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METHOD FOR DETERMINING BREAST CANCER TREATMENT

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the priority benefit of U.S. Provisional Application No.
61/692,331, filed August 23, 2012, which 1s incorporated herein by reference 1n its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to a method for determining a treatment procedure
for breast cancer, a method of predicting a clinical response to a breast cancer treatment, and a
method for selecting an endocrine therapy agent in treating breast cancer. In general, methods of
the present invention comprise determining the ratio of estrogen receptors (ERs) and androgen
receptors (ARs). In particular, the ratio of AR to ER can be used to determine the effective
treatment for breast cancer; predict a clinical response to a particular mode of treatment for

breast cancer; and select an endocrine therapy agent for treating breast cancer.

BACKGROUND OF THE INVENTION

[0003] Breast cancer 1s an extremely complicated disease. But at 1ts simplest, 1t can be
divided 1nto two types: estrogen receptor (ER) positive breast cancer, which accounts for about
70% of all breast cancers, and ER negative breast cancer. Endocrine therapies, sometimes called
hormonal therapies, target the estrogen receptor positive cancer. Thus, 1n the past, ER has been
used as a biomarker to determining whether to treat breast cancer with endocrine therapy or

some other non-endocrine based therapy.

[0004] Recently 1t has been shown that 1n breast cancers, the androgen receptor (AR) 18
more widely expressed than estrogen receptor (ER) alpha or progesterone receptor (PR).
Accordingly, AR has recently emerged as a useful marker for the further refinement of breast
cancer subtype classification (1, 2). It has been found that in one particular study involving 2171
invasive breast cancers of women enrolled in the Nurses' Health Study, 77% were positive for
AR by immunohistochemistry (IHC) (3). Among the subtypes, 88% of ER+ (1.¢., estrogen
receptor positive), 59% of HER2+, and 32% of triple negative breast cancers (ER-/PR-/HER2-)
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were positive for AR expression by IHC (3). Similar to ER and PR, AR expression 1s associated

with a well-differentiated state (4) and more indolent breast cancers (5).

[0005] Since ER+ tumors are stimulated by estrogen, therapies such as the ER antagonist
tamoxifen or aromatase mhibitors (Als), which block the conversion of androgens to estrogens,
are generally effective for inhibiting the progression of such tumors. However, 30-50% of all

ER+ breast cancer patients display de novo resistance to these traditional endocrine therapies and

ultimately all metastatic ER+ breast cancers acquire resistance (6, 7).

[0006] Interestingly, even among ER+ tumors, some breast cancers respond well to a
traditional endocrine therapy while others do not. Currently, there 1s no reliable method for
determining whether a breast cancer will respond better to a traditional endocrine therapy or an
anti-androgen therapy. Thus, 1n most cases, the first line of chemotherapy treatment for breast
cancer uses a traditional endocrine therapy, which 1s effective m only some of the breast cancer
patients. As with most chemotherapy treatments, administering a traditional endocrine therapy
to those who are not likely to respond positively causes undue physical and financial stress and

burden.

[0007] Accordingly, there 1s a need for a method for determining whether a particular

breast cancer will respond positively to an endocrine therapy.

SUMMARY OF THE INVENTION

[0008] Some aspects of the mnvention provide methods for determining whether a breast
cancer will likely respond to an ER directed therapy or whether 1t might respond better to an
anti-androgen therapy. As used herein the term “ER directed therapy” refers to a chemotherapy
that uses a conventional anti-estrogen agent, (€.g., estrogen receptor antagonists such as

tamoxifen or fulvestrant) or an aromatase inhibitor (Al) class of drug.

[0009] The present invention 18 based at Ieast 1n part on the discovery by the present
inventor that tumors that respond to a traditional endocrine (1.¢., anti-estrogen or Al) therapy
have a positive correlation between AR and ER (e.g., when AR 1s high, ER 1s also high and when
AR 15 low, ER 1s also low) while tumors that respond less well to an endocrine therapy (as

measured by tumor shrinkage or a shorter time to relapse or shorter discase-free survival) do not
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exhibit this correlation, or have a significantly more AR than ER (e.g., AR:ER ratio >3, typically
>2, and often >1.3).

[0010] Some aspects of the invention provide a method for determining the most
ctfective form of endocrine therapy for breast cancer (an ER-directed, 1.¢., endocrine therapy or
an AR directed therapy, ¢.g., using an AR antagonist). Yet other aspects of the invention provide
a method for predicting or monitoring clinical response to a particular mode of breast cancer
treatment. Still in other aspects of the invention provide a method for determining which

chemotherapy treatment to use on a particular breast cancer patient.

[0011] One particular aspect of the invention provides a method for predicting a clinical

response of a breast cancer patient to a given mode of treatment.

[0012] In general, methods of the invention include determining the ratio of androgen
receptor (AR) and estrogen receptor (ER) 1n a cell sample of the patient. A positive correlation
between AR and ER (e.g., when ER 1s high AR 1s also high and vice versa) 1s indicative of a
likelithood of a positive response to a traditional ER-directed endocrine therapy (such as anti-
estrogens like tamoxifen or fulvestrant, or Als). In contrast, tumor cells that do not exhibit the
positive correlation (or “an mverse correlation)’) between AR and ER (for mmstance an AR:ER

ratio of >1.3) 1s indicative of a likelihood of a positive response to an anti-androgen therapy.

[0013] Another aspect of the invention provides a method for determining a treatment
procedure for a breast cancer patient. Such a method includes determining the ratio of androgen
receptor (AR) and estrogen receptor (ER) 1n a cell sample of the patient. If there 1s a positive
corrclation between AR and ER, then the patient 1s treated with a traditional endocrine therapy,
whereas 1f there 18 no positive correlation or an inverse correlation of AR:ER, ¢.g., the ratio 1s
higher than 1.3, then the patient 1s treated with an anti-androgen-therapy. Typically, the anti-
androgen-therapy comprises administering an androgen receptor inhibitor to the patient suffering
from breast cancer, whereas a traditional endocrine therapy comprises administering an estrogen
receptor inhibitor (such as tamoxifen or fulvestrant or raloxifen), an aromatase inhibitor, or a

combination thereof.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figure 1 shows graphs of AR vs. ER 1n a cell sample and slides of AR and ER
immunostaining of breast tumor cells (A and B) and adjacent normal cells (C). Core biopsies
from patients were taken prior to receiving four months of neoadjuvant endocrine therapy and
stamned for AR and ER. Staining score (percent positive staining X intensity) for AR was plotted
versus that for ER and shown for patients who responded (A, /eft), those who did not (B, /ef?),
and adjacent normal cells (C, left). The slope of the line (f) 1s indicated, as well as the P value,
and Spearman correlation. Representative images of AR and ER staining in responders (A,

right), non-responders (B, right), and those of adjacent normal cells (C, right) are also shown.

