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“GENE EXPRESSION PROFILING USING 5 GENES TO PREDICT
PROGNOSIS IN BREAST CANCER”
Seokokokkk
Technical field _
The present invention relates to methods, kits and systems for the prognosis of the
disease outcome of breast cancer. More specific, the present invention relates to the
prognosis of breast cancer based on measurements of the expression levels of marker
genes in tumor samples of breast cancer patients. Thus, the invention concerns a
quantitative RT-PCR method to measure a series of mRNA levels in biopsied breast
tumor tissues, including archived paraffin-embedded biopsy material. The invention
also allows to define three signature related to prognosis using an algorithm of
choice: high risk/poor prognosis; medium risk/medium prognosis; low risk/good
prognosis. Obtained gene expression profile will be important for assigning the most
optimal treatment options to breast cancer patient based upon knowledge derived
from gene expression studies.
Background of the invention
In the last few years, several multi-gene assays performed on tumor tissue from
women with early breast cancer have been proposed to provide prognostic
information and discriminate good vs. poor prognosis . These assays might be useful
to assist in making more informed treatment decisions regarding chemotherapy,
according to the main international guidelines.
The array gene expression analysis “Mammaprint®” identifies a 70 gene-signature
indicative for poor prognosis in patients with lymph node-negative disease or with 1—
3 positive nodes, predicting chemotherapy benefit in the “high risk” group, vs. no
apparent benefit in the “low risk” group, in a non-randomized clinical setting. It
needs fresh/frozen tissue of the primary breast tumors. The multigene assay
“Oncotype DX®” evaluate gene expression analysis of 21 genes starting from
paraffin-embedded tissue calculating a recurrence score to classify patients at low,
intermediate, or high risk for recurrence. From two independent retrospective
analyses from phase III clinical trial with adjuvant tamoxifen-alone control arms, the

21-gene recurrent score (RS) assay defines a group of patients with low scores who
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do not appear to benefit from chemotherapy, and a second group with very high
scores who derive major benefit from chemotherapy, independently of age and tumor
size. Other studies using a supervised approach based on clinical outcome endpoint
to tumor grade as a basis for gene findings have resulted in development of multiple
commercial reference lab assays for prognostication (MapQuant Dx, Theros Breast
Cancer Index).

The above-mentioned multigene assays are expensive and validations have been
made on patients selected by age and nodal or Estrogen Receptor status and or
received adjuvant treatment.

More recently, multigene assays have been shown to provide information superior or
additional to the standard clinical risk factors. It is generally recognized, that
proliferation markers seem to provide the dominant prognostic information.
Prominent examples of those predictors are the above cited Mammaprint test from
Agendia, the Relapse Score from Veridex and the Genomic Grade Index, developed
at the institute Jules Bordet and licensed to Ipsogen. All of these assays are based on
determination of the expression levels of at least 70 genes and all have been
developed for RNA not heavily degraded by formalin fixation and paraffin
embedding, but isolated from fresh tissue (shipped in RNALaterTM) . Another
prominent multigene assay is the Recurrence Score test of Genomic Health Inc. The
test determines the expression level of 16 cancer related genes and 5 reference genes
after RNA extraction from formalin fixed and paraffin embedded tissue samples.
However, the current tools suffer from a lack of clinical validity and utility in the
most important clinical risk group, i.e. those breast cancer patients of intermediate
risk of recurrence based on standard clinical parameter. Therefore, better tools are
needed to optimize treatment decisions based on patient prognosis. For the clinical
utility of avoiding chemotherapy, a test with a high sensitivity and high negative
predictive value is needed, in order not to undertreat a patient that eventually
develops a distant metastasis after surgery.

In regard to the continuing need for materials and methods useful in making clinical
decisions on adjuvant therapy, the present invention fulfills the need for advanced

methods for the prognosis of breast cancer on the basis of readily accessible clinical
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and experimental data.

Brief description of figures

Figure 1 shows the multistep approach of the invention for the identification of the
five informative genes.

Figure 2 shows the curves associated with DFS according to the three risk groups.
The score was categorized in three groups according to the tertiles of its distribution.
Figure 3 shows the curves associated with DFS after validation set.

Figure 4 shows the Primer sequences, slope, PCR efficiency and RSq of each of the
20 genes + 2 housekeeping genes used for gqRT-PCR.

Description of the invention

The present invention provides a method to assess the risk of recurrence of breast
cancer.

The present invention also relates to a method of determining the prognosis of a
patient suffering from breast cancer, comprising the step of measuring the level of
expression of FGFI18, BCL2, PRCI, MMP9, SERFIa, in a biological sample of said
patient, wherein a high BCL2 and SERFIla expression is associated with a poor
prognosis and a decreased likelihood of long-term survival without breast cancer
recurrence, and/or high FGFI8, PRCI and MMP9 expression is associated with a
good prognosis and an increased likelihood of long-term survival without breast
cancer recurrence.

The method of the invention further comprises (a) assaying an expression level of at
least one RNA tfanscript selected from the group consisting of: FGFI8, BCL2,
PRCI, MMPY, SERFla; (b) determining a normalized expression level of the RNA
transcript or its expression product wherein the normalized expression level of the
RNA transcript or its expression product positively correlates with an increased
likelihood of bréast cancer recurrence; and (c) providing information comprising the
likelihood of long-term survival without breast cancer recurrence for the patient,
wherein the information comprises the normalized expression level of the RNA
transcript or its expression product.

The method of the present invention for determining the prognosis of a patient

suffering from breast cancer also further comprises:
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(a) determining in a tumor sample from said patient the RNA expression levels of at
least 2 of the following 5 genes: FGF18, BCL2, PRCI, MMP9, SERFla

(b) mathematically combining expression level values for the genes of the said set
which values were determined in the tumor sample to yield a combined score,
wherein said combined score is indicative of a prognosis of said patient.

In one embodiment at least 2, preferably 3, more preferably 4, or all 5 FGFI8,
BCL2, PRCI1, MMP9, SERF1a genes are selected .

It is also object of the present invention a kit for determining the prognosis of a
patient suffering from breast cancer, comprising the step of measuring the level of
expression of FGFI8, BCL2, PRCI, MMP9, SERFa, in a biological sample of said
patient, wherein a high BCL2 and SERFla expression is associated with a poor
prognosis and a decreased likelihood of long-term survival without breast cancer
recurrence, and/or high FGFI8, PRCI and MMP9 expression is associated with a
good prognosis and an increased likelihood of long-term survival without breast
cancer recurrence.

According to an aspect of the invention there is provided a method as described
above, wherein a risk of developing recurrence is predicted.

According to an aspect of the invention there is provided a method as described
above, wherein said expression level is associated with a Gene Signature Score
which predicts the risk of developing recurrence of breast cancer within 5 years.
According to an aspect of the invention there is provided a method as described
above, wherein said expression level is determined as an RNA expression level.
According to an aspect of the invention there is provided a method as described
above, wherein said expression level is determined by a PCR based method,
preferably quantitative RT-PCR.

According to an aspect of the invention there is provided a method as described
above, wherein said determination of expression levels is carried out on different
kinds of samples for example formalin-fixed paraffin embedded tumor sample , a
fresh-frozen tumor sample, biopsy sample .

According to an aspect of the invention there is provided a method as described

above, wherein the expression level of said at least on marker gene (i.e. FGFIS8,
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BCL2, PRCI, MMP9, SERFa) is determined as a pattern of expression relative to at
least one reference gene or to a computed average expression value.

