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A B S T R A C T

Purpose
Studies suggest that a subset of patients with triple-negative breast cancer (TNBC) have tumors that
express the androgen receptor (AR) and may benefit from an AR inhibitor. This phase II study
evaluated the antitumor activity and safety of enzalutamide in patients with locally advanced or
metastatic AR-positive TNBC.

Patients and Methods
Tumors were tested for AR with an immunohistochemistry assay optimized for breast cancer; nuclear
AR staining. 0%was considered positive. Patients received enzalutamide 160 mg once per day until
disease progression. The primary end point was clinical benefit rate (CBR) at 16weeks. Secondary end
points included CBR at 24weeks, progression-free survival, and safety. End points were analyzed in all
enrolled patients (the intent-to-treat [ITT] population) and in patients with one or more postbaseline
assessment whose tumor expressed $ 10% nuclear AR (the evaluable subgroup).

Results
Of 118 patients enrolled, 78 were evaluable. CBR at 16 weeks was 25% (95% CI, 17% to 33%) in
the ITT population and 33% (95% CI, 23% to 45%) in the evaluable subgroup. Median progression-
free survival was 2.9 months (95%CI, 1.9 to 3.7 months) in the ITT population and 3.3 months (95%
CI, 1.9 to 4.1 months) in the evaluable subgroup. Median overall survival was 12.7 months (95% CI,
8.5 months to not yet reached) in the ITT population and 17.6 months (95% CI, 11.6 months to not
yet reached) in the evaluable subgroup. Fatigue was the only treatment-related grade 3 or higher
adverse event with an incidence of . 2%.

Conclusion
Enzalutamide demonstrated clinical activity and was well tolerated in patients with advanced
AR-positive TNBC. Adverse events related to enzalutamide were consistent with its known safety
profile. This study supports additional development of enzalutamide in advanced TNBC.

J Clin Oncol 36:884-890. © 2018 by American Society of Clinical Oncology

INTRODUCTION

Triple-negative breast cancer (TNBC) carries the
worst prognosis among all breast cancer subtypes,
with a median overall survival (OS) rarely
extending beyond 12 to 18 months in advanced
disease.1-5 TNBC is a heterogeneous subgroup
defined by a lack of expression of targetable re-
ceptors and can be subtyped further using
genomic analyses. One subtype seems to be
hormonally regulated, clustering closer to estro-
gen receptor (ER)–positive/progesterone receptor
(PgR)–positive disease, despite lacking expression
of these receptors.6-8 Growth of this subtype is

thought to be driven by signaling through the
androgen receptor (AR).8-12 AR-expressing
TNBC cell lines and in vivo models have dem-
onstrated growth activation by AR stimulation
and decreased growth by AR antagonists.6-8,13-16

Therefore, blocking the androgen signaling path-
way with targeted agents may have therapeutic
benefit in this subset of TNBC. Antitumor activity
was observed in clinical trials of two AR inhibitors,
bicalutamide and abiraterone acetate, supporting
additional exploration of AR inhibition to treat
advanced TNBC.17,18

Enzalutamide is a potent AR inhibitor that
acts on multiple steps in the AR signaling pathway

Author affiliations and support information

(if applicable) appear at the end of this

article.

Published at jco.org on January 26, 2018.

Clinical trial information: NCT01889238.

Corresponding author: Tiffany A. Traina,

MD, Memorial Sloan-Kettering Cancer

Center and Weill Medical College of

Cornell University, Evelyn H. Lauder

Breast and Imaging Center, 300 East 66th

St, New York, NY 10065; e-mail: trainat@

mskcc.org.

© 2018 by American Society of Clinical

Oncology

0732-183X/18/3609w-884w/$20.00

ASSOCIATED CONTENT

Appendix

DOI: https://doi.org/10.1200/JCO.

2016.71.3495

Data Supplement

DOI: https://doi.org/10.1200/JCO.