[0015] Figure 2 shows the result of estrogen-induced proliferation assay.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The present inventor discovered that in ER+ tumors that responded to
neoadjuvant endocrine therapy, both ER and AR mRNA and protein expression decreased.
However, in tumors that failed to respond to endocrine therapy, AR mRNA and protein
expression remained elevated (8, 9). Additionally, AR overexpression increased tamoxifen
resistance 1n breast cancer models in vitro and in vivo (10). Interestingly, the present inventor
also observed that AR levels increased 1n response to E2 and also 1in response to tamoxifen in
xenograft tumors. Without being bound to any theory, 1t 1s believed that this is an indication that
the partial agonist activity of tamoxifen leads to upregulation of AR (8). These data indicate that
de novo or acquired resistance to anti-estrogen therapies in breast tumors 1s a result of a switch

from estrogen- to androgen- dependence.

[0017] There 15 a subset of ER negative breast cancers termed molecular apocrine or
luminal androgen receptor (LAR) that retain AR (11-14), and the pattern of AR activated gene
expression 1n these tumors closely resembles that of ER+ breast cancers (15, 16). The anti-
androgen compound bicalutamide inhibits the growth of molecular apocrine cell lines in vitro
and preclinical data in mice with a representative cell line, MDA-MB-453, indicting that anti-
androgens can be useful targeted therapies for such tumors (2, 17-20). However, bicalutamide

has partial-agonist properties and bicalutamide resistance 1s a frequent occurrence 1n prostate

cancers (21, 22).
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[0018] Enzalutamide 1s a novel AR signaling inhibitor that binds AR with 5-fold higher
affinity than bicalutamide, impairs AR nuclear translocation, inhibits DNA binding in prostate
cancer cells and lacks agonist activity at etfective doses (23-25). Enzalutamide has shown to

significantly improve the overall survival 1in a phase I1I clinical trial i patients with castration-

resistant prostate cancer (CRPC) (26).

[0019] Some aspects of the invention provide a method for identifying tumors, in
particular breast cancers, that respond to an anti-estrogen therapy, and those that respond better
to anti-androgen therapy. As used herein the term “respond” when referring to a particular
therapy means that the therapy 1s effective in treating tumor such that the slowing or arrest of
tumor growth or regression of tumor growth (1.¢., reduction 1n tumor) 1s achieved. As used
herein, the term “anti-estrogen therapy” refers to an endocrine therapy using an estrogen receptor
(ER) antagonist such as tamoxifen. Other ER antagonists include, ICI or inhibitors of estrogen
synthesis such as aromatase inhibitors, as well as those known to one skilled 1n the art. As used
herein, the term “anti-androgen therapy” refers to a therapy using an androgen receptor (AR)
antagonist. Exemplary androgen antagonists include enzalutamide, bicalutamide, or inhibitors of
the synthesis of androgens such as abiraterone, as well as those known to one skilled 1n the art..
It should be appreciated that the terms “ER antagonists” and “AR antagonists” do not preclude
such a compound from active against other receptors. The term merely indicates that the activity
of an ER antagonist 1s more active towards ER than other receptors, such as AR, and similarly an
AR antagonist 18 more active towards AR than other receptors, such as ER. Typically, the
activity for a particular receptor 1s at least twice, often at least five times, and more often at least

ten times that of the other receptor.

[0020] Aspects of the present invention are based at least in part on the discovery by the
present inventor that tumors that respond to anti-estrogen therapy have an ER v. AR relationship
along the lines of R-value = 0.6397. Alternatively, the ratio of AR : ER 1n tumors that respond
to anti-estrogen therapy 1s less than 1.3. The ratio of AR : ER can be readily determined by
immunostaining. Thus, one can score or determine immunostaining by for AR and ER by
multiplying the percentage of cells stained x the intensity of staining. Alternatively, one can

simply determine the percentage of cells that stain positively to AR and/or ER. Tumors that do
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not respond to anti-estrogen therapy were found to have a non-significant relationship or

correlation between ER and AR.

[0021] Other aspects of the invention provide a method for determining a chemotherapy
treatment 1n accordance with the diagnostic ER v. AR correlation. By determining the ratio of
AR : ER using methods described herein, one can select whether to administer an anti-estrogen
chemotherapy or an anti-androgen chemotherapy. In general, any methods known to one of
ordinary skilled in the art for determining the relative or absolute quantity or value of ER and AR
(c.g., mRNA expression level, quantity of mRNA, immunostaining methods such as ELISA and
Western blotting) can be used to determine the ratio of ER and AR present in the tumor. In one
particular embodiment, immunostaining 1s used to determine the ratio of AR : ER. Using a
method disclosed herein, patients who are found to have tumors with characteristics indicating
that they will respond positively to anti-estrogen therapy are treated with anti-estrogen therapy,
and patients with tumors that have characteristics indicating that they will not respond positively
to anti-estrogen therapy are treated with a different treatment therapy (€.g., an anti-androgen or
androgen pathway inhibitor). It should be appreciated that 1f the analysis indicates anti-estrogen
therapy 1s effective, one can administer a combination of the anti-androgen and anti-estrogen

frecatments.

[0022] Surprisingly and unexpectedly, the present inventor has found that breast cancer
tumors having a positive correlation between estrogen receptors and androgen receptors (1.¢.,
when ER 1s high AR 1s high and vice versa) are more responsive to traditional endocrine or anti-
estrogen therapy (e.g. with tamoxifen or aromatase mhibitors) and that tumors that do not have a
positive correlation or tumors that tend to have an inverse correlation between AR and ER do not
respond to anti-estrogen therapy. Therefore, tumors that do not have a positive correlation
between AR and ER (i.¢., having a significantly more AR than ER, ¢.g., the ratio of AR : ER 1s
1.3 or higher, typically 2 or higher and often 3 or higher) are candidates for treatment with an
anti-androgen or androgen pathway inhibitor. As used herein, the term “positive correlation
between AR and ER” refers to the ratio of AR:ER of less than 1.3, typically in the range of
between 0.5 and 1.3, and often between 0.7 and 1.3.

[0023] In some embodiments, the ratio or correlation of ER versus AR was determined

by immunostaining for the estrogen receptor and androgen receptor scores (€.g., percent cells

_6 -
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staining X staining intensity). Alternatively, the ratio of AR : ER can be obtained simply by

determining the percentage of cells that are positive for immunostaining.

[0024] As stated above, aspects of the present invention are based at Ieast 1n part on the
discovery by the present inventor that when these values (e.g., AR and ER immunostaining)
were plotted against cach other on the same graph, tumors that responded to anti-estrogen
therapy has an R value as described herein. In particular, the results of this correlation study
showed that tumors that respond to traditional endocrine therapy (with tamoxifen or aromatase
inhibitors) had a statistically significant positive correlation between ER and AR (1.¢., when ER
1s high AR tends to be high and vice versa). However, the tumors of patients who did not
respond to endocrine therapy did not exhibit the positive correlation; rather they typically
showed a trend towards an mnverse correlation—with AR score often significantly higher than

ER, ¢.g., the ratio of AR : ER of 1.3 or higher, typically 2 or higher, and often 3 or higher.

[0025] Additional objects, advantages, and novel features of this invention will become
apparent to those skilled 1n the art upon examination of the following examples thercof, which
are not intended to be limiting. In the Examples, procedures that are constructively reduced to
practice are described in the present tense, and procedures that have been carried out 1n the

laboratory are set forth 1n the past tense.