According to an aspect of the invention there is provided a method as described
above, wherein said step of mathematically combining comprises a step of applying
an algorithm to values representative of an expression level of a given gene.
According to an aspect of the invention there is provided a method as described
above, wherein said algorithm is a linear combination of said values representative of
an expression level of a given gene. According to the invention the expression levels
of FGF18, BCL2, PRC1, MMP9, SERFla were combined in a weighted linear score
GeneSignature score= ) iw; valuei ‘

wherein w; is weights determined by the coefficients of the multivariate Cox
regression model (B values showed in several tables of the present invention) and
value; represents the gene expression levels. The tertile values of the signature were
chosen as the cut offs to classify patients at low, medium or high risk of disease
relapse. The correlation of the two signatures with DFS was evacuate by Kaplan
Meier (KM) survival curves and by the Hazard estimate by a Cox model (Figures).
The term “tertile” in the present description has the meaning of any of the
two points that divide an ordered distribution into three parts, each containing a third
of the population.

According to an aspect of the invention there is provided a method as described
above, wherein a value for a representaiive of an expression level of a given gene is
normalized against a reference set comprising RNA transcripts of at least two genes
chosen among housekeeping genes ACTB, GAPDH, B2M, TBP and/or or their
expression products by GeNorm or the statistical computing language R .

According to a preferred aspect the invention provides a method as described above
wherein the Gene Signature Score is determined normalized the expression level of
the RNA transcript of FGFI8, BCL2, PRCI, MMPY9, SERFIla or its expression
product, wherein the normalized expression level of the RNA transcript or its
expression product allows the calculation of the following algorithm:

Gene Signature Score = 0.125x FGF18 -0.560 xBCL2 +0.409x PRC1+ 0.104x
MMP9- 0.188 xSERF1
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It is also object of the present invention according the Gene Signature Score
obtainable by the method of the invention. Gene Signature Score is categorized 3
| groups according to the tertiles of its distribution:

Low Risk of recurrence within 5 years: GeneSignatureScore <-0.87

Intermediate Risk of recurrence within 5 years: -0.87 < GeneSignatureScore < -0.13
High Risk of recurrence within 5 years: GeneSignatureScore >=-0.13

Thus it is object of the present invention the Gene Signature Score wherein said
Gene Signature Score is associated with the risk of breast cancer recurrence in
patient. In detail, according to the method of the invention a Gene Signature Score
value of about “< -0.87” indicates a low risk of recurrence within 5 years, a Gene
Signature Score value comprises among -0.87 < GeneSignatureScore < -0.13
represents an intermediate risk of recurrence within 5 years and a Gene Signature
Score value of about > - 0.13 represents an high risk of recurrence within 5 years.
According to an aspect of the invention there is provided a method as described
above, wherein an information regarding nodal status of the patient and/or therapy
treatment of patient is not necessary to determine the Gene Signature Score and for
the mathematically combining expression level values for the genes to yield a
combined score.

Prognosis is a medical term to describe the likely outcome of an illness. Here, a good
prognosis correlates low risk of recurrence of cancer within five years, medium
prognosis correlated with intermediate risk of recurrence cancer within five years and
poor prognosis correlates with high risk of recurrence cancer within five years.

The invention further relates to a kit for performing a method as described above,
said kit comprising a set of oligonucleotides capable of specifically binding
sequences or fragments of at least one gene FGFI8, BCL2, PRC1, MMP9,SERFla
as well as at least one housekeeping genes above indicated.

The invention further relates to a computer program product capable of processing
values representative of an expression level of a combination of genes
mathematically combining said values to yield a combined score, wherein said
combined score is indicative of risk of cancer recurrence in said patient, according to

the above methods.
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Said computer program product may be stored on a data carrier or implemented on a
diagnostic system capable of outputting values representative of an expression level
of a given gene, such as a real time PCR system.

If the computer program product is stored on a data carrier or running on a computer,
operating personal can input the expression values obtained for the expression level
of the respective genes. The computer program product can then apply an algorithm
to produce a combined score indicative of risk of cancer recurrence for a given
patient.

The methods of the present invention have the advantage of providing a reliable
prediction of an outcome of disease based on the use of only a small number of
genes. The methods of the present invénﬁon have been found to be especially suited
“for prognostic signature for disease free survival in breast cancer patients where the
indication for adjuvant chemotherapy added to endocrine treatment is uncertain.
Detailed description of the invention

Applicant has now surprisingly found that the method of the invention is able to
predict 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 analysis of the expression level of the following 5 mRNA including:
FGFI8, BCL2, PRCI, MMPY9,SERFla, wherein overexpression of BCL2 and
SERFla, indicates a decreased likelihood of longterm survival without breast cancer
recurrence, and the overexpression of FGFI8, PRCI and MMP9, indicates an
increased likelihood of long-term survival without breast cancer recurrence.

This method has a good discriminating ability and it is able to determine a prognostic
signature for DFS (disease free survival) in breast cancer patients. The method of the
invention concerns the identification of five-gene recurrence score able to estimate
the likelihood of recurrence in a series of consecutive breast cancer tissue samples.
These five informative genes were selected by a multistep approach summarized in
Figure 1. Firstly, we identified in silico a subset of 20 mRNA differentially regulated
in breast cancer analyzing several publicly available array gene expression data using
R/Bioconductor package. We further evaluated, in vitro, the expression level of these

20 genes in 261 consecutive invasive breast cancer cases not selected for age,
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adjuvant treatment, nodal and estrogen receptor status from paraffin embedded
sections. The only requested feature was a minimum follow up of 5 years with full
clinical data. Each tissue block was reviewed by a pathologist to ensure greater than
70% content of tumor cells. The gene expression analysis was based on quantitative
RT-PCR. The biological samples dataset was split into a training and\ a validation
dataset. The gene signature was developed on the training set by a multivariate
stepwise Cox analysis selecting five genes independently associated with disease free
survival (DFS). These five genes were combined into a linear score (signature)
weighted according to the coefficients of the Cox model. The signature was then
evaluated on the validation set assessing the discrimination ability by a Kaplan Meier
analysis, using the same cut offs classifying patients at low, intermediate or high risk
of disease relapse as defined on the training set. The five genes of the invention are
unexpected selected from several genes. In fact the five genes of the invention are
identified without any a priori selection for gene function or cancer involvement, but
trough the _‘correlation gene signature , between their expression level and DFS. The
five genes of the invention able to correlate with a prognosis of recurrence of cancer
are FGF1IS8, B‘CLZ, PRCI1, MMP9, SERFla. The function of SERFla is still
unknown, the other genes play an important role in cancer:

(a) FGF18 is over-expressed in tumors. FGFI18 expression is up-regulated through
the constitutive activation of the Wnr pathway observed in most colorectal
carcinomas. As a secreted protein, FGF18 can thus affect both the tumor and the
connective tissue cells of the tumor microenvironment;

(b) BCL2: Over-expression of BCL2 protein has been identified in a variety of solid
organ malignancies, including breast cancer. BCL2 transcript over-expression is
related to unfavorable prognosis;

(c) PRCI: 1t associates with the mitotic spindle and has been found to play a crucial
role in the completion of cytokinesis. PRCI is negatively regulated by p53 and it is
over-expressed in p53 defective cells suggesting that the gene is tightly regulated in a
cancer-specific manner;

(d) MMP9: Metalloproteases are frequently up-regulated in the tumor

microenvironment. MMP9 influence many aspects of tissue function by cleaving a
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diverse range of extracellular matrix, cell adhesion, and cell surface receptors, and
regulate the bioavailability of many growth factors and chemokines;

(e) SERFla: The function of SERF1a is not already known. According to method of
the invention is surprisingly and unexpected found a biological properties of these
gene in cancer. The method of the invention establish a link between our proposed
molecular signature of breast cancer and the underlying capabilities acquired during
the multistep development of human tumors.

The method of the invention has several advantages, for example it is easily used in
the scientific and diagnostic laboratories, affordable, not time consuming, able to
detect RNA in different samples e.g. it is able to detect the expression level of five
genes of the invention in FFPE tissue and it might be performed easily in almost all
laboratories with the required gqRT-PCR instrumentations.

