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METHODS AND DEVICES FOR PREDICTING TREATMENT EFFICACY OF
FULVESTRANT IN CANCER PATIENTS

Field of the Invention

The invention features the use of biomarkers in methods and devices to

predict the sensitivity of a patient to a medical treatment, e.g. fulvestrant.

Background

DNA microarrays have been used to measure gene expression in tumor

samples from patients and to facilitate diagnosis. Gene expression can reveal the

presence of cancer in a patient, its type, stage, and origin, and whether genetic

mutations are involved. Gene expression may even have a role in predicting the

efficacy of chemotherapy. Over recent decades, the National Cancer Institute

(NCI) has tested compounds, including chemotherapy agents, for their effect in

limiting the growth of 60 human cancer cell lines. The NCI has also measured

gene expression in those 60 cancer cell lines using DNA microarrays. Various

studies have explored the relationship between gene expression and compound

effect using the NCI datasets.

During chemotherapy for cancers critical time is often lost due to a trial and

error approach to finding an effective therapy. In addition, cancer cells often

develop resistance to a previously effective therapy. In such situations, patient

outcome would be greatly improved by early detection of such resistance.

There remains a need for proven methods and devices that predict the

sensitivity or resistance of cancer patients to a medical treatment.

Summary of the Invention

The invention features methods and devices for predicting the sensitivity or

resistance of a patient, e.g., a cancer patient, to a treatment, e.g., treatment with a

compound, such as an anticancer agent (e.g., a chemotherapeutic agent), such as

fulvestrant. The devices and methods of the invention have been used to

accurately predict treatment efficacy in cancer patients. In an embodiment, the

methods include assaying for the level of expression of at least the gene GATA3

(alone or in combation with one or more (e.g., two, three, four, five, ten, twenty,

thirty, forty, or fifty or more) additional biomarkers from Table 1, Table 2, or both.

For example, the method includes assaying the level of expression of at least the



first 5 biomarkers from Table 1, Table 2, or both (e.g., at least the first 10

biomarkers (e.g., the first 13 biomarkers) from Table 1, Table 2, or both, such as at

least the first 15 biomarkers from Table 1, Table 2, or both) in a sample from the

patient (e.g., a cell, tissue, or organ sample from a patient). In an embodiment,

the method can be used to determine the sensitivity of a patient to at least one

treatment for cancer (e.g., an anti-cancer agent (e.g., a chemotherapy drug), such

as fulvestrant (FASLODEX®)). In other embodiments, the method can be used to

determine the sensitivity of a patient to two or more (e.g., three, four, five, ten,

twenty, or more) treatments for cancer.

Devices employing one or more of the biomarkers of the invention (e.g., one

or more of the biomarkers listed in Table 1, Table 2, or both) for the anti-cancer

agent fulvestrant are also provided. In an embodiment, the device includes at

least one nucleic acid molecule that is complementary to or identical to at least 5

(e.g., at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at least 12,

at least 13, at least 14, at least 15, or at least 20) consecutive nucleotides of

GATA3 (SEQ ID NO: 415). In another embodiment, the device includes are least

one nucleic acid molecule that is complementary to or identical to at least 5 (e.g.,

at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at

least 13, at least 14, at least 15, or at least 20) consecutive nucleotides of any one

of SEQ ID NOs: 4 15-430. In yet another embodiment, the device includes are

least five nucleic acid molecules, each of which is complementary to or identical to

at least 5 (e.g., at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at

least 12, at least 13, at least 14, at least 15, or at least 20) consecutive nucleotides

of any one of SEQ ID NOs: 4 15-430.

The methods and devices can be used to predict the sensitivity or

resistance of a subject (e.g., a cancer patient) diagnosed with a disease condition,

e.g., cancer (e.g., a cancer of the breast, prostate, lung and bronchus, colon and

rectum, urinary bladder, skin, kidney, pancreas, oral cavity and pharynx, ovary,

thyroid, parathyroid, stomach, brain, esophagus, liver and intrahepatic bile duct,

cervix larynx, heart, testis, small and large intestine, anus, anal canal and

anorectum, vulva, gallbladder, pleura, bones and joints, hypopharynx, eye and

orbit, nose, nasal cavity and middle ear, nasopharynx, ureter, peritoneum,

omentum and mesentery, or gastrointestines, as well as any form of cancer

including, e.g., chronic myeloid leukemia, acute lymphocytic leukemia, non-

Hodgkin lymphoma, melanoma, carcinoma, basal cell carcinoma, malignant

mesothelioma, neuroblastoma, multiple myeloma, leukemia, retinoblastoma, acute

myeloid leukemia, chronic lymphocytic leukemia, Hodgkin lymphoma, carcinoid

tumors, acute tumor, or soft tissue sarcoma) to a treatment, e.g., treatment with a



compound or drug, e.g., an anti-cancer agent (e.g., a chemotherapeutic agent),

such as fulvestrant listed above.

In the first aspect, the invention features a method of predicting sensitivity of

a cancer patient to a treatment for cancer (e.g., an anti-cancer agent, such as

fulvestrant, gefitinib, erlotiniv, trastuzumab, cisplatin, vincristine, belinostat, or

tamoxifen; preferably, the anti-cancer agent is fulvestrant) by determining the

expression level of at least one gene or noncoding RNA (e.g. microRNA (miRNA)

in a cell (e.g., a cancer cell) of the patient in which the level of expression of the

gene and/or RNA (e.g., miRNA)) indicates the patient is sensitive or resistant to at

least one treatment for cancer (e.g., an anti-cancer agent). In an embodiment, the

method involves assaying for the level of expression of one or more (e.g., two,

three, four, five, ten, twenty, thirty, forty, or fifty or more) biomarkers from Table 1,

Table 2, or both) in a patient. For example, the method includes assaying the

level of expression of GATA3 in a sample from the patient (e.g., a cell, tissue, or

organ sample from a patient). In another embodiment, the method includes

assaying the level of expression of at least GATA3 (alone or in combination with

one or more (e.g., two, three, four, or more) of the biomarkers listed in Table 1,

Table 2, or both). In an embodiment, the method includes determining the

expression level of two of the biomarkers listed in Table 1, Table 2, or both, more

preferably three, four, five, six, seven, eight, nine, or ten of the listed biomarkers,

and most preferably twenty, thirty, forty, fifty, sixty, seventy, eighty, ninety, or one

hundred or more of the biomarkers listed in Table 1, Table 2, or both. In another

embodiment, the level of biomarker expression is determined relative to the level

of biomarker expression in a cell or tissue known to be sensitive to the treatment,

such that a similar level of biomarker expression exhibited by a cell or tissue of the

patient indicates the patient is sensitive to the treatment. In another embodiment,

the level of biomarker expression is determined relative to the level of biomarker

expression in a cell or tissue known to be resistant to the treatment, such that a

similar level of biomarker expression exhibited by a cell or tissue of the patient

indicates the patient is resistant to the treatment.

The method may be performed one or more times (e.g., at least 2, 3 , 4, 5,

or 6 times or more) over time (e.g., over the course of a week, two weeks, a

month, three months, six months, nine months, a year, one year and a half, two

years, three years, or four years).

A second aspect of the invention features a method for determining the

development of resistance by a patient (i.e., a cell, such as a cancer cell, in the

patient) to a treatment to which the patient was previously sensitive. The method

includes determining the level of expression of one or more of the biomarkers set



forth in the first aspect of the invention (e.g., GATA3), such that the expression

level of a biomarker(s) which is decreased in a cell or tissue known to be sensitive

to the treatment indicates that the patient is resistant to or has a propensity to

become resistant to the treatment. Alternatively, a decrease in the expression

level of a biomarker(s) which is increased in a cell or tissue known to be sensitive

to the treatment indicates that the patient is resistant to or has a propensity to

become resistant to the treatment.

A third aspect of the invention features a kit that includes a device having at

least one or more single-stranded nucleic acid molecules (e.g., deoxyribonucleic

acid (DNA) or ribonucleic acid (RNA) molecules) that are complementary to or

identical to at least 5 consecutive nucleotides (e.g., at least 6, at least 7, at least 8,

at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, or

at least 20; more preferably at least 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,

70, 75, 80, 85, 90, 95, 100, 150, 200, 250, 300, or more consecutive nucleotides;

the nucleic acid molecule can also be 5-20, 25, 5-50, 50-1 00, or over 100

consecutive nucleotides long) of at least one of the biomarkers set forth in the first

aspect of the invention, such that the single stranded nucleic acid molecules are

sufficient for the detection of expression of the biomarkers (e.g., GATA3) in, e.g., a

sample from a patient, by allowing specific hybridization between the single

stranded nucleic acid molecules and one or more of the nucleic acid molecules

corresponding to the biomarker, or a complement thereof. The kit further includes

instructions for applying nucleic acid molecules collected from a sample from a

cancer patient (e.g., from a cell, tissue, or organ of the patient), determining the

level of expression of the biomarkers in the sample that hybridize to the single

stranded nucleic acid molecule(s), and predicting the patient's sensitivity to at least

one or more treatments for cancer when use of the kit establishes that the

expression level of the biomarkers is changed (i.e., increased or decreased

relative to a control sample (i.e., a cell, tissue, and/or organ) known to be sensitive

or resistant to the treatment(s), as is discussed above in connection with the first

aspect of the invention). In an embodiment, the instructions further indicate that

an alteration in the expression level of the biomarker(s) relative to the expression

of the biomarker(s) in a control sample (e.g., a cell, tissue, and/or organ known to

be sensitive or resistant to the treatment(s)) indicates a change in sensitivity of the

patient to the treatment(s) (i.e., a decrease in the level of expression of a

biomarker (e.g., a gene and/or RNA (e.g., a miRNA)) known to be expressed in

cells sensitive to the treatment(s) indicates that the patient is becoming resistant to

the treatment(s) or is likely to become resistant to the treatment(s), and vice

versa).



In an embodiment, the kit can be utilized to determine a patient's resistance

or sensitivity to at least one anti-cancer agent, such as fulvestrant, by determining

the expression level of one or more of the biomarkers set forth in the first aspect of

the invention and known to be increased in a patient sensitive to treatment with

one or more of these agents (i.e., a patient is determined to be sensitive, or is

likely to be sensitive, to the indicated treatment if the level of expression of one or

more of the biomarkers increases relative to the level of expression of the

biomarkers in a control sample (i.e., a cell, tissue, or organ) in which increased

expression of the biomarkers indicates sensitivity to the treatment, and vice versa).

In an embodiment, the nucleic acid molecules of the methods and/or

devices are characterized by their ability to specifically identify (e.g., by

hybridization) nucleic acid molecules complementary to or identical to the

biomarkers in a sample collected from a cancer patient.

A fourth aspect of the invention features a method of identifying biomarkers

indicative of sensitivity of a cancer patient to a treatment for cancer by obtaining

pluralities of measurements of the expression level of one or more gene(s) and/or

RNA(s) (e.g., a miRNA)). For example, the measurements can be obtained by

detecting the expression of one or more genes and/or RNAs using a single probe

or by using multiple probes directed to a single gene or RNA. The methods can

include assaying the expression levels of the gene(s) and/or RNA(s) in one or

more different cell types and/or measuring the growth of those cell types in the

presence of a treatment for cancer relative to the growth of the cell types in the

absence of the treatment for cancer. The method further includes correlating each

plurality of measurements of the expression level of the gene and/or RNAs in cells

with the growth of the cells to obtain a correlation coefficient; selecting the median

correlation coefficient calculated for the gene(s) and/or RNA(s); and identifying the

gene(s) and/or RNA(s) as a biomarker for use in determining the sensitivity of a

cancer patient to one or more treatments for cancer if said median correlation

coefficient exceeds 0.25 (preferably the gene and/or RNA is identified as a

biomarker for a patient's sensitivity to a treatment if the correlation coefficient

exceeds 0.3, 0.4, 0.5, 0.6, 0.7, 0.8. 0.9, 0.95, or 0.99 or more; preferably the

correlation coefficient exceeds 0.3). In an embodiment, the method is performed

in the presence of a second treatment.

A fifth aspect of the invention features a method of predicting sensitivity of a

patient (e.g., a cancer patient) to a treatment for cancer by obtaining a

measurement of the expression of a biomarker gene or RNA (e.g., a miRNA) from

a sample (e.g., a cell or tissue) from the patient; applying a model predictive of

sensitivity to a treatment for cancer to the measurement, in which the model is



developed using an algorithm selected from the group consisting of linear sums,

nearest neighbor, nearest centroid, linear discriminant analysis, support vector

machines, and neural networks; and predicting whether or not the patient will be

responsive to the treatment for cancer. In an embodiment, the measurement is

obtained by assaying expression of the gene and/or RNA biomarker in a cell

known to be sensitive or resistant to the treatment. In another embodiment, the

model combines the outcomes of linear sums, linear discriminant analysis, support

vector machines, neural networks, k-nearest neighbors, and nearest centroids, or

the model is cross-validated using a random sample of multiple measurements. In

another embodiment, treatment, e.g., a compound, such as an anti-cancer agent,

has previously failed to show efficacy in a patient. In several embodiments, the

linear sum is compared to a sum of a reference population with known sensitivity;

the sum of a reference population is the median of the sums derived from the

population members' biomarker gene and/or RNA expression. In another

embodiment, the model is derived from the components of a data set obtained by

independent component analysis or is derived from the components of a data set

obtained by principal component analysis.

A sixth aspect of the invention features a kit, apparatus, and software used

to implement the method of the fifth aspect of the invention.

In several embodiments of all aspects of the invention, the expression level

of the gene(s) is determined by detecting the level of mRNA transcribed from the

gene(s), by detecting the level of RNA(s) (e.g., miRNA(s)) expressed from

noncoding regions, by detecting the level of a protein product of the gene(s),

and/or by detecting the level of the biological activity of a protein product of the

gene(s). In further embodiments of all aspects of the invention, an increase or

decrease in the expression level of the gene(s) and/or RNA(s), relative to the

expression level of the gene(s) and/or RNA(s) in a cell, tissue, or organ sensitive

to the treatment(s), indicates increased sensitivity of the cancer patient to the

treatment(s). Alternatively, an increase or decrease in the expression level of the

gene(s) and/or RNA(s), relative to the expression level of the gene(s) and/or

RNA(s) in a cell, tissue, or organ resistant to the treatment(s), indicates increased

resistance of the cancer patient to the treatment(s). In another embodiment of all

aspects of the invention, the cell is a cancer cell. In another embodiment of all

aspects of the invention, the expression level of one or more of the biomarkers

described herein is measured using a quantitative reverse transcription-

polymerase chain reaction (qRT-PCR). In yet another embodiment of all aspects

of the invention, the expression level of one or more of the biomarkers described

herein is measured using a quantitative loop-mediated isothermal amplification



reaction (q-LAMP). In an embodiment of all aspects of the invention, the level of

expression of two or more of the biomarkers described herein (e.g., two of more of

the biomarkers in Table 1, Table 2, or both) is measured, more preferably the level

of expression of three, four, five, six, seven, eight, nine, or ten of the biomarkers

described herein is measured, and most preferably twenty, thirty, forty, fifty, sixty,

seventy, eighty, ninety, or one hundred or more of the biomarkers described

herein is measured (e.g., any combination of two or more of the biomarkers (e.g.,

the combination of GATA3 with one one or more of the other biomarkers described

herein). In another embodiment of all aspects of the invention, the expression

level of the biomarker(s) is determined using the kit of the third aspect of the

invention.

In another embodiment of all aspects of the invention, the treatment is a

compound, such as an anti-cancer agent (e.g., chemotherapeutic agent), such as

fulvestrant. In another embodiment of all aspects of the invention, one or more of

the treatments has previously failed to show effect in a subject (e.g., a subject

selected from a subpopulation predicted to be sensitive to the treatment(s), a

subject selected from a subpopulation predicted to die without treatment(s), a

subject selected from a subpopulation predicted to have disease symptoms

without treatment(s), a subject selected from a subpopulation predicted to be

cured without treatment(s).

In another embodiment of all aspects of the invention, the treatment is, e.g.,

administration of a compound, a protein, an antibody, an oligonucleotide, a

chemotherapeutic agent, or radiation to a patient. In an embodiment of all aspects

of the invention, the treatment is, e.g., an anti-cancer agent, such as fulvestrant.

In another embodiment of all aspects of the invention, a second treatment is

utilized to determine gene expression in a sample from the patient.

A seventh aspect of the invention features a device (e.g., a microarray)

having at least one or more single-stranded nucleic acid molecules (e.g.,

deoxyribonucleic acid (DNA) or ribonucleic acid (RNA) molecules) that are

complementary to or identical to at least 5 consecutive nucleotides (e.g., at least 6,

at least 7, at least 8, at least 9, at least 0, at least 1 , at least 12, at least 13, at

least 14, at least 15, or at least 20; more preferably at least 10, 15, 20, 25, 30, 35,

40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 150, 200, 250, 300, or more

consecutive nucleotides; the nucleic acid molecule can also be 5-20, 25, 5-50, 50-

100, or over 100 consecutive nucleotides long) of at least one of the biomarkers

set forth in the first aspect of the invention, such that the single stranded nucleic

acid molecules are sufficient for the detection of expression of the biomarkers

(e.g., in a sample from a patient) by allowing specific hybridization between the



single stranded nucleic acid molecules and one or more of the nucleic acid

molecules corresponding to the biomarker, or a complement thereof.

In an embodiment, the device can be utilized to determine a patient's

resistance or sensitivity to at least one anti-cancer agent (e.g., a chemotherapeutic

agent), such as fulvestrant, by determining the expression level of one or more of

the biomarkers set forth in the first aspect of the invention and known to be

increased in a patient sensitive to treatment with one or more of these agents (i.e.,

a patient is determined to be sensitive, or is likely to be sensitive, to the indicated

treatment if the level of expression of one or more of the biomarkers increases

relative to the level of expression of the biomarkers in a control sample (i.e., a cell,

tissue, or organ) in which increased expression of the biomarkers indicates

sensitivity to the treatment, and vice versa).

An eighth aspect of the invention features a method of predicting the

responsiveness of a patient having a cancer to an anti-cancer agent by:

i) determining a level of expression of at least one biomarker of sensitivity in

a first sample from the patient, the biomarker of sensitivity selected from one or

more of the biomarkers of Table 1 (e.g., GATA3 biomarker (e.g., by hybridizing to

any one of oligonucleotides of SEQ ID NOs: 1-3 or their complements), such as

the biomarkers of any one of SEQ ID NOs: 4 15-430, which may be measured by

hybridizing to any one of the oligonucleotides of SEQ ID NOs: 1- 14 and 16-22 or

their complements); or

ii) determining a level of expression of at least one biomarker of resistance

in a second sample from the patient, the biomarker of resistance selected from

one or more of the biomarkers of Table 2 (e.g., ANXA1 biomarker (e.g., by

hybridizing to an oligonucleotide of SEQ ID NO: 104 or its complement), such as

the biomarkers of any one of SEQ ID NOs: 431 -445, which may be measured by

hybridizing to any one of oligonucleotides of SEQ ID NOs: 104- 2 1 or their

complements). The level of expression of the biomarker of sensitivity in the first

sample or the biomarker of resistance in the second sample indicates whether the

patient is responsive to the anti-cancer agent.

In some embodiments, the method may involve:

i) determining a level of expression of at least one biomarker of sensitivity in

a first sample from the patient, the biomarker of sensitivity selected from Table 1

(e.g., GATA3 biomarker (e.g., by hybridizing to any one of oligonucleotides of SEQ

ID NOs: 1-3 or their complements), such as the biomarkers of any one of SEQ ID

NOs: 4 15-430, which may be measured by hybridizing to any one of the

oligonucleotides of SEQ ID NOs: 1- 14 and 16-22 or their complements); and



ii) determining a level of expression of at least one biomarker of resistance

in a second sample from the patient, the biomarker of resistance selected from

Table 2 (e.g., ANXA1 biomarker (e.g., by hybridizing to an oligonucleotide of SEQ

ID NO: 104 or its complement), such as the biomarkers of any one of SEQ ID

NOs: 431 -445, which may be measured by hybridizing to any one of

oligonucleotides of SEQ ID NOs: 104-1 2 1 or their complements). The level of

expression of the biomarker of sensitivity in the first sample and the biomarker of

resistance in the second sample indicates whether the patient is responsive to the

anti-cancer agent.

A ninth aspect of the invention features a method of treating a patient

having a cancer. The method may involve:

(i) (a) determining a level of expression of at least one biomarker of

sensitivity in a first sample from the cancer patient, the biomarker of

sensitivity selected from one or more of the biomarkers of Table 1

(e.g., GATA3 biomarker (e.g., by hybridizing to any one of

oligonucleotides of SEQ ID NOs: 1-3 or their complements), such as

the biomarkers of any one of SEQ ID NOs: 4 15-430, which may be

measured by hybridizing to any one of the oligonucleotides of SEQ

ID NOs: 1- 14 and 16-22 or their complements); or

(b) determining a level of expression of at least one biomarker of

resistance in a second sample from the cancer patient, the

biomarker of resistance selected from one or more of the biomarkers

of Table 2 (e.g., ANXA1 biomarker (e.g., by hybridizing to an

oligonucleotide of SEQ ID NO: 104 or its complement), such as the

biomarkers of any one of SEQ ID NOs: 431-445, which may be

measured by hybridizing to any one of oligonucleotides of SEQ ID

NOs: 104-1 2 1 or their complements); and

(ii) administering the anti-cancer agent to the patient, if the level of

expression of the biomarker of sensitivity in the first sample or the

biomarker of resistance in the second sample indicates that the

patient is responsive to the anti-cancer agent.

In other embodiments, the method may involve:

(i) (a) determining a level of expression of at least one biomarker of

sensitivity in a first sample from the patient, the biomarker of

sensitivity selected from one or more of the biomarkers of Table 1

(e.g., GATA3 biomarker (e.g., by hybridizing to any one of

oligonucleotides of SEQ ID NOs: 1-3 or their complements), such as

the biomarkers of any one of SEQ ID NOs: 4 15-430, which may be



measured by hybridizing to any one of the oligonucleotides of SEQ

ID NOs: 1- 14 and 16-22 or their complements); and

(b) determining a level of expression of at least one biomarker of

resistance in a second sample from the patient, the biomarker of

resistance selected from one or more of the biomarkers of Table 2

(e.g., ANXA1 biomarker (e.g., by hybridizing to an oligonucleotide of

SEQ ID NO: 104 or its complement), such as the biomarkers of any

one of SEQ ID NOs: 431 -445, which may be measured by

hybridizing to any one of oligonucleotides of SEQ ID NOs: 104-1 2 1

or their complements); and

(ii) administering the anti-cancer agent to the patient, if the levels of

expression of the biomarker of sensitivity in the first sample and the

biomarker of resistance in the second sample indicate that the

patient is responsive to the anti-cancer agent.

A tenth aspect of the invention features a method of inhibiting growth of a

cancer cell of a patient. The method may involve:

(i) (a) determining a level of expression of at least one biomarker of

sensitivity in a first sample from the patient, the biomarker of

sensitivity selected from one or more of the biomarkers of Table 1

(e.g., GATA3 biomarker (e.g., by hybridizing to any one of

oligonucleotides of SEQ ID NOs: 1-3 or their complements), such as

the biomarkers of any one of SEQ ID NOs: 4 15-430, which may be

measured by hybridizing to any one of the oligonucleotides of SEQ

ID NOs: 1- 14 and 16-22 or their complements); or

(b) determining a level of expression of at least one biomarker of

resistance in a second sample from the patient, the biomarker of

resistance selected from one or more of the biomarkers of Table 2

(e.g., ANXA1 biomarker (e.g., by hybridizing to an oligonucleotide of

SEQ ID NO: 104 or its complement), such as the biomarkers of any

one of SEQ ID NOs: 431 -445, which may be measured by

hybridizing to any one of oligonucleotides of SEQ ID NOs: 104-1 2 1

or their complements); and

(ii) contacting the anti-cancer agent with the cancer cell, if the level of

expression of the biomarker of sensitivity in the first sample or the

biomarker of resistance in the second sample indicates that the

patient is responsive to an anti-cancer agent.

In certain embodiments, the method may involve:



(i) (a) determining a level of expression of at least one biomarker of

sensitivity in a first sample from the cancer patient, the biomarker of

sensitivity selected from one or more of the biomarkers of Table 1

(e.g., GATA3 biomarker (e.g., by hybridizing to any one of

oligonucleotides of SEQ ID NOs: 1-3 or their complements), such as

the biomarkers of any one of SEQ ID NOs: 4 5-430, which may be

measured by hybridizing to any one of the oligonucleotides of SEQ

ID NOs: 1- 4 and 6-22 or their complements); and

(b) determining a level of expression of at least one biomarker of

resistance in a second sample from the cancer patient, the

biomarker of resistance selected from one or more of the biomarkers

of Table 2 (e.g., ANXA1 biomarker (e.g., by hybridizing to an

oligonucleotide of SEQ ID NO: 04 or its complement), such as the

biomarkers of any one of SEQ ID NOs: 431 -445, which may be

measured by hybridizing to any one of oligonucleotides of SEQ ID

NOs: 104-1 2 1 or their complements); and

(ii) contacting the anti-cancer agent with the cancer cell, if the levels of

expression of the biomarker of sensitivity in the first sample and the

biomarker of resistance in the second sample indicate that the

patient is responsive to the anti-cancer agent.

In some embodiments of any aspect of the invention, one of the at least one

biomarker of sensitivity may be GATA3 (e.g., as measured using an

oligonucleotide or its complement having at least 85% (e.g., at least 90%, at least

95%, or 100%) sequence identity to SEQ ID NO: 1, 2, or 3). One of the at least

one biomarker of sensitivity may be CBFA2T3 (e.g., as measured using an

oligonucleotide or its complement having at least 85% (e.g., at least 90%, at least

95%, or 100%) sequence identity to SEQ ID NO: 4). One of the at least one

biomarker of sensitivity may be SPDEF (e.g., as measured using an

oligonucleotide or its complement having at least 85% (e.g., at least 90%, at least

95%, or 100%) sequence identity to SEQ ID NO: 5). One of the at least one

biomarker of sensitivity may be HBA1 (e.g., as measured using an oligonucleotide

or its complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 6 or 17). One of the at least one biomarker of

sensitivity may be TFF1 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 7). One of the at least one biomarker of

sensitivity may be CD8B1 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)



sequence identity to SEQ ID NO: 8). One of the at least one biomarker of

sensitivity may be KIAA0984 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 9). One of the at least one biomarker of

sensitivity may be BCL2 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 10). One of the at least one biomarker of

sensitivity may be SLC9A3R1 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 12). One of the at least one biomarker of

sensitivity may be FBP1 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 13). One of the at least one biomarker of

sensitivity may be ITGB7 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 14). One of the at least one biomarker of

sensitivity may be HIST1 H3H (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 16). One of the at least one biomarker of

sensitivity may be PDCD4 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 18). One of the at least one biomarker of

sensitivity may be HBA2 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 19). One of the at least one biomarker of

sensitivity may be CD37 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 20). One of the at least one biomarker of

sensitivity may be TARP (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 2 1 or 22). One of the at least one biomarker of

sensitivity may be SPI1 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 23). One of the at least one biomarker of

sensitivity may be KIAA01 82 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 24 or 27). One of the at least one biomarker of

sensitivity may be PTP4A3 (e.g., as measured using an oligonucleotide or its



complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 26).

