydrogenase lAl, aldehyde dehydrogenase 
1A3, amphiregulin, ARG, BRK, BCRP, CD9, CD31, CD82/ 
KAI-l, COX2, c-abl, c-kit, c-kit L, CYPlBl, CYP2C9, 
DHFR, dihydropyrimidine dehydrogenase, EGF, epiregulin, 
ER-alpha, ErbB-l, ErbB-2, ErbB-3, ErbB-4, ER-beta, far 
nesyl pyrophosphate synthetase, gamma-GCS (glutamyl 
cysteine synthetase), GATA3, geranyl geranyl pyrophos 
phate synthetase, Grb7, GST-alpha, GST-pi, HB-EGF, hsp 
27, human chorionic gonadotropin/CGA, IGF-l, IGF-2, 
IGFlR, KDR, LIVl, Lung Resistance Protein/MVP, Lotl, 
MDR-l, microsomal epoxide hydrolase, MMP9, MRPl, 
MRP2, MRP3, MRP4, PAIl, PDGF-A, PDGF-B, PDGF-C, 
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PDGF-D, PGDFR-alpha, PDGFR-beta, PLAGa (pleiomor 
phic adenoma 1), PREP prolyl endopeptidase, progesterone 
receptor, pS2/trefoil factor 1, PTEN, PTBlb, RAR-alpha, 
RAR-beta2, Reduced Folate Carrier, SXR, TGF-alpha, thy 
midine phosphorylase, thymidine synthase, topoisomerase 
II-alpha, topoisomerase II-beta, VEGF, XIST, and YB-l. 

[0066] In another embodiment, step (b) of the foregoing 
process includes determining the expression level of multi 
drug resistance factors, such as, for example, gamma 
glutamyl-cysteine synthetase (GCS), GST-ot, GST-J'c, MDR 
1, MRP1-4, breast cancer resistance protein (BCRP), lung 
cancer resistance protein (MVP), SXR, or YB-l. 

[0067] In another embodiment, step (b) of the foregoing 
process comprises determination of the expression level of 
eukaryotic translation initiation factor 4E (EIF4E). 

[0068] In yet another embodiment, step (b) of the forego 
ing process comprises determination of the expression level 
of a DNA repair enZyme. 

[0069] In a further embodiment, step (b) of the foregoing 
process comprises determination of the expression level of 
a cell cycle regulator, such as, for example, c-MYC, c-Src, 
Cyclin D1, Ha-Ras, mdm2. p14ARF, p21WAF1/CI, 
p161NK4a/p14, p23, p27, p53, PI3K, PKC-epsilon, or PKC 
delta. 

[0070] In a still further embodiment, step (b) of the 
foregoing process comprises determination of the expres 
sion level of a tumor suppressor or a related protein, such as, 
for example, APC or E-cadherin. 

[0071] In another embodiment, step (b) of the foregoing 
method comprises determination of the expression level of 
a gene regulating apoptosis, such as, for example, p53, 
BC12, Bcl-x1, Bak, Bax, and related factors, NFK-B, 
CIAP1, CIAP2, survivin, and related factors, p53BP1/ 
ASPP1, or p53BP2/ASPP2. 

[0072] In yet another embodiment, step (b) of the forego 
ing process comprises determination of the expression level 
of a factor that controls cell invasion or angiogenesis, such 
as, for example, uPA, PAI1, cathepsin B, C, and L, scatter 
factor (HGF), c-met, KDR, VEGF, or CD31. 

[0073] In a different embodiment, step (b) of the foregoing 
method comprises determination of the expression level of 
a marker for immune or in?ammatory cells or processes, 
such as, for example, Ig light chain 7», CD18, CD3, CD68. 
Fas(CD95), or Fas Ligand. 

[0074] In a further embodiment, step (b) of the foregoing 
process comprises determination of the expression level of 
a cell proliferation marker, such as, for example, Ki67/ 
MiBl, PCNA, Pin1, or thymidine kinase. 

[0075] In a still further embodiment, step (b) of the 
foregoing process comprises determination of the expres 
sion level of a groWth factor or groWth factor receptor, such 
as, for example, IGF1, IGF2, IGFBP3, IGF1R, FGF2, CSF 
1, CSF-lR/?ns, SCF-l, 1L6 or 1L8. 

[0076] In another embodiment, step (b) of the foregoing 
process comprises determination of the expression level of 
a gene marker that de?nes a subclass of breast cancer, Where 
the gene marker can, for example, be GRO1 oncogene alpha, 
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Grb7, cytokeratins 5 and 17, retinol binding protein 4, 
hepatocyte nuclear factor 3, integrin subunit alpha 7, or 
lipoprotein lipase. 
[0077] In a still further aspect, the invention concerns a 
method for predicting the response of a patient diagnosed 
With breast cancer to 5-?uorouracil (S-FU) or an analog 
thereof, comprising the steps of: 

[0078] (a) subjecting RNA extracted from a breast cancer 
tissue obtained from the patient to gene expression analysis; 

[0079] (b) determining the expression level in the tissue of 
thymidylate synthase mRNA, Wherein the expression level 
is normaliZed against a control gene or genes, and is 
compared to the amount found in a reference breast cancer 
tissue set; and 

[0080] (c) predicting patient response based on the nor 
maliZed thymidylate synthase mRNA level. 