The method of the invention is validated on a “real life” clinical setting with a set of
consecutive breast cancer cases irrespectively from age, nodal and estrogen receptor
status, adjuvant treatment with at least a minimum follow up of 5 years.

The method of the invention is able to detect the expression level of five genes of
the invention also in 74.6% of the initial set of cases due to RNA degradation from
FFPE tissues according to the literature regarding other signatures RNA degradation
can be monitored simply evaluating the Ct values of the housekeeping genes used for
normalization.

According to further aspect of the invention the method above described is able to
analyse the predictive value of the five-gene signature in ER positive population of
tamoxifen alone benefit and of chemotherapy added to tamoxifen. The method of the
invention should be useful proposed as non expensive prognostic signature for
disease free survival in breast cancer patients where the indication for adjuvant
chemotherapy added to endocrine treatment is uncertain.

The method of the invention is a prognostic tool for early breast cancer based on the
analysis of the relative expression level of at least one FGFI8, BCL2, PRC1, MMP9
and SERFIA genes . the gene signature score according to the invention has a good
discriminating ability when tested on the validation set.

The present invention thus relates to methods for determining the prognosis for
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survival, and for testing the effect of treatment regimens. The invention also relate to
a kit for determining the prognosis for survival, and for testing the effect of treatment
regimens.

Unless defined otherwise, technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this

invention belongs.

"The inventors have now found that there is a correlation between the expression level

of FGF18, BCL2, PRCI1, MMPY, SERFla genes and the prognosis for recurrence of
cancer within five years.

At the best of our knowledge, no previous study has examined the relationship
between the RINF mRNA expression and a patient's prognosis in cancer. This
inventive idea was tested because we have been the first to observe that this genes
were deregulated in cancer cell types. However, and importantly, these results were
not obvious because many genes shown to be de-regulated in cancer have no
predictive value toward a patient survival, recurrence or response to therapy. This is
an important area of research in cancer because there are little data to help physicians
chose which treatment is best for which patients or to determine the risk of
recurrence of cancer.

The meanings of terms used in the present description are explained herein below.
The words “method” and “process” are interchangeable in the present description
and both terms are used indifferently to refer and claim the present invention.

The term "node positive", "diagnosed as node positive", "node involvement" or
"lymph node involvemént" means a patient having previously been diagnosed with
lymph node metastasis. It shall encompass both draining lymph node, near lymph
node, and distant lymph node metastasis.

A "tumor sample" is a biological sample containing tumor cells, whether intact or
degraded. The sample may be of any biological tissue or fluid. Such samples include,
but are not limited to, tissue, core or fine needle biopsy samples, cell-containing
body fluids, or cells isolated therefrom. This may also include sections of tissues
such as frozen or fixed sections taken for histological purposes or microdissected

cells or extracellular parts thereof.

10



10

15

20

25

30

WO 2014/009798 PCT/IB2013/001508

A "gene" is a set of segments of nucleic acid that contains the information necessary
to produce a functional RNA product. A "gene product” is a biological molecule
produced through transcription or expression of a gene, e.g. an mRNA, cDNA or the
translated protein.

An "mRNA" is the transcribed product of a gene and shall have the ordinary
meaning understood by a person skilled in the art. A "molecule derived from an
mRNA" is a molecule which is chemically or enzymatically obtained from an mRNA
template, such as cDNA.

The term "expression level”" refers to a determined level of gene expression. This
may be a determined level of gene expression as an absolute value or compared to a
reference gene (e.g. a housekeeping gene), to the average of two or more reference
genes, or to a computed average expression value or to another informative gene
without the use of a reference sample. The expression level of a gene may be
measured directly, e.g. by obtaining a signal wherein the signal strength is correlated
to the amount of mRNA transcripts of that gene or it may be obtained indirectly at a
protein level.

The term "mathematically combining expression levels", within the meaning of the
invention shall be understood as deriving a nuineric value from a determined
expression level of a gene and applying an algorithm to one or more of such numeric
values to obtain a combined numerical value or combined score.

An "algorithm" is a process that performs some sequence of operations to produce
information.

A "score" is a numeric value that was derived by mathematically combining
expression levels using an algorithm. It may also be derived from expression levels
and other information, e.g. clinical data. A score may be related to the outcome of a
patient's disease.

A "discriminant function" is a function of a set of variables used to classify an object
or event. A discriminant function thus allows classification of a patient, sample or
event into a category or a plurality of categories according to data or parameters
available from said patient, sample or event. Such classification is a standard

instrument of statistical analysis well known to the skilled person. E.g. a patient may
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be classified as "high risk" or "low risk", "intermediate risk" according to data
obtained from said sample.

The method of the invention is explained in the following paragraphs in more
detailed manner. ‘

The inventors, starting from the identification of a subset of 20 mRNA differentially
regulated in breast cancer and analyzing several publicly available array gene
expression data using R/Bioconductor package, have been isolated five genes able to
predict the risk of cancer recurrence. Using q RT-PCR inventors evaluate 261
consecutive invasive breast cancer cases not selected for age, adjuvant treatment,
nodal and estrogen receptor status from paraffin embedded sections. The biological
samples dataset was split into a training (137 cases) and a validation set (124 cases).
The gene signature was developed on the training set and a multivariate stepwise
Cox analysis selected five genes independently associated with DFS: FGF18 (HR =
1.13, p = 0.05), BCL2 (HR = 0.57, p = 0.001), PRC1 (HR = 1.51, p = 0.001), MMP9
(HR=1.11, p=0.08), SERFla (HR = 0.83, p = 0.007).

These five genes were combined into a linear score (signature) weighted according to
the coefficients of the Cox model, as: 0.125FGFI18 — 0.560BCL2 + 0.409PRC1 +
0.104MMP9 — 0.188SERFI4A (HR = 2.7, 95% CI = 1.9-4.0, p < 0.001). The
signature was then evaluated on the validation set assessing the discrimination ability
by a Kaplan Meier analysis, using the same cut offs classifying patients at low,
intermediate or high risk of disease relapse as defined on the training set (p < 0.001).
The gene signature score obtained according to the method of the invention is useful
as prognostic signature for disease free survival in breast cancer patients where the
indication for adjuvant chemotherapy added to endocrine treatment is uncertain.
Genes to be included in the analysis

To select the candidate genes to be included in the signature and to be analysed in
biological samples by RealTime PCR, we used data deposited in NCBI Gene
Expression Omnibus (GEO; available at http://www.ncbi.nlm.nih.gov/geo/, GEO
Series accession number GSE1456 and GSE3494), including 408 breast cancer
patients. Files containing raw intensity data of Affymetrix HU133A and HU133B
arrays of the two (GSE1456 and GSE3494) were preprocessed using R/Bioconductor

12
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(GCRMA package, quantile normalization, median polish summarization). The two
data sets were pre-processed together using the supercomputer Michelangelo

(www.litbio.org). The candidate genes were selected from the above mentioned

datasets as those included in 4 previously proposed signatures: the “70-gene good-
versus-poor out come” developed by van de Vijver et al. and van’t Veer et al.
including 70 genes, the “recurrence-score” developed by Paik et al including 21
genes, the “two-gene—ratio model” including 2 genes and the “Insuline resistence”
signature including 15 genes. Since some genes are present in more than one

signature, the final extracted set was made up of 98 genes (194 Affy-probes) (Table
1).