In certain embodiments of any aspect of the invention, one of the at least

one biomarker of resistance may be ANXA1 (e.g., as measured using an

oligonucleotide or its complement having at least 85% (e.g., at least 90%, at least

95%, or 100%) sequence identity to SEQ ID NO: 104). One of the at least one

biomarker of resistance may be GPX1 (e.g., as measured using an oligonucleotide

or its complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 105). One of the at least one biomarker of

resistance may be SPTBN1 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 106). One of the at least one biomarker of

resistance may be ANXA2 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 107, 110, or 114). One of the at least one

biomarker of resistance may be CAPN2 (e.g., as measured using an

oligonucleotide or its complement having at least 85% (e.g., at least 90%, at least

95%, or 100%) sequence identity to SEQ ID NO: 108). One of the at least one

biomarker of resistance may be ZA20D2 (e.g., as measured using an

oligonucleotide or its complement having at least 85% (e.g., at least 90%, at least

95%, or 100%) sequence identity to SEQ ID NO: 109). One of the at least one

biomarker of resistance may be TMSB1 0 (e.g., as measured using an

oligonucleotide or its complement having at least 85% (e.g., at least 90%, at least

95%, or 100%) sequence identity to SEQ ID NO: 111) . One of the at least one

biomarker of resistance may be PRNP (e.g., as measured using an

oligonucleotide or its complement having at least 85% (e.g., at least 90%, at least

95%, or 100%) sequence identity to SEQ ID NO: 112). One of the at least one

biomarker of resistance may be TIMP1 (e.g., as measured using an

oligonucleotide or its complement having at least 85% (e.g., at least 90%, at least

95%, or 100%) sequence identity to SEQ ID NO1 13). One of the at least one

biomarker of resistance may be PSMA1 (e.g., as measured using an

oligonucleotide or its complement having at least 85% (e.g., at least 90%, at least

95%, or 100%) sequence identity to SEQ ID NO: 115, 118, or 123). One of the at

least one biomarker of resistance may be PSMB2 (e.g., as measured using an

oligonucleotide or its complement having at least 85% (e.g., at least 90%, at least

95%, or 100%) sequence identity to SEQ ID NO: 116). One of the at least one

biomarker of resistance may be UGP2 (e.g., as measured using an oligonucleotide

or its complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)



sequence identity to SEQ ID NO: 117). One of the at least one biomarker of

resistance may be CD44 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 119 or 135). One of the at least one biomarker

of resistance may be TM4SF1 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 120 or 124). One of the at least one biomarker

of resistance may be ANXA2P2 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 122). One of the at least one biomarker of

resistance may be MCF2L2 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 125). One of the at least one biomarker of

resistance may be DNAPTP6 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 126). One of the at least one biomarker of

resistance may be WDR1 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 127). One of the at least one biomarker of

resistance may be PSMD1 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 128 or 133). One of the at least one biomarker

of resistance may be VIM (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 129). One of the at least one biomarker of

resistance may be RPS6KA3 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 130). One of the at least one biomarker of

resistance may be MSN (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 13 1) . One of the at least one biomarker of

resistance may be PFN1 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 132). One of the at least one biomarker of

resistance may be ASPH (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 134). One of the at least one biomarker of

resistance may be YWHAB (e.g., as measured using an oligonucleotide or its



complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 136). One of the at least one biomarker of

resistance may be LGALS3BP (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 137). One of the at least one biomarker of

resistance may be ETF1 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 138). One of the at least one biomarker of

resistance may be MARCKS (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 139). One of the at least one biomarker of

resistance may be CAV2 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 140). One of the at least one biomarker of

resistance may be ACTG1 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 141 ) . One of the at least one biomarker of

resistance may be SEPT1 0 (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 142). One of the at least one biomarker of

resistance may be M-RIP (e.g., as measured using an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to SEQ ID NO: 143).

In some embodiments of any aspect of the invention, at least five

biomarkers of sensitivity selected from the biomarkers of Table 1 may be

measured according to the methods of the invention (e.g., GATA3 biomarker (e.g.,

by hybridizing to any one of oligonucleotides of SEQ ID NOs: 1-3 or their

complements), such as the biomarkers of any one of SEQ ID NOs: 4 15-430, which

may be measured by hybridizing to any one of the oligonucleotides of SEQ ID

NOs: 1- 14 and 16-22 or their complements). Alternatively, at least five

oligonucleotides, each of which is complementary to or identical to at least 5

consecutive nucleotides (e.g., at least 6, at least 7, at least 8, at least 9, at least

10, at least 11, at least 12, at least 13, at least 14, at least 15, or at least 20; the

oligonucleotide can also be 5-20, 25, 5-50, 50-1 00, or over 100 consecutive

nucleotides long) of a biomarker of Table 1, may be present in devices and kits of

the invention. For example, the biomarkers of Table 1 may be those having a

correlation coefficient of at least 0.3 (e.g., at least 0.35, at least 0.4, or at least

0.45). For example, the biomarkers of Table 1 may be GATA3 (SEQ ID NO: 415),



CBFA2T3 (SEQ ID NO: 4 16), SPDEF (SEQ ID NO: 4 17), HBA1 (SEQ ID NO:

4 18), and TFF1 (SEQ ID NO: 419).

In some embodiments of any aspect of the invention, at least ten

biomarkers of sensitivity selected from the biomarkers of Table 1 may be

measured according to the methods of the invention (e.g., GATA3 biomarker (e.g.,

by hybridizing to any one of oligonucleotides of SEQ ID NOs: 1-3 or their

complements), such as the biomarkers of any one of SEQ ID NOs: 4 15-430, which

may be measured by hybridizing to any one of the oligonucleotides of SEQ ID

NOs: 1- 14 and 16-22 or their complements). Alternatively, at least ten

oligonucleotides, each of which is complementary to or identical to at least 5

consecutive nucleotides (e.g., at least 6, at least 7, at least 8, at least 9, at least

10, at least 11, at least 12, at least 13, at least 14, at least 15, or at least 20; the

oligonucleotide can also be 5-20, 25, 5-50, 50-1 00, or over 100 consecutive

nucleotides long) of a biomarker of Table 1, may be present in devices and kits of

the invention. For example, the biomarkers of Table 1 may be those having a

correlation coefficient of at least 0.3 (e.g., at least 0.35, at least 0.4, or at least

0.45). For example, the biomarkers of Table 1 may be GATA3 (SEQ ID NO: 415),

CBFA2T3 (SEQ ID NO: 4 16), SPDEF (SEQ ID NO: 4 17), HBA1 (SEQ ID NO:

4 18), TFF1 (SEQ ID NO: 4 19), CD8B1 (SEQ ID NO: 420), KIAA0984 (SEQ ID NO:

421 ) , BCL2 (SEQ ID NO: 422), SLC9A3R1 (SEQ ID NO: 423), FBP1 (SEQ ID NO:

424), and ITGB7 (SEQ ID NO: 425).

In some embodiments of any aspect of the invention, at least fifteen

biomarkers of sensitivity selected from the biomarkers of Table 1 may be

measured according to the methods of the invention (e.g., GATA3 biomarker (e.g.,

by hybridizing to any one of oligonucleotides of SEQ ID NOs: 1-3 or their

complements), such as the biomarkers of any one of SEQ ID NOs: 4 15-430, which

may be measured by hybridizing to any one of the oligonucleotides of SEQ ID

NOs: 1-14 and 16-22 or their complements). Alternatively, at least fifteen

oligonucleotides, each of which is complementary to or identical to at least 5

consecutive nucleotides (e.g., at least 6, at least 7, at least 8, at least 9, at least

10, at least 11, at least 12, at least 13, at least 14, at least 15, or at least 20; the

oligonucleotide can also be 5-20, 25, 5-50, 50-1 00, or over 100 consecutive

nucleotides long) of a biomarker of Table 1, may be present in devices and kits of

the invention. For example, the biomarkers of Table 1 may be those having a

correlation coefficient of at least 0.3 (e.g., at least 0.35, or at least 0.4). For

example, the biomarkers of Table 1 may be GATA3 (SEQ ID NO: 4 15), CBFA2T3

(SEQ ID NO: 416), SPDEF (SEQ ID NO: 4 17), HBA1 (SEQ ID NO: 4 18), TFF1

(SEQ ID NO: 4 19), CD8B1 (SEQ ID NO: 420), KIAA0984 (SEQ ID NO: 421 ) ,



BCL2 (SEQ ID NO: 422), SLC9A3R1 (SEQ ID NO: 423), FBP1 (SEQ ID NO: 424),

ITGB7 (SEQ ID NO: 425), HIST1 H3H (SEQ ID NO: 426), PDCD4 (SEQ ID NO:

427), HBA2 (SEQ ID NO: 428), CD37 (SEQ ID NO: 429), and TARP (SEQ ID NO:

430).

In some embodiments of any aspect of the invention, at least five

biomarkers of resistance selected from the biomarkers of Table 2 may be

measured according to the methods of the invention (e.g., ANXA1 biomarker (e.g.,

by hybridizing to an oligonucleotide of SEQ ID NO: 104 or its complement), such

as the biomarkers of any one of SEQ ID NOs: 431 -445, which may be measured

by hybridizing to any one of oligonucleotides of SEQ ID NOs: 104-1 2 1 or their

complements). Alternatively, at least five oligonucleotides, each of which is

complementary to or identical to at least 5 consecutive nucleotides (e.g., at least 6,

at least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at

least 14, at least 15, or at least 20; the oligonucleotide can also be 5-20, 25, 5-50,

50-1 00, or over 100 consecutive nucleotides long) of a biomarker of Table 2, may

be present in devices and kits of the invention. For example, the biomarkers of

Table 2 may be those having an absolute value of the correlation coefficient of at

least 0.3 (e.g., at least 0.35, at least 0.4, or at least 0.45). For example, the

biomarkers of Table 2 may be ANXA1 (SEQ ID NO: 431 ) , GPX1 (SEQ ID NO:

432), SPTBN1 (SEQ ID NO: 433), ANXA2 (SEQ ID NO: 434), and CAPN2 (SEQ

ID NO: 435).

In some embodiments of any aspect of the invention, at least ten

biomarkers of resistance selected from the biomarkers of Table 2 may be

measured according to the methods of the invention (e.g., ANXA1 biomarker (e.g.,

by hybridizing to an oligonucleotide of SEQ ID NO: 104 or its complement), such

as the biomarkers of any one of SEQ ID NOs: 431 -445, which may be measured

by hybridizing to any one of oligonucleotides of SEQ ID NOs: 104-1 2 1 or their

complements). Alternatively, at least ten oligonucleotides, each of which is

complementary to or identical to at least 5 consecutive nucleotides (e.g., at least 6,

at least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at

least 14, at least 15, or at least 20; the oligonucleotide can also be 5-20, 25, 5-50,

50-1 00, or over 100 consecutive nucleotides long) of a biomarker of Table 2, may

be present in devices and kits of the invention. For example, the biomarkers of

Table 2 may be those having an absolute value of the correlation coefficient of at

least 0.3 (e.g., at least 0.35, at least 0.4, or at least 0.45). For example, the

biomarkers of Table 2 may be ANXA1 (SEQ ID NO: 431 ) , GPX1 (SEQ ID NO:

432), SPTBN1 (SEQ ID NO: 433), ANXA2 (SEQ ID NO: 434), CAPN2 (SEQ ID



NO: 435), ZA20D2 (SEQ ID NO: 436), TMSB1 0 (SEQ ID NO: 437), PRNP (SEQ

ID NO: 438), TIMP1 (SEQ ID NO: 439), and PSMA1 (SEQ ID NO: 440).

In some embodiments of any aspect of the invention, at least fifteen

biomarkers of resistance selected from the biomarkers of Table 2 may be

measured according to the methods of the invention (e.g., ANXA1 biomarker (e.g.,

by hybridizing to an oligonucleotide of SEQ ID NO: 104 or its complement), such

as the biomarkers of any one of SEQ ID NOs: 431 -445, which may be measured

by hybridizing to any one of oligonucleotides of SEQ ID NOs: 104-1 2 1 or their

complements). Alternatively, at least fifteen oligonucleotides, each of which is

complementary to or identical to at least 5 consecutive nucleotides (e.g., at least 6,

at least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at

least 14, at least 15, or at least 20; the oligonucleotide can also be 5-20, 25, 5-50,

50-1 00, or over 100 consecutive nucleotides long) of a biomarker of Table 2, may

be present in devices and kits of the invention. For example, the biomarkers of

Table 2 may be those having an absolute value of the correlation coefficient of at

least 0.3 (e.g., at least 0.35, or at least 0.4). For example, the biomarkers of Table

2 may be ANXA1 (SEQ ID NO: 431 ) , GPX1 (SEQ ID NO: 432), SPTBN1 (SEQ ID

NO: 433), ANXA2 (SEQ ID NO: 434), CAPN2 (SEQ ID NO: 435), ZA20D2 (SEQ

ID NO: 436), TMSB1 0 (SEQ ID NO: 437), PRNP (SEQ ID NO: 438), TIMP1 (SEQ

ID NO: 439), PSMA1 (SEQ ID NO: 440), PSMB2 (SEQ ID NO: 441 ) , UGP2 (SEQ

ID NO: 442), CD44 (SEQ ID NO: 443), TM4SF1 (SEQ ID NO: 444), and ACTN4

(SEQ ID NO: 445).

In other embodiments of any aspect of the invention, the cancer is a cancer

of the breast, prostate, lung and bronchus, colon and rectum, urinary bladder, skin,

kidney, pancreas, oral cavity and pharynx, ovary, thyroid, parathyroid, stomach,

brain, esophagus, liver and intrahepatic bile duct, cervix larynx, heart, testis, small

and large intestine, anus, anal canal and anorectum, vulva, gallbladder, pleura,

bones and joints, hypopharynx, eye and orbit, nose, nasal cavity and middle ear,

nasopharynx, ureter, peritoneum, omentum and mesentery, or gastrointestines. In

yet other embodiments of any aspect of the invention, the cancer may be chronic

myeloid leukemia, acute lymphocytic leukemia, non-Hodgkin lymphoma,

melanoma, carcinoma, basal cell carcinoma, malignant mesothelioma,

neuroblastoma, multiple myeloma, leukemia, retinoblastoma, acute myeloid

leukemia, chronic lymphocytic leukemia, Hodgkin lymphoma, carcinoid tumors,

acute tumor, or soft tissue sarcoma.

In some embodiments of any aspect of the invention, the cancer is a

hormone positive cancer. In certain embodiments of any aspect of the invention,



the cancer is metastatic. In particular embodiments of any aspect of the invention,

the cancer is a breast cancer (e.g., hormone receptor positive breast cancer).

In particular embodiments of any aspect of the invention, the anti-cancer

agent is fulvestrant. In certain embodiments any aspect of the invention, the

patient is a female (e.g., a postmenopausal female). In some embodiments of any

aspect of the invention, the cancer has progressed following antiestrogen therapy.

In certain embodiments of any aspect of the invention, the anti-cancer agent

is gefitinib. In particular embodiments of any aspect of the invention, the cancer is

lung cancer (e.g., non-small cell lung cancer).

In other embodiments of any aspect of the invention, the anti-cancer agent

is cisplatin. In some embodiments of any aspect of the invention, the cancer is a

testicular tumor (e.g., metastatic testicular tumor), an ovarian tumor (e.g., a

metastatic ovarian tumor), or a bladder cancer (e.g., advanced bladder cancer).

In some embodiments of any aspect of the invention, the anti-cancer agent

is erlotinib. In certain embodiments of any aspect of the invention, the cancer is a

non-small cell lung cancer (e.g., locally advanced or metastatic non-small cell lung

cancer) or pancreatic cancer (e.g., locally advanced, unresectable, or metastatic

pancreatic cancer).

In certain embodiments of any aspect of the invention, the anti-cancer agent

is vincristine. In particular embodiments of any aspect of the invention, the cancer

is leukemia (e.g., acute lymphocytic leukemia).

In some embodiments of any aspect of the invention, the anti-cancer agent

is trastuzumab. In certain embodiments of any aspect of the invention, the cancer

is breast cancer (e.g., adjuvant breast cancer or metastatic breast cancer) or

gastric cancer (e.g., metastatic gastric cancer).

In other embodiments of any aspect of the invention, the first sample is a

biopsy. In particular embodiments of any aspect of the invention, the second

sample is a biopsy. In some embodiments any aspect of the invention, the first

sample and the second sample are the same sample. In other embodiments of

any aspect of the invention, the first sample and the second sample are not the

same sample.

In certain embodiments of any aspect of the invention, the expression level

of the biomarker of sensitivity is measured using qRT-PCR or q-LAMP. In

particular embodiments of any aspect of the invention, the expression level of the

biomarker of resistance is measured using qRT-PCR or q-LAMP.

In certain other embodiments of any one of eighth to tenth aspects of the

invention, the step of determining a level of expression of at least one biomarker of

sensitivity comprises contacting the first sample with an oligonucleotide or its



complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to a sequence that is complimentary or identical to the at least

one biomarker of sensitivity, in which the contacting is performed under conditions

allowing for hybridization of the oligonucleotide to the at least one biomarker of

sensitivity. For example, the oligonucleotide may have at least 85% (e.g., at least

90%, at least 95%, or 100%) sequence identity to any one of SEQ ID NOs: 1- 103,

preferably the oligonucleotide may have at least 85% sequence identity to any one

of SEQ ID NOs: 1-27.

In certain embodiments of any one of eighth to tenth aspects of the

invention, the step of determining a level of expression of at least one biomarker of

resistance comprises contacting the first sample with an oligonucleotide or its

complement having at least 85% (e.g., at least 90%, at least 95%, or 100%)

sequence identity to a sequence of an oligonucleotide that is complimentary or

identical to the at least one biomarker of resistance, in which the contacting is

performed under conditions allowing for hybridization of the oligonucleotide to the

at least one biomarker of resistance. For example, the oligonucleotide may have

at least 85% % (e.g., at least 90%, at least 95%, or 100%) sequence identity to

any one of SEQ ID NOs: 104-414, preferably the oligonucleotide may have at least

85% % (e.g., at least 90%, at least 95%, or 100%) sequence identity to any one of

SEQ ID NOs: 104-143.

In some embodiments of any one of eighth to tenth aspects of the invention,

the level of expression of the one or more biomarkers of sensitivity is determined

by detecting the level of mRNA transcribed from the one or more genes listed in

Table 1.

In other embodiments of any one of eighth to tenth aspects of the invention,

the level of expression of the one or more biomarkers of sensitivity is determined

by measuring the level of a protein product of the one or more genes listed in

Table 1.

In particular embodiments of any one of eighth to tenth aspects of the

invention, the level of expression of the one or more biomarkers of sensitivity is

determined by detecting the level of the biological activity of a protein product of

the one or more genes listed in Table 1.

In certain embodiments of any one of eighth to tenth aspects of the

invention, the level of expression of the one or more biomarkers of resistance is

determined by detecting the level of mRNA transcribed from the one or more

genes listed in Table 2 .

In other embodiments of any one of eighth to tenth aspects of the invention,

the level of expression of the one or more biomarkers of resistance is determined



by measuring the level of a protein product of the one or more genes listed in

Table 2 .

In some embodiments of any one of eighth to tenth aspects of the invention,

the level of expression of the one or more biomarkers of resistance is determined

by detecting the level of the biological activity of a protein product of the one or

more genes listed in Table 2 .

In particular embodiments of any one of eighth to tenth aspects of the

invention, an increase in the level of expression of the one or more biomarkers of

sensitivity indicates increased responsiveness of the patient to the anti-cancer

agent.

In some embodiments of any one of eighth to tenth aspects of the invention,

a decrease in the level of expression of the one or more biomarkers of resistance

indicates increased responsiveness of the patient to the anti-cancer agent.

In other embodiments of any one of eighth to tenth aspects of the invention,

the method involves converting the level of expression of the one or more

biomarkers of sensitivity into a mean score for the anti-cancer agent, where the

mean score identifies the responsiveness of the patient to the anti-cancer agent.

In particular embodiments of any one of eighth to tenth aspects of the

invention, the value of the mean score for the one or more biomarkers of

sensitivity that is greater than or equal to 0.25 (e.g., greater than or equal to 0.3,

greater than or equal to 0.4, greater than or equal to 0.5, greater than or equal to

0.6, or greater than or equal to 0.7; preferably greater than or equal to 0.3)

indicates the patient is responsive to the anti-cancer agent.

In certain embodiments of any one of eighth to tenth aspects of the

invention, the method involves converting the level of expression of the one or

more biomarkers of resistance into a mean score for the anti-cancer agent, where

the mean score identifies the responsiveness of the patient to the anti-cancer

agent.

In some embodiments of any one of eighth to tenth aspects of the invention,

the absolute value of the mean score for the one or more biomarkers of resistance

that is greater than or equal to 0.25 (e.g., greater than or equal to 0.3, greater than

or equal to 0.4, greater than or equal to 0.5, greater than or equal to 0.6, or greater

than or equal to 0.7; preferably, greater than or equal to 0.3) indicates the patient

is responsive to the anti-cancer agent.

In particular embodiments of any one of eighth to tenth aspects of the

invention, the method involves:

(i) converting the level of expression of the one or more biomarkers of

sensitivity into a first mean score for the anti-cancer agent;



(ii) converting the level of expression of the one or more biomarkers of

resistance into a second mean score for the anti-cancer agent;

(iii) subtracting the second mean score from the first mean score to obtain a

difference score for the anti-cancer agent,

where the difference score identifies the responsiveness of the patient to

the anti-cancer agent.

In some embodiments of any one of eighth to tenth aspects of the invention,

the value of the difference score that is greater than or equal to 0.25 (e.g., greater

than or equal to 0.3, greater than or equal to 0.4, greater than or equal to 0.5,

greater than or equal to 0.6, or greater than or equal to 0.7) indicates the patient is

responsive to the anti-cancer agent.

In some embodiments of any aspect of the invention, the biomarker of

Table 1 is not ZNF1 65. In some embodiments of any aspect of the invention, the

biomarker of Table 1 is not ZNF394. In some embodiments of any aspect of the

invention, the biomarker of Table 2 is not ZFP36L1 . In some embodiments of any

aspect of the invention, the biomarker of Table 2 is not ZNF258. In some

embodiments of any aspect of the invention, the biomarker of Table 2 is not

ZNF238. In certain embodiments of any aspect of the invention, in particular, the

methods, devices, and kits of the invention, the biomarker of Table 1 is not a zinc-

finger gene. In certain embodiments of any aspect of the invention, in particular,

the methods, devices, and kits of the invention, the biomarker of Table 2 is not a

zinc-finger gene. In some embodiments of any aspect of the invention, the

oligonucleotide may not be identical or complementary to SEQ ID NO: 89. In

some embodiments of any aspect of the invention, the oligonucleotide may not be

identical or complementary to SEQ ID NO: 10 1 . In some embodiments of any

aspect of the invention, the oligonucleotide may not be identical or complementary

to SEQ ID NO: 394. In some embodiments of any aspect of the invention, the

oligonucleotide may not be identical or complementary to SEQ ID NO: 2 15 . In

some embodiments of any aspect of the invention, the oligonucleotide may not be

identical or complementary to SEQ ID NO: 232.

Definitions

"Resistant" or "resistance" as used herein means that a cell, a tumor, a

person, or a living organism is able to withstand treatment, e.g., with a compound,

such as an anti-cancer agent (e.g., a chemotherapeutic agent) or radiation

treatment, in that the treatment inhibits the growth of a cell, e.g., a cancer cell, in

vitro or in a tumor, person, or living organism by less than 10%, 20%, 30%, 40%,

50%, 60%, or 70% relative to the growth of a cell not exposed to the treatment.



Resistance to treatment may be determined by a cell-based assay that measures

the growth of treated cells as a function of the cells' absorbance of an incident light

beam as used to perform the NCI60 assays described herein. In this example,

greater absorbance indicates greater cell growth, and thus, resistance to the

treatment. A smaller reduction in growth indicates more resistance to a treatment.

By "chemoresistant" or "chemoresistance" is meant resistance to a compound.

"Sensitive," "sensitivity," "responsive," or "responsiveness" as used herein

means that a cell, a tumor, a person, or a living organism is responsive to

treatment, e.g., with a compound, such as an anti-cancer agent (e.g., a

chemotherapeutic agent) or radiation treatment, in that the treatment inhibits the

growth of a cell, e.g., a cancer cell, in vitro or in a tumor, person, or living organism

by 70%, 80%, 90%, 95%, 99% or 100%. Sensitivity to treatment may be

determined by a cell-based assay that measures the growth of treated cells as a

function of the cells' absorbance of an incident light beam as used to perform the

NCI60 assays described herein. In this example, lesser absorbance indicates

lesser cell growth, and thus, sensitivity to the treatment. A greater reduction in

growth indicates more sensitivity to the treatment. By "chemosensitive" or

"chemosensitivity" is meant sensitivity to a compound.

"Complement" of a nucleic acid sequence or a "complementary" nucleic

acid sequence as used herein refers to an oligonucleotide which is in "antiparallel

association" when it is aligned with the nucleic acid sequence such that the 5' end

of one sequence is paired with the 3' end of the other. Nucleotides and other

bases may have complements and may be present in complementary nucleic

acids. Bases not commonly found in natural nucleic acids that may be included in

the nucleic acids of the present invention include, for example, inosine and 7-

deazaguanine. "Complementarity" may not be perfect; stable duplexes of

complementary nucleic acids may contain mismatched base pairs or unmatched

bases. Those skilled in the art of nucleic acid technology can determine duplex

stability empirically considering a number of variables including, for example, the

length of the oligonucleotide, percent concentration of cytosine and guanine bases

in the oligonucleotide, ionic strength, and incidence of mismatched base pairs.