[0081] Step (d) of the foregoing method can further com 
prise determining the expression level of dihydropyrimidine 
phosphorylase. 
[0082] In another embodiment, step (b) of the method can 
further comprise determining the expression level of thymi 
dine phosphorylase. 

[0083] In yet another embodiment, a positive response to 
5-FU or an analog thereof is predicted if: (i) normaliZed 
thymidylate synthase mRNA level determined in step (b) is 
at or beloW the 15th percentile; or (ii) the sum of normalized 
expression levels of thymidylate synthase and dihydropyri 
midine phosphorylase determined in step (b) is at or beloW 
the 25th percentile; or (iii) the sum of normaliZed expression 
levels of thymidylate synthase, dihydropyrimidine pho spho 
rylase, plus thymidine phosphorylase determined in step (b) 
is at or beloW the 20th percentile. 

[0084] In a further embodiment, in step (b) of the forego 
ing method the expression level of c-myc and Wild-type p53 
is determined. In this case, a positive response to 5-FU or an 
analog thereof is predicted, if the normaliZed expression 
level of c-myc relative to the normaliZed expression level of 
Wild-type p53 is in the upper 15th percentile. 

[0085] In a still further embodiment, in step (b) of the 
foregoing method, expression level of NFKB and cIAP2 is 
determined. In this particular embodiment, resistance to 
5-FU or an analog thereof is typically predicted if the 
normaliZed expression level of NFKB and cIAP2 is at or 
above the 10th percentile. 

[0086] In another aspect, the invention concerns a method 
for predicting the response of a patient diagnosed With breast 
cancer to methotrexate or an analog thereof, comprising the 
steps of: 

[0087] (a) subjecting RNA extracted from a breast cancer 
tissue obtained from the patient to gene expression analysis, 
Wherein gene expression levels are normaliZed against a 
control gene or genes, and compared to the amount found in 
a reference breast cancer tissue set; and 

[0088] (b) predicting decreased patient sensitivity to meth 
otrexate or analog if (i) DHFR levels are more than tenfold 
higher than the average expression level of DHFR in the 
control gene set, or (ii) the normalized expression levels of 
members of the reduced folate carrier (RFC) family are 
beloW the 10th percentile. 
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[0089] In yet another aspect, the invention concerns a 
method for predicting the response of a patient diagnosed 
With breast cancer to an anthracycline or an analog thereof, 
comprising the steps of: 

[0090] (a) subjecting RNA extracted from a breast cancer 
tissue obtained from the patient to gene expression analysis, 
Wherein gene expression levels are normalized against a 
control gene or genes, and compared to the amount found in 
a reference breast cancer tissue set; and 

[0091] (b) predicting patient resistance or decreased sen 
sitivity to the anthracycline or analog if (i) the normalized 
expression level of topoisomerase H0. is beloW the 10th 
percentile, or (ii) the normalized expression level of topoi 
somerase H6 is beloW the 10th percentile, or (iii) the com 
bined normalized topoisomerase H0. or II[3 expression levels 
are beloW the 10th percentile. 

[0092] In a different aspect, the invention concerns a 
method for predicting the response of a patient diagnosed 
With breast cancer to a docetaxol, comprising the steps of: 

[0093] (a) subjecting RNA extracted from a breast cancer 
tissue obtained from the patient to gene expression analysis, 
Wherein gene expression levels are normalized against a 
control gene or genes, and compared to the amount found in 
a reference breast cancer tissue set; and 

[0094] (b) predicting reduced sensitivity to docetaxol if 
the normalized expression level of CYPlBl is in the upper 
10th percentile. 

[0095] The invention further concerns a method for pre 
dicting the response of a patient diagnosed With breast 
cancer to cyclophosphamide or an analog thereof, compris 
ing 

[0096] (a) subjecting RNA extracted from a breast cancer 
tissue obtained from the patient to gene expression analysis, 
Wherein gene expression levels are normalized against a 
control gene or genes, and compared to the amount found in 
a reference breast cancer tissue set; and 

[0097] (b) predicting reduced sensitivity to the cyclophos 
phamide or analog if the sum of the expression levels of 
aldehyde dehydrogenase 1A1 and 1A3 is more than tenfold 
higher than the average of their combined expression levels 
in the reference tissue set. 

[0098] In a further aspect, the invention concerns a 
method for predicting the response of a patient diagnosed 
With breast cancer to anti-estrogen therapy, comprising 

[0099] (a) subjecting RNA extracted from a breast cancer 
tissue obtained from the patient to gene expression analysis, 
Wherein gene expression levels are normalized against a 
control gene or genes, and compared to the amount found in 
a reference breast cancer tissue set that contains both speci 
mens negative for and positive for estrogen receptor-0t 
(ERot) and progesterone receptor-0t (PRot); and 

[0100] (b) predicting patient response based upon the 
normalized expression levels of ERG. or PRot, and at least 
one of microsomal epoxide hydrolase, pS2/trefoil factor 1, 
GATA3 and human chorionic gonadotropin. 