EXAMPLES

Methods
[0026] Cell culture. All cell lines used 1n these studies were authenticated by single

tandem repeat analysis. BCK4 cells are a breast cancer cell line derived from a pleural etfusion.
BCK4 and MCF7 cells were grown in MEM, 5% FBS, NEAA, 1nsulin and penicillin/
streptomycin. ZR75 cells were grown 1n the same media with the addition of HEPES and L-
glutamine. T47D cells were grown in DMEM supplemented with 10% FBS, L-glutamine
penicillin/streptomycin. LNCaP cells were grown in RPMI, 5%FBS and penicillin/streptomycin.
All cells were grown 1n a 37 °C incubator with 5% CO,. MDA-MB-453 and MDA-kb2, (a
derivative of MDA-MB-453 stably expressing the AR-dependent MMTV-luciferase reporter
gene construct, ATCC) were cultured 1in Leibovitz's L-15 media (Invitrogen) containing 10%
FBS (Gibco) and penicillin/streptomycin. The MCF7-TGL cells were generated by stable
expression of the retroviral SFG-NES-TGL vector, which encodes a triple fusion of thymidine

_7 -
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kinase, GFP and luciferase. The cells expressing the fusion protein were sorted for GFP. The
identities of all the cell lines were confirmed by DNA profiling using the Identifiler Kit (Applied

Biosystems).

[0027] Proliferation Assays. MCF7 or BCK4 cells (1000 and 10,000 cells per well,

respectively) were plated 1n a 96-well plate in phenol red-free media containing charcoal stripped
serum (CSS). Twenty four hours after plating, cells were treated with a vehicle control (ethanol +

DMSO), 10 nM estradiol (E2, Sigma), 10 nM dihydrotestosterone (DHT, Sigma), 1 uM

bicalutamide (ChemPacific), 10 uM enzalutamide (Medivation) or combinations of the above.

Cells were retreated on day 3. Proliferation was assessed using an MTS assay (as per
manufacturer’s instructions, Roche). All values are reported as a fold change over the day of

treatment (day 0).

[0028] Figure 2 shows the result of estrogen-induced proliferation assay. MCF7 cells
were plated in media contaming 5% CSS for 72h prior to treatment with either vehicle control,
10nM E2, 10nM E2 + 1uM bicalutamide, 10nM E2 + 10uM Enza, 10nM E2 + 30uM MJC13
(see De Leon et al., PNAS, 2011, /08(29), 11878-11883), or 10nM E2 + 10nM ICI. Data shown

as fold change over time (A) or on Day 7 (B). Error bars represent Std. Dev., *p<0.03,
*#%n<0.01

[0029] Tumor studies. The MCF7 experiments with enzalutamide (1.c., MDV3100)
delivered 1n rodent chow were performed. The MCF7 and MDA-MB-453 experiments in which

enzalutamide was delivered by oral gavage were performed. Briefly, 10° MCF7-TGL cells
stably expressing a triple fusion of thymidine kinase, GLP and luciferase (SFG-NES-TGL
retroviral vector) for IVIS imaging purposes were mixed with Matrigel (BD Biosciences) and
injected 1nto the fourth inguinal mammary fat pad of female, ovariectomized athymic nu/nu or
non-obese diabetic (NOD)/SCID mice (Taconic). At time of tumor injection, E2 pellets (60-day
release, 1.5 mg/pellet, Innovative Research of America) or DHT (8 mg/pellet, packed and sealed
in silastic tubing) were implanted subcutancously (SQ) at the back of the neck. Tumor burden
was assessed using in vivo 1maging system (IVIS) or caliper measurements. Once the tumors had
established, the mice were matched 1nto groups on the basis of total tumor burden as measured
by IVIS or caliper. Groups receiving tamoxifen had a pellet (90-day release, 5 mg/pellet,

Innovative Research of America) implanted SQ. Mice were administered enzalutamide 1n their

_8
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chow (approximately a 50 mg/kg daily dose) or by oral gavage (10 mg/kg/day or 25mg/kg/day,
Medivation Inc). Enzalutamide was mixed with ground mouse chow (Cat # AIN-76, Research
Diets Inc; New Brunswick, NJ) at 0.43 mg per gram of chow. The feed was 1rradiated and stored
at 4 °C before use. Mice 1n the control group received the same ground mouse chow but without
enzalutamide. All mice were given free access to MDV3100 mixed with chow or control chow
during the entire study period and at an average of 3.5 g/day food intake. Feed was changed 1n
the animal cages twice a week. Water and feed were prepared ad libitum. Two hours prior to
sacrifice, mice were imnjected IP with 50 mg/kg BrDU (Sigma-Aldrich). Mice were euthanized by
CO, asphyxiation followed by cervical dislocation and blood, tumors, colon, uter1 and mammary

glands were harvested.

[0030] For the MDA-453 tumor study, 6 x 10° cells were injected into the fourth inguinal
mammary fat pad of NOD-SCID-IL2Rgc—/— female mice. A DHT pellet (60-day release,
Innovative Research of America) was implanted SQ at the time of cell injection. Tumor size was
measured using calipers and once the tumors reached 100 mm’, the mice began receiving 10
mg/kg enzalutamide or vehicle by oral gavage. Once the tumors reached 400 mm®, another group
was started on 25 mg/kg enzalutamide. Once the mice were euthanized, tumors were weighed

and fixed for immunohistochemical analysis.

[0031] Statistical Analysis. Statistics were performed using Graphpad Prism 5.0 software

and SAS statistical software (version 9.1). To test for correlation between AR and ER staining,
the Spearman correlation was used. When two groups were compared, the Student’s t test (for
normally distributed data) or the Wilcoxon rank sum (for non-normally distributed data) were
used. A paired t-test or the Wilcoxon sign-rank test was used to compare paired data. For
comparison of multiple groups, ANOVA with Bonferonni’s multiple comparison test correction
(normally distributed data) or the Kruskal-Wallis test with Dunn’s multiple comparison test
correction (non-normally distributed data) were used. For in vitro data where fold changes
calculated for each time point were independent measurements, a two-way fixed effects ANOVA
comparing mean fold changes for different day and treatment groups was used. Interaction
between fixed terms was tested 1n the model. A post-test using the Bonferroni t-test was
performed to determine which groups differed significantly from each other. Statistical tests

were two-sided and a p value of less than 0.05 was considered statistically significant.

_0._
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[0032] Neoadjuvant endocrine therapy study. Inclusion criteria and trial design are

described elsewhere (8, 11). Briefly, women with ER+ breast cancers were enrolled 1n a
randomized phase II clinical trial to receive exemestane alone (25mg daily) or exemestane 1n
combination with tamoxifen (20 mg daily) for four months prior to surgery. Women included 1n
the trial were postmenopausal with newly diagnosed cancers of stage II/111, T2-3. Core needle
biopsies were taken prior to treatment and tumor pieces from the final excision surgery were
taken for analysis. The criteria for “responders” ranged from minor response to complete

response, while “non-responders’ had stable or progressive disease.