When complementary nucleic acid sequences form a stable duplex, they

are said to be "hybridized" or to "hybridize" to each other or it is said that

"hybridization" has occurred. Nucleic acids are referred to as being

"complementary" if they contain nucleotides or nucleotide homologues that can

form hydrogen bonds according to Watson-Crick base-pairing rules (e.g., G with

C, A with T or A with U) or other hydrogen bonding motifs such as for example

diaminopurine with T, 5-methyl C with G, 2-thiothymidine with A, inosine with C,



pseudoisocytosine with G, etc. Anti-sense RNA may be complementary to other

oligonucleotides, e.g., mRNA.

"Gene" as used herein indicates a coding or noncoding gene whose activity

can be determined by measuring the produced RNA. Examples include protein

coding genes, microRNAs, small nuclear RNAs and other RNAs with catalytic,

regulatory or coding properties.

"Biomarker" as used herein indicates a gene or RNA (e.g., a miRNA)

whose expression indicates sensitivity or resistance to a treatment.

"Compound" as used herein means a chemical or biological substance,

e.g., a drug, a protein, an antibody, or an oligonucleotide, which may be used to

treat a disease or which has biological activity in vivo or in vitro. Preferred

compounds may or may not be approved by the U.S. Food and Drug

Administration (FDA). Preferred compounds include, e.g., anti-cancer agents

(chemotherapy agents) that may inhibit cancer growth. Preferred anti-cancer

agents (chemotherapy agents) include fulvestrant (also known under the name

FASLODEX®), gefitinib (IRESSA®), ERLOTINIB (TARCEVA®), tamoxifen,

trastuzumab (HERCEPTIN®), cisplatin, belinostat, and vincristine. Preferably, the

anti-cancer agent is fulvestrant.

To "inhibit growth" as used herein means causing a reduction in cell growth

in vivo or in vitro by, e.g., 0%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,

95%, or 99% or more, as evident by a reduction in the size or number of cells

exposed to a treatment (e.g., exposure to a compound), relative to the size or

number of cells in the absence of the treatment. Growth inhibition may be the

result of a treatment that induces apoptosis in a cell, induces necrosis in a cell,

slows cell cycle progression, disrupts cellular metabolism, induces cell lysis, or

induces some other mechanism that reduces the size or number of cells.

"Marker gene" or "biomarker gene" as used herein means a gene in a cell

the expression of which correlates to sensitivity or resistance of the cell (and thus

the patient from which the cell was obtained) to a treatment (e.g., exposure to a

compound).

"Microarray" as used herein means a device employed by any method that

quantifies one or more subject oligonucleotides, e.g., DNA or RNA, or analogues

thereof, at a time. One exemplary class of microarrays consists of DNA probes

attached to a glass or quartz surface. For example, many microarrays, including

those made by Affymetrix, use several probes for determining the expression of a

single gene. The DNA microarray may contain oligonucleotide probes that may

be, e.g., full-length cDNAs complementary to an RNA or cDNA fragments that

hybridize to part of an RNA. Exemplary RNAs include mRNA, miRNA, and miRNA



precursors. Exemplary microarrays also include a "nucleic acid microarray" having

a substrate-bound plurality of nucleic acids, hybridization to each of the plurality of

bound nucleic acids being separately detectable. The substrate may be solid or

porous, planar or non-planar, unitary or distributed. Exemplary nucleic acid

microarrays include all of the devices so called in Schena (ed.), DNA Microarrays:

A Practical Approach (Practical Approach Series), Oxford University Press (1999);

Nature Genet. 2 1( 1 )(suppl.):1 -60 ( 1999); Schena (ed.), Microarray Biochip: Tools

and Technology, Eaton Publishing Company/BioTechniques Books Division

(2000). Additionally, exemplary nucleic acid microarrays include substrate-bound

plurality of nucleic acids in which the plurality of nucleic acids are disposed on a

plurality of beads, rather than on a unitary planar substrate, as is described, inter

alia, in Brenner et al., Proc. Natl. Acad. Sci. USA 97(4):1 665-1 670 (2000).

Examples of nucleic acid microarrays may be found in U.S. Pat. Nos. 6,391 ,623,

6,383,754, 6,383,749, 6,380,377, 6,379,897, 6,376,1 9 1 , 6,372,431 , 6,351 ,712

6,344,31 6, 6,31 6,1 93, 6,31 2,906, 6,309,828, 6,309,824, 6,306,643, 6,300,063,

6,287,850, 6,284,497, 6,284,465, 6,280,954, 6,262,21 6, 6,251 ,601 , 6,245,51 8,

6,263,287, 6,251 ,601 , 6,238,866, 6,228,575, 6,214,587, 6,203,989, 6,1 7 1 ,797,

6,1 03,474, 6,083,726, 6,054,274, 6,040,1 38, 6,083,726, 6,004,755, 6,001 ,309,

5,958,342, 5,952,180, 5,936,731 , 5,843,655, 5,814,454, 5,837,1 96, 5,436,327,

5,41 2,087, 5,405,783, the disclosures of which are incorporated herein by

reference in their entireties.

Exemplary microarrays may also include "peptide microarrays" or "protein

microarrays" having a substrate-bound plurality of polypeptides, the binding of a

oligonucleotide, a peptide, or a protein to each of the plurality of bound

polypeptides being separately detectable. Alternatively, the peptide microarray,

may have a plurality of binders, including but not limited to monoclonal antibodies,

polyclonal antibodies, phage display binders, yeast 2 hybrid binders, aptamers,

which can specifically detect the binding of specific oligonucleotides, peptides, or

proteins. Examples of peptide arrays may be found in WO 02/31463, WO

02/25288, WO 01/94946, WO 01/881 62, WO 01/68671 , WO 01/57259, WO

00/61 806, WO 00/54046, WO 00/47774, WO 99/40434, WO 99/3921 0, WO

97/42507 and U.S. Pat. Nos. 6,268,21 0, 5,766,960, 5,143,854, the disclosures of

which are incorporated herein by reference in their entireties.

"Gene expression" as used herein means the amount of a gene product in a

cell, tissue, organism, or subject, e.g., amounts of DNA, RNA, or proteins,

amounts of modifications of DNA, RNA, or protein, such as splicing,

phosphorylation, acetylation, or methylation, or amounts of activity of DNA, RNA,

or proteins associated with a given gene.



"NCI60" as used herein means a panel of 60 cancer cell lines from lung,

colon, breast, ovarian, leukemia, renal, melanoma, prostate and brain cancers

including the following cancer cell lines: NSCLC_NCIH23, NSCLC_NCIH522,

NSCLC_A549ATCC, NSCLC_EKVX, NSCLC_NCIH226, NSCLC_NCIH332M,

NSCLC_H460, NSCLC_HOP62, NSCLC_HOP92, COLON_HT29, COLONJHCC-

2998, COLON_HCT1 6, COLON_SW620, COLON_COLO205, COLON_HCT15,

COLON_KM1 2, BREAST_MCF7, BREAST_MCF7ADRr, BREAST_MDAMB231 ,

BREAST HS578T, BREAST_MDAMB435, BREAST_MDN, BREAST BT549,

BREAST T47D, OVAR_OVCAR3, OVAR_OVCAR4, OVAR_OVCAR5,

OVAR_OVCAR8, OVARJGROV1 , OVAR_SKOV3, LEUK CCRFCEM,

LEUK_K562, LEUK_MOLT4, LEUK HL60, LEUK_RPMI8266, LEUK SR,

RENAL_UO31 , RENAL SN12C, RENAL_A498, RENAL CAKI1 ,

RENAL RXF393, RENAL_7860, RENAL ACHN, RENAL TK1 0,

MELAN_LOXIMVI, MELAN_MALME3M, MELAN_SKMEL2, MELAN_SKMEL5,

MELAN_SKMEL28, MELAN_M14, MELAN_UACC62, MELAN_UACC257,

PROSTATE_PC3, PROSTATE_DU145, CNS_SNB19, CNS_SNB75, CNS_U251 ,

CNS_SF268, CNS_SF295, and CNS_SF539.

The term "sample," as used herein, refers to any specimen (e.g., tissue and

cells (e.g., a tissue sample obtained by biopsy), blood, serum, plasma, urine,

cerebrospinal fluid, or pancreatic fluid) taken from a subject. Preferably, the

sample is taken from a portion of the body affected by a cancer (e.g., a biopsy).

Biopsy (e.g., breast cancer biopsy) may involve fine needle aspiration biopsy, core

needle biopsy (e.g., stereotactic core needle biopsy, vacuum-assisted core biopsy,

or magnetic resonance imaging (MRI) guided biopsy), or surgical biopsy (e.g.,

incisional biopsy or excisional biopsy). The sample may undergo additional

purification and processing, for example, to remove cell debris and other unwanted

molecules. Additional processing may further involve amplification, e.g., using

PCR (RT-PCR). The standard methods of sample purification, such as removal of

unwanted molecules, are known in the art.

The terms "effective amount," "amount effective to," and "therapeutically

effective amount," as used interchangeably herein, refer to an amount of an ant i

cancer agent (e.g., fulvestrant) sufficient to produce a desired result, such as

complete response (CR) of the patient having a cancer, partial response (PR) of

the patient having a cancer, or stable disease (SD) in the patient having a cancer.

The desirable response criteria (CR, PR, or SD) are well-known in the art, see,

e.g., Response Evaluation Criteria in Solid Tumors (RECIST).

The terms "patient" and "subject," as used interchangeably herein, refer to

any animal (e.g., a mammal, e.g., a human). A subject to be treated or tested for



responsiveness to an anti-cancer agent according to the methods described

herein may be one who has been diagnosed with a cancer (e.g., breast cancer).

Diagnosis may be performed by any method or technique known in the art, such

as self-exam, x-ray (e.g., mammogram), MRI, or biopsy. A non-limiting example of

a patient includes a female (e.g., a postmenopausal female) having a breast

cancer (e.g., a hormone receptor positive breast cancer). This patient may have

been identified using techniques and methods known in the art. To minimize

exposure of this patient to drugs that may not be useful, the patient may be

determined as either responsive or non-responsive to a specific anti-cancer agent

(e.g., fulvestrant) according to the methods of the invention.

"Treatment" or "medical treatment" means administering to a subject or

living organism or exposing to a cell or tumor a compound, such as an anti-cancer

agent (e.g., a drug, a protein, an antibody, an oligonucleotide, a chemotherapeutic

agent, and a radioactive agent) or some other form of medical intervention used to

treat or prevent cancer or the symptoms of cancer (e.g., cryotherapy and radiation

therapy). Radiation therapy includes the administration to a patient of radiation

generated from sources such as particle accelerators and related medical devices

that emit X-radiation, gamma radiation, or electron (Beta radiation) beams. A

treatment may further include surgery, e.g., to remove a tumor from a subject or

living organism.

Other features and advantages of the invention will be apparent from the

following Detailed Description, the drawings, and the claims.

Brief Description of the Drawings

Figure 1 depicts an illustration of the method of identifying biomarkers and

predicting patient sensitivity to a medical treatment. The method has an in vitro

component where the growth inhibition of a compound or medical treatment is

measured on cell lines (6 of the 60 cell lines tested are shown). The gene

expression is measured on the same cell lines without compound treatment.

Those genes that have a correlation above a certain cutoff (e.g., a preferred cutoff

of 0.25, in which a correlation coefficient equal to or greater than the cutoff of 0.25

is deemed statistcally significant by, e.g., cross-validation) to the growth inhibition

are termed marker genes and the expression of those genes in vivo, e.g., may

predict the sensitivity or resistance of a patient's cancer to a compound or other

medical treatment. The in vivo component is applied to a patient to determine

whether or not the treatment will be effective in treating disease in the patient.

Here, the gene expression in cells of a sample of the suspected disease tissue

(e.g., a tumor) in the patient is measured before or after treatment. The activity of



the marker genes in the sample is compared to a reference population of patients

known to be sensitive or resistant to the treatment. The expression of marker

genes in the cells of the patient known to be expressed in the cells of reference

patients sensitive to the treatment indicates that the patient to be treated is

sensitive to the treatment and vice versa. Based on this comparison the patient is

predicted to be sensitive or resistant to treatment with the compound.

Figure 2A is a graph comparing predicted and measured sensitivity to

fulvestrant for 20 breast cancer cell lines. ERa status was determined using an

immune assay or gene expression and are shown in color code (green, ERa

negative; red, ERa positive; Neve et al., Cancer Cell, 10:51 5-527, 2006). SUM-

52PE is positive for ERa gene expression but negative for ERa in western blotting.

The prediction score is calculated from the gene expression measurements and

has been normalized to a scale of 0 to 100 (no units). If a cutoff of 50 is applied to

this score, then 9 out 15 cell lines are correctly predicted as resistant (GI50 5 µΜ

or more), and 5 out of 5 cell lines are correctly predicted as sensitive. ER

negative cell lines are: BT20, BT-549, HCC70, HCC1 187, HCC1 569, HCC1 954,

Hs578T, MDA-MB57, MDA-MB-436, MDA-MD-453, MDA-MB-468. ER positive

cell lines are: BT474, CAMA-1 , MCF7, MDA-MB-1 75VII, MDA-MB-361 , SKBR3,

SUM-52PE, T47D, and ZR75-1 .

Figure 2B is a graph showing the subgroup of ERa positive cell lines from

Figure 2A on a linear scale. GI50 values above 10 µΜ are shown as 10 µΜ .

Figure 3 is a graph showing prediction score and treatment response for the

500 mg fulvestrant cohort of the NEWEST trial. Responders are those patients

that experienced a reduction in tumour size according to RECIST criteria (PR,

n=1 1) following treatment with 500 mg fulvestrant for 16 weeks. Non-responders

were defined as those with either stable or progressive disease after 16 weeks

treatment (SD+PD, n=9). A one-sided Wilcoxon test for difference between

predicted sensitivity of responders and non-responders yields a P-value of 0.01 .

The pre-specified cutoff (median of the prediction scores) is shown as an orange

line. Boxes represent upper quartile, median and lower quartile.

Figure 4 is a graph showing a combination score of fulvestrant sensitivity

and clinical covariates: tumor grade and ER H score. Responders (PR, n=8) were

compared to non-responders (SD, n=7). Five patients including the two with

progressive disease from Figure 3 had grade information "Not done" or

"unassessable" and were excluded from the analysis. A one-sided Wilcoxon test

for difference between predicted sensitivity of responders and non-responders

yields a P-value of 0.003. The pre-specified cutoff at the population median of the

combination score is shown with an orange line. If this cutoff is used to divide this



very limited sample of patients into predicted sensitive and predicted resistant to

fulvestrant, the PPV of the prediction is 88% and the NPV of this prediction is

00%

Figure 5 is a graph showing a receiver operating characteristic comparing

three prediction scores: grade + ER, prediction score and combination score. The

dashed line shows an AUC of 0.5. Along x-axis is false positive score ( 1-

specificity) and along y-axis is a true positive score (sensitivity).

Figure 6 is a graph showing a logistic regression of the relationship

between fulvestrant prediction score and probability of response. Three predictors

are shown: grade + ER, prediction score and combination score. The 95%

confidence intervals are quite high (not shown) due to the limited sample size but

a Wald test on the logistic regression of the prediction score is borderline

statistically significant (P=0.0499), as is the combination score (P=0.0475). All

scores have been normalized to a scale from 0 to 100 for comparison.

Figure 7 is a graph showing the prediction score for patients treated with

250 mg fulvestrant. There are 5 partial responders, 13 patients with stable

disease and 1 progressive disease patient. The median prediction score, as

shown in Figure 2, is represented by the yellow line in the graph. Most patients

predicted to be sensitive (above cutoff indicated by a line, population median as

shown in Figure 2) exhibited stable disease at this dose, whereas they exhibited

partial response at the 500 mg dose (Figure 3).

Figure 8 is a graph showing differences in the sensitivity (GI50) of NCI60

cell lines to drugs targeting the ER pathway. For each drug, and each cell line, the

GI50 is shown as a bar on a logarithmic scale relative to the mean GI50 of all cell

lines (63 µΜ for fulvestrant, 4.3 µΜ for tamoxifen, 8.4 µΜ for raloxifene, 13 µΜ for

toremifene). Bars to the right of the mean indicate above average sensitivity cell

lines, whereas bars to the left of the mean indicate below average sensitivity cell

lines. ER expression is measured with an Affymetrix array on all cell lines and

shown on a logarithmic scale relative to the mean expression. MCF7 and T-47D

are well known ER positive cell lines.

Detailed Description

The invention features methods for identifying and using one or more

biomarkers of treatment sensitivity or resistance, e.g., sensitivity or resistance to

one or more treatments for cancer (e.g., a chemothereutic agent such as

fulvestrant), to predict treatment efficacy in a patient (e.g., a patient diagnosed with

cancer), devices (e.g., a microarray) that include nucleic acid molecules that can

detect the level of expression of the biomarkers, and kits that include the devices



and instructions for use. The kits of the invention include an array (e.g., a

microarray) with one or more single-stranded oligonucleotide probes that have at

least 85% (e.g., at least 90%, 95%, 99%, or 100%) sequence identity to a target

nucleic acid molecule having a sequence that is complementary or identical to the

nucleic acid sequence of one or more biomarkers of sensitivity or resistance to

treatment (e.g., treatment with an anti-cancer agent, such as a chemotherapeutic

agent) described herein. For example, the probes can be used to detect one or

more (e.g., two, three, four, five, ten, twenty, thirty, fifty, or all) of the biomarkers

listed in one or more of Tables 1-2, such as GATA3. The oligonucleotide probes

of the array can be used detect nucleic acid molecules present in sample applied

to the array (e.g., nucleic acid molecules from a sample obtained, derived, or

prepared from a subject (e.g., a cell, tissue, or organ sample from a subject)). The

kits can also include instructions for using the device to predict the sensitivity or

resistance of the subject to the treatment.

A beneficial aspect of the invention is that the methods, devices, and kits

can be used to determine the sensitivity and/or resistance of a patient to one or

more treatments for cancer (e.g., two, three, four, five, ten, twenty, thirty, or more

treatments for cancer, and even all of the treatments for cancer described herein)

at the same time by assaying for the level of expression of one or more

biomarkers, the expression of which has been correlated with a patient's sensitivity

or resistance to a specific treatment for cancer. For example, the methods,

devices, and kits can utilize oligonucleotide probes capable of detecting the level

of expression of at least one cancer therapy-sensitive biomarker associated with

each of the cancer therapies described herein (e.g., the methods, devices, and kits

can utilize oligonucleotide probes to detect at least one (e.g., two, three, or more,

e.g. all) of the cancer therapy-specific sensitivity biomarkers listed in Table 1, or a

subset thereof, e.g., the first 14 of the biomarkers listed in Table 1) . Alternatively,

or in addition to the cancer therapy-sensitive biomarkers, the methods, devices,

and kits can utilize oligonucleotide probes capable of detecting the level of

expression of at least one cancer therapy-resistant biomarker associated with

each of the cancer therapies described herein (e.g., the methods, devices, and kits

can utilize oligonucleotide probes to detect at least one (e.g., two, three, or more,

e.g. all) of the cancer therapy-resistant sensitivity biomarkers listed in Table 2, or a

subset thereof, e.g., the first 14 of the biomarkers listed in Table 2).

In other examples, the methods, devices, and kits can utilize

oligonucleotide probes capable of detecting the level of expression of the cancer

therapy-sensitive biomarkers of Table 1 (or a subset thereof) having the first

and/or second and/or third highest correlation coefficient (positive correlation).



Alternatively, or in addition to the cancer therapy-sensitive biomarkers, the

methods, devices, and kits can utilize oligonucleotide probes capable of detecting

the level of expression of the cancer therapy-resistant biomarkers of Table 2 (or a

subset thereof) having the first and/or second and/or third highest correlation

coefficient (negative correlation).

The invention also features methods of using the microarrays to determine

whether a subject, e.g., a cancer patient (such as, a breast cancer patient), will be

sensitive or resistant to treatment with, e.g., an anti-cancer agent, such as a

chemotherapy agent. Also featured are methods of identifying biomarkers of

sensitivity or resistance to a medical treatment based on the correlation of

biomarker expression to treatment efficacy, e.g., the growth inhibition of cancer

cells. Biomarkers that identify subjects as sensitive or resistant to a treatment may

also be identified within patient populations already thought to be sensitive or

resistant to that treatment. Thus, the methods, devices, and kits of the invention

can be used to identify patient subpopulations that are responsive to one or more

treatments thought to be ineffective for treating disease (e.g., cancer) in the

general population. More generally, cancer patient sensitivity to one or more

compounds or other medical treatments may be predicted using biomarker

expression regardless of prior knowledge about patient responsiveness to

treatment. The method according to the present invention can be implemented

using software that is run on an apparatus for measuring gene expression in

connection with a microarray. Devices of the invention (e.g., a microarray, such as

a DNA and/or RNA microarray) can be included in a kit for processing a tumor

sample from a subject (e.g., a cell, tissue, or organ sample containing a tumor or a

cell thereof), and the apparatus for reading the device and turning the result into a

chemosensitivity profile for the subject may be used to implement the methods of

the invention.

Devices Containing Oligonucleotide Probes of the Invention

The devices (e.g., microarrays) of the invention can include one or more

(e.g., two, three, four, five, ten, twenty, thirty, fifty, or all) oligonucleotide probes

that have nucleotide sequences that are identical (or share at least 85%, 90%,

95%, or 99% identity) to or complementary to, e.g., at least 5, 8 , 12, 20, 30, 40, 60,

80, 100, 150, or 200 consecutive nucleotides (or nucleotide analogues) of one or

more of the biomarkers listed in Table 1, Table 2, or both. For example, a

biomarker may be a biomarker of sensitivity, such as GATA3 (SEQ ID NO: 4 15),

CBFA2T3 (SEQ ID NO: 4 16), SPDEF (SEQ ID NO: 4 17), HBA1 (SEQ ID NO:

4 18), TFF1 (SEQ ID NO: 4 19), CD8B1 (SEQ ID NO: 420), KIAA0984 (SEQ ID NO:



421 ) , BCL2 (SEQ ID NO: 422), SLC9A3R1 (SEQ ID NO: 423), FBP1 (SEQ ID NO:

424), ITGB7 (SEQ ID NO: 425), HIST1 H3H (SEQ ID NO: 426), PDCD4 (SEQ ID

NO: 427), HBA2 (SEQ ID NO: 428), CD37 (SEQ ID NO: 429), or TARP (SEQ ID

NO: 430). For example, a biomarker may be a biomarker of resistance, such as

ANXA1 (SEQ ID NO: 431 ) , GPX1 (SEQ ID NO: 432), SPTBN1 (SEQ ID NO: 433),

ANXA2 (SEQ ID NO: 434), CAPN2 (SEQ ID NO: 435), ZA20D2 (SEQ ID NO:

436), TMSB1 0 (SEQ ID NO: 437), PRNP (SEQ ID NO: 438), TIMP1 (SEQ ID NO:

439), PSMA1 (SEQ ID NO: 440), PSMB2 (SEQ ID NO: 441 ) , UGP2 (SEQ ID NO:

442), CD44 (SEQ ID NO: 443), TM4SF1 (SEQ ID NO: 444), or ACTN4 (SEQ ID

NO: 445). The oligonucleotide probes may be, e.g., 5-20, 25, 5-50, 50-1 00, or

over 100 nucleotides long (e.g., at least 15 nucleotides long). The oligonucleotide

probes may be deoxyribonucleic acids (DNA) or ribonucleic acids (RNA).

Consecutive nucleotides within the oligonucleotide probes (e.g., 5-20, 25, 5-50,

50-1 00, or over 100 consecutive nucleotides), which are used as biomarkers of

chemosensitivity, may also appear as consecutive nucleotides in one or more of

the genes and/or RNAs (e.g., miRNA(s)) described herein beginning at or near,

e.g., the first, tenth, twentieth, thirtieth, fortieth, fiftieth, sixtieth, seventieth,

eightieth, ninetieth, hundredth, hundred-fiftieth, two-hundredth, five-hundredth, or

one-thousandth nucleotide of one or more of the biomarkers listed in one or more

of Tables 1-2 below.

Probes that may be employed on devices (e.g., microarrays) of the

invention include oligonucleotide probes having sequences complementary to or

identical to (or sharing at least 85%, 90%, 95%, or 99% identity to) any of the

target biomarker sequences described herein. Additionally, probes employed on

devices (e.g., microarrays) of the invention may also include proteins, peptides, or

antibodies that selectively bind any of the oligonucleotide probe sequences or their

complementary sequences. Exemplary probes of treatment sensitivity are listed in

Tables 1-2, wherein for each treatment listed, the biomarkers indicative of

treatment sensitivity or resistance, respectively, the correlation of biomarker

expression to growth inhibition and the sequence of an exemplary probe are

shown.

Identification of Biomarkers

The gene expression measurements of the NCI60 cancer cell lines were

obtained from the National Cancer Institute and the Massachusetts Institute of

Technology (MIT). Each dataset was normalized so that sample expression

measured by different chips could be compared. The preferred method of



normalization is the logit transformation, which is performed for each gene y on

each chip:

logit(y) = log [(y-background) I (saturation - y)],

where background is calculated as the minimum intensity measured on the chip

minus 0.1 % of the signal intensity range: min-0.001 * (max-min), and saturation is

calculated as the maximum intensity measured on the chip plus 0.1 % of the signal

intensity range: max+0.001 * (max-min). The resulting logit transformed data is then

z-transformed to mean zero and standard deviation 1.

Next, gene expression is correlated to cancer cell growth inhibition. Growth

inhibition data (GI50) of the NCI60 cell lines in the presence of any one of

thousands of tested compounds was obtained from the NCI. The correlation

between the log it-transformed expression level of each gene in each cell line and

the logarithm of GI50 (the concentration of a given compound that results in a 50%

inhibition of growth) can be calculated, e.g., using the Pearson correlation

coefficient or the Spearman Rank-Order correlation coefficient. Instead of using

GI50s, any other measure of patient sensitivity to a given compound may be

correlated to the patient's gene expression. Since a plurality of measurements

may be available for a single gene, the most accurate determination of correlation

coefficient was found to be the median of the correlation coefficients calculated for

all probes measuring expression of the same gene.