[0101] In a speci?c embodiment, lack of response or 
decreased responsiveness is predicted if (i) the normalized 
expression level of microsomal epoxide hydrolase is in the 
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upper 10th percentile; or (ii) the normalized expression level 
of pS2/trefoil factor 1, or GATA3 or human chorionic 
gonaostropin is at or beloW the corresponding average 
expression level in said breast cancer tissue set, regardless of 
the expression level of ERG. or PRO. in the breast cancer 
tissue obtained from the patient. 

[0102] In another aspect, the invention concerns a method 
for predicting the response of a patient diagnosed With breast 
cancer to a taxane, comprising the steps of: 

[0103] (a) subjecting RNA extracted from a breast cancer 
tissue obtained from the patient to gene expression analysis, 
Wherein gene expression levels are normalized against a 
control gene or genes, and compared to the amount found in 
a reference breast cancer tissue set; and 

[0104] (b) predicting reduced sensitivity to taxane if (i) no 
or minimal XIST expression is detected; or (ii) the normal 
ized expression level of GST-J'IZ or propyl endopeptidase 
(PREP) is in the upper 10th percentile; or (iii) the normalized 
expression level of PLAGl is in the upper 10th percentile. 

[0105] The invention also concerns a method for predict 
ing the response of a patient diagnosed With breast cancer to 
cisplatin or an analog thereof, comprising the steps of: 

[0106] (a) subjecting RNA extracted from a breast cancer 
tissue obtained from the patient to gene expression analysis, 
Wherein gene expression levels are normalized against a 
control gene or genes, and compared- to the amount found 
in a reference breast cancer tissue set; and 

[0107] (b) predicting resistance or reduced sensitivity if 
the normalized expression level of ERCCl is in the upper 
10 percentile. 

[0108] The invention further concerns a method for pre 
dicting the response of a patient diagnosed With breast 
cancer to an ErbB2 or EGFR antagonist, comprising the 
steps of: 

[0109] (a) subjecting RNA extracted from a breast cancer 
tissue obtained from the patient to gene expression analysis, 
Wherein gene expression levels are normalized against a 
control gene or genes, and compared to the amount found in 
a reference breast cancer tissue set; and 

[0110] (b) predicting patient response based on the nor 
malized expression levels of at least one of Grb7, IGFlR, 
IGFl and IGF2. 

[0111] In particular embodiment, a positive response is 
predicted if the normalized expression level of Grb7 is in the 
upper 10th percentile, and the expression of IGFlR, IGFl 
and IGF2 is not elevated above the 90th percentile. 

[0112] In a further particular embodiment, a decreased 
responsiveness is predicted if the expression level of at least 
one of IGFlR, IGFl and IGF2 is elevated. 

[0113] In another aspect, the invention concerns a method 
for predicting the response of a patient diagnosed With breast 
cancer to a bis-phosphonate drug, comprising the steps of: 

[0114] (a) subjecting RNA extracted from a breast cancer 
tissue obtained from the patient to gene expression analysis, 
Wherein gene expression levels are normalized against a 
control gene or genes, and compared to the amount found in 
a reference breast cancer tissue set; and 
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[0115] (b) predicting a positive response if the breast 
cancer tissue obtained from the patient expresses mutant 
Ha-Ras and additionally expresses famesyl pyrophosphate 
synthetase or geranyl pyrophosphone synthetase at a nor 
malized expression level at or above the 90th percentile. 

[0116] In yet another aspect, the invention concerns a 
method for predicting the response of a patient diagnosed 
With breast cancer to treatment With a cyclooxygenase 2 
inhibitor, comprising the steps of: 

[0117] (a) subjecting RNA extracted from a breast cancer 
tissue obtained from the patient to gene expression analysis, 
Wherein gene expression levels are normalized against a 
control gene or genes, and compared to the amount found in 
a reference breast cancer tissue set; and 

[0118] (b) predicting a positive response if the normalized 
expression level of COX2 in the breast cancer tissue 
obtained from the patient is at or above the 90th percentile. 

[0119] The invention further concerns a method for pre 
dicting the response of a patient diagnosed With breast 
cancer to an EGF receptor (EGFR) antagonist, comprising 
the steps of: 

[0120] (a) subjecting RNA extracted from a breast cancer 
tissue obtained from the patient to gene expression analysis, 
Wherein gene expression levels are normalized against a 
control gene or genes, and compared to the amount found in 
a reference breast cancer tissue set; and 

[0121] (b) predicting a positive response to an EGFR 
antagonist, if (i) the normalized expression level of EGFR is 
at or above the 10th percentile, and (ii) the normalized 
expression level of at least one of epiregulin, TGF-ot, 
amphiregulin, ErbB3, BRK, CD9, MMP9, CD82, and Lotl 
is above the 90th percentile. 