13
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Table 1: Genes selected

Symbol AfRID Group Affychip  Symbol ARID Group Affychip  Svinbol AftID Lroup  Affychip

ALDHSAL 203722 a 100 A MKIST 212001 sat 260 A MCME 201930t 100 A
APBI 200612 sat 100 A MRIST 2202w 200 A MELK  208825at 100 A
APIBI  200615sat 100 A MKIST 22023 sa 260 A MKIS7 212020 st 2.00 A
AURKA 204002 sat 200 A MMPH  203876.sat 200 A SLC2A3 240055t  1.00
AURKA  2080%0.sat 200 A MMPIL 2038785t 200 F ZNFS3 229019 at 100
AURKA  208080m 200 A MMPY 203936 s at 100 A INF33 24302 a 100
AYTLT 2018w 100 A MYBL2  201Ti0e 280 A IGFI 209%4bat 300 A
BAG! WHETa 200 A NDCSSE 204162t 100 A IGFIR  203628.at 300 A
BAGE  M1475sar 200 A NUSAPL  28030.a 100 A IGFY  0a0sat 300 A
BBC: 262 sat 100 A ORCEL  219105.x.at 10O a IGFBPY  201508.at 300 A

BCO4S64Y M8 ar 100 A OXCTI 202780 at 100 A IGFBPS 2034 s 100 A

BCOS642  2ES0at - 100 A AL 202759 s st 100 A IGFBPS  MB423 sa 100 A

: AXAP?

BCO4SSE2  M2S1at 100 A :i:; 2007605t 100 A IGFBPS 203428 s a1 100 A
BCLY 203634t 200 A PECT 28025 o 100 a IGFBPS  211958.at 100 A
BCL2 205635 200 A POR 208305 2t 290 A IGFBPS 21199 w100 A
BCL2 0708 200 & PITRM1 205735t 10O A IGFBPE  2038SLat  3.00 A
BCLY  W0Ssa 200 A PQLCY 2204332t 100 A IGEBPT 2011633 at 300 A

BFO34807 206033 at 100 A PRCI 218000 s at 100 A ILI7RB  USSxat 400 A
BIRCS 202084 200 A RAB6A  0I045sat 100 A IL6ST 20486352t 3.00 A
BIRCS  202095sat 200 A RAB6A 201047 xm 10O A INSIG! 20167 sat 300 A
BIRCS  2W034xat 200 A RABSA 2010483 at 100 A IRS! 204686 2t 300 A

Ciborifl 21387 100 & BABEA 20065 10D A IRS? 209184 38t 300 A
Cioeti§ 2199588t 100 A RFC4  204023a 100 A LGP 2UmSLat 100 A
Corf30  205122at 100 A SCUBE2 2919758t 150 A LOCS3008 29M0at  1.00 B
o3 205123sat 100 A SERFIA 99825t 160 A MCMS 2380772t 100 B
CONBI  M4510sat 200 A SLCIA3 202497 s at 160 A MS4AT  2B3a 100 :
CONE?  050Ma 160 A SLC2A3 202498 s at 140 A MSIAT MLz w100 B
CONEI  2MSidsat 100 A SIC2A3 20499 s at 100 A MSJAT M3 sat 100 B
€Dé3 3507t 200 A SLOXA3  216236sat 10D A PADME  ssss st 100 B
- - ARAP? -
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Table 1 cont.

Svinbel AMNID Group  Affychip  Svmbol AfivID Group  Affvchip  Svnbel AfRID Group  Affrchip

CDCA2BPA 2144640t 109 A SLCIA3 222088 st 100 A QSOX?  2TMfar 100 B
CENPA 204962 ¢ at 100 A STKI?B 219636 at 100 A QSOX?  235230.at 10D B
CENPA 082 xat 100 A TGFB? 208747t 100 A RTNMRLI 229697 at 100 B
COL#AZ 211964t 100 A TNFRSFI0B 208195.at 300 A RTN4RLI 232506t 100 B
COLEAS 2110662t 100 A TNFRSEI2A 218368 s ar 300 A RTNRLI 240100 100 B
CISL2  20074at 300 A TNFRSFM 24581 xat 300 A RUNDCL  236208.at 100 B
DCK 203302 100 A TNFSFIO 24329 x @t 300 A RUNDCI  235040_at 10D B
DIAPHZ 22099752t 100 A TSPYLS  231Ra 100 A SERFIA 2353w 100 B
DIL 28585 st 100 A UCHLS 2199605 at  1.00 A SERFIA 213339 sat 100 B
ECT: 29787 sat 100 A WISPE 206796t 100 A SLCIAI  236180a 100 B
EGLNI  2497xaf 100 A WISPL  MIM2sat 100 A SLC2A3 236571 at 100 B
TSMI 20334 x et 100 A AASMO4S  230365.a 100 B GRBT 210761 sat 200 A
ESRI  205MSa 200 A AASHSS 135039t 100 B GSTMI 204418 x at 200 A
ESRY 207672 200 A ARSI BSMTat 100 B GSTMI 204530 x. st 200 A
ESRI 211233 mat 200 A AIBINS  BBHa 100 B GSTMI 213333 xat 200 A
ESRI MM xat 200 A APIBL 2064 et 100 B GSTM3 203534 s ot 100 A
ESRI  2MIBSsa 200 A AWONS2L  230710m 100 B HERD 2108305t 200 A
ESRI  I61Tsat 200 A AWOMGIL 236480 100 B HER2?  6836s5at 200 A
ESRI M5S2sa 200 A AYTLY  24iSila 100 B HOXBI? 209844 at 400 A
ESRE  247163at 100 A CDCAT  14438sat 100 B HRASLS  Z199%5.m 100 A
ESRI  NTI80x s 200 A CDCAT  230060at 100 B HRASLS 219984 s 100 A
EXTE  201995.at 100 A COL#AZ  2376M.a 100 B DE 203328 sat 300 0 A
EXTI  215206.at 100 A DCX 24115t 100 B FBXO3! 25Msa 100 B
FBXO3! 2197844t 100 A DIL 206305 100 B FBXO3! 224161 5.t 100 B
FBNO31 9T sat 100 A EBF4  233032x.at 100 B FBXO3L 236873t 100 B
EBXO3  2352a 160 A EBES N3850 s ar 100 B FGEIS B8 a 100 B
FGFIS 2060860t 100 A ECT?  23802xm 100 B FLTI 226897 sat 100 B
FGFIS 2069872 100 A ECT:  BMMa 100 B FLTI 26498 100 B
FGFIS  2110¥sa 100 A EGINI  IB0at 10D B FLTL 232809 st 100 B
FGFIS 21485 sat 100 A EGLNI 2230462t 100 B GPRISO 231871 at 100 B
FOFIS  2M484sat 100 A EGLN! 2243l sat 100 B GPRISO  23912.at 140 B
FLTI  204406at 100 A EXTI  3UTa 100 B GSTM3 2358678t 100 3
FITE 0087 sat 109 A EXT: 264t 100 B LOCE605Z 241370.a 100 |
FLTE  22033sat 100 A EXTI  237HOa 100 B
GMPS 41 at 100 A EXTT  297.at 100 B
GNAZ 204993t 10D A EXTI 234 100 B
GPRI2S 213084 w100 A EXTI 2421268t 100 B

15
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Selection of genes to build the signature .
A univariate Cox regression analysis was run to select genes whose expression levels
were significantly correlated to Disease Free Survival (DFS). All genes correlated
with DFS with a p<0.01 were selected: 48 genes satisfied this condition. Using an

5 unsupervised hierarchical clustering algorithm 20 clusters were selected grouping
genes with similar expression profiles. Or each cluster a representative gene was
selected as the one most correlated with DFS within that specific cluster, using a Cox
regression model.

| The final 20 genes set was selected (Table 2).
10 Table 2: Final 20 genes set, all highly associated with Disease Free Survival (DFS)