The median correlation coefficient of gene expression measured on a probe

to growth inhibition or patient sensitivity is calculated for all genes, and genes that

have a median correlation above 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 0.95, or 0.99 are

retained as biomarker genes. Preferably, the correlation coefficient of biomarker

genes will exceed 0.25. This is repeated for all the compounds to be tested. The

result is a list of marker genes that correlates to sensitivity for each compound

tested.

Predicting Patient Sensitivity or Resistance to Medical Treatments

For a given medical treatment (e.g., a compound, such as an anti-cancer

agent (a chemotherapy agent)), the expression of one or more biomarkers has

been shown to correlate to chemosensitivity and/or chemoresistance. This

correlation can be used to classify a patient, e.g., a cancer patient, or a

subpopulation of patients, as sensitive or resistant to one or more medical

treatments, e.g., one or more of the anti-cancer agents (e.g., chemotherapeutic

agents) or radiation therapies described herein. Using a tumor sample or a blood

sample (e.g., in case of leukemia or lymphoma) from a patient, expression of the

biomarkers in the cells of the patient in the presence of the treatment agent is



determined (using, for example, an RNA extraction kit, a DNA microarray and a

DNA microarray scanner). Measurements of biomarker expression are then logit

transformed as described above. The sum of the expression measurements of the

biomarkers is then compared to the median of the sums derived from a training set

population of patients having the same tumor. If the sum of biomarker expression

in the patient is closest to the median of the sums of expression in the surviving

members of the training set, the patient is predicted to be sensitive to the

compound or other medical treatment. If the sum of biomarker expression in the

patient is closest to the median of the sums of expression in the non-surviving

members of the training set, the patient is predicted to be resistant to the

compound.

Machine learning techniques such as Neural Networks, Support Vector

Machines, K Nearest Neighbor, and Nearest Centroids may also be employed to

develop models that discriminate patients sensitive to treatment from those

resistant to treatment using biomarker expression as model variables which assign

each patient a classification as resistant or sensitive. Machine learning techniques

used to classify patients using various measurements are described in U.S. Patent

No. 5,822,71 5; U.S. Patent Application Publication Nos. 2003/0073083,

2005/0227266, 2005/020851 2, 2005/01 23945, 2003/0129629, and 2002/000661 3;

and in Vapnik V N. Statistical Learning Theory, John Wiley & Sons, New York,

1998; Hastie et al., 2001 , The Elements of Statistical Learning: Data Mining,

Inference, and Prediction, Springer, N.Y.; Agresti, 1996, An Introduction to

Categorical Data Analysis, John Wiley & Sons, New York; V . Tresp et al., "Neural

Network Modeling of Physiological Processes", in Hanson S. J . et al. (Eds.),

Computational Learning Theory and Natural Learning Systems 2, MIT Press,

1994, each of which are hereby incorporated by reference in their entirety.

A more compact microarray may be designed using only the oligonucleotide

biomarker probes having measurements yielding the median correlation

coefficients with cancer cell growth inhibition. Thus, in this embodiment, only one

probe needs to be used to measure expression of each biomarker. For example,

a microarray according to the invention includes one, two, or three (or more, e.g.,

all) of the biomarker probes provided in Table 1 having the highest correlation

coefficients (positive correlation) from among those biomarkers listed and/or one,

two, or three (or more, e.g., all) of the biomarker probes provided in Table 2 having

the highest correlation coefficients (negative correlation) from among those

biomarkers listed. The device can also include one or more probes directed to

GATA3 along with one or more probes directed to one or more of the biomarker

probes provided in one or more of Tables 1-2.



As an example, Table 1-2 provides exemplary biomarker probes for

determining a patient's sensitivity to fulvestrant. A device of the invention can be

prepared for assaying a patient's sensitivity to fulvestrant by incorporating one or

more probes directed to the biomarker GATA3, which has the highest correlation

coefficient of 0.59 for this group. In other embodiments, a device of the invention

can be prepared for assaying a patient's sensitivity to fulvestrant by incorporating

one or more probes directed to the two biomarkers associated with fulvestrant

having the highest correlation coefficients (e.g., CBFA2T3 (0.54) and SPDEF

(0.54)). Other devices of the invention can include one or more biomarker probes

directed to those biomarkers having the first, second, and/or third, etc., highest

correlation coefficients (positive correlatin) for fulvestrant in Table 1 and/or one or

more biomarker probes directed to those biomarkers having the first, second,

and/or third, etc., highest correlation coefficients (negative correlation) for

fulvestrant in Table 2 .

Identifying a Subpopulation of Patients Sensitive to One or More Treatments

for Cancer

The invention may also be used to identify a subpopulation of patients, e.g.,

cancer patients, that are sensitive to a compound or other medical treatment

previously thought to be ineffective for the treatment of cancer. To this end,

biomarkers, the expression of which correlates to sensitivity to a compound or

other treatment, may be identified so that patients sensitive to a compound or

other treatment may be identified. To identify such biomarkers, expression within

cell lines may be correlated to the growth of those cell lines in the presence of the

same compound or other treatment. Preferably, biomarkers (such as genes or

RNAs) whose expression correlates to cell growth with a correlation coefficient

exceeding 0.25 may be considered possible biomarkers.

Alternatively, genes or RNAs (e.g., miRNAs) may be identified as

biomarkers according to their ability to discriminate patients known to be sensitive

to a treatment from those known to be resistant. The significance of the

differences in expression of biomarkers between the sensitive and resistant

patients may be measured using, e.g., t-tests. Alternatively, na ve Bayesian

classifiers may be used to identify biomarkers that discriminate sensitive and

resistant patient subpopulations given the biomarker expressions of the sensitive

and resistant subpopulations within a treated patient population.

The patient subpopulations considered may be further divided into patients

predicted to survive without treatment, patients predicted to die without treatment,

and patients predicted to have symptoms without treatment. The above



methodology may be similarly applied to any of these further defined patient

subpopulations to identify biomarkers able to predict a subject's sensitivity to

compounds or other treatments for the treatment of cancer.

Patients with elevated expression of biomarkers correlated to sensitivity to a

compound or other medical treatment would be predicted to be sensitive to that

compound or other medical treatment.

The invention is particularly useful for recovering compounds or other

treatments that failed in clinical trials by identifying sensitive patient

subpopulations using the gene expression methodology disclosed herein to

identify gene or NRA (e.g., miRNA) biomarkers that can be used to predict clinical

outcome.

Kit, Apparatus, and Software for Clinical Use

This invention may also be used to predict patients who are resistant or

sensitive to a particular treatment by using a kit that includes one or more of the

following: a kit for RNA extraction from tumors (e.g., Trizol for mRNA, mirVana

miRNA isolation kit from Ambion Inc), a kit for RNA labeling (e.g., MessageAmp

from Ambion Inc., FlashTag from Genisphere Inc), a microarray for measuring

biomarker expression (e.g., HG-U1 33_Plus2 or miRNA-1 .0 from Affymetrix Inc), a

microarray hybridization station and scanner (e.g., GeneChip System 3000Dx from

Affymetrix Inc), and/or software for analyzing the expression of biomarker genes or

RNAs (e.g., miRNAs) as described in herein (e.g., implemented in R from R-

Project or S-Plus from Insightful Corp.). The predicted sensitivity is either given by

the meanscore or diffscore as defined in Example 2 below.

Methodology of the In Vitro Cancer Growth Inhibition Screen

The human tumor cell lines of the cancer screening panel are grown in

RPMI 1640 medium containing 5% fetal bovine serum and 2 mM L-glutamine.

Cells are inoculated into 96 well microtiter plates in 100 µ Ι_ at plating densities

ranging from 5,000 to 40,000 cells/well depending on the doubling time of

individual cell lines. After cell inoculation, the microtiter plates are incubated at

37°C, 5% CO2, 95% air and 100% relative humidity for 24 hours prior to addition

of experimental compounds.

After 24 hours, two plates of each cell line are fixed in situ with TCA, to

represent a measurement of the cell population for each cell line at the time of

compound addition (Tz). Experimental compounds are solubilized in dimethyl

sulfoxide at 400-fold the desired final maximum test concentration and stored

frozen prior to use. At the time of compound addition, an aliquot of frozen



concentrate is thawed and diluted to twice the desired final maximum test

concentration with complete medium containing 50 g/ml Gentamicin. Additional

four, 10-fold or ½ log serial dilutions are made to provide a total of five compound

concentrations plus control. Aliquots of 100 µ Ι of these different compound

dilutions are added to the appropriate microtiter wells already containing 100 µ Ι of

medium, resulting in the required final compound concentrations.

Following compound addition, the plates are incubated for an additional 48

h at 37°C, 5% CO2, 95% air, and 100% relative humidity. For adherent cells, the

assay is terminated by the addition of cold TCA. Cells are fixed in situ by the

gentle addition of 50 µ Ι of cold 50% (w/v) TCA (final concentration, 10% TCA) and

incubated for 60 minutes at 4°C. The supernatant is discarded, and the plates are

washed five times with tap water and air-dried. Sulforhodamine B (SRB) solution

(100 µ Ι) at 0.4% (w/v) in 1% acetic acid is added to each well, and plates are

incubated for 10 minutes at room temperature. After staining, unbound dye is

removed by washing five times with 1% acetic acid and the plates are air-dried.

Bound stain is subsequently solubilized with 10 mM trizma base, and the

absorbance is read on an automated plate reader at a wavelength of 515 nm. For

suspension cells, the methodology is the same except that the assay is terminated

by fixing settled cells at the bottom of the wells by gently adding 50 µ Ι of 80% TCA

(final concentration, 16 % TCA). Using the seven absorbance measurements [time

zero, (Tz), control growth, (C), and test growth in the presence of compound at the

five concentration levels (Ti)], the percentage growth is calculated at each of the

compound concentrations levels. Percentage growth inhibition is calculated as:

[(Ti-Tz)/(C-Tz)] x 100 for concentrations for which Ti>/=Tz

[(Ti-Tz)/Tz] x 100 for concentrations for which Ti<Tz

Three dose response parameters are calculated for each experimental

agent. Growth inhibition of 50% (GI50) is calculated from [(Ti-Tz)/(C-Tz)] x 100 =

50, which is the compound concentration resulting in a 50% reduction in the net

protein increase (as measured by SRB staining) in control cells during the

compound incubation. The compound concentration resulting in total growth

inhibition (TGI) is calculated from Ti = Tz. The LC50 (concentration of compound

resulting in a 50% reduction in the measured protein at the end of the compound

treatment as compared to that at the beginning) indicating a net loss of cells

following treatment is calculated from [(Ti-Tz)/Tz] x 100 = -50. Values are

calculated for each of these three parameters if the level of activity is reached;

however, if the effect is not reached or is exceeded, the value for that parameter is

expressed as greater or less than the maximum or minimum concentration tested.



RNA Extraction and Biomarker Expression Measurement

Cell/tissue samples are snap frozen in liquid nitrogen until processing. RNA

is extracted using, e.g., Trizol Reagent from Invitrogen following manufacturer's

instructions. RNA is amplified using, e.g., MessageAmp kit from Ambion following

manufacturer's instructions. Amplified RNA is quantified using, e.g., HG-U1 33A or

HG-U1 33_Plus2 GeneChip from Affymetrix Inc and compatible apparatus e.g.

GCS3000Dx from Affymetrix, using manufacturer's instructions.

The resulting biomarker expression measurements are further processed

as described in this document. The procedures described can be implemented

using R software available from R-Project and supplemented with packages

available from Bioconductor.

For many drugs, 1-30 (e.g., 5-30 or 0-30, preferably, at least the first 14 of

the biomarkers listed in Table 1, Table 2, or both) biomarkers are sufficient to give

an adequate response. Thus, given the relatively small number of biomarkers

required, procedures, such as quantitative reverse transcriptase polymerase chain

reaction (qRT-PCR) or quantitative loop-mediated isothermal amplification (q-

LAMP), may be performed to measure, with greater precision, the amount of one

or more biomarker genes or RNAs (e.g., miRNAs) expressed in a sample. This

will provide an alternative to or a complement to microarrays so that a single

companion test, perhaps more quantitative than microarrays alone, employing one

or more of the biomarkers of the invention (e.g., GATA3 alone or in combination

with one or more of biomarkers recited in Tablesl and 2) can be used to predict

sensitivity to a new drug. qRT-PCR may be performed alone or in combination

with a microarray described herein. Procedures for performing qRT-PCR are

described in, e.g., U.S. Patent No. 7,1 0 1 ,663 and U.S. Patent Application

Publication Nos. 2006/01 77837 and 2006/0088856. Procedures for performing q-

LAMP are described in, e.g., U.S. Patent No. 8,632,998 and U.S. Patent

Application Publication No. 2007/02871 57. The methods of the invention are

readily applicable to newly discovered drugs as well as drugs described herein.

Pharmaceutical Compositions

The compounds used in the methods described herein are preferably

formulated into pharmaceutical compositions for administration to human subjects

in a biologically compatible form suitable for administration in vivo.

Pharmaceutical compositions typically include a compound as described herein

and a pharmaceutically acceptable excipient.



The compounds described herein can also be used in the form of the free

base, in the form of salts, zwitterions, solvates, or as prodrugs, or pharmaceutical

compositions thereof. All forms are within the scope of the invention. The

compounds, salts, zwitterions, solvates, prodrugs, or pharmaceutical compositions

thereof, may be administered to a patient in a variety of forms depending on the

selected route of administration, as will be understood by those skilled in the art.

The compounds used in the methods described herein may be administered, for

example, by oral, parenteral, buccal, sublingual, nasal, rectal, patch, pump, or

transdermal administration, and the pharmaceutical compositions formulated

accordingly. Parenteral administration includes intravenous, intraperitoneal,

subcutaneous, intramuscular, transepithelial, nasal, intrapulmonary, intrathecal,

rectal, and topical modes of administration. Parenteral administration may be by

continuous infusion over a selected period of time.

For human use, an anti-cancer agent can be administered alone or in

admixture with a pharmaceutical carrier selected with regard to the intended route

of administration and standard pharmaceutical practice. Pharmaceutical

compositions for use in accordance with the present invention thus can be

formulated in a conventional manner using one or more physiologically acceptable

carriers comprising excipients and auxiliaries that facilitate processing of an anti-

cancer agent (e.g., fulvestrant) into preparations which can be used

pharmaceutically.

This invention also includes pharmaceutical compositions which can

contain one or more pharmaceutically acceptable carriers. In making the

pharmaceutical compositions of the invention, the active ingredient is typically

mixed with an excipient, diluted by an excipient or enclosed within such a carrier in

the form of, for example, a capsule, sachet, paper, or other container. When the

excipient serves as a diluent, it can be a solid, semisolid, or liquid material (e.g.,

normal saline), which acts as a vehicle, carrier or medium for the active ingredient.

Thus, the compositions can be in the form of tablets, powders, lozenges, sachets,

cachets, elixirs, suspensions, emulsions, solutions, syrups, and soft and hard

gelatin capsules. As is known in the art, the type of diluent can vary depending

upon the intended route of administration. The resulting compositions can include

additional agents, e.g., preservatives.

The excipient or carrier is selected on the basis of the mode and route of

administration. Suitable pharmaceutical carriers, as well as pharmaceutical

necessities for use in pharmaceutical formulations, are described in Remington:

The Science and Practice of Pharmacy, 2 1st Ed., Gennaro, Ed., Lippencott

Williams & Wilkins (2005), a well-known reference text in this field, and in the



USP/NF (United States Pharmacopeia and the National Formulary). Examples of

suitable excipients are lactose, dextrose, sucrose, sorbitol, mannitol, starches,

gum acacia, calcium phosphate, alginates, tragacanth, gelatin, calcium silicate,

microcrystaNine cellulose, polyvinylpyrrolidone, cellulose, water, syrup, and methyl

cellulose. The formulations can additionally include: lubricating agents, e.g., talc,

magnesium stearate, and mineral oil; wetting agents; emulsifying and suspending

agents; preserving agents, e.g., methyl- and propylhydroxy-benzoates; sweetening

agents; and flavoring agents. Other exemplary excipients are described in

Handbook of Pharmaceutical Excipients, 6th Edition, Rowe et al., Eds.,

Pharmaceutical Press (2009).

These pharmaceutical compositions can be manufactured in a conventional

manner, e.g., by conventional mixing, dissolving, granulating, dragee-making,

levigating, emulsifying, encapsulating, entrapping, or lyophilizing processes.

Methods well known in the art for making formulations are found, for example, in

Remington: The Science and Practice of Pharmacy, 2 1st Ed., Gennaro, Ed.,

Lippencott Williams & Wilkins (2005), and Encyclopedia of Pharmaceutical

Technology, eds. J . Swarbrick and J . C. Boylan, 1988-1 999, Marcel Dekker, New

York. Proper formulation is dependent upon the route of administration chosen.

The formulation and preparation of such compositions is well-known to those

skilled in the art of pharmaceutical formulation. In preparing a formulation, the

active compound can be milled to provide the appropriate particle size prior to

combining with the other ingredients. If the active compound is substantially

insoluble, it can be milled to a particle size of less than 200 mesh. If the active

compound is substantially water soluble, the particle size can be adjusted by

milling to provide a substantially uniform distribution in the formulation, e.g., about

40 mesh.

Dosages

The dosage of the compound used in the methods described herein, or

pharmaceutically acceptable salts or prodrugs thereof, or pharmaceutical

compositions thereof, can vary depending on many factors, e.g., the

pharmacodynamic properties of the compound; the mode of administration; the

age, health, and weight of the recipient; the nature and extent of the symptoms;

the frequency of the treatment, and the type of concurrent treatment, if any; and

the clearance rate of the compound in the animal to be treated. One of skill in the

art can determine the appropriate dosage based on the above factors. The

compounds used in the methods described herein may be administered initially in

a suitable dosage that may be adjusted as required, depending on the clinical



response. In general, a suitable daily dose of an anti-cancer agent (e.g.,

fulvestrant) will be that amount of the compound that is the lowest dose effective to

produce a therapeutic effect. Such an effective dose will generally depend upon

the factors described above.

An anti-cancer agent (e.g., fulvestrant) may be administered to the patient

in a single dose or in multiple doses. When multiple doses are administered, the

doses may be separated from one another by, for example, 1-24 hours, 1-7 days,

1-4 weeks, or 1-1 2 months. The compound may be administered according to a

schedule or the compound may be administered without a predetermined

schedule. An active compound may be administered, for example, 1, 2, 3 , 4, 5, 6,

7, 8, 9, 10, 11, or 12 times per day, every 2nd , 3rd , 4th, 5th, or 6th day, 1, 2, 3, 4, 5, 6 ,

or 7 times per week, 1, 2, 3 , 4, 5, or 6 times per month, or 1, 2, 3, 4, 5, 6, 7 , 8 , 9 ,

10, 11, or 12 times per year. It is to be understood that, for any particular subject,

specific dosage regimes should be adjusted over time according to the individual

need and the professional judgment of the person administering or supervising the

administration of the compositions. In a non-limiting example, fulvestrant may be

administered to a patient (identified as responsive to fulvestrant according to the

methods of the invention) three times (one or two doses each time) within about

two weeks of each other, and once monthly thereafter.

While the attending physician ultimately will decide the appropriate amount

and dosage regimen, an effective amount of an anti-cancer agent (e.g.,

fulvestrant) may be, for example, a total daily dosage of, e.g., from about 1 mg to

about 5000 mg of any of the compounds described herein. Alternatively, the

dosage amount can be calculated using the body weight of the patient. Such

dose ranges may include, for example, from about 1 mg to about 3000 mg (e.g.,

from about 10 mg to about 1000 mg). In some embodiments, about 1, 5, 10, 25,

30, 50, 70, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750,

800, 850, 900, 950, or 1000 mg of the compound is administered. In certain

embodiments, from about 100 mg to about 1000 mg of fulvestrant are

administered (e.g., from about 200 mg to about 600 mg, such as about 250 mg or

about 500 mg).

In the methods of the invention, the time period during which multiple doses

of an anti-cancer agent (e.g., fulvestrant) are administered to a patient can vary.

For example, in some embodiments doses of an anti-cancer agent (e.g.,

fulvestrant) are administered to a patient over a time period that is 1-7 days; 1- 12

weeks; or 1-3 months. In other embodiments, the compounds are administered to

the patient over a time period that is, for example, 4-1 1 months or 1-30 years. In

other embodiments, the compounds are administered to a patient at the onset of



symptoms. In any of these embodiments, the amount of compound that is

administered may vary during the time period of administration. When a

compound is administered daily, administration may occur, for example, 1, 2, 3, 4,

5, 6, 7, 8 , 9 , 10, 11, or 12 times per day.

Formulations

A compound identified as capable of treating any of the conditions

described herein, using any of the methods described herein, may be

administered to patients with a pharmaceutically-acceptable diluent, carrier, or

excipient, in unit dosage form. The chemical compounds for use in such therapies

may be produced and isolated by any standard technique known to those in the

field of medicinal chemistry. Conventional pharmaceutical practice may be

employed to provide suitable formulations or compositions to administer the

identified compound to patients suffering from a disease in which necrosis occurs.

Administration may begin before the patient is symptomatic.

Exemplary routes of administration of the compounds (e.g., fulvestrant)), or

pharmaceutical compositions thereof, used in the present invention include

enteral, parenteral, and topical. Enteral routes of administration include oral,

buccal, sublabial, sublingual, or by inhalation routes of administration. Parenteral

routes of administration include transdermal, intradermal, intramuscular,

intravenous, intra-arterial, intracranial, subcutaneous, intraorbital, intraventricular,

intraspinal, intraperitoneal, or intranasal. The preferred route for administration of

fulvestrant may be intramuscular. The compounds desirably are administered with

a pharmaceutically acceptable carrier. Pharmaceutical formulations of the anti-

cancer agents described herein are formulated for treatment of cancer in a patient

identified as responsive to the anti-cancer agent.

Formulations for Oral Administration

The pharmaceutical compositions contemplated by the invention include

those formulated for oral administration ("oral dosage forms"). Oral dosage forms

can be, for example, in the form of tablets, capsules, a liquid solution or

suspension, a powder, or liquid or solid crystals, which contain the active

ingredient(s) in a mixture with non-toxic pharmaceutically acceptable excipients.

These excipients may be, for example, inert diluents or fillers (e.g., sucrose,

sorbitol, sugar, mannitol, microcrystalline cellulose, starches including potato

starch, calcium carbonate, sodium chloride, lactose, calcium phosphate, calcium

sulfate, or sodium phosphate); granulating and disintegrating agents (e.g.,

cellulose derivatives including microcrystalline cellulose, starches including potato



starch, croscarmellose sodium, alginates, or alginic acid); binding agents (e.g.,

sucrose, glucose, sorbitol, acacia, alginic acid, sodium alginate, gelatin, starch,

pregelatinized starch, microcrystalline cellulose, magnesium aluminum silicate,

carboxymethylcellulose sodium, methylcellulose, hydroxypropyl methylcellulose,

ethylcellulose, polyvinylpyrrolidone, or polyethylene glycol); and lubricating agents,

glidants, and antiadhesives (e.g., magnesium stearate, zinc stearate, stearic acid,

silicas, hydrogenated vegetable oils, or talc). Other pharmaceutically acceptable

excipients can be colorants, flavoring agents, plasticizers, humectants, buffering

agents, and the like.

Formulations for oral administration may also be presented as chewable

tablets, as hard gelatin capsules wherein the active ingredient is mixed with an

inert solid diluent (e.g., potato starch, lactose, microcrystalline cellulose, calcium

carbonate, calcium phosphate or kaolin), or as soft gelatin capsules wherein the

active ingredient is mixed with water or an oil medium, for example, peanut oil,

liquid paraffin, or olive oil. Powders, granulates, and pellets may be prepared

using the ingredients mentioned above under tablets and capsules in a

conventional manner using, e.g., a mixer, a fluid bed apparatus or a spray drying

equipment.

Controlled release compositions for oral use may be constructed to release

the active drug by controlling the dissolution and/or the diffusion of the active drug

substance. Any of a number of strategies can be pursued in order to obtain

controlled release and the targeted plasma concentration versus time profile. In

one example, controlled release is obtained by appropriate selection of various

formulation parameters and ingredients, including, e.g., various types of controlled

release compositions and coatings. Examples include single or multiple unit tablet

or capsule compositions, oil solutions, suspensions, emulsions, microcapsules,

microspheres, nanoparticles, patches, and liposomes. In certain embodiments,

compositions include biodegradable, pH, and/or temperature-sensitive polymer

coatings.

Dissolution or diffusion controlled release can be achieved by appropriate

coating of a tablet, capsule, pellet, or granulate formulation of compounds, or by

incorporating the compound into an appropriate matrix. A controlled release

coating may include one or more of the coating substances mentioned above

and/or, e.g., shellac, beeswax, glycowax, castor wax, carnauba wax, stearyl

alcohol, glyceryl monostearate, glyceryl distearate, glycerol palmitostearate,

ethylcellulose, acrylic resins, dl-polylactic acid, cellulose acetate butyrate, polyvinyl

chloride, polyvinyl acetate, vinyl pyrrolidone, polyethylene, polymethacrylate,

methylmethacrylate, 2-hydroxymethacrylate, methacrylate hydrogels, 1,3 butylene



glycol, ethylene glycol methacrylate, and/or polyethylene glycols. In a controlled

release matrix formulation, the matrix material may also include, e.g., hydrated

methylcellulose, carnauba wax and stearyl alcohol, carbopol 934, silicone, glyceryl

tristearate, methyl acrylate-methyl methacrylate, polyvinyl chloride, polyethylene,

and/or halogenated fluorocarbon.

The liquid forms in which the compounds and compositions of the present

invention can be incorporated for administration orally include aqueous solutions,

suitably flavored syrups, aqueous or oil suspensions, and flavored emulsions with

edible oils, e.g., cottonseed oil, sesame oil, coconut oil, or peanut oil, as well as

elixirs and similar pharmaceutical vehicles.

Formulations for Buccal, Sublingual, or Sublabial Administration

Dosages for buccal, sublingual, or sublabial administration may be 1 g to

500 mg per single dose as required. In practice, the physician determines the

actual dosing regimen which is most suitable for an individual patient, and the

dosage varies with the age, weight, and response of the particular patient. The

above dosages are exemplary of the average case, but individual instances exist

wherein higher or lower dosages are merited, and such are within the scope of this

invention. Exemplary formulations for buccal, sublingual, and/or sublabial

administration may be found in U.S. Pre-grant Publication No. 2012/0058962, U.S.

Pre-grant Publication No. 201 3/0225626, U.S. Pre-grant Publication

No.2009/01 17054, and U.S. Patent No. 8,252,329; the disclosure of each of which

is incorporated herein by reference.