[0033] Tamoxifen study. This study includes a subset of the 221 female patients

diagnosed with breast cancer at the Massachusetts General Hospital (MGH) between 1977 and
1993, who were treated with adjuvant tamoxifen and followed at MGH through 1998. Archival
formalin fixed paraffin embedded tumors in this dataset were paired based on the patient’s age at
diagnosis, tumor size, tumor grade and nodal status and whether the patient failed tamoxifen
treatment within 60 months after treatment started. Because the data on tamoxifen treatment was
incomplete, patients without a recorded failure within 60 months of start of treatment were
considered not to have failed, while those with a recorded failure within 60 months were
classified as failures. Once the paring was completed, 1t was determined that some of the
remaining formalin fixed paratfin embedded tumor slides were not evaluable for AR staining due
to the age of the cut slides (10 cases total, 5 1n cach group). With the cases removed, there was a
total of 38 cases remaining in each group for analysis. Therefore this represents a partial

matching and was analyzed as a case-control study.

[0034] Pearson product moment correlations were used to describe the associations
between AR and other variables. Contingency tables were used to study the associations between
AR/ER ratio and clinicopathologic variables. In this analysis, each clinicopathologic variable
was divided into two or three categories (lymph node negative vs. lymph node positive; lymph
node negative vs. one to three positive vs. four or more positive; patient age < 50 vs. > 50 years;
tumor size <2 cm vs. > 2 cm; grade 1 vs. 2 vs. 3; progesterone receptor (PgR) negative vs.
positive; erbB2 < 30% vs. > 30%, MIB-1 < median vs. > median, mitoses/10 high powered fields
(MI) < median vs. > median, EGFR < median vs. > median). AR:ER ratio was calculated using a

manual recerver operator characteristic (ROC) analysis where the ratio that produced the best

- 10 -



CA 02882621 2015-02-20

WO 2014/031164 PCT/US2013/031812
11

difference between good and poor prognosis in relation to the disease free survival was
investigated to 1dentify the cut point for this variable. A Fisher’s exact test was used for all
dichotomized variables and the chi square for all trichotomized variables to compare the AR:ER
ratio with other predictive markers. The Kaplan Meier curves were drawn using the calculated
AR:ER ratio. All statistics were calculated using StatView (Version 5.0, SAS Institute, Cary,

NC). Significance was determined at p<0.05 and all tests were two-sided.

[0035] Immunohistochemistry. Slides were deparaffinized 1n a series of xylenes and

cthanols and antigens were heat retrieved 1 either 10 mM citrate butfer pH 6.0 (BrdU, Ki167) or
10mM Tris/ImM EDTA buffer at pH 9.0 (AR, ER, caspase 3). Tissue for BrdU was incubated 1n
2N HCI followed by 0.1M sodium borate following antigen retrieval. Antibodies used were: AR
clone 441, and ER clone 1D35 (Dakocytomation), cleaved caspase 3 (Cell Signaling Technology),
K167 (Santa Cruz sc-15402) and BrdU (BD Biosciences). Envision-HRP (Dakocytomation) was
used for antibody detection. TUNEL staining for apoptosis was performed using the ApopTag
Plus Peroxidase In Situ Apoptosis Detection Kit (Millipore), as per manufacturer’s instructions.
AR and ER staming was assessed by a pathologist and the score 1s reported as intensity
multiplied by percent positive cells or in the case of the tamoxifen treated cohort, the KM curve
1s based on percent cells positive, although results are similar and still significant when the
intensity 1s multiplied by percent positive. For BrdU and TUNEL staining in xenograft studies,
three separate 200X fields of each xenograft tumor were taken using an Olympus BX40
microscope (Center Valley, PA) with a SPOT Insight Mosaic 4.2 camera and software
(Diagnostic Instruments, Inc., Sterling Heights, MI). A color threshold (RGB for positive
staining nuclel, and HSB for total nucle1) was adjusted manually using ImagelJ (National
Institutes of Health) for cach image, and particles created by the thresholds were analyzed for
total arca. RGB arca was divided by HSB arca and multiplied by 100 for each image. For
analysis of the nuclear androgen receptor, cleaved caspase 3 and Ki67, slides were scanned at
20x on an Aperio Scan ScanScope XT. Mammary tumor tissue was traced separately for each
tumor and necrotic areas of the tumor removed using a negative pen tool in Aperio’s Scanscope
software. A Nuclear Algorithm was utilized to measure the percent positive cells for the Ki-67
and Androgen Receptor stained shides and the data exported. Cleaved Caspase 3 stained slides

were analyzed using a modified Positive Pixel Count algorithm.
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[0036] Immunoblotting. Whole cell protein extracts (50 ng) were denatured, separated on
SDS PAGE gels and transferred to PVDF membranes. After blocking in 3% BSA 1n TBS-T,

membranes were probed overnight at 4 °C. Primary antibodies utilized include: ERa

(Neomarkers Ab-16, 1:500 dilution), AR (Upstate PG-21, 1:500 dilution, or Santa Cruz N-20,
1:1000 dilution), GAPDH (Santa Cruz V-18, 1:1000 dilution), Topo 1 (Santa Cruz C-21, 1:1000
dilution) and a-tubulin (clone B-5-1-2 from Sigma, 1:15000 dilution). After incubation with

appropriate secondary antibody, results were detected using Western Lightning

Chemiluminescence Reagent Plus (Perkin Elmer).

[0037] Cellular fractionation. For MDA-MB-453, cellular fractionation analysis was

carried out as described 1in Current Protocols 1in Cell Biology (57). Brietly, MDA-kb2 cells were
washed with 1ce-cold Dulbecco’s phosphate buftered saline (DPBS), pH 7.4, pelleted using
centrifugation and resuspended 1n 2 volumes of 1ce-cold NSB (10 mM Tris-Cl, pH 7.4, 10 mM
NaCl, 2 mM MgCl,, 1X protease inhibitors). The volume was adjusted with 1ce-cold NSB to 15
times the mnitial volume and incubated for 30 min on 1ce. The cytoplasmic fraction was obtained
by addition of NP-40 to a final concentration of 0.3%. Nucle1 and cytoplasm were separated
using a 0.4 mm clearance Dounce homogenizer. After centrifugation, the supernatant containing
the cytoplasmic fraction was collected. The pellet containing the nuclear fraction was
resuspended 1n a 250 mM sucrose solution containing 10 mM MgCl, and was then added 1
volume to 880 mM sucrose containing 5 mM MgCl, under the nuclear fraction. The nucler were
then purified by centrifugation through the sucrose cushion. For MCF7s, cellular fractionation
was performed using the NE-PER Nuclear and Cytoplasmic Extraction Kit, as per

manufacturer’s instructions.

[0038] Nuclear Translocation Assay. MDA-kb2 cells were seeded at 2 x 10° cells/cm” in

optical microplates in Leibovitz's L-15 medium supplemented with 5% CSS. After three days of
cultivation the cells were pre-treated with Enza (1 or 10 uM) for 2 h and then co-treated with 1
nM DHT for 1 h in presence of Enza (total 3 h of trecatment with Enza). The cells were washed
with phosphate buftered saline (PBS), fixed with 4% formaldehyde for 30 min at room
temperature and permeabilized with 0.2% triton X-100. Samples were then blocked with 5%

BSA for 1 h and incubated with an antibody against AR (AR [N20] Santa Cruz sc-815 1:100) 1n
PBS 0.1% triton overnight. The incubation with the secondary antibody anti-rabbit Alexa Fluor
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488 (1:1000) was done 1n 2.5% BSA for 2 h at ambient temperature. The nuclei were stained
with DAPI (1 pg/ml) for 30 min. Cells were visualized with a 60 X objective and a Qimaging
digital camera coupled to an Olympus X71 fluorescence microscope using a yellow fluorescent
protein (YFP) filter (Chroma U-N31040). The nuclear distribution of AR (ratio of nuclear AR

signal/total AR signal) was quantified in a mmimum of 48 cells using ImagelJ software.