P Chip indice p HR {ogP fogHR

index Symbol  cluster AffyiD Group Grou

11 AYTL2 & 201818 _at 1 vy A 10 DO00B28 14671993 3081881 0.3795801
38 MMPS 14 203936_s_mt 1 v A 37 0000807 1147978 3216767 0.138002
54 PITRM1 17 205273 s ot 1 1'4% A 53 0.007143 1205020 2146102 0.258533
&9 TGFB3 3 209747 _at 1 vy A 88 0.00086 0793411 3.065539 -0.231414
114 PRC1 1 218009 _s_at 1 v A 113 77E-10 1293216 9.144520 0257132
120 ORCEL 16 219105_x_at 1 VY A 118 D.000201 1437993 3896472 0.363248
126 FBXO31 7 219785 _s_at 1 Vv A 125 0.,004458 1364903 2350769 0311083
143 MS4AT7 15 223344 _s_at 1 Vv B 142 0.004351 08490666 2361449 0162911
145 SERF1A 149 223539 s _at 3 'A% B8 144 D.001192 1438202 2923742 0.36339%4
156 QSOX2 18 227146 _at 1 Wy B 155 0.003408 1881511 2467395 (0.507728
163 FGF1B 8 231382 _at 1 W B 162 0.003375 06608622 2471695 -0.405532
164 GPR18D | 231871 _ot 1 v B 163 0.005803 1386805 2251618 D.327002
33 8CL2 53 203685_at 2 Paik A 32 0.00331 085331 24802 -D.158506
7 1GFBP7 4 201163 _s_at 3 IR A 8 0001529 0661088 2815582 -0.413869
28 IDE 11 203328_x_at 3 IR A 25 0005188 1678035 2284982 0.51818
35 IGFBPE 2 203851 _at 3 IR A 34 2.2ZE06 0871823 56542371 -D.398058
45 IRS1 13 204686_at 3 IR A 44 D.001258 0224901 2900183 0.192383
47 1887 12 2048623 _s_at 3 IR A 46 277E-D5 DA2816 4558807 -0.1B8549
&8 1GF1 2 200540 _at 3 IR A &7 1.03E-06 0801831 5985837 -0.220858
102 TNFSFID 20 214329 _x_at 3 IR A 101 D.004448 0822798 2351829 0195047

Tumor Samples and Signature creation on the training set
15  Among 350 consecutive invasive breast cancer patients with full information about
tumor, adjuvant treatments, follow up, relapse, death and causes of death, treated
between 1998 and 2001, 89 cases (25.4%) were removed from the study because of
the low RNA concentration (below 10 ng/uL) or high degradation (Ct values for
ACTB and B2M over 34). The remaining 261 cases were split in two biological
20 sample datasets: The training (137 cases) and the validation set (124 cases) by a

16
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simple criteria of consecutiveness. The clinical and demographic characteristics of
the patients included in the training and in the validation set are summarized in Table
3 and reported in detail in the supplementary file. Due to a simple criteria of
consecutiveness building the sets, the Training set has a longer mean follow up
(100.7 months; range 59-123) as compared with the Validation set (89.2; 61-121).
Nevertheless, the only significant differences between the two sets was the use of
anthracycline-based regimens in the édjuvant setting (Training 16% vs. Validation
32.2%; p = 0.01) and an higher incidence of G3 tumors in the Validation Set (30.6%
vs. 19.7, p = 0.04). The lack of information about HER2 Status is related to the
temporal context of the selected cases (1998-2001) and it was evaluated “a
posteriori” just in 40% of relapsed patients. Any other clinical and biological pattern

is similar and reflecting the “real life” picture of the disease in North East of Italy at

this time.
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Table 3. Characteristics of patients and tumors in the Training and Validation sets.

Training Set Validation Set P value
Nr of Patients o137 124 ns
Mean Age (range) 62.3 (353-87) 61.1 {33-87) ns
Mean Follow up (mounths) 100.7 (59-123) §9.2 (61-121) ns
Histology n % 7 % » value
Dugctal 86 62.8 83 66,9 ns
Lobular 26 1% - 16 12.9 ns
Tubular-Lobular 12 8.8 i 8.3 s
Medullary/Apocrine 2 1.4 3 24 ns
Other 11 8.02 12 9.6 ns
T Size ) . _
T1 78 56.9 82 66.1 ns
T2 33 387 37 208 ns
T3 3 2.2 3 24 ns
Tx 3 22 2 1.6 ns
N Status
pNO 39 65 75 60.5 ns
pNia 26 19 26 21 ns
pN+ 410 11 8.1 7 5.6 us
pN+>10 10 7.3 14 11.3 ns
NX 0
ER/PgR pos 123 854 97 76.38 ns
HER2Z NA 125 91.2 79 73.7 p=005*%
Grading
G1 33 241 20 16.1 1ns
G2 51 37.2 57 46 ns
G3 27 19.7 38 30.6 p»=0.04
G NA 26 19 9 7.3 ns
Ki67
High {»14%) 60 43.8 60 48.4 Ns
Low {(<15%) 77 56.2 60 48.4 11$
Adjuvant Chemo 49 35.8 57 46 ns
Anthracycline-based 22 16 40 322 »=0.01
Admvant endocrine (any) 110 80.3 96 774 p=0.01
Relapses 33 24 38 30.6 ns
Mean DFS, months 51.4 47.2 ns
Deaths 33 24 39 31.4 ns

* In the Validation Set HER2 status was evaluated in relapsed patients.
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The biological samples dataset was split by a random procedure into a training and a
validation set (ratio 1:1). The gene signature was developed on the training set. Once
the signature has been fully specified, the validation set was accessed once and only
for estimating the prediction accuracy of the signature. The training set was made up
of 144 samples of breast cancer with complete prognosis information (mean follw up
= 7.5 years). The RealTime PCR gene expression values have been normalized by
GeNorm using 2 housekeeping genes (B2M e ACTB).

The normalized expression levels were entered into a multivariate Cox regression
model with a stepwise selection procedure. The Cox model selected the genes more
correlated with DFS and created the signature. Two selection criteria were used, the
first one more conservative and less discriminate, the second one less conservative
but more discriminant. The first signature was based on the 5 genes more correlated
with DFS, while the second one was based on the 11 genes more correlated with
DFS.

Their expression levels were combined in a weighted linear score i
GeneSignatureScore Y wivalue;

where wi are weights determined by the coefficients of the multivariate Cox
regression model (B values in the Table 4) and valuei are the gene expression levels.
The tertile values of the signature were chosen as the cut offs to classify patients at
low, medium or high risk of disease relapse.

11 genes
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Variables in the Equation

95.0% Ci for Exp(B}.
B SE Wald df Sig. Exp(B) Lower Upper
fgt1e 202 078 6.679 1 010 1224 1.050 1.426
bel2 847 243 12.128 1 000 A28 266 650
| ide 389 226 2962 1 085 1475 047 2206 |
| osox2 -182 140 1.681 1 495 834 £33 1.098
pitrm1 343 200 2707 1 400 708 AT 1.068
prct 550 60 11.844 1 001 1734 1.267 2372
mmpo 423 o071 3016 1 082 1.131 984 1.300
igfbp6 184 090 4.236 1 040 832 698 991 |
irs1 189 142 1.781 1 482 1.208 915 1504
tnsf 163 414 2023 1 155 1.476 940 1472
serfla -262 086 9.336 1 002 769 650 910 |