2016.71.3495

DOI: https://doi.org/10.1200/JCO.2016.

71.3495

884 © 2018 by American Society of Clinical Oncology

VOLUME 36 • NUMBER 9 • MARCH 20, 2018

http://jco.org
mailto:trainat@mskcc.org
mailto:trainat@mskcc.org
http://ascopubs.org/doi/full/10.1200/JCO.2016.71.3495
http://ascopubs.org/doi/full/10.1200/JCO.2016.71.3495
http://ascopubs.org/doi/full/10.1200/JCO.2016.71.3495
http://ascopubs.org/doi/full/10.1200/JCO.2016.71.3495
http://ascopubs.org/doi/full/10.1200/JCO.2016.71.3495
http://ascopubs.org/doi/full/10.1200/JCO.2016.71.3495


and is currently approved for the treatment of patients with
metastatic castration-resistant prostate cancer in . 50 countries
in the chemotherapy-naı̈ve setting and . 75 countries in the
postchemotherapy setting19 on the basis of significant survival
advantages demonstrated in two large, randomized, placebo-
controlled, phase III studies.20,21 Here, we present the results of
a phase II trial of enzalutamide in patients with TNBC whose
tumors tested positive for AR expression by immunohistochem-
istry (IHC).

PATIENTS AND METHODS

Study Design
MDV3100-11 was a single-arm, open-label, phase II trial to evaluate

the efficacy and safety of enzalutamide in patients with locally advanced or
metastatic TNBC (ClinicalTrials.gov identifier: NCT01889238). The study
was conducted in accordance with the principles of the Declaration of
Helsinki and Good Clinical Practice. All patients provided written in-
formed consent before any study-related procedures.

Patients
Eligible patients were 18 years of age or older with an Eastern Co-

operative Oncology Group performance status of 0 to 1 and with locally
advanced or metastatic AR-positive TNBC (defined as , 1% staining for
ER and PgR and, for human epidermal growth factor receptor 2, 0 or 1+ by
IHC staining or negative by in situ hybridization). Patients with ER-
positive and/or PgR-positive primary tumors were eligible if they had
advanced TNBC. Sufficient tissue from primary tumors or a recent core
needle or incisional biopsy from a metastatic lesion to yield a definitive
diagnosis of TNBC was required for central assessment of AR and ex-
ploratory biomarker development. IHC results were reported either as AR
positive (. 0%) or AR negative (0%). Bone-only evaluable disease was
allowed. Patients could have had any number of prior therapies for ad-
vanced disease. All patients had adequate end-organ function as defined
in the protocol. Patients with CNS metastases, a history of seizure, sig-
nificant cardiovascular disease, or laboratory abnormalities were not
eligible.

Study Methods
Submission of tumor tissue for AR screening was allowed at any time

in a patient’s disease course and before treatment consent. IHC assays using
two AR antibodies, AR441 (Dako, Carpinteria, CA) and SP107 (Ventana,
Tucson, AZ), were optimized for testing breast cancer tissue.22 IHC results
using SP107 determined eligibility and were used to report study-related
outcomes. Investigators were informed only that a patient was AR positive
or negative. If available, RNA and DNA were extracted from remaining
tumor tissue from all enrolled and treated patients and also from a subset
of patients who submitted tissue through prescreening but did not receive
enzalutamide (some of whom tested AR 0%) to perform next-generation
sequencing.

Enrolled patients received enzalutamide 160 mg once per day until
disease progression. Response was assessed every 8 weeks for the first
12 months, then every 12 weeks thereafter using standard radiologic
methods. Safety was assessed through the collection of treatment-emergent
adverse events (AEs; classified using the National Cancer Institute
Common Terminology Criteria for Adverse Events version 4), central
laboratory tests, and physical examinations. Patients who discontinued
enzalutamide for reasons other than disease progression defined by Re-
sponse Evaluation Criteria in Solid Tumors (RECIST) version 1.1 were
requested to continue with scheduled imaging assessments until objective
progressive disease was documented. Patients were observed for safety and
survival status upon study drug discontinuation.