[0039] Real-Time Quantitative Polymerase Chain Reaction (qPCR). cDNA was

synthesized from 1 ug of total RNA, using M-Mulv reverse transcriptase enzyme (Promega). For
FASN, PRLR and GCDFP-15, SYBR green quantitative gene expression analysis was performed
using the following primers: FASN F 5-AAGGACCTGTCTAGGTTTGATGC-3", FASN R §57-
TOGGCTTCATAGGTGACTTCCA-3; PRLR F 3-TATTCACTGACTTACCACAGGGA-3’,
PRLR R 37-CCCATCTGGTTAGTGGCATTGA-3, GCDFP-15 F 5'-TCCCAAGTCAGTACGT
CCAAA-3, GCDFP-15 R 5 -CTGTTGGTGTAAAAGTCCCAG-37; I8S F 3°-TTGACGGA
AGGGCACCACCAG-3’, 185 R 3-GCACCACCACCCACGGAATCG-37. For PR and SDF-1,
tagman real time PCR was performed using vahidated primer/probe sets from Applied
Biosystems {(assay 1Ds: PR Hs01556702 m1, SDF-1 Hs00171022 m1l, 188 Hs999999G1 sl
Relative gene expression was calculated using the comparative Ct method and values were

normalized to 1&S.

[0040] Luciferase Assays. MDA-kb2 cells were plated at 5x10° cells/well in 96-well

luminescence plates and incubated overnight. Cells were treated with 10-fold serial dilutions of
Enza (10, 1, 0.1 uM) and DHT (10, 1, 0.1, 0.01, 0.001 nM) that were prepared in DMSO.
Following 24 h of incubation, the luminescence levels were determined with the luciferase assay
system (Promega). Three independent experiments were performed and the luminescence values

were determined as relative units (R.U.) and normalized to vehicle. Values were expressed as the

mean fold induction £ standard error (SE).

[0041] Radioligand Binding Assay. The radioligand binding assays were performed by
Ricera Biosciences, LLC. ERa or ERf were incubated with 0.5 nM ["H] Estradiol and unlabeled

MDV3100 (enzalutamide) at concentrations ranging from 0.1 uM to 100 uM at 25C 1n
incubation buffer (10mM Tris-HCI, 0.1% BSA, 10% glycerol, ImM DTT) for 2 hours. ICsg

values and % inhibition were determined by a non-linear, least squares regression analysis using

MathIQTM (ID Business Solutions Ltd., UK).
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Results

[0042] Positive correlation in tumors responsive to neoadjuvant endocrine therapy. AR

expression decreased in luminal breast cancers responsive to neoadjuvant Al therapy, but was
maintained 1n tumors that fail to respond (8). To determine 1f there was a relation between the
AR to ER ratio and clinical response, a cohort of patients treated with neoadjuvant Al therapy
was examined. In Al responsive tumors there was a strong positive correlation between AR and
ER protein expression 1n pre-treatment biopsies (p=0.006, Fig 1A, left). In contrast, in tumors
that failed to respond there was no significant correlation between AR and ER expression
(p=0.59, Fig 1B, left). Representative images of AR and ER staining in responsive tumors
demonstrate similar amounts of the two receptors (Fig. 1A, right), whether low (top), medium
(middle) or high (bottom), while non-responsive tumors tend to have higher levels of AR than
ER (Fig. 1B, right). Adjacent normal epithelia from both responsive and non-responsive tumors
were also examined and scored for AR and ER. The term “adjacent normal epithelia” refers to

non-tumor cells that are adjacent to the site of breast tumor.

[0043] Adjacent normal epithelium also contained a significant positive correlation
between the two receptors (p=0.0003, Fig 1C, left). As in the tumors, a substantial correlation of
AR to ER was maintained whether with low, medium or high expression of the receptors (Fig
1C, right). The median ratio of AR to ER expression in adjacent normal breast epithelial cells
was 0.94, in responsive tumors 1t was 1.00, while in non-responsive tumors the median AR:ER
ratio was 3.79 (not shown). Thus, 1n general the ratio of AR to ER 1n adjacent normal breast
epithelial cell of less than 3, typically, less than 2.5, often less than 2, and more often less than
1.5 1s indicative that the breast cancer will respond to an endocrine therapy. Thus, the nitial
ratio of AR to ER and the maintenance of AR expression following endocrine therapy appear to
be determinants of endocrine therapy response. Since AR 1s also present in the nucleus when
bound to ligand, it 1s believed that AR signaling also plays a role 1n resistance to therapies
directed against ER. This was further indicated by observation that a higher level of AR relative
to ER provided de novo or acquired resistance to traditional endocrine therapies that target the
ER pathway. This observation also indicates that such breast cancers have switched from

dependence on estrogens to being reliant on androgens.
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[0044] High AR:ER ratio indicates poor response to tamoxifen. To determine 1f a high

amount of AR protein as compared to ER could predict failure to ER-directed therapies, a cohort
of tamoxifen treated patients with outcome data was examined. This study included a subset of
221 female patients diagnosed with breast cancer at the Massachusetts General Hospital (MGH)
between 1977 and 1993, treated with adjuvant tamoxifen and followed at MGH through 1998.
Patients that failed on tamoxifen and those who did not fail were 1nitially matched based on
patient’s age at diagnosis, tumor size, tumor grade and nodal status. However, some archival
tissue had degraded and was removed from the analysis (10 cases total, 5 in each group). After
matching and removal of suboptimal cases, a total of 38 cases remained 1n each group for
analysis. Because the sample selection was the result of a partial match, the study was largely
analyzed as a case-control study to determine the differences in patient and tumor characteristics
between treatment failures and non-failures. An AR:ER ratio of 1.3 was determined to be the
point at which there 1s the best separation between good and poor prognosis. A Kaplan-Meier
analysis was performed to examine differences 1n failure rates by AR:ER ratio status. The group
with a higher AR:ER ratio had shorter disecase free survival, with a mean time to failure 29 +/-
4.3 months, compared to the group with AR:ER <1.3 which had mean time to failure 45 +/- 2.3

months.

[0045] When examining the median time to failure (as opposed to the mean reported
above), in tumors with AR:ER >= 1.3 the median time to failure was 30 +/- 2 months, while in
tumors with AR:ER < 1.3 the median time to failure still was not reached at 120 months. The
total number of patients who did not fail tamoxifen therapy from the total dataset was
approximately three times the number of patients who did fail, while this subset 1s evenly divided
between failures and non-failures. Positive AR staining within the whole cohort of patients
negatively correlated with mitotic index and erbB2 expression. However, there were no
significant correlations with any of tumor characteristics when separated into low and high

AR:ER ratio groups.