[0122] In another aspect, the invention concerns a method 
for monitoring the response of a patient diagnosed With 
breast cancer to treatment With an EGFR antagonist, com 
prising monitoring the expression level of a gene selected 
from the group consisting of epiregulin, TGF-ot, amphiregu 
lin, ErbB3, BRK, CD9, MMP9, CD82, and Lotl in the 
patient during treatment, Wherein reduction in the expres 
sion level is indicative of positive response to such treat 
ment. 

[0123] In yet another aspect, the invention concerns a 
method for predicting the response of a patient diagnosed 
With breast cancer to a drug targeting a tyrosine kinase 
selected from the group consisting of abl, c-kit, PDGFR-ot, 
PDGFR-B and ARG, comprising the steps of: 

[0124] (a) subjecting RNA extracted from a breast cancer 
tissue obtained from the patient to gene expression analysis, 
Wherein gene expression levels are normalized against a 
control gene or genes, and compared to the amount found in 
a reference breast cancer tissue set; 

[0125] (b) determining the normalized expression level of 
a tyrosine kinase selected from the group consisting of abl, 
c-kit, PDGFR-ot, PDGFR-B and ARG, and the cognate 
ligand of the tyrosine kinase, and if the normalized expres 
sion level of the tyrosine kinase is in the upper l0Lh percen 
tile, 

[0126] (c) determining Whether the sequence of the 
tyrosine kinase contains any mutation, Wherein a positive 
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response is predicted if (i) the normalized expression level 
of the tyrosine kinase is in the upper 10th percentile, (ii) the 
sequence of the tyrosine kinase contains an activating muta 
tion, or (iii) the normalized expression level of the tyrosine 
kinase is normal and the expression level of the ligand is in 
the upper 10th percentile. 

[0127] Another aspect of the invention is a method for 
predicting the response of a patient diagnosed With breast 
cancer to treatment With an anti-angiogenic drug, compris 
ing the steps of: 

[0128] (a) subjecting RNA extracted from a breast cancer 
tissue obtained from the patient to gene expression analysis, 
Wherein gene expression levels are normalized against a 
control gene or genes, and compared to the amount found in 
a reference breast cancer tissue set; and 

[0129] (b) predicting a positive response if (i) the normal 
ized expression level of VEGF is in the upper 10th percentile 
and (ii) the normalized expression level of KDR or CD31 is 
in the upper 20th percentile. 

[0130] A further aspect of the invention is a method for 
predicting the likelihood that a patient diagnosed With breast 
cancer develops resistance to a drug interacting With the 
MRP-l gene coding for the multidrug resistance protein 
P-glycoprotein, comprising the steps of: 

[0131] (a) subjecting RNA extracted from a breast cancer 
tissue obtained from the patient to gene expression analysis 
to determine the expression level of PTPlb, Wherein the 
expression level is normalized against a control gene or 
genes, and compared to the amount found in a reference 
breast cancer tissue set; and 

[0132] (b) concluding that the patient is likely to develop 
resistance to said drug if the normalized expression level of 
the MRP-l gene is above the 90th percentile. 

[0133] The invention further relates to a method for pre 
dicting the likelihood that a patient diagnosed With breast 
cancer develops resistance to a chemotherapeutic drug or 
toxin used in cancer treatment, comprising the steps of: 

[0134] (a) subjecting RNA extracted from a breast cancer 
tissue obtained from the patient to gene expression analysis, 
Wherein gene expression levels are normalized against a 
control gene or genes, and compared to the amount found in 
a reference breast cancer tissue set; and 

[0135] (b) determining the normalized expression levels 
of at least one of the folloWing genes: MDRl, SGToc, GSTr, 
SXR, BCRP YB-l, and LRP/MVP, Wherein the ?nding of a 
normalized expression level in the upper 4Lh percentile is an 
indication that the patient is likely to develop resistance to 
the drug. 

[0136] Also included herein is a method for measuring the 
translational ef?ciency of VEGF mRNA in a breast cancer 
tissue sample, comprising determining the expression levels 
of the VEGF and EIF4E mRNA in the sample, normalized 
against a control gene or genes, and compared to the amount 
found in a reference breast cancer tissue set, Wherein a 
higher normalized EIF4E expression level for the same 
VEGF expression level is indicative of relatively higher 
translational ef?ciency for VEGF. 

[0137] In another aspect, the invention provides a method 
for predicting the response of a patient diagnosed With breast 
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cancer to a VEGF antagonist, comprising determining the 
expression level of VEGF and EIF4E mRNA normalized 
against a control gene or genes, and compared to the amount 
found in a reference breast cancer tissue set, Wherein a 
VEGF expression level above the 90th percentile and an 
EIF4E expression level above the 50th percentile is a pre 
dictor of good patient response. 

[0138] The invention further provides a method for pre 
dicting the likelihood of the recurrence of breast cancer in a 
patient diagnosed With breast cancer, comprising determin 
ing the ratio of p531p2l mRNA expression or p53zmdm2 
mRNA expression in a breast cancer tissue obtained from 
the patient, normalized against a control gene or genes, and 
compared to the amount found in a reference breast cancer 
tissue set, Wherein an above normal ratio is indicative of a 
higher risk of recurrence. Typically, a higher risk of recur 
rence is indicated if the ratio is in the upper 10th percentile. 