A multivariate stepwise Cox analysis was run on the breast cancer samples including
the 20 selected genes. The Cox model selected a final set of five genes independently
associated with DFS
5 (Table 5, HR: Hazard Ratio): FGFI18 (HR = 1.13, p = 0.05), BCL2 (HR = 0.57, p =
0.001), PRCI (HR = 1.51, p = 0.001), MMP9 (HR = 1.1 1, p=0.08), SERFla (HR =
0.83, p = 0.007). '
These five genes were combined into a linear score (signature) weighted according to
the coefficients of the Cox model (Table 5), as: |
10  Gene Signature Score = 0.125 x FGF18 — 0.560 x BCL2 + 0.409 x PRCI + 0.104 x
MMP9-0.188 x SERFla
This score ranged from —2.95 to 2.91, with a mean value of —0.48 a SD of 1.00. The
linear score was highly associated with DFS in the training set: HR = 2.7, 95% CI =
1.94.0, p <0.001.
15 The score was then categorized in three groups according to the tertiles of its
distribution. The DFS according to the three risk groups is reported in Figure 2:
Patients with an intermediate risk signature had an HR = 6.03, (95% CI = 1.35-27.0,
p = 0.019) and patients with a high risk signature had an HR = 10.8, (95% CI =2.51-
46.64, p = 0.001) as compared to patients with a low risk signature.
20
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Table 5
Variables in the Equation

05.0% Cl for Exp(B)

B SE Wald df Sig. Exp(B) Lower Upper
tgf18 125 .084 3.738 1 053 1.133 898 1.285
bel2 -560 A73 10.444 1 001 571 407 802
prei 409 A20 11.712 1 001 1.506 1.191 1.903
mmp? 104 080 3.031 1 082 1.109 087 1.247
serfla ~188 089 7.375 1 007 828 723 .949

The correlation of the two signatures with DFS was evacuate by Kaplan Meier (KM)
survival curves and by the Hazard estimate by a Cox model (Figure 2). Figure 2
shows Probability of 5 years relapse: Disease free survival (DFS) according to the
risk groups defined by the gene signature in the training set: Low risk group (first
curve from the top), intermediate risk group (middle curve), high risk group (third
curve from the top). The hazard ratio (HR) of DFS for intermediate risk patients as
compared to low risk is 6.0 (95% Confidence Intervals (CI) = 1.35-27.0, p = 0.019
and the HR of DFS for high risk patients as compared to low risk is 10.8 (95% CI =
2.51-46.6, p = 0.001). |

Signature validation on the validation set

The prognostic value of the signature was tested on the validation set made up of 127
breast cancer samples of which 37 were recurrences, by Kaplan Meier survival
analysis and Cox regression analysis. The discrimination ability of the signature was
assessed on the validation set by a Kaplan Meier analysis, using the same cut offs
classifying patients at low, intermediate or high risk of disease relapse as defined on
the training set. The score resulted highly associated with DFS also in the validation
set (p < 0.001) (Figure 3). Patients with an “intermediate risk” signature had an HR =
2.1 (95% CI = 0.72-6.2, p = 0.17) and patients with a high risk signature had an HR
= 5.4 (95% CI = 2.0-14.4, p = 0.001) as compared to patients with a low risk
signature.

Figure 3 shows Validation set: Probability of 5 years relapse. Disease free survival
(DFS) according to the risk groups defined by the gene signature in the validation

set: low risk group (first curve from the top), intermediate risk group (middle curve),
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high risk group (third curve from the top). The hazard ratio (HR) of DFS for
intermediate risk patients as compared to low risk is 2.1 (95% Confidence Intervals
(CI) = 0.72-6.2, p = 0.17) and the HR of DFS for high risk patients as compared to
low risk is 5.4 (95% CI = 2.0-14.4, p = 0.001).

Inter and Intra Assay Reproducibility

Three serial sections from three cases each were evaluated independently in triplicate
calculating the coefficients of variation (CVs) for the Recurrent Score in the same
run and in different runs. The intra-assay and the inter-assay CVs was 3.7% and
4.7%, respectively.

Univariate Analysis

In the Univariate Analysis variables significantly related to DFS were Nodal Status
(» =0.0000001), T Size (p = 0.000002), the five gene Signature (i = 0.000043), Ki67
(» =0.0007) and Grading (p = 0.027) (Table 6).

Table 6: Univariate analysis

s e i s e

Variable Regression coeflicient {B) SE Exp (B) Mean Z-value  Probability level
@i@iﬁ?ﬁ:) 0.591 0100 1806  0.062 5.1 0.0000001
{p?;p?jfpm 3.647 7639 1087 0195 477 0.000002
iing!.S éi’;fji’ﬁgw) 0.646 0158 1900 1984  4.09 0.000043
migiiw} 0.427 0126  1.533 1933 3.38 0.0007
} G‘ff;f;gﬁ3} 0.298 0135 1348 1798 22 0.027

Multivariate Analysis

The Multivariate Analysis (Cox Regression) indicates that Nodal Status (p =
0.00001), T Size (p = 0.0002) and the five-gene Signature (p = 0.0004) are
significantly related to DFS, while Ki67 (cut off: 14%), Grading and Chemo- or
Endocrine Adjuvant Treatments are not (Table 7). The five-gene Signature HR is
slightly affected by adjuvant treatments: Table 8 summarized data about the five-

gene signature in presence or absence of Adjuvant treatment.
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Table 7: multivariate Cox regression analysis

PCT/IB2013/001508

Yariable Regression coefficient (B) SE  Exp@®B) Mean L-value Probability level
(95% CN
Nodal Stams 0.551 0.102 1.736  0.653 3379 0.00001
{pNOPN1a/pN2) {0.350-0.752)
T Size 0.562 0.149 1.754 1.449 3.762 0.0002
OTHPT2HTI) (00.269-0.854)
5 gene Signature 0.666 0.187 1947 19767 3.549 0.0004
(Hizhv/Intermediate/Low) {0.298-1.034)
Ki6? 0.27 0.152 131 1.748 137 0.076
(HighVLow) (~0.028-0.569) '
Grading -0.111 0.14 0.594 1708 ~0.792 DA28
{G1/G2/G3) {—0.387-0.164)
AdjChemo 0.061 0.275 1.063 1.604 0.221 0.824
{Yes/No) {—0.479-0.601)
Adi Endocrine 0.032 0.3 1.033 1.20% 0.109 0.912
{Yes/No) {(~0.536-0.622)

Table 8: Hazard Ratio Longrank (Cox-Mantel) for five genes of the invention in

presence or absence of adjuvant treatments

Chemo or endocrine adjuvant treatinent

YES NO
8 Gene Score HR 95% C1 » value HR 95% C1 pvalue
Low ws. High 0.35 0.20-0.60 0.0006 0.16 0.08-0.32 0.0001
Low vy, Intermediate 0.98 0.43-2.11 0.9 0.29 0.11-077 0.0224
Intermediate vs. High 0.4 0.23-0.69 0.002 0.56 0.29-1.06 0.089

The above description shows in detail the steps to achieve the method of the present

invention. The method for 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 analysis of the expression level of the following 5
10 mRNA including: FGF18, BCL2, PRCI, MMP9, SERFla, wherein overexpression
of BCL2 and SERFIa, indicates a decreased likelihood of longterm survival without

breast cancer recurrence, and the overexpression of FGFI8, PRCI andMMP9,

indicates an increased likelihood of long-term survival without breast cancer

recurrénce.