[0046] Androgens are proliferative in ER+/AR+ breast cancer cell lines and androgen-
mediated proliferation can be blocked with an AR signaling inhibitor, such as enzalutamide.
Since the clinical data showed that androgen signaling play a role 1n breast cancer, in vitro

models of breast cancer were used to examine androgen-meditated proliferation. AR 1s widely
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expressed 1n luminal breast cancers (3, 27-29), and 1t was found that in clinical samples, 100%
(35/35) of luminal breast tumors expressed AR while only some triple negative breast cancers
express AR by IHC. Lysates from four luminal breast cancer cell lines were probed for AR and
ER expression. The prostate cancer cell line LNCaP and the molecular apocrine breast cancer
cell line MDA-MB-453, which express high levels of AR, were used as positive controls for AR
expression (20, 30, 31). The new androgen receptor signaling inhibitor enzalutamide prevented
ligand-mediated stabilization of AR protein. MCF7 cells and the newly derived BCK4 cell line
expressed both AR and ER, and both cell lines proliferated 1n response to DHT in vitro. Studies
have demonstrated that MCF7 cells express a wild type AR, albeit with a shortened CAG repeat
(32), which 1s often indicative of a more active receptor (33). To determine 1f androgen-mediated
proliferation 1n breast cancer cells can be blocked by an anti-androgen, the efficacy of
enzalutamide was tested. DHT-stimulated proliferation was blocked by enzalutamide 1n both cell
lines. Furthermore, cellular fractionation revealed that enzalutamide inhibited DHT-mediated

nuclear translocation of AR.

[0047] To determine 1f enzalutamide mhibits androgen mediated growth in vivo, MCF7
cells constitutively expressing luciferase (MCF7-TGL) were 1injected into the mammary fat pad
of ovariectomized immunocompromised mice implanted with a DHT pellet. Total tumor burden
was measured using whole body luminescent imaging and caliper measurements. Once the
tumors were established, mice were matched 1nto two treatment groups (day -2) based on tumor
burden as measured by luminescence, one receiving control chow and the other receiving chow
containing 50 mg/kg enzalutamide. Tumors in the DHT treated mice continued to grow, while
mice recerving DHT + enzalutamide showed regression of the tumors by the in vivo
luminescence 1imaging system (IVIS) and by caliper measurement. On the final day of imaging
(day 19) tumors had regressed to near undetectable levels, with an 83.2% decrease in
luminescence in mice receiving DHT + enzalutamide as compared to the DHT group.
Proliferation in the enzalutamide treated tumors was 31.3% lower than 1in tumors treated with
DHT alone, as determined by BrdU incorporation. Furthermore, TUNEL staining indicated a
50% 1ncrease 1n apoptotic cells in the enzalutamide treated tumors. Consistent with enzalutamide
impairing nuclear entry of AR (25), a dramatic decrease (92.5%) in AR nuclear localization was
observed 1n tumors treated with enzalutamide. Stmilarly, 1n mice administered enzalutamide by

oral gavage, tumor burden decreased 1n a dose dependent manner.
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[0048] Enzalutamide inhibits androgen-mediated growth in ER- breast cancer cells in

vitro and in vivo. This study was designed to determine whether enzalutamide could block

androgen-induced proliferation of AR+ breast cancer cell lines (both ER+ and ER-) in vitro and
tumor growth in vivo. Data indicate that enzalutamide not only inhibits androgen-mediated

tumor growth of AR+ breast cancers, regardless of ER status, but can also inhibit estrogen-

stimulated tumor growth in a preclinical model of ER+/AR+ breast cancer.

[0049] Similar to previous reports (3, 34), 1t was observed that the majority of luminal
breast cancers and approximately 25% of ER- breast tumors were positive for AR expression.
The ER- cell lines and the ER- tissues displayed a heterogenecous pattern of AR expression.
MDA-MB-4353 cells represent a molecular apocrine cell line with high levels of AR containing a
point mutation with decreased sensitivity to DHT (35). Nonetheless, these cells proliferate in
response to androgens (30, 31), and therefore experiments were conducted to determine 1f
enzalutamide could block DHT-mediated effects on gene expression and proliferation. Indeed,
enzalutamide substantially completely abrogated proliferation induced by DHT. Expression of
androgen/AR-dependent genes fatty acid synthase (FASN), gross cystic disease fluid protein
(GCDFP-15) and prolactin receptor (PRLR) (31) was reduced by enzalutamide. Furthermore, in
a sub-line of MDA-MB-453 cells that stably express an androgen responsive luciferase reporter
(MDA-kb2 (36)), enzalutamide inhibited activation of the luciferase construct in a dose
dependent manner. Enzalutamide impairs ligand mediated nuclear import of AR 1n prostate cells
(25). The nuclear to total AR signal was quantified using IHC and cellular fractionation was

performed. It was found that the same was true in MDA-MB-453 cells.

[0050] To determine 1f enzalutamide mhibits androgen induced tumor growth, MDA -
MB-453 xenografts were grown at the orthotopic site in immunocompromised mice implanted
with a DHT pellet. Stmilar to previous reports (20), DHT stimulated tumor growth. Once the

tumors reached 100 mm°

, mice were treated with 10 mg/kg/day enzalutamide or vehicle by oral
gavage. The mice treated with enzalutamide maintained tumors at substantially the same size as
mice not receiving DHT treatment. Another group of mice received a higher dose of
enzalutamide (25 mg/kg/day by oral gavage) once the tumors reached 400 mm’. At this higher
dose, there was a trend towards decreased tumor size. The weights of the tumors treated with

cither the low or the high dose of enzalutamide were significantly lower than those of the DHT
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treated mice, an 85.2% and 65.0% decrease respectively, indicating that the caliper
measurements for high dose of enzalutamide underestimates the decreased tumor burden 1n this
group. Interestingly, there was no significant difference 1n the proliferation rate of any of the
oroups, as measured by Ki67 staining, but there was a statistically significant increase in
apoptosis 1n both enzalutamide treatment groups versus DHT (60.0% and 54.3% increase 1n the
low and high dose groups respectively), as measured by the amount of cleaved caspase 3. This
indicated that in MDA-MB-453 tumors, DHT protects cells against apoptosis and enzalutamide
impairs this anti-apoptotic effect. Consistent with the in vitro data, enzalutamide was able to
attenuate ligand mediated nuclear entry of AR such that there 15 a significant decrease (50.0% 1n
the low dose and 44.3% 1 the high dose group) in the number of AR positive nuclel in the
enzalutamide treated tumors. Similarly, when an MDA-MB-453 xenograft study was performed
with low and high dose enzalutamide treatments, both 1nitiated when the tumors reached 100
mm’, tumor growth was decreased in a dose dependent manner associated with reduced nuclear

AR staining.