[0139] In yet another aspect, the invention concerns a 
method for predicting the likelihood of the recurrence of 
breast cancer in a breast cancer patient folloWing surgery, 
comprising determining the expression level of cyclin DI in 
a breast cancer tissue obtained from the patient, normalized 
against a control gene or genes, and compared to the amount 
found in a reference breast cancer tissue set, Wherein an 
expression level in the upper 10th percentile indicates 
increased risk of recurrence folloWing surgery. In a particu 
lar embodiment of this method, the patient is subjected to 
adjuvant chemotherapy, if the expression level is in the 
upper 10th percentile. 

[0140] Another aspect of the invention is a method for 
predicting the likelihood of the recurrence of breast cancer 
in a breast cancer patient folloWing surgery, comprising 
determining the expression level of APC or E-cadherin in a 
breast cancer tissue obtained from the patient, normalized 
against a control gene or genes, and compared to the amount 
found in a reference breast cancer tissue set, Wherein an 
expression level in the upper 5Lh percentile indicates high 
risk of recurrence folloWing surgery, and heightened risk of 
shortened survival. 

[0141] A further aspect of the invention is a method for 
predicting the response of a patient diagnosed With breast 
cancer to treatment With a proapoptotic drug comprising 
determining the expression levels of BC12 and c-MYC in a 
breast cancer tissue obtained from the patient, normalized 
against a control gene or genes, and compared to the amount 
found in a reference breast cancer tissue set, Wherein (i) a 
BC12 expression level in the upper 10th percentile in the 
absence of elevated expression of c-MYC indicates good 
response, and (ii) a good response is not indicated if the 
expression level c-MYC is elevated, regardless of the 
expression level of BC12. 

[0142] A still further aspect of the invention is a method 
for predicting treatment outcome for a patient diagnosed 
With breast cancer, comprising the steps of: 

[0143] (a) subjecting RNA extracted from a breast cancer 
tissue obtained from the patient to gene expression analysis, 
Wherein gene expression levels are normalized against a 
control gene or genes, and compared to the amount found in 
a reference breast cancer tissue set; and 

[0144] (b) determining the normalized expression levels 
of NFKB and at least one gene selected from the group 

Jun. 21, 2007 

consisting of cIAPl, cIAP2, XIAP, and Survivin, Wherein a 
poor prognosis is indicated if the expression levels for NFKB 
and at least one of the genes selected from the group 
consisting of cIAPl, cIAP2, XIAP, and Survivin is in the 
upper 5Lh percentile. 

[0145] The invention further concerns a method for pre 
dicting treatment outcome for a patient diagnosed With 
breast cancer, comprising determining the expression levels 
of p53BPl and p53BP2 in a breast cancer tissue obtained 
from the patient, normalized against a control gene or genes, 
and compared to the amount found in a reference breast 
cancer tissue set, Wherein a poor outcome is predicted if the 
expression level of either p53BPl or p53BP2 is in the loWer 
10th percentile. 

[0146] The invention additionally concerns a method for 
predicting treatment outcome for a patient diagnosed With 
breast cancer, comprising determining the expression levels 
of uPA and PAIl in a breast cancer tissue obtained from the 
patient, normalized against a control gene or genes, and 
compared to the amount found in a reference breast cancer 
tissue set, Wherein (i) a poor outcome is predicted if the 
expression levels of uPA and PAIl are in the upper 20th 
percentile, and (ii) a decreased risk of recurrence is predicted 
if the expression levels of uPA and PAIl are not elevated 
above the mean observed in the breast cancer reference set. 
In a particular embodiment, poor outcome is measured in 
terms of shortened survival or increased risk of cancer 
recurrence folloWing surgery. In another particular embodi 
ment, uPA and PAIl are expressed at normal levels, and the 
patient is subjected to adjuvant chemotherapy folloWing 
surgery. 

[0147] Another aspect of the invention is a method for 
predicting treatment outcome in a patient diagnosed With 
breast cancer, comprising determining the expression levels 
of cathepsin B and cathepsin L in a breast cancer tissue 
obtained from the patient, normalized against a control gene 
or genes, and compared to the amount found in a reference 
breast cancer tissue set, Wherein a poor outcome is predicted 
if the expression level of either cathepsin B or cathepsin L 
is in the upper 10th percentile. Just as before, poor treatment 
outcome may be measured, for example, in terms of short 
ened survival or increased risk of cancer recurrence. 

[0148] A further aspect of the invention is a method for 
devising the treatment of a patient diagnosed With breast 
cancer, comprising the steps of 

[0149] (a) determining the expression levels of scatter 
factor and c-met in a breast cancer tissue obtained from the 
patient, normalized against a control gene or genes, and 
compared to the amount found in a reference breast cancer 
tissue set, and 

[0150] (b) suggesting prompt aggressive chemotherapeu 
tic treatment if the expression levels of scatter factor and 
c-met or the combination of both, are above the 90th 
percentile. 