15  This method has a good discriminating ability when tested on the validation set and

will be proposed as a prognostic signature for DFS (disease free survival) in breast

cancer patients.
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The method of the invention is carried out on total RNA isolated from paraffin
embedded, formalin fixed (FFPE) tissue specimen of said patient. Moreover, the
method of the invention is performed in a sample wherein said total RNA is isolated
from a tissue area in which there are at least 70% of cancer cells. The method of the
invention wherein said RNA is fragmented RNA. The method of the invention,
wherein said RNA is isolated from a fine needle biopsy sample. The method of the
invention wherein said RNA is isolated from fresh/frozen tissue. The method of the
invention further comprising creating a report summarizing the data obtained by the
gene expression analysis by RT-qPCR (reverse transcriptase-quantitative polymerase
chain reaction). The method according to the invention wherein said report includes
prediction of the likelihood of long term survival of said patient without the
recurrence of breast cancer following surgical removal of the primary tumor. The
method of the invention, wherein said report includes recommendation for a
treatment modality of said patient. The method of the invention wherein the two or
more housekeeping genes are selected from the group consisting of ACTB, GAPDH,
B2M, TBP. The method according to the invention further comprising identifying a
treatment option for the patient based on the normalized expression level. The
method of the invention wherein the expression level of the FGFI8, BCL2, PRCI,
MMPY,SERFla transcripts, or its expression products, are normalized against a
reference set comprising RNA transcripts of two or more houéekeeping genes, or
their expression products by GeNorm and the statistical computing language R. The
method of the invention, determining a normalized expression level of the RNA
transcript of FGFI8, BCL2, PRCI, MMP9, SERFla or its expression product,
wherein the normalized expression level of the RNA transcript or its expression
product allows the calculation of the following algorithm:

GeneSignatureScore = 0.125xFGF18 -0.560x BCL2 + 0.409x PRC1 + 0.104x
MMP9- 0.188 xSERF1

The method of the invention, wherein the GeneSignatureScore categorized 3 groups
according to the tertiles of its distribution:

Low Risk of recurrence within 5 years: GeneSignatureScore <-0.87

Intermediate Risk of recurrence within 5 years: -0.87 < GeneSignatureScore < -0.13
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High Risk of recurrence within 5 years: GeneSignatureScore >=-0.13

The method of the invention, further comprising (a) assaying an expression level of
at least one RNA transcript or its expression product in a biological sample, fine
needle aspirate, either fresh frozentissue or formalin fixed paraffin embedded tissue
(FFPE) comprising at least one breast cancer cell obtained from the patient, wherein
the at least one RNA transcript is the transcript of a gene selected from the group
consisting of: FGFI18, BCL2, PRC1, MMP9, SERFI; (b) determining a normalized
expression level of the RNA transcript or its expression product wherein the
normalized expression level of the RNA transcript or its expfession product
positively correlates with an increased likelihood of breast cancer recurrence; and (c)
providing information comprising the likelihood of long-term survival without breast
cancer recurrence for the patient, wherein the information compn'Ses the normalized
expression level of the RNA transcript or its expression product.

The present invention is better illustrated by the examples, herein below, which in no
way assume limiting value.

Experimental Section

1. Tumor Samples Enrolled in This Study Tumor samples were obtained from
routinely processed formalin-fixed, paraffin embedded sections retrieved from 350
consecutive invasive breast cancer patients with full information about tumor,
adjuvant treatments, follow up, relapse, death and causes of death, treated between
1998 and 2001. In order to test signature in a “real life” clinical setting, it is used
consecutive non metastatic breast cancer cases irrespectively from age, nodal and
estrogen receptor status, adjuvant treatment. The only requested pattern was a
minimum follow up of 5 years with full clinical data. All patient information was
handled in accordance with review board approved protocols and in compliance with
the Helsinki declaration. Hematoxylin and Eosin (H & E) sections were reviewed to
identify paraffin blocks with tumor areas. Histological type and grade were assessed
according to the World Health Organization criteria. The detailed histological and
clinical feature of each patient enrolled in this study is available in the supplementary
information file. Paraffin blocks corresponding to histology sections that showed the

highest relative amount of tumor vs. stroma, few infiltrating lymphoid cells and that
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lacked significant areas of necrosis were selected. Three 20 um thick sections were
cut, followed by one H & E control slide. The tumor area selected for the analysis
was marked on this control slide to ensure greater than 70% content of neoplastic
cells. Tumor areas dissected ranged from 0.5 to 1.0 cm2 wide.

2. Ethics Statement

The use of tissues for this study has been approved by the Ethics Committee of
Centro Oncologico, ASS1 triestina & Universita di Trieste, Italy. A comprehensive
written informed consent was signed for the surgical treatment that produced the
tissue samples and the related diagnostic procedures. All information regarding the
human material used in this study was managed using anonymous numerical codes,
clinical data were not used and samples were handled in compliance with the
Helsinki declaration (http://www.wma.net/en/30publications/10policies/b3/).

3. Gene Expression Analysis on Breast Cancer Samples

3.1. RNA Isolation

Paraffin-embedded tumor material obtained from the 20 um thick sections was de-
paraffinized in xilene at 50 °C for 3 min and rinsed twice in absolute ethanol at room
temperature. Total RNA was extracted using the RecoverAll kit (Ambion, Austin,
TX, USA), including a DNase step according to the manufacturer’s recommended
3.3.2. Primers Design Primers were designed using Primer3 software
(http://simgene.com/Primer3) and are described in Figure 4. Amplicons were tested
by MFOLD (http://mfold.rna.albany.edu/?q=mfold) in order to avoid secondary
structures within primer positions and they were tested by repeatmasker

(http://www.repeatmasker.org) and primer-BLAST

(http://www.ncbi.nlm.nih.gov/tools/primer-blast) for primer specificity.

Figure 4 . Primer sequences, slope, PCR efficiency and RSq of each of the 20 genes
+ 2 housekeeping genes. |

3.3. Two Step qRT-PCR Analysis Fourteen pl of total RNA was subjected to
reverse transcription using SuperScript® VILO™ cDNA Synthesis kit (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s recommended protocol. One
microlitres of cDNA was amplified in duplicate adding 10 picomoles of each primer

(see Figure 4 for sequence details) to the 1x QuantiFast™ SYBR® Green PCR
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solution (Qiagen, Hilden, Germany) in a final volume of 25 pL.

Cycling conditions consisted of 5 min at 95 °C, 10 s at 95 °C, 30 s at 60 °C for a total
of 40 cycles, using Stratagene Mx3000™ or ABI SDS 7000™ instruments. Plate
reading was performed during the 60 °C step.

For each primer set, standard curves made from serial dilutions of cDNA from
MCF?7 cell lines (see Table 3) were used to estimate PCR reaction efficiency (E)
using the formula:

E (%) = (10[-1/s1°pe] — 1) x 100. The expression levels of each of the 20 genes
selected were normalized by GeNorm using 2 housekeeping genes (B2M e ACTB)
and the relative quantification was calculated by the statistical computing language
R. The human breast cancer cell line MCF7 was purchased from American Type
Culture Collection (ATCC HTB22; derived from a human breast adenocarcinoma).
Cells were maintained in minimal essential medium (MEM) (Invitrogen/Life
technologies, Villebon-sur-Yvette, France) supplemented with 2 mM L-glutamine,
1.5 g/L sodium bicarbonate, 0.1 mM nonessential aa, 1 mM pyruvate sodium, 0.01
mg/mL bovine insulin, and 10% fetal bovine serum (Thermo Scientific, Waltham,
MA, USA) at 37 °C in a humidified atmosphere of 5% CO2.

3.4. Training and Validation Dataset

The biological samples dataset was split into the training and the validation dataset.
The training set consists of the first 144 consecutive cases and the validation of the
last 127 cases. The gene signature was developed on the training set. Once the
signature has been fully specified, the validation set was accessed once and only for
estimating the prediction accuracy of the signature. A multivariate stepwise Cox
analysis was run on the breast cancer training set samples including the 20 selected
genes. The stepwise procedure was run to select genes independently associated with
DEFS (p for inclusion <0.10).

The overall workflow shown in Figure 1 summarizes every step starting from
selection of markers from the literature since the validation of the gene signature.
Reproducibility within and between blocks was assessed by performing the test in
serial sections from three blocks representing three cases. It is performed a

multivariate Cox proportional-hazards analysis in a model that included treatment
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received (no adjuvant therapy vs. chemotherapy, hormonal therapy, or both) and the
final gene Signature (both Training and Validation sets included), using the NCSS
2001 Statistical software (NCSS Inc., Kaysville, UT, USA, 2001).