Statistical Analysis and Study End Points
Two populations were prespecified. The intent-to-treat (ITT) pop-

ulation included all enrolled patients. The evaluable subgroup included
patients with AR expression of $ 10% by IHC, based on the Translational
Breast Cancer Research Consortium (TBCRC) 011 study,17 and one or
more postbaseline tumor assessment. The primary end point was clinical
benefit rate at 16 weeks (CBR16), defined as confirmed complete response
(CR) or partial response or stable disease at study week 16. The sample size
was calculated using an optimal Simon two-stage design for the evaluable
population. At least three of the first 26 evaluable patients had to achieve
CBR16 to proceed to stage 2. If nine or more of 62 evaluable patients
achieved CBR16 in the total study, the efficacy threshold would bemet. The
null hypothesis that the true CBR16 was 8% was tested against a one-sided
alternative. This design yielded a one-sided type I error rate of 5% and

Table 1. Baseline Demographic and Clinical Characteristics of Evaluable and
ITT Populations

Characteristic

Evaluable
Subgroup
(n = 78)

Nonevaluable
Subgroup
(n = 40)

ITT
Population
(N = 118)

Median age, years
(range)

59 (32-85) 52 (36-84) 57 (32-85)

Race
White 64 (82) 27 (68) 91 (77)
Black or African
American

11 (14) 9 (23) 20 (17)

Asian 3 (4) 3 (8) 6 (5)
ECOG PS of 1 34 (44) 15 (38) 49 (42)
Prior neoadjuvant or

adjuvant systemic
therapy

64 (82) 99 (84)

Median DFI, months
(range)

22 (0-253) 24 (0-271) 23 (0-271)

Primary tumor
ER positive/PgR
positive

19 (24) 3 (8) 22 (19)

Triple negative 51 (65) 32 (80) 83 (70)
Visceral disease 49 (63) 25 (63) 74 (63)
Measurable disease 59 (76) 38 (95) 97 (82)
Location of metastatic

sites
Bone 35 (45) 12 (30) 47 (40)
Liver 18 (23) 13 (33) 31 (26)
Lung 37 (47) 19 (48) 56 (47)
Lymph nodes 38 (49) 24 (60) 62 (53)

$ 3 metastatic sites 49 (63) 30 (75) 79 (67)
Bone-only metastases 10 (13) 3 (8) 13 (11)
No. of prior lines of

therapy for advanced
BC

Median (range) 1 (0-5) 2 (0-7) 1 (0-7)
0 17 (22) 5 (13) 22 (19)
1 30 (38) 13 (33) 43 (36)
2 9 (12) 10 (25) 19 (16)
$ 3 22 (28) 12 (30) 34 (29)

Prior systemic therapies
for advanced BC*

63 35 98

Capecitabine 26 (41) 17 (49) 43 (44)
Taxanes 29 (46) 20 (57) 49 (50)
Platinum 25 (40) 16 (46) 41 (42)
Eribulin 11 (17) 8 (23) 19 (19)

NOTE. Data are given as No. (%) except where otherwise noted.
Abbreviations: BC, breast cancer; DFI, disease-free interval; ECOG PS, Eastern
Cooperative Oncology Group performance status; ER, estrogen receptor; ITT,
intent to treat; PgR, progesterone receptor.
*Percentages are calculated from the total number of patients who received at
least one prior therapy for advanced BC (63 patients in the evaluable subgroup
and 98 patients in the ITT population).
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power of 85% when the true response rate was 20%. Approximately 95
patients were expected to yield 62 evaluable patients.