For buccal, sublingual, or sublabial administration, the compositions may

take the form of tablets, lozenges, etc. formulated in a conventional manner, as

described for oral dosage forms. In some embodiments, the formulation for

buccal, sublingual, or sublabial administration includes one or more of taste

masking agents, enhancers, complexing agents, and other described above

pharmaceutically acceptable excipients and carriers.

Taste masking agents include, for example, taste receptor blockers,

compounds which mask the chalkiness, grittiness, dryness, and/or astringent taste

properties of an active compound, compounds which reduce throat catch as well

as compounds which add a flavor.

Enhancers are the agents that increase membrane permeability and/or

increase the solubility of a particular active compound. An enhancer may be a

chelator, a surfactant, a membrane-disrupting compound, a fatty or other acid; a

non-surfactant, such as an unsaturated cyclic urea. A chelator may be, e.g.,

EDTA, citric acid, sodium salicylate, or a methoxysalicylate. A surfactant may be,



e.g., sodium lauryl sulphate, polyoxyethylene, POE-9-laurylether, POE-20-

cetylether, benzalkonium chloride, 23-lauryl ether, cetylpyridinium chloride,

cetyltrimethyl ammonium bromide, or an amphoteric or a cationic surfactant. A

membrane-disrupting compound may be, e.g., a powdered alcohol (such as,

menthol) or a compound used as lipophilic enhancer. Fatty and other acids

include, e.g., oleic acid, capric acid, lauric acid, lauric acid/propylene glycol,

methyloleate, yso-phosphatidylcholine, and phosphatidylcholine. Other enhancers

that may be used in buccal, sublingual, and sublabial formulations of the invention

include, e.g., lysalbinic acid, glycosaminoglycans, aprotinin, azone, cyclodextrin,

dextran sulfate, curcumin, menthol, polysorbate 80, sulfoxides, various alkyl

glycosides, chitosan-4-thiobutylamide,chitosan-4-thiobutylamide/GSH, chitosan-

cysteine, chitosan-(85% degree N-deacetylation), poly(acrylic acid)-homocysteine,

polycarbophil-cysteine, polycarbophil-cysteine/GSH, chitosan-4-

thioethylamide/GSH, chitosan-4-thioglycholic acid, hyaluronic acid, propanolol

hydrochloride, bile salts, sodium glycocholate, sodium deoxycholate, sodium

taurocholate, sodium glycodeoxycholate, and sodium taurodeoxycholate.

Buffering materials can be both used to increase solubility and enhance adsorption

of active compounds. The selection of the other excipients, such as permeation

enhancers, disintegrants, masking agents, binders, flavors, sweeteners and taste-

masking agents, is specifically matched to the active depending on the

predetermined pharmacokinetic profile and/ or organoleptic outcome.

Liquid drug formulations suitable for use with nebulizers and liquid spray

devices and electrohydrodynamic (EHD) aerosol devices will typically include an

anti-cancer agent with a pharmaceutically acceptable carrier. Preferably, the

pharmaceutically acceptable carrier is a liquid, e.g., alcohol, water, polyethylene

glycol, or a perfluorocarbon. Optionally, another material may be added to alter

the aerosol properties of the solution or suspension of an anti-cancer agent.

Desirably, this material is liquid, e.g., an alcohol, glycol, polyglycol, or a fatty acid.

Other methods of formulating liquid drug solutions or suspension suitable for use

in aerosol devices are known to those of skill in the art (see, e.g., U.S. Patent No.

5,1 12,598 and U.S. Patent No. 5,556,61 1, each of which is herein incorporated by

reference).

Formulations for Nasal or Inhalation Administration

The compounds may also be formulated for nasal administration.

Compositions for nasal administration also may conveniently be formulated as

aerosols, drops, gels, and powders. The formulations may be provided in a single

or multidose form. In the case of a dropper or pipette, dosing may be achieved by



the patient administering an appropriate, predetermined volume of the solution or

suspension. In the case of a spray, this may be achieved, for example, by means

of a metering atomizing spray pump.

The compounds may further be formulated for aerosol administration,

particularly to the respiratory tract by inhalation and including intranasal

administration. The compound will generally have a small particle size for

example on the order of five (5) microns or less. Such a particle size may be

obtained by means known in the art, for example by micronization. The active

ingredient is provided in a pressurized pack with a suitable propellant, e.g., a

chlorofluorocarbon (CFC), for example, dichlorodifluoromethane,

trichlorofluoromethane, or dichlorotetrafluoroethane, or carbon dioxide, or other

suitable gas. The aerosol may conveniently also contain a surfactant, e.g.,

lecithin. The dose of drug may be controlled by a metered valve. Alternatively,

the active ingredients may be provided in a form of a dry powder, e.g., a powder

mix of the compound in a suitable powder base, e.g., lactose, starch, and starch

derivatives, e.g., hydroxypropylmethyl cellulose, and polyvinylpyrrolidine (PVP).

The powder carrier will form a gel in the nasal cavity. The powder composition

may be presented in unit dose form for example in capsules or cartridges of e.g.,

gelatin or blister packs from which the powder may be administered by means of

an inhaler.

Aerosol formulations typically include a solution or fine suspension of the

active substance in a physiologically acceptable aqueous or non-aqueous solvent

and are usually presented in single or multidose quantities in sterile form in a

sealed container, which can take the form of a cartridge or refill for use with an

atomizing device. Alternatively, the sealed container may be a unitary dispensing

device, e.g., a single dose nasal inhaler or an aerosol dispenser fitted with a

metering valve which is intended for disposal after use. Where the dosage form

comprises an aerosol dispenser, it will contain a propellant, which can be a

compressed gas, e.g., compressed air or an organic propellant, e.g.,

fluorochlorohydrocarbon. The aerosol dosage forms can also take the form of a

pump-atomizer.

Formulations for Parenteral Administration

The compounds described herein for use in the methods of the invention

can be administered in a pharmaceutically acceptable parenteral (e.g., intravenous

or intramuscular) formulation as described herein. The pharmaceutical formulation

may also be administered parenterally (intravenous, intramuscular, subcutaneous

or the like) in dosage forms or formulations containing conventional, non-toxic



pharmaceutically acceptable carriers and adjuvants. In particular, formulations

suitable for parenteral administration include aqueous and non-aqueous sterile

injection solutions which may contain anti-oxidants, buffers, bacteriostats and

solutes which render the formulation isotonic with the blood of the intended

recipient; and aqueous and non-aqueous sterile suspensions which may include

suspending agents and thickening agents. For example, to prepare such a

composition, the compounds of formula (I) may be dissolved or suspended in a

parenterally acceptable liquid vehicle. Among acceptable vehicles and solvents

that may be employed are water, water adjusted to a suitable pH by addition of an

appropriate amount of hydrochloric acid, sodium hydroxide or a suitable buffer,

1,3-butanediol, Ringer's solution and isotonic sodium chloride solution. The

aqueous formulation may also contain one or more preservatives, for example,

methyl, ethyl or n-propyl p-hydroxybenzoate. Additional information regarding

parenteral formulations can be found, for example, in the United States

Pharmacopeia-National Formulary (USP-NF), herein incorporated by reference.

The parenteral formulation can be any of the five general types of

preparations identified by the USP-NF as suitable for parenteral administration:

( 1 ) "Drug Injection:" a liquid preparation that is a drug substance (an ant i

cancer agent), or a solution thereof;

(2) "Drug for Injection:" the drug substance (an anti-cancer agent) as a dry

solid that will be combined with the appropriate sterile vehicle for

parenteral administration as a drug injection;

(3) "Drug Injectable Emulsion:" a liquid preparation of the drug substance

(an anti-cancer agent) that is dissolved or dispersed in a suitable

emulsion medium;

(4) "Drug Injectable Suspension:" a liquid preparation of the drug

substance (an anti-cancer agent) suspended in a suitable liquid

medium; and

(5) "Drug for Injectable Suspension:" the drug substance (an anti-cancer

agent) as a dry solid that will be combined with the appropriate sterile

vehicle for parenteral administration as a drug injectable suspension.

Exemplary formulations for parenteral administration include solutions of the

compound prepared in water suitably mixed with a surfactant, e.g.,

hydroxypropylcellulose. Dispersions can also be prepared in glycerol, liquid

polyethylene glycols, DMSO and mixtures thereof with or without alcohol, and in

oils. Under ordinary conditions of storage and use, these preparations may

contain a preservative to prevent the growth of microorganisms. Conventional

procedures and ingredients for the selection and preparation of suitable



formulations are described, for example, in Remington: The Science and Practice

of Pharmacy, 2 1st Ed., Gennaro, Ed., Lippencott Williams & Wilkins (2005)and in

The United States Pharmacopeia: The National Formulary (USP 36 NF31 ) ,

published in 201 3 .

Formulations for parenteral administration may, for example, contain

excipients, sterile water, or saline, polyalkylene glycols, e.g., polyethylene glycol,

oils of vegetable origin, or hydrogenated napthalenes. Biocompatible,

biodegradable lactide polymer, lactide/glycolide copolymer, or polyoxyethylene-

polyoxypropylene copolymers may be used to control the release of the

compounds. Other potentially useful parenteral delivery systems for compounds

include ethylene-vinyl acetate copolymer particles, osmotic pumps, implantable

infusion systems, and liposomes. Formulations for inhalation may contain

excipients, for example, lactose, or may be aqueous solutions containing, for

example, polyoxyethylene-9-lauryl ether, glycocholate and deoxycholate, or may

be oily solutions for administration in the form of nasal drops, or as a gel.

The parenteral formulation can be formulated for prompt release or for

sustained/extended release of the compound. Exemplary formulations for

parenteral release of the compound include: aqueous solutions, powders for

reconstitution, cosolvent solutions, oil/water emulsions, suspensions, oil-based

solutions, liposomes, microspheres, and polymeric gels.

A non-limiting example of a parenteral formulation (for intramuscular

injection) of fulvestrant is described in detail in U.S. Patent No. 8,466,1 39, the

disclosure of which is incorporated herein by reference. In this example, the

formulation contains about 50 mg/mL of fulvestrant, a mixture of from 17-23% w/v

of ethanol and benzyl alcohol, 12-1 8% w/v of benzyl benzoate, and a sufficient

amount of castor oil vehicle.

The following examples are provided so that those of ordinary skill in the art

can see how to use the methods and kits of the invention. The examples are not

intended to limit the scope of what the inventor regards as their invention.

Examples

Example 1: Identification of gene biomarkers for chemosensitivity to

fulvestrant.

DNA chip measurements of the 60 cancer cell lines of the NCI60 data set

were performed using Affymetrix HG-U1 33A arrays and logit normalized that is, for

each array the logit transformation was carried out followed by a Z-transformation

to mean zero and SD 1, and correlated to growth inhibition (-log(GI50)). Growth

inhibition data of fulvestrant against the same cell lines were downloaded from the



National Cancer Institute. Each gene's expression in each cell line was correlated

to its growth (-log(GI50)) in those cell lines in the presence of a given compound.

The median Pearson correlation coefficient was used when multiple expression

measurements were available for a given gene, and genes having a median

correlation coefficient greater than 0.25 were identified as biomarkers for

fulvestrant. Table 1 lists biomarkers for fulvestrant.

They can be used to predict the response of a human tumor sample to

treatment by the drug in question by following the procedure described in "Kit,

Apparatus, and Software for Clinical Use."

Example 2 : Difference between positive and negative correlated genes.

In Example 1 a procedure for identifying microRNA biomarkers with a

positive correlation to drug sensitivity is described. Sensitivity to a drug can then

be predicted based on the mean expression of those microRNA biomarkers. This

is called mean score. But there is also information in those biomakers that

correlate negatively with drug sensitivity. They could be called biomarkers of

resistance.

Table 2 (see appendix) lists the negatively correlated biomarkers for a

number of drugs used to treat cancer. An even better accuracy of predicted

response to a drug can be obtained when both negatively and positively correlated

markers are used. One way of combining them is to subtract the mean expression

of the negatively correlated biomarkers from the mean expression of the positively

correlated biomarkers. This is called a difference score, or diffscore.

Table 3 shows how mean score and difference score compare in their

ability to predict the GI50 values of cell lines treated with a drug. As the method

would be applied to a human tumor sample in the same manner as it is here

applied to a human cell line sample, the diffscore can also be used (e.g., as an

alternative to the mean score, which is based on the correleation coefficient alone)

to predict the response of human tumors (and thus, the patient) to treatment with

one or more drugs (e.g., one or more of the anti-cancer agents (e.g.,

chemotherapy drugs) or radiation described herein).

Table 3 : comparison of diff score and mean score in predicting human cell line

response to a number of drugs (correlation coefficient between prediction and

measurement is shown, a higher CC means more accurate prediction)

Drug Diff score CC Mean score CC

Vincristine 0.56 0.35

Trastuzumab 0.50 0.41



(HERCEPTIN®)

Gefitinib (IRESSA®) 0.60 0.53

Fulvestrant 0.76 0.74

Erlotinib (TARCEVA®) 0.62 0.59

Belinostat (PXD1 0 1) 0.61 0.60

Cisplatin 0.66 0.67

Example 3 : Use of the methods of the invention to predict responsiveness of

cancer patients to treatment with fulvestrant

Materials and Methods

Patients

NEWEST (Neoadjuvant Endocrine Therapy for Women with Estrogen-

Sensitive Tumors; 9238IL/0065) was a randomized, open-label, multicenter,

Phase I I study involving postmenopausal women with newly diagnosed, ER-

positive, locally advanced breast cancer who had received no prior breast cancer

treatment (NCT0093002). Eligible patients were randomized 1: 1 to receive either

fulvestrant 500 mg or 250 mg for 16 weeks preceding surgery. Fulvestrant 500

mg was given as two 5 ml intramuscular injections on days 0, 14, 28 and every 28

days thereafter for 16 weeks. Fulvestrant 250 mg was given as one 5 ml injection

on days 0, 28 and every 28 days thereafter for 16 weeks (Kuter et al., Breast

Cancer Res. Treat, 133:237-246, 201 2).

A total of 2 11 patients were enrolled in NEWEST. Of these, 173 completed

the study and 12 1 met all protocol criteria. Fresh frozen pre-treatment samples

with sufficient RNA ( 100 ng) was available from 44 patients. Two samples were

discarded due to array quality, leaving 42 patients. Of these 42 patients, 22 were

in the 500 mg treatment group and 20 were in the 250 mg treatment group.

During the 16-week treatment phase, patients underwent clinical breast

examination every 4 weeks. Tumor volume was measured by 3D ultrasound at

baseline, week 4, and after 16 weeks of treatment before definitive surgery.

Tumor response was defined as complete response (CR, disappearance of all

lesions), partial response (PR, at least 65% reduction in tumor volume by 3D

ultrasound), disease progression (PD, at least 73% increase in tumor volume), or

stable disease (SD, neither partial response nor disease progression). The

reduction for partial response was in relation to baseline but for progressive

disease was in relation to the smallest tumor volume at any preceding

assessment. Objective responders were those patients with a complete response

or partial response.



Of the 42 patients available for array analysis, 15 patients had partial

responses, 22 patients had stable disease, 2 patients had progressive disease

and 3 patients were not evaluable.

ER H score was derived by immunohistochemical staining using the 1D5

anti-ER antibody (Dako) followed by microscopic assessment of the percentage of

tumor cells in each of five staining categories (negative, very weak, weak,

moderate and strong) to give an H score ranging from 0 to 300.

Trial 223 (Smith et al., J. Clin. Oncol., 25:381 6-3822, 2007) was a placebo-

controlled trial of neoadjuvant anastrozole alone or with gefitinib in early breast

cancer. We used pre-treatment samples from patients from arm B and C :

anastrozole 1mg/d for the duration of the 16 week period plus placebo 1 tablet/d

orally for 2 weeks. Patients in arm B were followed by gefitinib 250mg/d orally for

14 weeks whereas patients in arm C continued with placebo for 14 weeks. We

received pre-treatment biopsy material from 2 1 patients in arms B and C with Ki67

measurements after 2 weeks. We received pre-treatment biopsy material from 16

patients in arm C with outcome information according to guidelines set forth in

Response Evaluation Criteria in Solid Tumors (RECIST).

Microarray analysis

44 RNA samples from NEWEST and 2 1 samples from 223 were run on

Affymetrix HG-U1 33_Plus_2 arrays after amplification using Ambion MessageAmp

Premier following the manufacturer's instructions. The quality criteria used for

accepting RNA was a minimum of 100 ng of total RNA which amplified into a

minimum of 5 g aRNA. 42 arrays from NEWEST and 2 1 samples from 223

passed quality criteria and a visual inspection of array images for spatial artefacts.

All array data have been deposited at GEO under accession numbers GSE48905

and GSE48906.

Predictor development based on in vitro assays

The in vitro based method of developing a predictor of drug response is

described in Example 1.

Pathway analysis

The probesets that correlated to fulvestrant sensitivity were converted to

gene symbols and submitted to g:Profiler for association to pathways and gene

ontologies (GO). In addition, the probesets that had a correlation to fulvestrant

sensitivity above 0.4 or below -0.4 were manually searched in PubMed and NCBI

Gene (http://www.ncbi.nlm.nih.gov/) for reported associations to pathways.



Prediction of fulvestrant sensitivity in clinical samples

After robust multi-array average (RMA; the method is described in detail in

Irizarry et al., Biostatistics, 4:249-264, 2003) normalization of array data from the

clinical samples, the expression of each gene in the response profile was used to

predict sensitivity: Prediction score = mean (positively correlated genes) -

mean(negatively correlated genes). That means that each gene in the profile is

given equal weight. Next, the prediction score was normalized to a scale from 0 to

100 by a linear transformation of the prediction score of all patient samples.

Statistical analysis

The statistical analysis of predicted and observed sensitivity to fulvestrant in

patients was performed according to a Statistical Analysis Plan with a pre-

specified cutoff equal to the population median and success criteria that were

agreed upon before unblinding of the clinical data. The primary analysis was one

sided Wilcoxon test for difference in prediction score between objective

responders (PR) and non-responders (SD+PD) and a Pearson correlation

between prediction score and reduction in Ki67 at 4 weeks compared to baseline.

Clinical covariates specified in the statistical analysis plan were combined with the

prediction score without bias by giving equal weight to the prediction score and

each of the clinical covariates available: Combination score = Prediction score +

30 * tumor grade + ER Hscore/3. Cutoff between predicted sensitive and predicted

resistant to fulvestrant was pre-defined as the population median of the prediction

score. The population median is taken over all samples, from both dose groups.

Areas under the curve (AUC) in a receiver-operating characteristic (ROC) were

calculated with the pROC package from www.r-project.org with confidence

intervals calculated using the Delong method (Robin et al., BMC Bioinformatics,

12:77, 201 1) .

Response predictor genes and their biological interpretation.

A total of 103 probesets correlated to fulvestrant sensitivity in the NCI60 cell

lines. That means that they are higher expressed in cell lines that are sensitive to

fulvestrant than in cell lines that are resistant. The 103 probesets mapped to 83

unique genes shown in Table 1. Some of these sensitivity genes (higher

expression in fulvestrant sensitive cell lines) sense the signaling through estrogen

receptor alpha, either because they have Estrogen Responsive Elements (ERE) in

their promoters, and/or through microRNA regulation, or though direct interaction

with the estrogen-ER complex [14-1 8]. Other genes are associated to broader



gene ontology definitions of cell activation and response to stimulus. A number of

genes have associations to immune system and cell adhesion (not shown). Note

that groups may be overlapping.

A total of 3 11 probesets correlated to fulvestrant resistance, meaning that

they are higher expressed in cell lines resistant to fulvestrant. They are all higher

expressed in ER positive breast cancer cell lines that are resistant to fulvestrant

than in ER positive cell lines that are sensitive to fulvestrant (p=0.01 in a one-sided

Wilcoxon rank test), and thus provide a potential hypothesis to explain why some

ER positive cell lines are resistant to fulvestrant. Indeed, the expression of the 11-

gene PI3K profile is correlated to resistance to fulvestrant in ER positive cell lines

(CC=0.76, p=0.03).

Prediction of fulvestrant sensitivity in breast cancer cell lines

To verify that the predictor developed based on the NCI60 cell line panel is

indeed able to predict the sensitivity of cell lines derived from breast cancer, we

blind predicted the sensitivity of 20 breast cancer cell lines based on their baseline

gene expression value measured in another lab. After unblinding, the prediction

score was compared to the measured GI50 values for fulvestrant for the 20 cell

lines (Figure 2). The Pearson correlation was negative 0.63, because a higher

predicted sensitivity is reflected as a lower GI50 (P=0.003). This was well beyond

the pre-specified definition of success, a correlation of -0.30.

Figure 2A shows that all but one of the ER positive cell lines are in the 80 to

100 range for predicted senstivity, regardless of whether they are sensitive or

resistant to fulvestrant. A subgroup analysis of ER positive cell lines only,

however, reveals that even within ER positive cell lines, the predictor is able to

differentiate cell lines based on their sensitivity to fulvestrant (CC=-0.74, P=0.037,

Figure 2B). This cannot be explained by ESR1 or PGR expression alone

(CC=0.34 and CC=-0.23, respectively, meaning that their expression is

anticorrelated and weakly correlated, respectively, to fulvestrant sensitivity (GI50)

when analyzed separately in this subgroup).

Thus, it is possible that also within ER positive breast cancer patients, the

predictor may be able to distinguish between responders and non-responders to

fulvestrant treatment.

Prediction of fulvestrant sensitivity in clinical samples

The fulvestrant prediction score was calculated for 22 patients treated with

the 500mg-dose of fulvestrant, for whom we had pre-treatment gene expression

measurements. The prediction was performed in a blinded manner and without



knowledge of the clinical results. After unblinding, the predicted sensitivity of

responders (PR, see Methods) was compared to the predicted sensitivity of

nonresponders (SD+PD) (Figure 3). Two patients were unevaluable for response.

The correlation between predicted sensitivity and absolute reduction in Ki67

from baseline to 4 weeks was calculated as 0.32 (both 500 and 250mg doses,

one-sided p-value 0.02). This is largely a reflection of a negative correlation

between the predicted sensitivity and Ki67 at 4 weeks (CC=-0.32, p=0.02). Only

tumors predicted resistant to fulvestrant had high values of Ki67 at 4 weeks. The

prediction score was not significantly correlated to relative reduction in Ki67 from

baseline to 4 weeks (CC=0.1 5). In the clinical trial, both relative and absolute

changes in Ki67 were significant after 4 weeks of treatment (47% average

reduction at 250 mg dose and 79% average reduction at 500 mg dose).

Standard clinicopathological features are already known for breast cancer:

in particular, ER content by immunohistochemistry (H score), tumor grade, tumor

size, and patient age. For this reason it was planned before unblinding that the

prediction score would be compared to these covahates and the performance of

the combination would be assessed as well.

When ER H score was added to absolute reduction in Ki67 the correlation

of the combined score to predicted sensitivity increased to 0.41 .

The predicted sensitivity was combined with other covariates as described

in the methods section. Figure 4 shows the score obtained by combining the

prediction score with tumor grade and ER H score for the 500 mg dose patients

(the combination score). It is evident that this combination score gives a better

separation between responders and non-responders than that obtained by

comparing the individual values with response. Although all patients were selected

for inclusion based on a categorization as ER positive, a more quantitative

determination of ER receptor status in the H score obviously contains information

that differentiates between fulvestrant responsive and unresponsive patients. The

same holds true for tumor grade.

The different predictors were compared by measuring the Area Under the

Curve (AUC) in a Receiver-Operating Characteristic (ROC). Figure 5 shows how

the tradeoff between sensitivity and specificity varies with all possible cutoffs used.

It can be seen that the prediction score appears to be a more accurate predictor

(AUC 0.81 , 95% C I 0.6-1 .0) than the combination of clinical covariates ER H score

and tumor grade (AUC 0.74, 95% C I 0.47-1 .0), but the combination of prediction

score and covariates is superior (AUC 0.91 , 95% C I 0.73-1 .0). The difference in

AUC between combination score and grade + ER score was not statistically

significant in this limited sample size.



The quantitative prediction score is more informative than a simple division

of patients into those predicted to be responsive and those predicted to be

resistant. A patient with a prediction score of 100 has a higher probability of

responding to treatment than a patient with a prediction score of 60 even though

they are both classified as responsive to fulvestrant. This information can be

visualized in a logistic regression which converts the prediction score into a

probability of response to treatment. Figure 6 shows such logistic regression

curves for the three prediction scores: grade + ER, prediction score and

combination score. Again, the combination score is superior by giving a higher

range of probabilities (from 5% to 99.66%) of response to fulvestrant treatment. It

is only marginally better than the prediction score, however (ranging from 9% to

98% probability of response)

Analysis of 250 mg fulvestrant regimen

Array data and outcome information was available for 9 patients who

received the lower dose of 250 mg fulvestrant in the NEWEST trial. Figure 5

shows the predicted sensitivity score for responders and non-responders treated

with 250 mg fulvestrant. Among these 9 patients, the overall response rate

(CR+PR) was only half of that observed in those treated with the 500 mg dose,

26% vs. 50%. There is a wide range of prediction scores in the nonresponding

group, and the average score of this group is not significantly different from the

responders. Although the reasons behind the lack of difference in prediction score

between the two groups is not clear, it is possible that it is due to the small group

size and the fact that a lower dose of fulvestrant was given, which produced a

smaller drop in tumour Ki67 levels in this trial.

Example 4 : Comparison to other gene expression signatures

A number of prognostic and predictive signatures have been developed

specifically for breast cancer. These prognostic and predictive signatures have

either demonstrated inferior or equivalent predictive abilities to that of the methods

of the invention. Among these are the PAM50 gene list that divides patients into

the intrinsic subtypes of luminal A, luminal B, Her2, basal and normal. Applying

the PAM50 matrix from Parker et al. (J. Clin. Oncol., 27 : 60- 67, 2009) to the

baseline samples from the 500 mg group indicated that there were 7 luminal A-

like, 12 luminal B-like, and one normal-like (this is a consequence of the PAM50

training set containing normal breast samples). The luminal subtypes did not

correlate significantly with clinical response (Fisher P=0.07), nor did they

contribute in a multivariate regression model including tumor grade and ER score.



When subtypes were used to create a Risk-of-Relapse (ROR) score, as described

by Parker et al. {J. Clin. Oncol., 27:1 160-1 167, 2009), there was no correlation of

the ROR score with post-treatment change in Ki67 (P=0.94).