[0151] A still further aspect of the invention is a method 
for predicting treatment outcome for a patient diagnosed 
With breast cancer, comprising determining the expression 
levels of VEGF, CD31, and KDR in a breast cancer tissue 
obtained from the patient, normalized against a control gene 
or genes, and compared to the amount found in a reference 
breast cancer tissue set, Wherein a poor treatment outcome 
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is predicted if the expression level of any of VEGF, CD31, 
and KDR is in the upper 10th percentile. 

[0152] Yet another aspect of the invention is a method for 
predicting treatment outcome for a patient diagnosed With 
breast cancer, comprising determining the expression levels 
of Ki67/MiB1, PCNA, Pin1, and thymidine kinase in a 
breast cancer tissue obtained from the patient, normaliZed 
against a control gene or genes, and compared to the amount 
found in a reference breast cancer tissue set, Wherein a poor 
treatment outcome is predicted if the expression level of any 
of Ki67/MiB1, PCNA, Pin 1, and thymidine kinase is in the 
upper 10th percentile. 

[0153] The invention further concerns a method for pre 
dicting treatment outcome for a patient diagnosed With 
breast cancer, comprising determining the expression level 
of soluble and full length CD95 in a breast cancer tissue 
obtained from the patient, normaliZed against a control gene 
or genes, and compared to the amount found in a reference 
breast cancer tissue set, Wherein the presence of soluble 
CD95 correlates With poor patient survival. 

[0154] The invention also concerns a method for predict 
ing treatment outcome for a patient diagnosed With breast 
cancer, comprising determining the expression levels of 
IGFl, IGFlR and IGFBP3 in a breast cancer tissue obtained 
from the patient, normaliZed against a control gene or genes, 
and compared to the amount found in a reference breast 
cancer tissue set, Wherein a poor treatment outcome is 
predicted if the sum of the expression levels of IGFl, IGFlR 
and IGFBP3 is in the upper 10th percentile. 

[0155] The invention additionally concerns a method for 
classifying breast cancer comprising, determining the 
expression level of tWo or more genes selected from the 
group consisting of Bcl12, hepatocyte nuclear factor 3, 
LIV1, ER, lipoprotein lipase, retinol binding protein 4, 
integrin (X7, cytokeratin 5, cytokeratin 17, GRO oncogen, 
ErbB2 and Grb7, in a breast cancer tissue, normaliZed 
against a control gene or genes, and compared to the amount 
found in a reference breast cancer tissue set, Wherein (i) 
tumors expressing at least one of Bcll, hepatocyte nuclear 
factor 3, LIV1, and ER above the mean expression level in 
the reference tissue set are classi?ed as having a good 
prognosis for disease free and overall patient survival fol 
loWing surgical removal; (ii) tumors characterized by 
elevated expression of at least one of lipoprotein lipase, 
retinol binding protein 4, integrin (X7 compared to the 
reference tissue set are classi?ed as having intermediate 
prognosis of disease free and overall patient survival fol 
loWing surgical removal; and (iii) tumors expressing either 
elevated levels of cytokeratins 5 and 17, and GRO oncogen 
at levels four-fold or greater above the mean expression 
level in the reference tissue set, or ErbB2 and Grb7 at levels 
ten-fold or more above the mean expression level in the 
reference tissue set are classi?ed as having poor prognosis of 
disease free and overall patient survival folloWing surgical 
removal. 

[0156] Another aspect of the invention is a panel of tWo or 
more gene speci?c primers selected from the group consist 
ing of the forWard and reverse primers listed in Table 2. 

[0157] Yet another aspect of the invention is a method for 
reverse transcription of a fragmented RNA population in 
RT-PCR ampli?cation, comprising using a multiplicity of 
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gene speci?c primers as the reverse primers in the ampli? 
cation reaction. In a particular embodiment, the method uses 
betWeen tWo and about 40,000 gene speci?c primers in the 
same ampli?cation reaction. In another embodiment, the 
gene speci?c primers are about 18 to 24 bases, such as about 
20 bases in length. In another embodiment, the Tm of the 
primers is about 58-600 C. The primers can, for example, be 
selected from the group consisting of the forWard and 
reverse primers listed in Table 2. 

[0158] The invention also concerns a method of reverse 
transcriptase driven ?rst strand cDNA synthesis, comprising 
using a gene speci?c primer of about 18 to 24 bases in length 
and having a Tm optimum betWeen about 580 C. and about 
600 C. In a particular embodiment, the ?rst strand cDNA 
synthesis is folloWed by PCR DNA ampli?cation, and the 
primer serves as the reverse primer that drives the PCR 
ampli?cation. In another embodiment, the method uses a 
plurality of gene speci?c primers in the same ?rst strand 
cDNA synthesis reaction mixture. The number of the gene 
speci?c primers can, for example, be betWeen 2 and about 
40,000. 