3.5. Univariate and Multivariate Analysis

It is performed a univariate analysis including Age, T size, Nodal status, Grading,
Ki67, adjuvant treatments and the 5-gene signature, followed by a multivariate Cox
proportional-hazards analysis in a model that included treatment received (no
adjuvant therapy vs. chemotherapy, hormonal therapy, or both) and the 5-gene
Signature (Low/Intermediate/High Risk; both Training and Validation sets included),
using the NCSS 2001 Statistical software (NCSS Inc., Kaysville, UT, USA, 2001).
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CLAIMS

1.

A process for determining the prognosis of a patient suffering from breast
cancer, comprising the step of measuring the level of expression of FGFIS8,
BCL2, PRCI, MMP9, SERFla genes, in an isolated biological sample of said
patient, wherein a high BCL2 and SERFla expression is associated with a
poor prognosis and a decreased likelihood of long-term survival without
breast cancer recurrence, and/or high FGF18, PRCI and MMP9 expression is
associated with a good prognosis and an increased likelihood of long-term
survival without breast cancer recurrence.

The process according to claim 1, wherein said isolated biological sample is a
tumor, or a tumor biopsy, or neoplastic cell, paraffin embedded tumor,
formalin fixed tissue specimen (FFPE) containing sample of said patient.

The process according to claim 2, wherein said isolated biological sample is

paraffin embedded tumor, formalin fixed tissue specimen (FFPE) containing

sample of said patient.

The process according to any of claims 1 to 3 wherein said isolated
biological sample contains at least 70% of cancer cells.

The process according to claim 1, wherein said measure of the expression
level of FGF18, BCL2, PRCI, MMP9,SERFla genes is determined by
quantification of the expression of mRNA which encodes for of FGFIS,
BCL2, PRCI, MMPY, SERF ] a proteins.

The process according to any of claims 1 to 4, wherein the expression level of
FGF18, BCL2, PRCI, MMP9,SERFIa genes is determined by quantitative
RT-PCR.

The process of claim 1, further comprising:

(a) assaying an expression level of at least one RNA transcript selected from
the group consisting of: FGF18, BCL2, PRCI, MMP9, SERF genes,

(b) determining a normalized expression level of the RNA transcript or its
expression product wherein the normalized expression level of the RNA
transcript or its expression product positively correlates with an increased

likelihood of breast cancer recurrence,
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and

(c) providing information comprising the likelihood of long-term survival
without breast cancer recurrence for the patient, wherein the information
comprises the normalized expression level of the RNA transcript or its

expression product.

. Use in accordance with any of the preceding claims, wherein at least one

detection member for FGF18, BCL2, PRC1, MMP9, SERFI proteins is used
in a kit for determining a prognosis for the likelihood of long-term survival

without breast cancer recurrence for a patient with breast cancer.

. Kit for determining a prognosis for the likelihood of long-term survival

without breast cancer recurrence for a patient with breast cancer,
characterized in that said kit comprises compounds capable of detecting the
expression level of FGF18, BCL2, PRC1, MMP9, SERF1 genes in an isolated

biological sample.
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Figure 1
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Figure 1. Construction of the g‘ene-set'prédict'of/ gene signature for risk predi'ction.
(A) Gene selection on the published datasets; (B) Gene selection on the merged Gene
Expression Omnibus (GEO) datasets; (C) DeVeloping the gene signature:,
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Figure 4

Table9

Gene Primer forward Primer reverse Slope Efficiency | RSq

B2M ATGAGTATGCCTGCCGTGTGA GGCATCTTCAAACCTCCATG (Seq | —3.051 112.7% 0.992

‘ (Seq IDN. 1) IDN.2)
ACTB TTGCCGACAGGATGCAGAAGGA | AGGTGGACAGCGAGGCCAGGAT -3.116 109.4% 0.998
. (SeqgIDN. 3) (SeqID N, 4)

FBXO031 GAGGACATCTTCCACGAGCAC AGGTAGATGCGGCGGTAGGT (Seq | —3.293 101.2% 0.995
(SeqIDN. 3) IDN. 6)

FGF18 GGTAGTCAAGTCCGGATCAAGG TCCAGAACCTTCTCGATGAACA —-3.217 104.6% 0.952
{Seq IDN. 7} {Seq ID N. &)

BCL2 AGTACCTGAACCGGCACCTG CAGAGACAGCCAGGAGAAATCA —3.787 83.7% 0.599
{(Seq IDN.9) (Seq IDN. 10)

1GFBP7 ATGAAGTAACTGGCTGGGTGCT | TGAAGCCTGTCCTTGGGAAT (Seg | —3.043 | 113.1% 0.997
(SeqIDN. 11) IDN. 12)

IDE AGCCCTTCTCCATGGAAACATA CAGCTGACTTGGAAGGAGAGGT -3.149 107.8% 0.998
(Seg IDN.13) (Seq IDN. 14)

AYTL2 GTTGCCCTGTICTCTCGTCTG (Seq | CTTGAGGATGCAGGACAGGT (Seq | —3.057 112.4% 0.98%
IDN. 15) IDN. 16)

ORC61L. TGAAGTGCCCCTTGGACAG (Seq CAGGCCCAGTAAACACTCAAAAG | -3.093 110.5% 0.996
IDN.17) (SeqID N. 18) .

MS4A7 CCCTCAAAGAGAGAAACCTGGA | ATCAACAGGCAACACAGGATCT -3.162 107.1% 0.964
(SeqIDN. 15) (Seq ID N. 20)

Q80X2 COTGTTCTCTCTGGAAACTGTTC | GAACGTACCTCCTCATYIGTCTGC -3.236 103.7% . 0.998
(SeqIDN.21) . (SeqID N, 22)

PITRM1 GGAAAATTCACACAGCAAGAC AGAGGCCGTACAAGAAGTGGT -3.192 103.7% 0.997
(Seq ID N. 23) (Seq 1D N. 24)

TGFb3 AACTTCTGCTCAGGCCCTTG (S¢q | AGGCAGATGCTTCAGGGTTC (Seq | —3.216 104.6% 0.998
ID N, 25) 1D N, 26)

PRC-1- CCGTGTCTCGACTTCCTCCT (Seq | CGTTGAGCTCCAGGTTCTCC (Seq -3.092 110.6% 0.991

201 iD N. 27) ID'N. 28) '

GPR180 GATTCTACGCCTGCATCCACT CCCTGCTAAGTTGTGGTGTGAA ~3.076 111.4% 0.996
(Seq ID N, 25) {Seg ID N, 30)

MMP9 GCAAGCTGGACTCGGTCTT (Seq CCTGTGTACACCCACACCTG (Seq | =2.198 185.1% 0.953
IDN. 3D 1IDN.32)

1GFBP6 GAATCCAGGCACCTCTACCAC AGTCCAGATGTCTACGGCATGG ~2.821 126.2% 0,998
(Seq 1D N. 33) (Seq ID N. 34)

IRS] CAGTTTCCAGANGCAGCCAGAG GAGGATTTGCTGAGGTCATITA ~3.136 108.4% 0.990
(Seq ID N, 35) (ScqID N, 36)

1.65§T210 | CAGTGGTCACCTCACACTCCTC TTTGTCATITGCTTCTATTTICCA ~3.071 111.7% 0.972
(Seq IDN. 37) (Seq JDN. 38)

IGF1 TATCAGCCCCCATCTACCAAC TCTTGTTTCCTGCACTCCCTCT -3.032 102.3% 0.998
{Seq IDN. 39) {Seq ID N. 40)

TNSF TCCTCAGAGAGTAGCAGCTCACA | CCTTGATGATTCCCAGGAGTT -2.628 140.2% 0.759
(SeqIDN. 41) {(SeqIDN. 42)

SERF1A CCAGGAAATTAGCAAGGGAAAG | CTTGTCTGCATAGACTTCTTICTCA | -2.927 119.6% 0.974
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