Parker et al. {J. Clin. Oncol., 27:1 160-1 167, 2009) observed that patients

with a higher ROR score had a higher probability of clinical response to

neoadjuvant treament with chemotherapy T/FAC. Similarly, the ROR score is

associated with a higher probability of response to treatment with fulvestrant in our

cohort (AUC 0.74, 95% C I 0.54-0.94). Combining the ROR score with clinical

covariates grade and ER H score did not improve the association within the

NEWEST dataset (AUC 0.73, 95% CI: 0.48-0.99). This suggests that the

predictive information in the ROR score is already present in the clinical covariates

(AUC 0.74, 95% C I 0.47-1 .0).

The Oncotype DX signature is used to predict the risk of recurrence in early

breast cancer. The recurrence score was significantly correlated to absolute Ki67

measurements before (P=3*1 0~5 ) and 4 weeks after treatment (P=0.03), but was

not correlated to absolute (P=0.86) or relative (P=1 .0) change in Ki67 during

treatment. The recurrence score did not contribute to prediction of response to

treatment in a multivariate model.

A published signature (Lee et al., PLoS One, 6:e21 112, 201 1) of zinc-finger

transcription factor induced fulvestrant resistance had minimal overlap to our

signature. Only 5 out of 95 probesets in the published fulvestrant resistance

signature were among the probesets used in our fulvestrant prediction score, and

the published 95 probesets could not predict response in our fulvestrant treated

cohort (P=0.29 in a one-sided Wilcoxon test between responder scores and

nonresponder scores).

Example 5 : Prediction of response to other endocrine agents

The prediction score of the invention (e.g., prediction score for fulvestrant)

was tested for the ability to predict response to aromatase inhibition in a small

cohort of 2 1 patients treated with neoadjuvant anastrozole in a similar protocol to

that used to test fulvestrant. Nine responders had an average predicted sensitivity

of 52 (95% C I 20-84). Seven nonresponders had an average predicted sensitivity

of 5 1 (95% C I 4-97). In addition there was no correlation between prediction score

and change in Ki67 produced after 2 weeks of anastrozole treatment (N=21 ,

P=0.9).

Figure 8 shows how fulvestrant, tamoxifen and other agents targeting ER

differ in their in vitro effects on the same NCI60 cell line panel. For fulvestrant, cell

lines with a GI50 of less than 5µΜ are considered sensitive. It is evident from



Figure 8 that fulvestrant differs in sensitivity profile from tamoxifen, raloxifene and

toremifene. Indeed, the fulvestrant prediction score is better than the other in vitro

based prediction scores at predicting the 500 mg dose fulvestrant clinical data of

Figure 3 : fulvestrant score: P=0.01 0, tamoxifen score: P=0.01 2, anastrozole score:

P=0.56, ER expression (ESR1 gene): P=0.1 0 .



APPENDIX

Table 1. mRNA biomarkers of sensitivity to fulvestrant. Dashes mean that the

Affymetrix probeset has not been mapped to a specific gene.
Affymetrix

Probe
Gene Affymetrix ID Correlation Affymetrix Probe Sequence SEQ ID NO:

GATA3 209602._s_at 0.59 GCTTTGTGAACAAGTCCCTGTAATT 1

GATA3 209603. at 0.59 TCCCTGTAATTGTTG I I IGTATGTA 2

GATA3 209604._s_at 0.59 AGGAGCTCACTGTGGTGTCTGTGTT 3

CBFA2T3 208056._s_at 0.54 CATCTGTGTGCGTGGCTATCAGGAG 4

SPDEF 2201 92._x_ at 0.53 TGAACTACGACAAGCTGAGCCGCTC 5

HBA1 2040 18._x_ at 0.51 CACGGCTCTGCCCAGGTTAAGGGCC 6

TFF1 205009. at 0.51 GACGTCCCTCCAGAAGAGGAGTGTG 7

CD8B1 207979._s_at 0.51 GTCCAGTTCCCAGAAGGCATATCAG 8

KIAA0984 2 1391 3._s_at 0.51 AGCAATGTCAGCCTGTGGACTGCAG 9

BCL2 203685..at 0.48 AC I I ICCTTGTCTGTCTAGTTAATA 10

HBA1 2 11745._x_ at 0.48 CTGACCTCCAAATACCGTTAAGCTG 11

SLC9A3R1 201 349..at 0.47 CTGCCGCTCTCAGTGGACAGGGCAT 12

FBP1 209696..at 0.47 ATCGCACTCTGGTCTACGGAGGGAT 13

ITGB7 20571 8..at 0.45 GGCACGGTCGTGCTCAGAGTGAGAC 14
— 205922..at 0.44 AATGAAGATCAAACTCCAGCTCCAG 15

HIST1 H3H 2061 10..at 0.44 TATA I I I CTTGCCAACACGCCAGAA 16

HBA1 2 11699._x_ at 0.44 CTGACCTCCAAATACCGTTAAGCTG 17

PDCD4 2 12593._s_at 0.44 AGGGAACATACTGATTGGTCTTAAA 18

HBA2 2 174 14._x_ at 0.44 TCAAGGCCGCCTGGGGTAAGGTCGG 19

CD37 2041 92..at 0.43 CAACGACTCCACAATCCTAGATAAG 20

TARP 2 15806._x_ at 0.43 GGCTTTCTTTCTGGGTTTGGGCCAT 2 1

TARP 2 16920._s_at 0.43 GTGTGGTCTA I I I I GCCATCATCAC 22

SPI 1 20531 2..at 0.42 GTCCGTATGTAAATCAGATCTCCCC 23

KIAA0 182 2 12057..at 0.42 GTTGCCATGTTACTATGCCTCAAGC 24
— 2 14857..at 0.42 TGAAAGACTTAACCAGCCATCACCG 25

PTP4A3 206574._s_at 0.41 GAAGGATGGCATCACCGTTGTGGAC 26

KIAA0 182 2 12056..at 0.41 GAGCCACATG I I ICACACAAGTGTA 27

JUP 201 0 15._s_at 0.39 CCAGGGTGCTTAGTTGGC I I IGCCC 28

ORM 1 205040..at 0.39 TGCTGATCCTCAGG GACACCAAG AC 29

DGKZ 207556._s_at 0.38 GGCTCACAGGGAACAAGACACGGCT 30

HBA1 209458._x_ at 0.38 CTGGAGAGGATGTTCCTGTCCTTCC 3 1

PSCD4 2 19 183._s_at 0.38 TGTCAGCCTGTGAACTAGGCCCTGC 32

HEM 1 209734..at 0.37 GTGGAAGCTGTGGTCAC I I I CGCAG 33

TARP 20981 3._x_ at 0.37 TGGAAG CCTTTCATTTTACACG CCC 34

SELPLG 209879..at 0.37 CAAGGAAGATGGAGCTCCCCCATCC 35

GIMAP4 2 19243..at 0.37 TCTTCTAGATTCTCTCTATGTTGGC 36

HAB1 2 15778._x_ at 0.36 GGGCACAGGACAGAGAAGAGGAAGC 37

SIRPB2 220485._s_at 0.36 GTTGAGGTTCTCTATTGCCTCTTGA 38

ICOS 2 10439 at 0.35 GAATCTAGTATG GTGTTCTG I I I IC 39



Affymetrix
Probe

Gene Affymetrix ID Correlation Affymetrix Probe Sequence SEQ ID NO:

FLT3LG 2 10607. at 0.35 GACACAGAGGAAGTTGGCTAGAGGC 40

HCLS1 202957. at 0.34 CTGTCTACTGCAACTGTGATTTCCC 4 1

— 204057. .at 0.34 AACCTCCCAGTGAAAGGGCAGCCTT 42

TARP 2 11144._x_at 0.34 TGGGTTTGGGCCATTTCAGTTCTCA 43

PNAS-4 2 15900..at 0.34 CAACAGTGGACTTACCAG I I IGCCA 44

TRDD3 2 16 191._s_at 0.34 AACAGAG I I I GATCCTGCTATTGTC 45

PTGER3 2 10375..at 0.33 TGCAGCTAAGGGCATCCTTGGAGTG 46

CIZ1 2 11358._s_at 0.33 GAAGAAGAGATCGAGGTTGAGGAGG 47

CLDN3 203954._x_at 0.32 GCTACG ACCG CAAGGACTACGTCTA 48

CD28 206545. .at 0.32 GATGAATCACACTTGAGATGTTTCT 49
— 207672. .at 0.32 CTAAGCA I I I IGACCACGTTG AGCA 50

HIST1 H2BG 2 10387..at 0.32 TTGGGTCCCTAAAGATCACCTGATA 5 1

BIN2 2 19 191._s_at 0.32 CCAAACCTCGCCAGAGAAGCTCTTC 52

SLC39A6 202088. .at 0.31 GTAC I I IGATATCTCTCAGTG CTTC 53

TOB1 202704. .at 0.31 TTGAGTCAGTGTCTTACATGTTAAG 54

FM05 205776. .at 0.31 GGGAGCTCAGGTACTC I I I IAGTCA 55

ASS 207076._s_at 0.31 CCCACTGTCTCTCTACAATG AGGAG 56

ATP2A3 207522._s_at 0.31 AATGGGCTCCATGTTCTGTAGCCCC 57
— 208200. .at 0.31 GGTCACATTCATCCTAATTCACAAA 58
— 2 17608..at 0.31 AACACCAGAGGTAGAACAAGCTGTG 59

MFNG 2041 53._s_at 0.3 GGTCCCAGCCAATTGTGATGATCCT 60

LRMP 204674. .at 0.3 TCCAGAAGTCTGTGGATGCCGCTCC 6 1

MCCC2 209624._s_at 0.3 CAAGATTTCTCTACATTTGGCCAAA 62

MAGEA9 2 10437..at 0.3 CATGTATACCTGGA I I I GCTTGGCT 63

TNFRSF25 2 11282._x_at 0.3 GTCCTGGGACCAGTTGCCCAGCAGA 64
— 2 15 133._s_at 0.3 GAGGCCA I I IGGACTTCAGTGTGAA 65

MYLIP 22031 9._s_at 0.3 GGAGGTGTATGACCATGCCAGGAGG 66

IGLL1 206660. .at 0.29 ACGCATGTG I I IGGCAGCGGGACCC 67

SIPA1 L3 2 10922..at 0.29 ACAGC I I I CCCAGTGATGAAATCCA 68

NUP21 0 2 13947._s_at 0.29 CAAAGACCCAGTGTCATTTGCTCCT 69

CABC1 2 18 168._s_at 0.29 GGCGCTGTGAATTTTTGTACAAGTC 70

MDS028 220589._s_at 0.29 CCTGCCAACACCAAGGTCATGCTGA 7 1

CISH 221 223._x_at 0.29 AGAAAATGCAGCCGGAGCCTCAGTC 72

LOC81 558 221 249._s_at 0.29 GCCCTAACGGGCCATAACACTTGAC 73

IFI30 201 422..at 0.28 TGCCCTGGGTCACCGTCAATGGGAA 74

CTSS 202902._s_at 0.28 ACAGCTGGGGCCACAAC I I IGGTGA 75

CD48 2041 18..at 0.28 AAGCTGCAAGTGCTTGACCCTGTAC 76

IGFBP5 2 11958..at 0.28 TCCAGGGAGGCCC I I I I CTGATCAT 77

RNASE6 2 13566..at 0.28 TAAG GCATCCACTG CATTTCCTTTC 78

CLIC3 2 19529..at 0.28 ACACGCTGCAGATCGAGGAC I I ICT 79

GALNT6 2 19956..at 0.28 TCATCCAAAG CACCTG CAGAGTCCA 80

FOX01A 202723._s_at 0.27 CGCCTGACCCAAGTGAAGACACCTG 8 1

DOK2 2 14054..at 0.27 GCACCTTTCAGATTTCTTGGTGGCA 82

GLUL 200648 s at 0.26 CAATGAAACCG GCGATGAGCCCTTC 83



Affymetrix
Probe

Gene Affymetrix ID Correlation Affymetrix Probe Sequence SEQ ID NO:

DHCR7 201 790._s_at 0.26 TTCTACATCATCTACATGGCCATCC 84

SSBP2 203787. at 0.26 ACATTGACCCACAGGACATTGTAAA 85

ICAM3 204949. at 0.26 TGGTACTTATCAGTGCCAAGCGTCC 86

ITGAM 205786._s_at 0.26 GATATTCAAGTCACCTCCTTAAAGG 87

BG 1 206465. .at 0.26 CAAATGAGATCAGCTCTCCTTCCAG 88

ZNF1 65 206683. .at 0.26 GCTCAGATCTTACTAGACATCGGCG 89

C 1orf38 207571._x_at 0.26 GCTTCCTTCAGGTTCTAGATTCTTG 90

TETRAN 20921 5..at 0.26 AAGGGCACGGTCATGGGTACACTGC 9 1

C 1orf38 2 10785._s_at 0.26 GTAGCACCAAGCCTGATAGATCTGT 92

IGJ 2 12592..at 0.26 GCTCACCTGAAAGAGGTATGCTCTC 93

SPDEF 2 13441._x_at 0.26 GGGCAGTGACTCGACAAAGGCCACA 94

TRA@ 2 15796..at 0.26 CAACTCTATTATCAACTGTGCTTAT 95

PSTPIP2 2 19938._s_at 0.26 ACTTGCATCAGTTGGATATCC I I I I 96

PIM2 204269. .at 0.25 GAGGGGAGTTCCAAGTGTGCCCTCC 97

ICAM2 204683. .at 0.25 CAAACACTCAGCCCCGAAGATGTTG 98

DMBT1 208250._s_at 0.25 GATTGAGCCCTACATTGTGCTGCAC 99

HSPA6 2 1341 8..at 0.25 GGCCTTCTAGACTGTCTTCTATGAT 100

ZNF394 2 1471 4..at 0.25 GAGCTTCAAACAGCG CTCTGACCTC 10 1

ABCA7 2 19577._s_at 0.25 GCACTGCCGAGACTGTGCTCTGAGC 102

PACAP 221 286 s at 0.25 AGGCTCTCCAGGACATG I I I GCACT 103



Table 2. mRNA biomarkers of resistance to fulvestrant. Dashes mean that the

Affymetrix probeset has not been mapped to a specific gene.
Affymetrix

Probe
Affymetrix SEQ ID

Gene ID Correlation Affymetrix Probe Sequence NO:

ANXA1 201 0 12. at -0.54 GCTATCGTG AAGTG CGCCACAAG CA 104

GPX1 200736._s_ at -0.53 ACATCGAGCCTGACATCGAAGCCCT 105

SPTBN 1 2 12071._s_ at -0.53 TAGGAATGAACTCCAGAGGCTGGGC 106

ANXA2 201 590._x_ at -0.5 CAGAAAGCGCTGCTGTACCTGTGTG 107

CAPN2 208683. at -0.5 ACCACTAGTGTCTGTCCATGGAGTT 108

ZA20D2 2 10275._s_ at -0.5 GTGGTAATGCCTG I I I ICATCTGTA 109

ANXA2 2 13503._x_ at -0.5 CAGAAAGCGCTGCTGTACCTGTGTG 110

TMSB1 0 2 17733._s_ at -0.5 TTCGAGACCCCAGTCGTGATGTGGA 111

PRNP 201 300._s_ at -0.49 AATGTGCACTGAATCG I I I CATGTA 112

TIMP1 201 666..at -0.49 GGTTCCAAGCCTTAGGGGATGCCGC 113

ANXA2 2 10427._x_ at -0.49 CAGAAAGCGCTGCTGTACCTGTGTG 114

PSMA1 201 676._x_ at -0.48 GTCCAGATGTGAGTTTTTTCCAAGC 115

PSMB2 200039._s_ at -0.47 TGACCTG GATAACA I I I CCTTCCCC 116

UGP2 205480._s_ at -0.47 AAAACCACATCAGATCTCTTGCTGG 117

PSMA1 2 11746._x_ at -0.45 TTCCAAGCAACCTCACTGAAACCTA 118

CD44 2 12063..at -0.45 GA I I I IGTAGCCAACATTCATTCAA 119

TM4SF1 209386..at -0.44 TCATACACCTATAAATCTCTAACAA 120

ACTN4 200601..at -0.43 AGCG CTTCTGGTCTGGTAAATATGT 12 1

ANXA2P2 20881 6._x_ at -0.43 AAGCCCTTGTA I I I I GCTGATCAGC 122

PSMA1 2 10759._s_ at -0.43 CATATGGTGTTGGTCTCCTTATTGC 123

TM4SF1 2 15034._s_ at -0.43 GACTGGCATCTTCACAGGATGTCAG 124

MCF2L2 2 15 112._x_ at -0.43 GGAGTTACAGATGTTCAAATTAATT 125

DNAPTP6 2221 54._s_ at -0.43 GGG I I I CACAGTGCAATCTCTGCCC 126

WDR1 200609._s_ at -0.42 GACACACAACCCCTGGATATG I C 127

PSMD1 201 199._s_ at -0.42 GACTGTTGAGTGTGCTC I I ICACAG 128

VIM 201 426._s_ at -0.42 GTCACCTTCGTGAATACCAAGACCT 129

RPS6KA3 203843..at -0.42 GTATACATGCCTTG I I IAACTTGGA 130

MSN 200600..at -0.41 CAGTAACTTACCCTTAGGGAGGCTG 13 1

PFN 1 200634..at -0.41 GTGTCCACGGTGG I I I GATCAACAA 132

PSMD1 201 198._s_ at -0.41 TGGTTGGCGTCCTTGTA I I IACCCA 133

ASPH 2091 35..at -0.41 AAAGCTGTGCTGTCGGTGATACAGA 134

CD44 209835._x_ at -0.41 TGTAACACCTACACCATTATCTTGG 135

YWHAB 2 1771 7._s_ at -0.41 GTGCTCATATAACACACCACACTGA 136

LGALS3BP 200923..at -0.4 TCACCAAGTCTGGCGGCTCAGATCG 137

ETF1 201 574..at -0.4 ATTTAGGGTATGCAGCTCCTTTTGT 138

MARCKS 201 669._s_ at -0.4 AAATCTTG ATATCCAG AAGCACATG 139

CAV2 203324._s_ at -0.4 ATGTAG CTCCCACAAG GTAAACTTC 140

ACTG 1 2 11995._x_ at -0.4 CTCATGCTAGCCTCACGAAACTGGA 14 1

SEPT1 0 2 12698._s_ at -0.4 TTCAGGTGGTA I I IGCATTCAGTGC 142

M-RIP 2 14771 X at -0.4 GGAGGGCATCTGTGTTAGTCC I C 143



Affymetrix
Probe

Affymetrix SEQ ID
Gene ID Correlation Affymetrix Probe Sequence NO:

WDR1 20061 1._s_at -0.39 AACTG CAGCGGAACATGTCATTTCT 144

S 100A1 0 200872. at -0.39 GGACCTGGACCAGTGTAGAGATGGC 145

RCN 1 201 063. at -0.39 TTTCTTTTCGACTTTATACTCTGAG 146

FAT 201 579..at -0.39 TGCCATTTCCCAACGTCTTTTGGGA 147

PTTG 1 203554._x_ at -0.39 TGCAGTCTCCTTCAAGCATTCTGTC 148

GARS 208693._s_at -0.39 GATCTCTGAGCTGCCCAGCATAGTC 149

TM4SF1 209387._s_at -0.39 ATTCATCTTGTGTCTTATTCAAGTA 150

FLJ1 0350 2 17943._s_at -0.39 AAATAGCTTGTGCTCAGACTCCTCT 15 1

ACTG 1 221 607._x_ at -0.39 AGAACACCGTGGGCTGTTACTTGCT 152

YWHAZ 200640..at -0.38 ATACTCTTATAGCCTGCCTTCAATT 153

PPP2CB 201 375._s_at -0.38 GCTAACTTCCACTAATCCATTATCC 154

MET 20351 0..at -0.38 ATCCC ATCAACAG GACTACACACTT 155

ACTN 1 208636..at -0.38 AACTA I I IGCACCGAAATGTCTTGT 156

CLIC1 208659..at -0.38 GCAAAGGCCCTCAAATAAGCCCCTC 157

TPM4 209344..at -0.38 ACTCTCCACCATGCAGGACAAACAT 158

ASPH 2 10896._s_at -0.38 ATTATTCTGCCTTTGGCTAATTGAG 159

CARS 2 12971..at -0.38 TATCATG I I IACAGTCACCCTTGGG 160

FKBP1A 200709..at -0.37 ACCTCTG AAG CCTTC I I IGTGGCCT 16 1

MAPRE1 20071 3._s_at -0.37 CACAGCCTATTCAGTTCCTTTGTTT 162

RHEB 201 453._x_ at -0.37 TGAAGAAGCAAACTGCCCGTTCTCC 163

FOSL1 204420..at -0.37 GATCCTTAGAGGTCCTCTGGAGCCC 164
— 208944..at -0.37 GTAGTGTCAGAGGATACTGTGGCTT 165

TNFRSF1 0B 209295..at -0.37 TGCCCTGTCAAAG GTCCCTA I I I GA 166

FTL 2 12788._x_ at -0.37 CTCTGTGACTTCCTGGAGACTCACT 167

TPI 1 2 1301 1._s_at -0.37 ACTGTATCTTCCTTTACTGTTTATA 168

ELK3 221 773..at -0.37 TATAGATCTGATTCTTTCTTTTCCT 169

TPI 1 200822._x_ at -0.36 CTCATCCAAACTGTATCTTCC I I IA 170

RHOC 200885..at -0.36 GGACATGGCGAACCGGATCAGTGCC 17 1

PKM2 201 251..at -0.36 AACGCCTCACTGAAACATGGCTGTG 172

TXNRD1 201 266..at -0.36 GCAATTGAGGCAGTTGACCATATTC 173

MARCKS 201 670._s_at -0.36 AACCACCATTCCAAC AGGTCGAGGA 174

RANBP1 202483._s_at -0.36 A I I IGCCTCTGAGAACGATCTCCCA 175

F2R 203989._x_ at -0.36 GGTTGAAACATATCTCTTATCTTAC 176

FLNA 2 14752._x_ at -0.36 GGGGGAGTACACACTGGTGGTCAAA 177

TNP01 221 829._s_at -0.36 GTTGCCGTCACTGTATTAAGTCGAT 178

CALU 200755._s_at -0.35 GAGAACACTTAGTCTTGCCTGTCAA 179

FLNA 200859._x_ at -0.35 GGGGGAGTACACACTGGTGGTCAAA 180

STRAP 200870..at -0.35 GTACACTG CCTCTGAACATCTAATT 18 1

NUDC 201 173._x_ at -0.35 TCCCACTCTTCTCTGGGACTTGTGG 182

GST01 201 470..at -0.35 GAGCTCTACTTACAGAACAGCCCTG 183

LDLR 202068._s_at -0.35 AGAATGATGTCCCCGTTGTATGTAT 184

UPP1 203234..at -0.35 CGGCTGGTGAGCTACTTCATCAAGA 185

ETV5 203349 s at -0.35 CAAAGGACTC I I I CTAAACCATATT 186



Affymetrix
Probe

Affymetrix SEQ ID
Gene ID Correlation Affymetrix Probe Sequence NO:

CD44 204489._s_at -0.35 TTGAATGGGTCCATTTTGCCCTTCC 187

CD44 204490._s_at -0.35 GAATCAG ATG GACACTC ACATGG GA 188

AAK1 205434._s_at -0.35 GCCGTCTCAAG I I IAAACTTACACG 189

MAP4K4 206571._s_at -0.35 GGAATTCCTTGTAACTGGAGCTCGG 190

TXN 208864._s_at -0.35 GACTGC I I I ICAGGAAGCCTTGGAC 19 1

PLAUR 2 10845._s_at -0.35 ATTAATATTGTTGCCGCTGTTGTGT 192

CD44 2 12014._x_at -0.35 TGGAGATTCCAACTCTAATGTCAAT 193

CAV1 2 12097. at -0.35 AATTTTTTATCATGCATGTCCTGTA 194

FTL 2 13 187._x_at -0.35 GACGTGGAGGCAGCCGTCAACAGCC 195

FLNA 2 13746._s_at -0.35 GCTTCACAGTAGACTGCAGCAAAGC 196

SPTAN 1 2 15235. at -0.35 GTCACAATCATCATGTCACTGTGGG 197

GALNT2 2 17788._s_at -0.35 AGCTCAGATGATGGTATCTGTGAGT 198

EFHD2 2 17992._s_at -0.35 CTGTGACCATCACTCAGTCCAAACA 199

TNFRSF1 2A 2 18368._s_at -0.35 AGAAAGGGAGCCTCACGCTGGCTCA 200

IMP-2 2 18847..at -0.35 TCAGCAAAATG ATTCCTTTCTTTAA 201

C0TL1 221 059._s_at -0.35 GGGCTCCCAAAGCGACAAGATCGTT 202

UBA52 221 700._s_at -0.35 GGTTC I I ICCTTGAAGGGCAGCCTC 203

MSF 4 1220_at -0.35 TGCCAAAACCAAGA I I I IGAAGGAA 204

NCL 20061 0._s_at -0.34 TGGGGTTTTTACTGTTACCTGATCA 205

GNB1 200746._s_at -0.34 CCTTGCGGTAGGCCTGGATCTGGCA 206

ZYX 200808._s_at -0.34 AGTGGTCGCCCTGGACAAGAACTTC 207

TM4SF8 200972..at -0.34 TAATGTACCCATGTAGACTAGCAAA 208

CD59 200985._s_at -0.34 CTGCTAACTCCTAG CTGACTC AGCA 209

SMS 202043._s_at -0.34 AGCGAAGACTGCTAAATGCACTGAC 2 10

BIN 1 202931._x_at -0.34 CGCAGACGGTCTGTGTGCTG I I I GA 2 11

RABAC1 2031 36..at -0.34 GTACTACCAGAGCAACTATGTGTTC 2 12

BIN 1 2 10201._x_at -0.34 AGCTGCTGTGTCCTCTAGTTGAGTT 2 13

TPM4 2 12481._s_at -0.34 CTGAAATCTCTGGAGGCTGCATCTG 2 14

ZNF258 2 13698..at -0.34 AAAGAGTCACTAAGCACCTGTATCC 2 15

BIN 1 2 14439._x_at -0.34 AGCTGCTGTGTCCTCTAGTTGAGTT 2 16

MAFF 3671 1_at -0.34 TTGCACGGATCTAAGTTATTCTCCC 2 17

TACC1 20091 1._s_at -0.33 TCCTTCTCAG CCGTCGG GATAG GAT 2 18

MLF2 200948..at -0.33 TGGTTTACCATTG ATGACTTCG CCT 2 19

CD59 200983._x_at -0.33 TCCA I I I CTGGCAGCAGCCTGGAGC 220

CCT6A 201 326..at -0.33 GAGAGCTGCAACTGTAAAGGGCAAG 221

CTSC 201 487..at -0.33 AATTGGTATATTCACAGACTGTAGA 222

EPB4 1L2 201 7 19._s_at -0.33 GATTCACACAGGTTTGAGGATGCTG 223
— 202028._s_at -0.33 GTCCTTGATTTCCTCAATTTTCCGA 224

LPP 202822..at -0.33 TCACCATTCCTCTTGGCTTGGAAAG 225

CAV2 203323..at -0.33 AAGTAACATGACTTCCTTA I I ICTG 226

UGDH 203343..at -0.33 ATTTTTG CTTGTGTTAG ATCATTAT 227

AATF 2091 65..at -0.33 GCCCCTGCTAATGCTCATCTGAAGG 228

CD44 2 1091 6 s at -0.33 I I I CAATAG CACCTTG CCCACAATG 229



Affymetrix
Probe

Affymetrix SEQ ID
Gene ID Correlation Affymetrix Probe Sequence NO:

SLC39A1 4 2 12 110. at -0.33 GGCTTCTCTGTTTGG GTAGCGTAAG 230

MY01 B 2 12364. at -0.33 GGGTGCCTA I I I IAGTCATGGATCA 231

ZNF238 2 12774..at -0.33 AAA I I I GATCGCCTTAACTACTGTA 232

TMEM2 2 18 113..at -0.33 ACAGATAATTTCACTTTCCTCTTCC 233

CDC1 4B 221 556..at -0.33 GTCAGCAGACATGTTCATCCGATGA 234

COR01 C 221 676._s_at -0.33 CCACCGCTCTCA I I ICATGGAGTCT 235

TAF1 0 200055..at -0.32 AGCAAGGACCGCAAGTACACTCTAA 236

CD63 200663..at -0.32 TGTCTTATGATCACG I I IGCCATCT 237

CALU 200757._s_at -0.32 TTGAGGTGGGCTCCCTGGTATGGTA 238

SNRPD2 200826..at -0.32 GAACAATACCCAAGTGCTCATCAAC 239

PRSS23 202458..at -0.32 GCAGCAATTAAGGGTCTTCATGTTC 240

CTNNAL1 202468._s_at -0.32 AGTATGGCCTATTCTCTGTA I I IAT 241
— 202625..at -0.32 AAAGTGCCACATTCGGGGCTA I I I I 242

UBE2S 202779._s_at -0.32 GCCAATGGCGAGATCTGCGTCAACG 243

TCEB1 202824._s_at -0.32 AGATTCCTGAATTCCCAATTGCACC 244

PRPS2 203401..at -0.32 ATACTCATATGATCACTTTTCTTTT 245

GCLM 203925..at -0.32 CATGAACCTCTGTATTGC I I ICCTT 246

OK/SW-cl.56 2 11714._x_at -0.32 CCACCTCGTGGCCTCAAGATGGCAG 247

PNAS-4 2 12371..at -0.32 GAAACACATTCACTGCTTCAGGGTT 248

KIAA1 033 2 12794._s_at -0.32 AATGCTATGGGCTATGTACGAATGA 249

TIMM 17A 2 15 171._s_at -0.32 CTCTCTTCC I I IAGGGCTACTGAGT 250

PP1 201 2 17730..at -0.32 CCTACTGTGGTACTGAAGACTTCTG 251

C 13orf1 2 2 17769._s_at -0.32 AAAAA I I ICCAGCTCAACCAAGATA 252

LRP1 2 2 19631..at -0.32 AGGGTTGCGCTTGCATTGGACCCTA 253

GLS 221 5 10._s_at -0.32 ACAATGTAGCATATTTGATTTTCTT 254

FNTA 200090..at -0.31 CAGTAATAACTGCAGGTCACTTGTA 255

DNAJA1 200881._s_at -0.31 GGACATACAGCTCGTTGAAGCACTG 256

EBNA1 BP2 201 323..at -0.31 AGACATTGAGTTCAAATTGCCTTCA 257

PLEKHB2 201 4 10..at -0.31 GTATTTTCCACAAGTTTTGATCCTG 258

LAMB1 201 505..at -0.31 AAGAGTCAGCTGATGCCAGAAGGAA 259

GRSF1 201 520._s_at -0.31 GGTCCCACGTTCATCATAGGTATAT 260

SLC20A1 201 920..at -0.31 GGCATATTCGGGAGCTTCTTAGAGG 261

SEC61 G 203484..at -0.31 TCAGCAAGCTCCAGTGCTACGTGTC 262

PTP4A2 20861 6._s_at -0.31 GAACTCTTGGTACCTGGAAATGTGA 263

OK/SW-cl.56 209026._x_at -0.31 GCAATAGCACAGCCATCCAGGAGCT 264

SLC1 6A1 209900._s_at -0.31 TTAAATCCTCCAGC I I I IGAACCTT 265
— 2 11452._x_at -0.31 AATCCCAGCCACTCCAGAGGCTGAG 266

CAST 2 12586..at -0.31 I I ICCTGAGGGATTTCTAACCATGT 267

RRAS2 2 12590..at -0.31 TATACACAG ACATG CTCTTTTTTTA 268

TFPI 2 13258..at -0.31 GCATGTGAACGTTATTTTTACCGTG 269

KPNB1 2 13507._s_at -0.31 AAGATGGAGCCTGGGTCTCAAGCCC 270

ZCCHC1 1 2 17594..at -0.31 TCCTGCTCTCATGTAGCTAAAAAGA 271

S 100A6 2 17728 at -0.31 GCCAGTCGGACTGCGACATAGCCCA 272



Affymetrix
Probe

Affymetrix SEQ ID
Gene ID Correlation Affymetrix Probe Sequence NO:

NHP2L1 201 077._s_at -0.3 ACCAAGAAGCTACTGGACCTCGTTC 273

TNC 201 645. at -0.3 I I I IACCAAAGCATCAATACAACCA 274

SLC1 6A1 202236._s_at -0.3 GGCATATG I I I CTGCTAGCTATATA 275

ADAM9 202381. at -0.3 GTTACTGTGGTATCTATGAGTTATC 276

SVIL 202565._s_at -0.3 TCTACCTTAATATCTCCCCAAAAAT 277

CTPS 20261 3..at -0.3 GAAACACCAAGATGTCTGTCTCTGA 278

CAV1 203065._s_at -0.3 GGTGCCAATTTCAAGTTCCAAGTTG 279

KIAA0020 20371 2..at -0.3 AGGTGCCATTATTC I I ICTAGCCTC 280

EMP3 203729..at -0.3 ATCCTCATTCTTATACTGC I I I I CG 281

AKAP7 205771._s_at -0.3 AAAACTTCCCCGGTATGATGATTGT 282

C20orf3 206656._s_at -0.3 AAAGCTTGTTGACTCTAGCGGCTCA 283

ACTN 1 208637._x_ at -0.3 AGGTGCTCTGGACTACATGTCCTTC 284

GALIG 208949._s_at -0.3 AGTACTG GTTGAACCTGACCACTTC 285

PTBP1 2 11270._x_ at -0.3 GAATAAATCTTCTGTATCCTCAAAA 286

NIPA2 2 12 129..at -0.3 ATGATCACCGTGAATCCGGCTTCCT 287

FLJ46603 2 12509._s_at -0.3 GATCAGTCTCAAATGGG I I I CTTGG 288

RRAS2 2 12589..at -0.3 GGTATTGCACAGTTGTCAC I I IATC 289

CDC1 0 2 13 151._s_at -0.3 AAAAGTCACCATTCTGCA I I IAGCT 290

FTH 1 2 1421 1..at -0.3 CAGGCTATCTTCCAGATTCCTTAAG 291

CAB39 2 17873..at -0.3 AGACTTGGCCGTGATGTGGTGTCCT 292

KCMF1 2 17938._s_at -0.3 TGTCCTCTGTGCTGTA I I I GCCAAT 293

PHLDA1 2 17996..at -0.3 GTTTTCTGCATACTTTTCATCACGA 294

GLT25D1 2 18473._s_at -0.3 GACTGAGTTTGATTCTTCCTGTACC 295

CDCA8 221 520._s_at -0.3 CCTGCTGTGCCCAGTAGTTCTGAAG 296

TRAF3 221 571..at -0.3 GAGTTAGCAACATGCCTGACTTCCT 297

LASP1 20061 8..at -0.29 GAAATGACCACGTGAAATTTGCCTC 298

GABARAP 200645..at -0.29 ACTTCTTGATTGTCAGTCTGTGTCA 299

CD81 200675..at -0.29 TAACGTTTCCG GTATTACTCTG CTA 300

DPYSL2 200762..at -0.29 GA I I I CTGCAGTGACTTGATGCTCT 301

PGAM 1 200886._s_at -0.29 ATCATGTTCTAGTTGCTTGACCCTG 302

ATP1 B 1 201 242._s_at -0.29 GTATGGGACCTACACTTAATCTATA 303

TOP2A 201 291._s_at -0.29 TGGCTCCTAGGAATGCTTGGTGCTG 304

CUL3 201 371._s_at -0.29 TATTAAGACGACCATCTCTTCTATT 305

TGFBI 201 506..at -0.29 C I I I IATGGGGCCCTGTCCAGGTAG 306

PTBP1 2021 89._x_ at -0.29 AAACTTGCTCTCAAACTTCAGGGTT 307

ARL7 202206..at -0.29 CCTATTGTCCATTACACACCGAATG 308

GFPT1 202722._s_at -0.29 GTATGCTCATACTTG GACAGTTAGG 309

CDC20 202870._s_at -0.29 TATGGCGCTG I I I IGAGTTGGACCC 3 10

CKS2 2041 70._s_at -0.29 CGACGAACACTACGAGTACCGGCAT 3 11

RAB32 20421 4._s_at -0.29 GGAGAAGTATCCCTGCTAGTGGCTC 3 12

KPNB1 208974._x_ at -0.29 GGGATGATAACCTGAGGACCCCCAC 3 13

HDGFRP3 209526._s_at -0.29 GAATGGAATTTCCTCTCTGTGACAG 3 14

SLC7A1 1 209921 at -0.29 ATGCCAGATGGTG I I IATGGGCTAT 3 15



Affymetrix
Probe

Affymetrix SEQ ID
Gene ID Correlation Affymetrix Probe Sequence NO:

NUDC 2 10574._s_at -0.29 CCCACTCTTCTCTGGGACTTGTGGG 3 16

ARHGDIA 2 11716._x_ at -0.29 CTGCC I I I ICTGTCTCAGCGGGCAG 3 17

DOCK9 2 12538. at -0.29 TGTGCTGTTCCAGTATATGCAATAC 3 18

LHFPL2 2 12658. at -0.29 I I IAAGGGCTAATCTCACACCTCCT 3 19

TAX1BP3 2 15464._s_at -0.29 ACGGATTTAGACGAGGTTCGAGGCT 320

RAP1 B 200833._s_at -0.28 GCTTCTG CAGCTGTAGATTCTCACT 321

AKR1 B 1 201 272..at -0.28 GCAGCCAGGATATGACCACCTTACT 322

TPD52L2 201 379._s_at -0.28 TGAAACGACCCCACAGGTCAGGTGG 323

CNN3 201 445..at -0.28 GAAAAATTGCCTTACGTACATTCCT 324

DCTD 201 571._s_at -0.28 TAAGCTCATCATCC AGGCAGGTATA 325

TJP1 20201 1..at -0.28 AAGGATGCTTGTACATAATGCGTGC 326

CTSL 202087._s_at -0.28 GTGTGAGCTGGTGGACGGTGATGAG 327

IFRD1 2021 46..at -0.28 GCTAACCTTAACATCTG AGAGCAGT 328

ARL7 202207..at -0.28 AAAG CCCTGTG GTGTATCAACTACT 329

GFPT1 202721._s_at -0.28 GCACTCTGAAGG CATCCTTG CTGGT 330

YES1 202932..at -0.28 GCTTAGTATTGACACTCTCTACCAA 331

FHL2 202949._s_at -0.28 TA I I IACAGCTCTGTAACCTCCCGT 332

FZD6 203987..at -0.28 GCAATTGACTTCCCTTTTTTAATGT 333

SNAPC1 205443..at -0.28 GAATCCATCCTTAAAGTCAAAAACT 334

TFPI 209676..at -0.28 AAATTGCTTATTCTAGGTCTGTAAT 335

CD69 209795..at -0.28 TACGTGCAATACTTCAATACTTCAT 336

IFITM3 2 12203._x_ at -0.28 CATGACCATTCTG CTCATCGTCATC 337

CEBPB 2 12501..at -0.28 CAAACCAACCG CACATGCAGATGGG 338

TUBB4 2 13476._x_ at -0.28 GTGGATCCCCAACAACGTGAAGGTG 339

TUBB2 2 13726._x_ at -0.28 GGGCGAGTTCGAGGAGGAGGCTGAG 340

HLA-A 2 13932._x_ at -0.28 TGGTGCACTGAGCTGTAACTTCTTC 341

ZYX 2 15706._x_ at -0.28 TTATTG I I I IGATGTCTAGCCCCTC 342

PTP4A2 2 16988._s_at -0.28 AGCCCCTGTGGAGATCTCCTATGAG 343

C 1orf24 2 17966._s_at -0.28 TACTCATCCTGCTATCAA I I ICTTA 344

LDHA 200650._s_at -0.27 AAATCCACAGCTATATCCTGATGCT 345

ARHGDIA 201 168._x_ at -0.27 TCTGCC I I I I CTGTCTCAGCGGCAG 346

PSMD1 3 201 232._s_at -0.27 AATGAAGCTGGCTGCTCAGACGGTC 347

PSMA2 201 3 17._s_at -0.27 GTTAAGGATTACTTGGCTGCCATAG 348

UBE2D2 201 345._s_at -0.27 AAAAGTACTCTTGTCCATCTGTTCT 349

COPB 201 358._s_at -0.27 CATGTACCAAGACCC I I I I CACAGT 350
— 201 952..at -0.27 ACTCAGAGCTCTGGACCGAAAGCAG 351

M96 203345._s_at -0.27 GTTCTGGACCAGAATACCTCAAACG 352

SGCE 204688..at -0.27 AAGGAGCTTCGAGACATGTCCAAGA 353

CSRP2 207030._s_at -0.27 CTGTATATCGCCCTGTACTTGGATA 354

MAP1 LC3B 208786._s_at -0.27 GTTATCACTCTTAGGTCAGACAGCC 355

PTRF 208789..at -0.27 TGATTCTGTTCGGACTGGGTTCTCA 356

EIF3S4 208887..at -0.27 GTCAGAGGACACGCGTGAGACCGAC 357

ANXA3 209369 at -0.27 ATTGACC I I I IGGACATTCG AACAG 358



Affymetrix
Probe

Affymetrix SEQ ID
Gene ID Correlation Affymetrix Probe Sequence NO:

HDGFRP3 209524. at -0.27 TTATGTGTACATTATTGTTGCTATT 359

OSBPL3 209626._s_ at -0.27 GAGCAACGGCACCTA I I IGGAACTT 360

LMNA 2 12086._x_ at -0.27 CCCCCAGAACTGCAGCATCATGTAA 361

FKBP9 2 12 169. at -0.27 TCAACAGAGTA I I ICCCTTGGCCGA 362

ARHE 2 12724..at -0.27 TGAAAACGAGC I I ICTTTCCCATGA 363
— 2 13 156..at -0.27 GTTATTTCTTTTAGTCATGTTGATT 364

EPLIN 2 17892._s_ at -0.27 AACCCTGTA I I I CCCTTATGATGTC 365

MRPL1 5 2 18027..at -0.27 TATGCAAACCTGTTCCATTC I I ICT 366

C2orf33 2 19 137._s_ at -0.27 AATA I I ICATAACCTTCTTCATTAG 367

BRIX 2 19 177..at -0.27 CGAAGACTCTTCTTCCACATGATCC 368

C 19orf1 0 221 739..at -0.27 AAG I I I I CTACCTGGGCTGACGTTG 369

MICAL-L1 55081_at -0.27 GCAGCTCTTGGTCAAAGCACTGTTG 370

SPARC 200665._s_ at -0.26 GGTCGGATCTCACAGGCTGAGAACT 371

SPTBN 1 200671._s_ at -0.26 AGTTCTCAAGAGACGCCAGTGTGGC 372

PEA1 5 200787._s_ at -0.26 TAAGATCAAACCCCATGGAGCAGCC 373

CD99 201 029._s_ at -0.26 GGGGGATAGGCACTTGGACCCCCAT 374

ITGA6 201 656..at -0.26 GGTTGTACTTGGAATTCTTAGTCAC 375

RYBP 201 844._s_ at -0.26 TCTCAATCCCCTG CTGTGGTAGGAA 376

EGFR 201 983._s_ at -0.26 AAAATCCAGACTC I I ICGATACCCA 377

HNRPDL 201 993._x_ at -0.26 AGCTGCCAATTAGTTTTCTTTGTTT 378

ARL7 202208._s_ at -0.26 CAGGGCCAGAAGTTCAGGCTGCCCC 379

OBRGRP 202378._s_ at -0.26 GTAGTCACGGTGCTCTCAGAAAATA 380

PALM2-AKAP2 202759._s_ at -0.26 GCATTCTGCCGTG I I IATAGGTGTT 381

TGIF 20331 3._s_ at -0.26 GACTTCAGTGGA I I ICAGCTTCTAG 382

CDH2 203440..at -0.26 AGC I I I GCCTCTGTATTGTGTACCA 383

EPHA2 203499..at -0.26 AGGGACCGGTGCTGCAGGAGTGTCC 384

BUB1 B 203755..at -0.26 CACTACCATTGCTGTTCTACTTTTT 385

GRK5 204396._s_ at -0.26 GCCATGTGTTCCAAGGCA I I I IAGC 386

LIF 205266..at -0.26 GTAGCA I I I CCCTGCAGATGGTACA 387

FLOT1 208749._x_ at -0.26 AAGTACTGGACATTCTAACTCGCCT 388

MGC4083 2091 91..at -0.26 CAACACGCAAGTTCCTTCTTGAACC 389

HABP4 20981 8._s_ at -0.26 TCTTGAAAGAGCCCTG I I ICCCAGC 390

PDE4D 2 10837._s_ at -0.26 TATACCAATGACTTCCATA I I I IAA 391

AP2A2 2 11779._x_ at -0.26 CGAACCTGCAAGCCCAGATGTACCG 392

PLAUR 2 11924._s_ at -0.26 GTAACCACCCAGACCTGGATGTCCA 393

ZFP36L1 2 11962._s_ at -0.26 GGACTGCAAATTGAGTTTCTTTCTC 394

LOC 130074 2 1201 7..at -0.26 GAGAGCCTCATGGATTGTAACTAAA 395

HLA-A 2 153 13._x_ at -0.26 GAAGAACCCTGACTTTG I I I CTGCA 396

C 19orf1 0 2 16483._s_ at -0.26 GTCCTATCTGTACTTCACACAGTTC 397

SNX6 2 17789..at -0.26 GAACTGTTGAG I I ICCGTTGCTGGC 398

TENS1 2 17853..at -0.26 TCCTCCAGTGTTAAGCTATAGCCAT 399

C20orf1 49 2 180 10._x_ at -0.26 TGGAGTCCGCAGAGCACTCGGAACC 400

LOC51 123 2 18059 at -0.26 TGCCAGACCCTAAGACCTTCAAGCA 401



Affymetrix
Probe
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Gene ID Correlation Affymetrix Probe Sequence NO:

ER01 L 2 18498_s_at -0.26 GGTTTTCATTAGTGGAAGCTCTTCA 402

TNFRSF21 2 18856_at -0.26 GATTACTTGTACTCTTCTTATGCTA 403

FLJ23548 2 19973_at -0.26 AC I I IATAATCGTCATTGTTCAATC 404

LRP1 2 220253_s_at -0.26 TGATTG I I I I CATCCTGATACTGTA 405

TRAM 1 201 398_s_at -0.25 GTCACCAGCTGTTTGTGCCATTTTT 406

MARCKS 201 668_x_at -0.25 AGGGAGATTTCTCCATTTTCCTCTT 407

TCTEL1 201 999_s_at -0.25 GTGGCAC I I I CACAATGTAGAGGAA 408

DUSP1 1 202703_at -0.25 ATGCCAGTCGGGCAGCCCAGGATAG 409

IFNGR1 202727_s_at -0.25 TATCCAGTACTCCTGGTTCCTAGGT 4 10

COMMD4 20644 1_s_at -0.25 AGCTGGGGCTGCCCAAAGAGCACGC 4 11

VCP 208649_s_at -0.25 GATGATGACCTGTATGGCTAAGTGG 4 12

BAX 2 11833_s_at -0.25 GACATG I I I ICTGACGGCAACTTCA 4 13

PRKCA 2 13093 at -0.25 ACATCATATAAGCCCCAAC I I IGTT 4 14

Other Embodiments

Danish Patent application PA 201 3 00348 is incorporated herein by

reference in its entirety.

All publications, patents, and patent applications mentioned in the above

specification are hereby incorporated by reference. Various modifications and

variations of the described device and methods of use of the invention will be

apparent to those skilled in the art without departing from the scope and spirit of

the invention. Although the invention has been described in connection with

specific embodiments, it should be understood that the invention as claimed

should not be unduly limited to such specific embodiments. Indeed, various

modifications of the described modes for carrying out the invention that are

obvious to those skilled in the art are intended to be within the scope of the

invention. For example, it is anticipated that measuring the level of proteins,

metabolites, identifying genetic mutations and DNA copy number variations, all will

be useful in determining chemosensitivity.



Claims

1. A method of predicting the responsiveness of a cancer patient to

treatment with fulvestrant comprising:

i) determining a level of expression of at least one biomarker of sensitivity

selected from one or more of the biomarkers of Table 1; and/or

ii) determining a level of expression of at least one biomarker of resistance

selected from one or more of the biomarkers of Table 2;

wherein the level of expression of said biomarker of sensitivity and/or said

biomarker of resistance indicates whether said patient is responsive to said

treatment.

2 . A device comprising at least one single-stranded nucleic acid molecule

having at least 85% identity to a target nucleic acid molecule having a sequence

that is complementary or identical to at least 5 consecutive nucleotides of at least

one biomarker selected from one or more of the biomarkers of Table 1 or 2,

wherein said at least one single stranded nucleic acid molecule is sufficient

for the detection of the level of expression of said biomarker and allows specific

hybridization between said single stranded nucleic acid molecule and said target

nucleic acid molecule.

3 . The device of claim 2, wherein said single-stranded nucleic acid

molecule has 100% identity to said target nucleic acid molecule.

4 . The device of claim 2 or 3, wherein said device allows a determination of

the sensitivity of a patient to one or more treatments for cancer by allowing

detection of the level of expression of said at least one biomarker in a sample from

said patient.

5 . The device of any one of claims 2 to 4, wherein said single-stranded

nucleic acid molecule is complementary to or identical to at least 5 consecutive

nucleotides of GATA3.



6 . The device of claim 5, wherein said single-stranded nucleic acid

molecule is complementary to or identical to at least 22 consecutive nucleotides of

GATA3.

7 . The device of any one of claims 2 to 6, wherein said device further

comprises

i) one or more single-stranded nucleic acid molecules having at least 85%

identity, preferably 100% identity, to a target nucleic acid molecule having a

sequence that is complementary to or identical to at least 5 consecutive

nucleotides of one or more biomarkers selected from one or more of the

biomarkers of Table 1 and 2; and/or

ii) one or more single-stranded nucleic acid molecules having at least 85%

identity, preferably 100% identity, to a target nucleic acid molecule having a

sequence that is complementary to or identical to at least 5 consecutive

nucleotides of one or more biomarkers selected from one or more of the

biomarkers of Table 1 or 2, said device allowing a determination of the sensitivity

of said patient to fulvestrant.

8 . The device of claim 7, wherein said device comprises two or more of

said single-stranded nucleic acid molecules of i) to ii).

9 . The device of any one of claims 2 to 8, wherein said device further

comprises

i) one or more single-stranded nucleic acid molecules having at least 85%

identity, preferably 100% identity, to a target nucleic acid molecule having a

sequence that is complementary to or identical to at least 5 consecutive

nucleotides of one or more biomarkers selected from one or more of the

biomarkers of Table 1 or 2 .

10 . The device of claim 9, wherein said device comprises two or more of

said single-stranded nucleic acid molecules of i).

11. The device of any one of claims 2 to 10, wherein said one or more

treatments for cancer is fulvestrant.

12 . The device of any one of claims 2 to 11, wherein said one or more

single-stranded nucleic acid molecules have a length in the range of 10 to 100

nucleotides in length.



13 . The device of claim 2, wherein said one or more single-stranded

nucleic acid molecules have a length in the range of 20 to 60 nucleotides.

14. The device of any one of claims 2 to 13, said device allowing, when

contacted with a diverse population of nucleic acid molecules prepared from a

sample under conditions allowing hybridisation to occur, the determination of the

level of expression of said at least one biomarker.

15 . A method of predicting sensitivity of a cancer patient to one or more

treatments for cancer comprising assaying a level of expression of at least one

biomarker in a cell of said patient using the device of any one of claims 2 to 14.

16 . The method of claim 15, wherein said method comprises assaying the

level of expression of GATA3,

wherein the level of expression of said GATA3 indicates whether said

patient is sensitive to said one or more treatments.

17 . The method of claim 15 or 16, wherein said treatment is fulvestrant.

18 . The method of any one of claims 15 to 17, wherein said method

comprises

i) assaying the level of expression of one or more biomarkers of sensitivity

selected from one or more of the biomarkers of Table 1; and/or

ii) assaying the level of expression of one or more biomarkers of resistance

selected from one or more of the biomarkers of Table 2 .

19 . The method of any one of claims 15 to 18, wherein said method

comprises converting the level of expression of said one or more biomarkers of

sensitivity and/or said one or more biomarkers of resistance into a mean score for

said one or more treatments,

wherein said mean score identifies the sensitivity of a cancer patient to said

one or more treatments for cancer.