[0159] In a different aspect, the invention concerns a 
method of predicting the likelihood of long-term survival of 
a breast cancer patient Without the recurrence of breast 
cancer, folloWing surgical removal of the primary tumor, 
comprising determining the expression level of one or more 
prognostic RNA transcripts or their product in a breast 
cancer tissue sample obtained from said patient, normalized 
against the expression level of all RNA transcripts or their 
products in said breast cancer tissue sample, or of a refer 
ence set of RNA transcripts or their products, Wherein the 
prognostic transcript is the transcript of one or more genes 
selected from the group consisting of: FOXMI, PRAME, 
Bcl2, STK15, CEGP1, Ki-67, GSTMl, CA9, PR, BBC3, 
NME1, SURV, GATA3, TFRC, YB-l, DPYD, GSTM3, 
RPS6 KBl, Src, Chk1, ID1, EstR1, p27, CCNB1, XIAP, 
Chk2, CDC25B, IGF1R, AK055699, P13KC2A, TGFB3, 
BAGI1, CYP3A4, EpCAM, VEGFC, pS2, hENT1, WISPl, 
HNF3A, NFKBp65, BRCA2, EGFR, TK1, VDR, Con 
tig51037, pENT1, EPHXl, IF1A, DIABLO, CDH1, HIFlot, 
IGFBP3, CTSB, and Her2, Wherein overexpression of one 
or more of FOXMl, PRAME, STK15, Ki-67, CA9, NME1, 
SURV, TFRC,YB-1, RPS6KB1, Src, Chk1, CCNB1, Chk2, 
CDC25B, CYP3A4, EpCAM, VEGFC, hENT1, BRCA2, 
EGFR, TK1, VDR, EPHXl, IF1A, Contig51037, CDH1, 
HIFlot, IGFBP3, CTSB, Her2, and pENT1 indicates a 
decreased likelihood of long-term survival Without breast 
cancer recurrence, and the overexpression of one or more of 

Bcl2, CEGP1, GSTMl, PR, BBC3, GATA3, DPYD, 
GSTM3, ID1, EstR1, p27, XIAP, IGF1R, AK055699, 
P13KC2A, TGFB3, BAGI1, pS2, WISPl, HNF3A, 
NFKBp65, and DLABLO indicates an increased likelihood 
of long-term survival Without breast cancer recurrence. 

[0160] In a particular embodiment of this method, the 
expression level of at least 2, preferably at least 5, more 
preferably at least 10, most preferably at least 15 prognostic 
transcipts or their expression products is determined. 

[0161] When the breast cancer is invasive breast carci 
noma, including both estrogen receptor (ER) overexpres sing 
(ER positive) and ER negative tumors, the analysis includes 
determination of the expression levels of the transcripts of at 
least tWo of the folloWing genes, or their expression prod 
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UCISZ PoxM1, PRAME, B612, STK15, CEGPl, K1-67, 
GSTMl, PR, BBc3,NMB1, SURV, GATA3, TFRC,YB-1, 
DPYD, s16, CA9, c6m1g51037, RPS6K1 and H612. 

[0162] When the breast cancer is ER positive invasive 
breast carcinoma, the analysis includes determination of the 
expression levels of the transcripts of at least tWo of the 
following genes, or their expression products: PRAME, 
Bcl2, FOXMl, DIABLO, EPHXl, HIFlA, VEGFC, Ki-67, 
IGFlR, VDR, NMEl, GSTM3, Contig5l037, CDC25B, 
CTSB, p27, CDHl, and IGFBP3. 

[0163] Just as before, it is preferred to determine the 
expression levels of at least 5, more preferably at least 10, 
most preferably at least 15 genes, or their respective expres 
sion products. 

[0164] In a particular embodiment, the expression level of 
one or more prognostic RNA transcripts is determined, 
Where RNA may, for example, be obtained from a ?xed, 
Wax-embedded breast cancer tissue specimen of the patient. 
The isolation of RNA can, for example, be carried out 
folloWing any of the procedures described above or through 
out the application, or by any other method knoWn in the art. 

[0165] In yet another aspect, the invention concerns an 
array comprising polynucleotides hybridizing to the folloW 
ing genes: FOXMl, PRAME, Bcl2, STKiS, CEGPl, Ki-67, 
GSTMl, PR, BBC3, NMEl, SURV, GATA3, TFRC, YB-l, 
DPYD, CA9, Contig5l037, RPS6K1 and Her2, immobi 
lized on a solid surface. 

[0166] In a particular embodiment, the array comprises 
polynucleotides hybridizing to the folloWing genes: 
FOXMl, PRAME, Bcl2, STKlS, CEGPl, Ki-67, GSTMl, 
CA9, PR, BBC3, NMEl, SURV, GATA3, TFRC, YB-l, 
DPYD, GSTM3, RPS6KB1, Src, Chkl, IDl, EstRl, p27, 
CCNBl, XIAP, Chk2, CDC25B, IGFlR, AK055699, 
P13KC2A, TGFB3, BAGIl, CYP3A4, EpCAM, VEGFC, 
pS2, hENTl, WISPl, HNF3A, NFKBp65, BRCA2, EGFR, 
TKl, VDR, Contig5l037, pENTl, EPHXl, IFlA, CDHl, 
HIFlot, IGFBP3, CTSB, Her2 and DIABLO. 