[0051] Enzalutamide inhibits estrogen mediated growth in vitro and in vivo. Since E2 18

the major mitogen in ER+ tumors, a study was conducted to determine whether enzalutamide
would aftect E2-mediated proliferation in ER+/AR+ breast cancer cells. While enzalutamide has

high aftfinity binding for AR, an in vitro radioligand binding assay showed that enzalutamide did
not significantly bind to either ERa or ER. However, enzalutamide significantly inhibited E2-

induced proliferation of both MCF7 and BCK4 cells in vitro. Enzalutamide also inhibited E2-
induced upregulation of PR and stromal cell-derived factor 1 (SDF-1) (also known as CXCL12),
two estrogen responsive genes. To determine 1f other anti-androgens also inhibit E2 mediated
proliferation, the effect of bicalutamide on E2 mediated proliferation in vitro was tested.
Bicalutamide inhibited DHT mediated proliferation in MCF7 cells, as expected, but in contrast to
enzalutamide, significantly increased E2-mediated proliferation. This induction of E2-mediated

action was also detected at the gene expression level, where bicalutamide increased the E2-

mediated induction of PR and SDF-1 mRNA.

[0052] To determine 1f enzalutamide affects E2 mediated breast tumor growth in vivo, a
xenograft study was performed with MCF7-TGL cells constitutively expressing luciferase grown

in ovariectomized, immunocompromised mice implanted with an E2 pellet. Cells were mjected
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orthotopically and once the tumors established (average size of 100 mm®), mice were matched
into three groups: 1) control chow, 2) control chow and a tamoxifen pellet 3) chow containing 50
mg/kg enzalutamide. Enzalutamide significantly inhibited E2-mediated MCF7 xenograft tumor
orowth as effectively as tamoxifen, with a decrease 1n whole body luminescence of 59.9% for the
tamoxifen group and 70.3% 1n the enzalutamide group at day 11. Day 11 was the final day of
imaging for the E2 group since the luminescence neared saturation and the mice had to be
cuthanized due to large tumor burden. The luminescence flux for individual animals was
measured and the 1images of the mice were taken for the day of matching (day -3) and the last
imaging day when all the mice were alive (day 11). It was found that both drugs significantly
decreased cell proliferation, with a 46.4% decrease 1n the E2 + tamoxifen group and a 54.2%
decrease 1n the E2 + enzalutamide group compared to the E2 group, as measured by BrdU
incorporation. In contrast to what was observed i DHT-mediated growth, enzalutamide did not
induce apoptosis under E2-stimulated growth conditions. These results were recapitulated 1n

xenograft studies in which mice were treated with enzalutamide by oral gavage.

Discussion

[0053] Experiments described herein demonstrate that in both MCF-7 cells and a breast
cancer line newly derived from a pleural effusion (BCK4), androgens can induce proliferation of
ER-/AR+ breast cancers, an observation consistent with previous reports (31, 37-39). In addition,
experiments showed that an AR antagonist enzalutamide inhibits androgen-induced growth of
both ER+/AR+ and ER-/AR+ breast tumors iz vivo. The vast majority of ER+ breast cancers are
also AR+ (84-91%) (5, 40, 41) and patients with tumors that co-express AR with ER and PR
have a longer discase-free survival than those whose tumors are negative for all three receptors
(40), likely because such tumors are more well-differentiated. However, AR 1s an mndependent
predictor of axillary metastases (41) and correlates with lymph-node positive status (42). Still
controversial 1s how ligand-bound AR affects the proliferation and growth of ER+ breast cancers
(43) and 1f this differs in pre- versus post-menopausal woman when the amount of circulating
estrogens differ, or m women with breast cancer being treated with tamoxifen or AL As
disclosed herem, a higher ratio of AR to ER protein 18 indicative of lack of response to neo-
adjuvant Al treatment and also shorter disease free survival in patients treated with tamoxifen.

These findings show that the AR:ER ratio 1s novel independent predictor of response to
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traditional estrogen pathway directed endocrine therapies. The present invention also discloses

that patients that relapse while on tamoxifen or Als are good candidates for AR directed therapy.

[0054] In contrast to in vitro data in the ER+/AR+ MCF7 and BCK4 cells that proliferate
in response to DHT, in some ER+/AR+ breast cancer cell lines, DHT decreased E2-induced
proliferation (30, 44-46). The present inventor has also observed that bicalutamide increased E2-
mediated proliferation, indicating that biclalutamide inhibits the ability of AR to decrease ER-
mediated proliferation. Combined with the fact that AR 1s predictive of a better prognosis, these
results were taken to indicate that AR 1s protective against E2-stimulated breast cancer. The
present inventor found that the AR signaling inhibitor enzalutamide impairs AR nuclear

localization and 1inhibits E2-mediated proliferation in vitro and in vivo.

[0055] Evidence that AR plays a proliferative role in mammary gland development
comes from analysis of female mice lacking AR. Mammary gland development is delayed 1n
AR mice, with reduced ductal branching, fewer Cap cells in terminal end buds, decreased
lobuloalveolar development, and fewer milk-producing alveoli 1n lactating glands. Mammary
glands of AR~ mice have 50% less proliferation than glands of AR mice at four and six weeks
of age (47). Interestingly, MCF7 cells with AR deleted exhibited a severely impaired
proliferative response to E2 and the growth of these cells was inhibited in normal and steroid-

deprived media (47).

[0056] It 18 believed that hormonal influences on the breast are quite different in pre-
menopausal versus post-menopausal women. Data suggesting a protective effect of androgens
come from experiments utilizing androgen 1n the presence of estrogen, thereby more closely
modeling the pre-menopausal state (48). Thus, the theory that androgens and AR are protective
against E2-mediated proliferation may be accurate in pre-menopausal women. AR can bind to
the ER cofactor FOXAT1 and to estrogen response elements (EREs), albeit as a weaker
transcriptional activator than ER at these loci. Therefore, the net effect of liganded AR
competing with ligand-bound ER may be decreased E2-mediated proliferation (44).
Additionally, in ER-/AR+ tumors such as the MDA-MB-453 cell line, global AR binding events
reveal a profile largely overlapping that of ER in ER+ luminal A tumors (15). In post-
menopausal women with ER+ breast cancer (which represent the majority of cases), and

particularly 1n those being treated with Als, circulating levels of E2 are extremely low, while
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circulating androgen levels are relatively high because Als block the conversion of androgens to
estrogen (49). In fact, circulating levels of testosterone, androstenedione, and
dehydroepiandrosterone-sulfate (DHEA-S) increase in women on Al therapy (50). In this
context, AR 1s likely able to activate proliferative and anti-apoptotic signaling pathways. Indeed,
high levels of the adrenal androgen DHEA-S before treatment are predictive of failure on Als
and circulating DHEA-S increases during treatment 1n patients with tumors that failed to respond

to Al treatment (51).

[0057] The present inventor has found that enzalutamide effectively blocks DHT-
mediated protection against apoptosis in both ER positive and negative tumors. However, when
opposing E2-stimulated tumor growth in ER+/AR+ cells, enzalutamide inhibited proliferation.
Although enzalutamide showed only a small competitive binding affinity for ER, 1t was found
that enzalutamide blocks the E2-mediated upregulation of classic ER-regulated genes. The
chemokine SDF-1 1s induced by E2 and mediates the mitogenic effects of E2 1n breast cancer
cells (52). Indeed, the SDF-1/CXCR4 pathway activates ER via phosphorylation such that E2-
mediated proliferation 1s blocked by inhibition of this pathway (53). However, whether inhibition
of E2-induced SDF-1 1s the primary mechanism whereby enzalutamide inhibits E2-mediated
proliferation 1s unclear. Another possibility 1s that AR 1s directly involved 1n E2-mediated

proliferation.