20. The method of claim 19, wherein said method further comprises

subtracting the mean score for said one or more biomarkers of resistance from the

mean score for said one or more biomarkers of sensitivity to obtain a difference

score for said one or more treatments,



wherein the difference score identifies the sensitivity of a cancer patient to

said one or more treatments for cancer.

2 1 . The method of claim 19 or 20, wherein said mean score and/or said

difference score above a cutoff indicates said patient is sensitive to said one or

more treatments for cancer.

22. A method of predicting sensitivity of a cancer patient to at least one

treatment for cancer comprising determining a level of expression GATA3 in a cell

of said patient,

wherein a change in the level of expression of said GATA3 indicates said

patient is sensitive to said at least one treatment for cancer.

23. The method of claim 22, wherein said method further comprises

determining the level of expression of one or more second biomarkers in a cell of

said patient,

wherein a change in the level of expression of said one or more of second

biomarkers indicates said patient is sensitive to said treatment.

24. The method of claim 23, wherein said one or more second biomarkers

is selected from one or more of the biomarkers of Table 1 or 2

25. The method of any one of claims 22 to 24, wherein said at least one

treatment for cancer is fulvestrant.

26. The method of any of claims 15 to 25, wherein the level of expression

of said biomarkers is determined using a quantitative reverse transcription-

polymerase chain reaction (qRT-PCR).

27. The method of any of claims 15 to 26, wherein the level of expression

of said biomarkers is determined by detecting the level of mRNA transcribed from

one or more genes and/or wherein the level of expression of said biomarkers is

determined by detecting the level of a protein product of said genes and/or

wherein the level of expression of said biomarkers is determined by detecting the

level of the biological activity of a protein product of said genes and/or wherein

said cell is a cancer cell.



28. The method of any one of claims 15 to 26, wherein an increase in the

level of expression of said one or more biomarkers indicates increased sensitivity

of said cancer patient to said one or more treatments, or wherein a decrease in the

level of expression of said one or more biomarkers indicates increased sensitivity

of said cancer patient to said one or more treatments.

29. A method of predicting the responsiveness of a patient having a cancer

to an anti-cancer agent comprising:

i) determining a level of expression of at least one biomarker of sensitivity in

a first sample from said patient, said biomarker of sensitivity selected from one or

more of the biomarkers of Table 1; or

ii) determining a level of expression of at least one biomarker of resistance

in a second sample from said patient, said biomarker of resistance selected from

one or more of the biomarkers of Table 2;

wherein the level of expression of said biomarker of sensitivity or said

biomarker of resistance indicates whether said patient is responsive to said ant i

cancer agent.

30. A method of predicting the responsiveness of a patient having a cancer

to an anti-cancer agent comprising:

i) determining a level of expression of at least one biomarker of sensitivity in

a first sample from said patient, said biomarker of sensitivity selected from the

group consisting of the biomarkers of Table 1; and

ii) determining a level of expression of at least one biomarker of resistance

in a second sample from said patient, said biomarker of resistance selected from

the group consisting of the biomarkers of Table 2;

wherein the level of expression of said biomarker of sensitivity and said

biomarker of resistance indicates whether said patient is responsive to said ant i

cancer agent.

3 1 . A method of treating a patient having a cancer, said method

comprising:

(i) (a) determining a level of expression of at least one biomarker of

sensitivity in a first sample from said patient, said biomarker of

sensitivity selected from the group consisting of the biomarkers of

Table 1; or

(b) determining a level of expression of at least one biomarker of

resistance in a second sample from said patient, said biomarker of



resistance selected from the group consisting of the biomarkers of

Table 2; and

administering an effective amount of an anti-cancer agent to said

patient, if the level of expression of said biomarker of sensitivity or

said biomarker of resistance indicates that said patient is responsive

to said anti-cancer agent.

32. A method of treating a patient having a cancer, said method

comprising:

(i) (a) determining a level of expression of at least one biomarker of

sensitivity in a first sample from said patient, said biomarker of

sensitivity selected from the group consisting of the biomarkers of

Table 1; and

(b) determining a level of expression of at least one biomarker of

resistance in a second sample from said patient, said biomarker of

resistance selected from the group consisting of the biomarkers of

Table 2; and

(ii) administering an effective amount of said anti-cancer agent to said

patient, if the levels of expression of said biomarker of sensitivity and

said biomarker of resistance indicate that said patient is responsive

to an anti-cancer agent.

33. The method of any one of claims 29 to 32, wherein one of said at least

one biomarker of sensitivity is GATA3.

34. The method of any one of claims 29 to 33, wherein one of said at least

one biomarker of sensitivity is CBFA2T3.

35. The method of any one of claims 29 to 34, wherein one of said at least

one biomarker of sensitivity is SPDEF.

36. The method of any one of claims 29 to 35, wherein one of said at least

one biomarker of sensitivity is HBA .

37. The method of any one of claims 29 to 36, wherein one of said at least

one biomarker of sensitivity is TFF .



38. The method of any one of claims 29 to 37, wherein one of said at least

one biomarker of sensitivity is CD8B1 .

39. The method of any one of claims 29 to 38, wherein one of said at least

one biomarker of sensitivity is KIAA0984.

40. The method of any one of claims 29 to 39, wherein one of said at least

one biomarker of sensitivity is BCL2.

4 . The method of any one of claims 29 to 40, wherein one of said at least

one biomarker of sensitivity is SLC9A3R1 .

The method of any one of claims 29 to 4 , wherein one of said at least

one biomarker of sensitivity is FBP .

43. The method of any one of claims 29 to 42, wherein one of said at least

one biomarker of sensitivity is ITGB7.

44. The method of any one of claims 29 to 43, wherein one of said at least

one biomarker of sensitivity is HIST H3H.

45. The method of any one of claims 29 to 44, wherein one of said at least

one biomarker of sensitivity is PDCD4.

46. The method of any one of claims 29 to 45, wherein one of said at least

one biomarker of sensitivity is HBA2.

The method of any one of claims 29 to 46, wherein one of said at least

one biomarker of sensitivity is TARP.

48. The method of any one of claims 29 to 47, wherein one of said at least

one biomarker of sensitivity is SPI .

49. The method of any one of claims 29 to 48, wherein one of said at least

one biomarker of sensitivity is KIAA01 82.

50. The method of any one of claims 29 to 49, wherein one of said at least

one biomarker of sensitivity is PTP4A3.



5 1 . The method of any one of claims 29 to 50, wherein one of said at least

one biomarker of resistance is ANXA1 .

52. The method of any one of claims 29 to 5 1 , wherein one of said at least

one biomarker of resistance is GPX1 .

53. The method of any one of claims 29 to 52, wherein one of said at least

one biomarker of resistance is SPTBN1 .

54. The method of any one of claims 29 to 53, wherein one of said at least

one biomarker of resistance is ANXA2.

55. The method of any one of claims 29 to 54, wherein one of said at least

one biomarker of resistance is CAPN2.

56. The method of any one of claims 29 to 55, wherein one of said at least

one biomarker of resistance is ZA20D2.

57. The method of any one of claims 29 to 56, wherein one of said at least

one biomarker of resistance is TMSB1 0 .

58. The method of any one of claims 29 to 57, wherein one of said at least

one biomarker of resistance is PRNP.

59. The method of any one of claims 29 to 58, wherein one of said at least

one biomarker of resistance is TIMP1 .

60. The method of any one of claims 29 to 59, wherein one of said at least

one biomarker of resistance is PSMA1 .

6 1 . The method of any one of claims 29 to 60, wherein one of said at least

one biomarker of resistance is PSMB2.

62. The method of any one of claims 29 to 6 1 , wherein one of said at least

one biomarker of resistance is UGP2.



63. The method of any one of claims 29 to 62, wherein one of said at least

one biomarker of resistance is CD44.

64. The method of any one of claims 29 to 63, wherein one of said at least

one biomarker of resistance is TM4SF1 .

65. The method of any one of claims 29 to 64, wherein one of said at least

one biomarker of resistance is MCF2L2.

66. The method of any one of claims 29 to 65, wherein one of said at least

one biomarker of resistance is DNAPTP6.

67. The method of any one of claims 29 to 66, wherein one of said at least

one biomarker of resistance is W DR .

68. The method of any one of claims 29 to 67, wherein one of said at least

one biomarker of resistance is PSMD .

69. The method of any one of claims 29 to 68, wherein one of said at least

one biomarker of resistance is VIM.

70. The method of any one of claims 29 to 69, wherein one of said at least

one biomarker of resistance is RPS6KA3.

7 . The method of any one of claims 29 to 70, wherein one of said at least

one biomarker of resistance is MSN.

The method of any one of claims 29 to 7 , wherein one of said at least

one biomarker of resistance is PFN1

73. The method of any one of claims 29 to 72, wherein one of said at least

one biomarker of resistance is ASPH.

74. The method of any one of claims 29 to 73, wherein one of said at least

one biomarker of resistance is YWHAB.

75. The method of any one of claims 29 to 74, wherein one of said at least

one biomarker of resistance is LGALS3BP.



76. The method of any one of claims 29 to 75, wherein one of said at least

one biomarker of resistance is ETF1 .

77. The method of any one of claims 29 to 76, wherein one of said at least

one biomarker of resistance is MARCKS.

78. The method of any one of claims 29 to 77, wherein one of said at least

one biomarker of resistance is CAV2.

79. The method of any one of claims 29 to 78, wherein one of said at least

one biomarker of resistance is ACTG1 .

80. The method of any one of claims 29 to 79, wherein one of said at least

one biomarker of resistance is SEPT 0 .

8 1 . The method of any one of claims 29 to 80, wherein one of said at least

one biomarker of resistance is M-RIP.

82. The method of any one of claims 29 to 8 , wherein said cancer is a

cancer of the breast, prostate, lung and bronchus, colon and rectum, urinary

bladder, skin, kidney, pancreas, oral cavity and pharynx, ovary, thyroid,

parathyroid, stomach, brain, esophagus, liver and intrahepatic bile duct, cervix

larynx, heart, testis, small and large intestine, anus, anal canal and anorectum,

vulva, gallbladder, pleura, bones and joints, hypopharynx, eye and orbit, nose,

nasal cavity and middle ear, nasopharynx, ureter, peritoneum, omentum and

mesentery, or gastrointestines.

83. The method of any one of claims 29 to 82, wherein said cancer is

chronic myeloid leukemia, acute lymphocytic leukemia, non-Hodgkin lymphoma,

melanoma, carcinoma, basal cell carcinoma, malignant mesothelioma,

neuroblastoma, multiple myeloma, leukemia, retinoblastoma, acute myeloid

leukemia, chronic lymphocytic leukemia, Hodgkin lymphoma, carcinoid tumors,

acute tumor, or soft tissue sarcoma.

84. The method of any one of claims 29 to 83, wherein said cancer is a

hormone positive cancer.



85. The method of any one of claims 29 to 84, wherein said cancer is

metastatic.

86. The method of any one of claims 29 to 85, wherein said cancer is a

breast cancer.

87. The method of claim 86, wherein said breast cancer is hormone

receptor positive breast cancer.

88. The method of any one of claims 29 to 87, wherein said anti-cancer

agent is fulvestrant.

89. The method of any one of claims 29 to 88, wherein said patient is a

female.

90. The method of claim 89, wherein said female is a postmenopausal

female.

9 1 . The method of claim 89 or 90, wherein said cancer has progressed

following antiestrogen therapy.

92. The method of any one of claims 29 to 9 1 , wherein said first sample is

a biopsy.

93. The method of any one of claims 29 to 92, wherein said second sample

is a biopsy.

94. The method of any one of claims 29 to 93, wherein said first sample

and said second sample are the same sample.

95. The method of any one of claims 29 to 93, wherein said first sample

and said second sample are not the same sample.

96. The method of any one of claims 29 to 95, wherein the expression level

of said biomarker of sensitivity is measured using qRT-PCR.

97. The method of any one of claims 29 to 95, wherein the expression level

of said biomarker of sensitivity is measured using qRT-LAMP.



98. The method of any one of claims 29 to 97, wherein the expression level

of said biomarker of resistance is measured using qRT-PCR.

99. The method of any one of claims 29 to 97, wherein the expression level

of said biomarker of resistance is measured using qRT-LAMP.

100. The method of any one of claims 29 to 95, wherein said determining a

level of expression of at least one biomarker of sensitivity comprises contacting

said first sample with an oligonucleotide having at least 85% sequence identity to

a sequence that is complimentary or identical to said at least one biomarker of

sensitivity, wherein said contacting is performed under conditions allowing for

hybridization of said oligonucleotide to said at least one biomarker of sensitivity.

10 1 . The method of claim 100, wherein said oligonucleotide has at least

85% sequence identity to any one of SEQ ID NOs: 1- 103, preferably wherein said

oligonucleotide has at least 85% sequence identity to any one of SEQ ID NOs: 1-

27.

102. The method of any one of claims 29 to 95, wherein said determining a

level of expression of at least one biomarker of resistance comprises contacting

said first sample with an oligonucleotide having at least 85% sequence identity to

a sequence of an oligonucleotide that is complimentary or identical to said at least

one biomarker of resistance, wherein said contacting is performed under

conditions allowing for hybridization of said oligonucleotide to said at least one

biomarker of resistance.

103. The method of claim 102, wherein said oligonucleotide has at least

85% sequence identity to any one of SEQ ID NOs: 104-414, preferably wherein

said oligonucleotide has at least 85% sequence identity to any one of SEQ ID

NOs: 104-143.

104. The method of any one of claims 29 to 95, wherein the level of

expression of said one or more biomarkers of sensitivity is determined by

detecting the level of mRNA transcribed from the one or more genes listed in

Table 1.



105. The method of any one of claims 29 to 95, wherein the level of

expression of said one or more biomarkers of sensitivity is determined by

measuring the level of a protein product of the one or more genes listed in Table 1.

106. The method of any one of claims 29 to 95, wherein the level of

expression of said one or more biomarkers of sensitivity is determined by

detecting the level of the biological activity of a protein product of the one or more

genes listed in Table 1.

107. The method of any one of claims 29 to 95, wherein the level of

expression of said one or more biomarkers of resistance is determined by

detecting the level of mRNA transcribed from the one or more genes listed in

Table .

108. The method of any one of claims 29 to 95, wherein the level of

expression of said one or more biomarkers of resistance is determined by

measuring the level of a protein product of the one or more genes listed in Table 1.

09. The method of any one of claims 29 to 95, wherein the level of

expression of said one or more biomarkers of resistance is determined by

detecting the level of the biological activity of a protein product of the one or more

genes listed in Table 1.

0 . The method of any one of claims 29 to 109, wherein an increase in

the level of expression of said one or more biomarkers of sensitivity indicates

increased responsiveness of said patient to said anti-cancer agent.

111. The method of any one of claims 29 to 110, wherein a decrease in the

level of expression of said one or more biomarkers of resistance indicates

increased responsiveness of said patient to said anti-cancer agent.

112 . The method of any one of claims 29 to 109, wherein said method

comprises converting the level of expression of said one or more biomarkers of

sensitivity into a mean score for said anti-cancer agent,

wherein said mean score identifies the responsiveness of said patient to

said anti-cancer agent.



113 . The method of any one of claims 29 to 109, wherein said method

comprises converting the level of expression of said one or more biomarkers of

resistance into a mean score for said anti-cancer agent,

wherein said mean score identifies the responsiveness of said patient to

said anti-cancer agent.

114 . The method of any one of claims 29 to 109, wherein said method

comprises:

(i) converting the level of expression of said one or more biomarkers of

sensitivity into a first mean score for said anti-cancer agent;

(ii) converting the level of expression of said one or more biomarkers of

resistance into a second mean score for said anti-cancer agent;

(iii) subtracting said second mean from said first mean score to obtain a

difference score for said anti-cancer agent,

wherein said difference score identifies the responsiveness of said patient

to said anti-cancer agent.

115 . The method of claim 114, wherein the value of said difference score

that is greater than or equal to a cutoff indicates said patient is responsive to said

anti-cancer agent.

116 . A method of inhibiting growth of a cancer cell of a patient, said method

comprising:

(i) (a) determining a level of expression of at least one biomarker of

sensitivity in a first sample from said patient, said biomarker of

sensitivity selected from the group consisting of the biomarkers of

Table 1; or

(b) determining a level of expression of at least one biomarker of

resistance in a second sample from said patient, said biomarker of

resistance selected from the group consisting of the biomarkers of

Table 2; and

(ii) contacting an anti-cancer agent with said cancer cell, if the level of

expression of said biomarker of sensitivity or said biomarker of

resistance indicates that said patient is responsive to said ant i

cancer agent.

117 . A method of inhibiting growth of a cancer cell of a patient, said method

comprising:



(i) (a) determining a level of expression of at least one biomarker of

sensitivity in a first sample from said patient, said biomarker of

sensitivity selected from the group consisting of the biomarkers of

Table 1; and

(b) determining a level of expression of at least one biomarker of

resistance in a second sample from said patient, said biomarker of

resistance selected from the group consisting of the biomarkers of

Table 2; and

(ii) contacting an anti-cancer agent with said cancer cell, if the level of

expression of said biomarker of sensitivity and said biomarker of

resistance indicates that said patient is responsive to said ant i

cancer agent.

118 . A kit comprising the device of any one of claims 4 to 14 and

instructions for applying nucleic acid molecules collected from a sample from said

patient to said device and/or instructions for determining the level of expression of

said at least one biomarker by detecting hybridization of said single-stranded

nucleic acid molecules to said target nucleic acid molecules and/or instructions for

predicting the sensitivity of said patient to said one or more treatments for cancer.

119 . The kit of claim 118, wherein

i) said instructions further indicate that a change in said level of

expression of said at least one biomarker relative to the level of

expression of said at least one biomarker in a control cell sensitive to

said treatment indicates a change in sensitivity of said patient to said

one or more treatments for cancer; and/or

ii) said kit further comprises one or more chemotherapeutic agents; and/or

ii) said single-stranded nucleic acid molecules are characterized by the

ability to specifically identify the presence or absence of said one or

more biomarkers in a sample collected from said patient; and/or

iv) said patient is a cancer patient.

120. The kit of claim 118 or 119, wherein said one or more single-stranded

nucleic acid molecules have a length in the range of 10 to 100 nucleotides in

length.

12 1 . The kit of claim 118, wherein said one or more single-stranded nucleic

acid molecules have a length in the range of 20 to 60 nucleotides.



122. The kit of any one of claims 116 to 118, wherein said single-stranded

nucleic acid molecules are at least 15 nucleotides long, preferably wherein said

single-stranded nucleic acid molecules are at least 25 nucleotides long, or wherein

said single-stranded nucleic acid molecules are deoxyribonucleic acid (DNA).

123. A method of predicting sensitivity of a cancer patient to at least one

treatment for cancer comprising detecting the level of expression of said at least

one biomarker by using the kit of any one of claims 118 to 122.

124. The method of claim 1, wherein said biomarker of sensitivity is a

biomarker comprising a sequence set forth in any one of SEQ ID NOs: 4 15-430; or

wherein said biomarker of resistance is a biomarker comprising a sequence

set forth in any one of SEQ ID NOs: 431 -445.

125. The method of claim 2, wherein said one or more biomarkers selected

from Table 1 is a biomarker comprising a sequence set forth in any one of SEQ ID

NOs: 4 15-430; or

wherein said one or more biomarkers selected from Table 2 is a biomarker

comprising a sequence set forth in any one of SEQ ID NOs: 431 -445.

126. The method of claim 9, wherein said one or more biomarkers selected

from Table 1 is a biomarker comprising a sequence set forth in any one of SEQ ID

NOs: 4 15-430; or

wherein said one or more biomarkers selected from Table 2 is a biomarker

comprising a sequence set forth in any one of SEQ ID NOs: 431 -445.
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determi ni ng a l evel of expressi on of at l east one bi omarker
of sensi t i v i t y consi sti ng of GATA3 (fi rst bi omarker of Tabl e
1) wherei n the l evel of expressi on of sai d bi omarker (GATA3)
of sensi t i v i t y and / or sai d bi omarker of resi stance
i ndi cates whether sai d pati ent i s responsi ve t o sai d
treatment, a devi ce compri si ng at l east one si ngl e-stranded
nucl ei c aci d mol ecul e havi ng at l east 85% i denti t y t o a
target nucl ei c aci d mol ecul e havi ng a sequence that i s
compl ementary or i denti cal t o at l east 5 consecuti ve
nucl eoti des of at l east one bi omarker consi sti ng of
consi sti ng of GATA3 (fi rst bi omarker of Tabl e 1) , wherei n
sai d at l east one si ngl e stranded nucl ei c aci d mol ecul e i s
suffi c i ent for the detecti on of the l evel of expressi on of
sai d bi omarker and al l ows speci f i c hybri di zati on between
sai d si ngl e stranded nucl ei c aci d mol ecul e and sai d target
nucl ei c aci d mol ecul e , a method of predi c i t i ng sensi t i v i t y
of a cancer pati ent t o one or more treatments for cancer
compri si ng assayi ng a l evel of expressi on of at l east one
bi omarker consi sti ng of consi sti ng of GATA3 i n a cel l of
sai d pati ent usi ng the devi ce of any one of c l aims 2 - 14, a
method of predi cti ng sensi t i v i t y of a cancer pati ent t o at
l east one treatment for cancer compri si ng determi ni ng the
l evel of GATA3 i n cel l of sai d pati ent, wherei n a change i n
the l evel of expressi on of sai d GATA3 i ndi cates sai d pati ent
i s sensi t i ve t o sai d at l east one treatment of cancer, a
method of predi cti ng the responsi veness of a pati ent havi ng
a cancer t o an anti -cancer agent compri si ng steps ( i . ) and
( i i . ) of c l aim 29 and i n parti cul ar the bi omarker consi sti ng
of GATA3, a method of predi cti ng the responsi veness of a
pati ent havi ng a cancer t o an anti -cancer agent compri si ng
steps ( i ) and ( i i ) of c l aim 30 and i n parti cul ar of the
bi omarker consi sti ng of GATA3, a method of treati ng a
pati ent havi ng a cancer, sai d method compri si ng parts ( i )
and ( i i ) of c l aim 31 and consi sti ng of bi omarker GATA3, a
method of treati ng a pati ent havi ng a cancer sai d method
compri si ng steps ( i ) and ( i i ) of c l aim 32 and consi sti ng of
bi omarker GATA3, a method of i nhi bi t i ng growth of a cancer
cel l of a pati ent, sai d method compri si ng steps ( i ) and ( i i )
of c l aim 116 and bi omarker GATA3, a method of i nhi bi t i ng
growth of a cancer cel l accordi ng t o c l aim 117 and
consi sti ng of GATA3, a ki t accordi ng t o c l aim 118 and method
acc. t o c l aim 123 ;

c l aims : 1-21 , 26-32 , 34-126(al l parti al ly)

IDEM for i nventi ons 2 - 101 accordi ng t o the l i sti ng of
TABLE 1 on pages 58 - 60 of the descri pti on starti ng wi
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CBFA2T3 ( Inventi on Number 2) and endi ng wi t h PACAP
( Inventi on Number 101) ;

c l aims : 1-21 , 26-32 , 34-126(al l parti al ly)

A method of predi cti ng the responsi veness of a cancer
pati ent t o treatment wi t h FULVESTRANT compri si ng ( 1. )
determi ni ng a l evel of expressi on of at l east one bi omarker
of RESISTANCE consi sti ng of ANXAl (fi rst bi omarker of Tabl e
2) wherei n the l evel of expressi on of sai d bi omarker (ANXAl)
of resi stance i ndi cates whether sai d pati ent i s responsi ve
t o sai d treatment, a devi ce compri si ng at l east one
si ngl e-stranded nucl ei c aci d mol ecul e havi ng at l east 85%
i denti t y t o a target nucl ei c aci d mol ecul e havi ng a sequence
that i s compl ementary or i denti cal t o at l east 5 consecuti ve
nucl eoti des of at l east one bi omarker consi sti ng of
consi sti ng of ANXAl (fi rst bi omarker of Tabl e 2) , wherei n
sai d at l east one si ngl e stranded nucl ei c aci d mol ecul e i s
suffi c i ent for the detecti on of the l evel of expressi on of
sai d bi omarker and al l ows speci f i c hybri di zati on between
sai d si ngl e stranded nucl ei c aci d mol ecul e and sai d target
nucl ei c aci d mol ecul e , a method of predi c i t i ng sensi t i v i t y
of a cancer pati ent t o one or more treatments for cancer
compri si ng assayi ng a l evel of expressi on of at l east one
bi omarker consi sti ng of consi sti ng of ANXAl i n a cel l of
sai d pati ent usi ng the devi ce of any one of c l aims 2 - 14, a
method of predi cti ng sensi t i v i t y of a cancer pati ent t o at
l east one treatment for cancer compri si ng determi ni ng the
l evel of ANXAl i n cel l of sai d pati ent, wherei n a change i n
the l evel of expressi on of sai d ANXAl i ndi cates sai d pati ent
i s sensi t i ve t o sai d at l east one treatment of cancer, a
method of predi cti ng the responsi veness of a pati ent havi ng
a cancer t o an anti -cancer agent compri si ng steps ( i . ) and
( i i . ) of c l aim 29 and i n parti cul ar the bi omarker consi sti ng
of ANXAl , a method of predi cti ng the responsi veness of a
pati ent havi ng a cancer t o an anti -cancer agent compri si ng
steps ( i ) and ( i i ) of c l aim 30 and i n parti cul ar of the
bi omarker consi sti ng of ANXAl , a method of treati ng a
pati ent havi ng a cancer, sai d method compri si ng parts ( i )
and ( i i ) of c l aim 31 and consi sti ng of bi omarker ANXAl , a
method of treati ng a pati ent havi ng a cancer sai d method
compri si ng steps ( i ) and ( i i ) of c l aim 32 and consi sti ng of
bi omarker ANXAl a method of i nhi bi t i ng growth of a cancer
cel l of a pati ent, sai d method compri si ng steps ( i ) and ( i i )
of c l aim 116 and bi omarker ANXAl , a method of i nhi bi t i ng
growth of a cancer cel l accordi ng t o c l aim 117 and
consi sti ng of ANXAl , a ki t accordi ng t o c l aim 118 and method
acc. t o c l aim 123 compri si ng ANXAl ;

103-412 . c l aims : 1-21 , 26-32 , 34-126(al l parti al ly)

IDEM for i nventi ons 103 - 412 , accordi ng t o the l i sti ng of
TABLE 2 on pages 61 - 68 of the descri pti on starti ng wi t h
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GPXl ( Inventi on Number 103) and endi ng wi t h PRKCA ( Inventi on
Number 412) ;
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