[0167] In a further aspect, the invention concerns a 
method of predicting the likelihood of long-term survival of 
a patient diagnosed With invasive breast cancer, Without the 
recurrence of breast cancer, folloWing surgical removal of 
the primary tumor, comprising the steps of: 

[0168] (l) determining the expression levels of the RNA 
transcripts or the expression products of genes of a gene set 
selected from the group consisting of 

[0169] (a) B612, 6y61111G1, NFKBp65, NMEl, EPHXl, 
ToP2B, DRS, TERC, s16, DIABLO; 

[0170] (b) K167, XIAP, hENTl, TS, CD9, p27, 6y61111G1, 
pS2, NFKBp65, CYP3A4; 

[0171] (6) GSTMl, XIAP, K167, TS, 6y61111G1, p27, 
CYP3A4, pS2, NFKBp65, ErbB3; 

[0172] (d) PR, NMEl, XLAP, upa, cyclinGl, Con 
tig5l037, TERC, EPHx1, ALDH1A3, CTSL; 

[0173] (6) CA9, NMEl, TERC, 6y61111G1, EPHXl, 
DPYD, s16, ToP2B, NFKBp65, VEGFC; 

[0174] (1) TFRC, XIAP, K167, TS, 6y61111G1, p27, 
CYP3A4, pS2, ErbB3, NFKBp65; 
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[0175] (g) B612, PRAME, 6y61111G1, PoxM1, NFKBp65, 
TS, XIAP, K167, CYP3A4, p27; 

[0176] (11) PoxM1, 6y61111G1, XIAP, c6m1g51037, 
PRAME, TS, K167, PDGFRa, p27, NFKBp65; 

[0177] (1) PRAME, FOXMl, 6y61111G1, XIAP, c611 
tig5l037, TS, K16, PDGFRa, p27, NFKBp65; 

[0178] (j) Ki67, XIAP, PRAME, hENTl, contig5l037, 
TS, CD9, p27, ErbB3, cyclinGl; 

[0179] (k) STK15, XIAP, PRAME, PLAUR, p27, CTSL, 
CD18, PREP, p53, RPS6 KBl; 

[0180] (1) GSTMl, XIAP, PRAME, p27, c6m1g51037, 
ErbB3, GSTp, EREG, ID1, PLAUR; 

[0181] (m) PR, PRAME, NMEl, XIAP, PLAUR, 
cyclinGl, Contig5l037, TERC, EPHXl, DR5; 

[0182] (11) CA9, FOXMl, 6y61111G1, XIAP, TS, K167, 
NFKBp65, CYP3A4, GSTM3, p27; 

[0183] (6) TFRC, XIAP, PRAME, p27, c6m1g51037, 
ErbB3, DPYD, TERC, NME1,VEGFC; and 

[0184] (p) CEGPl, PRAME,hENT1,XIAP, c6m1g51037, 
ErbB3, DPYD, NFKBp65, ID1, TS 

in a breast cancer tissue sample obtained from said patient, 
normalized against the expression levels of all RNA 
transcripts or their products in said breast cancer tissue 
sample, or of a reference set of RNA transcripts or their 
products; 

[0185] (2) subjecting the data obtained in step (a) to 
statistical analysis; and 

[0186] (3) determining Whether the likelihood of said 
long-term survival has increased or decreased. 

[0187] In a still further aspect, the invention concerns a 
method of predicting the likelihood of long-term survival of 
a patient diagnosed With estrogen receptor (ER)-positive 
invasive breast cancer, Without the recurrence of breast 
cancer, folloWing surgical removal of the primary tumor, 
comprising the steps of: 

[0188] (l) determining the expression levels of the RNA 
transcripts or the expression products of genes of a gene set 
selected from the group consisting of 

[0189] (a) PRAME, p27, IGFBP2, HIFlA, TIMP2, ILT2, 
CYP3A4, ID1, EstRl, DIABLO; 

[0190] (b) c6m1g51037, EPHXl, K167, TIMP2, 6y61111G1, 
DPYD, CYP3A4, TP,AIB1, CYP2C8; 

[0191] (6) B612, hENTl, PoxM1, c6m1g51037, 
6y61111G1, Contig46653, PTEN, CYP3A4, TIMP2, 
AREG; 

[0192] (d) HIFlA, PRAME, p27, IGFBP2, TIMP2, ILT2, 
CYP3A4, ID1, EstRl, DIABLO; 

[0193] (6) IGFlR, PRAME, EPHXl, c6m1g51037, 
6y61111G1, B612, NMEl, PTEN, TBP, TUMP2; 

[0194] (1) PoxM1, c6m1g51037, VEGFC, TBP, HIFlA, 
DPYD, RAD51C, DCR3, 6y61111G1, BAGl; 

[0195] (g) EPHXl, c6m1g51037, K167, TIMP2, 6y61111G1, 
DPYD, CYP3A4, TP,AIB1, CYP2C8; 




























































































































































































































































































































































































