[0058] In contrast to enzalutamide, bicalutamide enhanced upregulation of E2 regulated
genes and enhanced E2-mediated breast cancer cell proliferation 1n the absence of androgen.
This difference in how enzalutamide and bicalutamide affect ER activity 1s believed to be a
result of differences 1n their mechanism of action. This difference may provide insight into the
role of AR 1n breast cancer. When bound to bicalutamide, AR translocates to the nucleus and
binds to DNA; however, transcription 18 not activated because co-repressors are recruited instead
of co-activators (54). In contrast, enzalutamide impairs AR nuclear entry (25, 55). This
observation and the fact that enzalutamide blocks E2-induced proliferation and inhibits liganded
ER activity on classical ER-regulated genes, suggests that nuclear (and perhaps DNA bound) AR
may be critical for ER function. Indeed, AR and ER have been reported to directly interact (56,
57).
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[0059] Prior to the present disclosure, AR 1s not used as a biomarker 1n breast cancer.
However, as disclosed herein, it 1s not the total amounts of ER or AR but rather the ratio that 1s
significant indicator of tumor biology. A high AR to ER ratio 1s predictive of poor response to
endocrine therapy. Without bemng bound by any theory, this poor response 1s believed to be a
result of de novo and/or acquired resistance to anti-estrogens. Furthermore, higher nuclear
expression of AR relative to ER 1s indicative of active, liganded AR, since AR protein
translocates to the nucleus and 1s stabilized upon ligand binding. The present disclosure shows
that AR and ER protein are expressed at roughly equivalent amounts 1n tumors that respond to
ncoadjuvant endocrine therapy and in adjacent uninvolved epithelium, indicating that close to
cqual levels of AR and ER reflect a more normal or well-differentiated state. In addition to being
an 1ndicator of response to ER-directed therapies, high levels of AR relative to ER also indicate

tumors that would benefit from an anti-androgen therapy such as enzalutamide.

[0060] While AR has been considered as a potential therapeutic target in ER-/AR+ breast
cancers (13, 14, 16, 20), 1t has not previously been suggested as a target in ER+ breast cancers.
However, since some ER+ breast cancer patients ultimately fail on traditional anti-estrogen
directed therapies, targeting AR to inhibit androgen-stimulated tumor growth, or as an
alternative/additional way to inhibit E2-mediated growth, can be very useful clinically. Further, a
high AR to ER ratio indicates a subset of breast cancers that would respond more favorably to
anti-androgen therapy (e.g., using enzalutamide) than an anti-estrogen directed therapy or at least
indicate that such tumors benefit from an anti-androgen compound, such as enzalutamide, upon
relapse while on traditional ER-directed therapies. It was observed that even in MCF-7
xenografts, which express more ER than AR, enzalutamide was as effective as tamoxifen 1n
inhibiting tumor growth. Taken together, data presented herein support a role for AR 1n
resistance to traditional endocrine therapy, particularly in post-menopausal women. Further, data
disclosed herein 1ndicate using an anti-androgen compound or AR antagonist, such as
enzalutamide, for treatment of AR™ tumors regardless of ER status, since this drug has the ability

to block both androgen- and estrogen-mediated tumor growth.

[0061] The foregoing discussion of the invention has been presented for purposes of
illustration and description. The foregoing 1s not intended to limit the invention to the form or

forms disclosed herein. Although the description of the invention has included description of
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one or more embodiments and certain variations and modifications, other variations and
modifications are within the scope of the invention, ¢.g., as may be within the skill and
knowledge of those in the art, after understanding the present disclosure. It 1s intended to obtain
rights which include alternative embodiments to the extent permitted, including alternate,
interchangeable and/or equivalent structures, functions, ranges or steps to those claimed, whether
or not such alternate, interchangeable and/or equivalent structures, functions, ranges or steps are

disclosed herein, and without intending to publicly dedicate any patentable subject matter.
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What 1s Claimed 1s:

1. A method for predicting a likelihood of responding positively to an endocrine
therapy of a breast cancer patient comprising:
determining the amount of androgen receptor (AR) and estrogen receptor (ER) present in
a tissue sample of the patient; and
comparing the amount of AR and ER in the tissue sample;
wherein a positive correlation between AR and ER 1s indicative of a likelihood of a positive

response to an anti-estrogen endocrine therapy.

2. The method of Claim 1, wherein the positive correlation between AR and ER

comprises having a ratio of AR to ER lower than 1.3.

3. The method of Claim 2, wherein the positive correlation between AR and ER
comprises having a ration of AR to ER ranging from about 0.45 to about 0.85.

4. The method of Claim 2, the positive correlation between AR and ER comprises

having a ratio of AR to ER ranging from about 0.55 to about 0.75.

5. The method of Claim 1, wherein a non-positive correlation between AR and ER 1s

indicative of a likelihood of a positive response to an anti-androgen therapy.

0. The method of Claim 1, wherein the tissue sample comprises breast cancer tissue,

adjacent epithelia cell, or a combination thereof.

7. The method of Claim 1, wherein said step of determining the amount of AR and

ER 1n the tissue sample comprises immunostaining the tissue sample.

8. The method of Claim 7, wherein said step of determining the amount of AR and
ER 1n the tissue sample comprises determining the percentage of cells stained by

Immunostaining.

9. The method of Claim &, where said step of determining the amount of AR and ER
in the tissue sample further comprises determining the intensity of staining of cells stained by

Immunostaining.
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10. A method for selecting a chemotherapy agent for treating breast cancer 1n a
subject 1n need of such a treatment, said method comprising:
determining the amount of androgen receptor (AR) and estrogen receptor (ER) present 1n
a tissue sample of the subject; and
selecting an ER modulator when there 18 a positive correlation between AR and ER 1n the
tissue sample or selecting an AR modulator when there 1S no positive correlation

between AR and ER 1n the tissue sample.

11.  The method of Claim 10, wherein AR modulator comprises an AR inhibitor or

inhibitor of androgen synthesis.

12.  The method of Claim 10, wherein the positive correlation between AR and ER
comprises having a ratio of AR to ER ranging from about 0.5 to 1.0.

13. The method of Claim 10, wherein a non-positive correlation between AR to ER 1s

14. The method of Claim 10, wherein the ER modulator comprises tamoxifen, an

aromatase 1nhibitor, or a combination thereof.

15.  The method of Claim 10, wherein the tissue sample comprises breast cancer

tissue, adjacent epithelia cell, or a combination thereof.

16.  The method of Claim 10, wherein said step of determining the amount of AR and

ER 1n the tissue sample comprises immunostaining the tissue sample.

17.  The method of Claim 16, wherein said step of determining the amount of AR and
ER 1n the tissue sample comprises determining the percentage of cells stained by

Immunostaining.

18.  The method of Claim 17, where said step of determining the amount of AR and
ER 1n the tissue sample further comprises determining the intensity of staining of cells stained by

Immunostaining.
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