Estimates of median progression-free survival (PFS) and OS,
defined in the Appendix (online only), were determined using the Kaplan-
Meier method. CIs were calculated using the Brookmeyer and Crowley
method.23

RESULTS

Patient and Tumor Characteristics
From June 2013 to July 2014, 404 tumor tissue samples from

prescreened patients were submitted. Of these, 368 were suitable
for central diagnostic analysis. Nearly 80% of the evaluable samples
expressed nuclear AR . 0%, and . 55% of samples had AR of
$ 10%. Of 165 patients screened for study eligibility, 118 patients
were enrolled at 45 clinical study sites across seven countries; 78
patients met the criteria for the evaluable subgroup. The data cutoff

date for the primary analysis was September 15, 2015. An updated
analysis of OS was performed with a data cutoff date of March 15,
2017. Patient demographics and clinical characteristics were
consistent between the ITT population and evaluable subgroup
(Table 1). Most patients (84%) received systemic adjuvant treat-
ment of early-stage breast cancer. The median number of prior
therapies received for locally advanced or metastatic TNBC was
one (range, zero to seven prior therapies), and prior therapies
included taxanes (50%), capecitabine (44%), platinum com-
pounds (42%), and eribulin (19%). Fifty-five percent of patients
(n = 65) received enzalutamide as their first regimen (n = 22, 19%)
or second regimen (n = 43, 36%) for advanced TNBC.Most patients
had visceral disease (63%), whereas 11% of patients had bone-only
metastases.

Treatment
The median duration of enzalutamide treatment was

8.1 weeks (range, 0.9 to 87 weeks) in the ITT population. The most
common reason for treatment discontinuation was disease pro-
gression. Nine patients were still receiving enzalutamide at the time
of the data cutoff date (Fig 1).

Efficacy
Stage 1. In stage 1, 11 (42.3%) of 26 evaluable patients

achieved CBR16; therefore, the study proceeded to stage 2.
Stage 2. This study met its primary end point, because among

the first 62 evaluable patients enrolled, 24 (38.7%; 95% CI, 27% to
52%) achieved CBR16. Twenty nine (25%; 95% CI, 17% to 33%)
of 118 ITT patients and 26 (33%; 95% CI, 23% to 45%) of 78
evaluable patients achieved CBR16; 24 ITT patients (20%; 95% CI,
14% to 29%) and 22 evaluable patients (28%; 95% CI, 19% to

Intent-to-treat population
(n = 118)

Screened
(N = 165)

Screen failure
(n = 47)

Evaluable
subgroup
(n = 78)

Discontinued
(n = 39)

Ongoing
(n = 1)

Discontinued
(n = 70)

Ongoing
(n = 8)

Reasons for screen failures
CNS disease
MD decision/withdrew consent
Not TNBC
Other

(n = 23)
(n = 9)
(n = 6)
(n = 9)

Reasons for discontinuation
Adverse event
Disease progression

Per RECIST v1.1
Not per RECIST v1.1

Other

(n = 1)
(n = 67)
(n = 61)
(n = 6)
(n = 2)

Reasons for discontinuation
Death
Adverse event
Disease progression

Per RECIST v1.1
Not per RECIST v1.1

Withdrew consent
Other

(n = 1)
(n = 5)

(n = 29)
(n = 21)
(n = 8)
(n = 1)
(n = 3)

Fig 1. CONSORT diagram. MD, physician;
RECIST, Response Evaluation Criteria in Solid
Tumors; TNBC, triple-negative breast cancer.

Table 2. Clinical Benefit

Benefit Evaluable Subgroup (n = 78) ITT Population (N = 118)

CBR16
No. 26 29
% (95% CI) 33 (23 to 45) 25 (17 to 33)

CBR24
No. 22 24
% (95% CI) 28 (19 to 39) 20 (14 to 29)

CR or PR
No. 6 7
% 8 6

Abbreviations: CBR16, clinical benefit rate at 16 weeks; CBR24, clinical benefit
rate at 24weeks; CR, complete response; ITT, intent-to-treat; PR, partial response.
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39%) achieved clinical benefit rate at 24 weeks (CBR24; Table 2). In
the evaluable subgroup, one patient with a metastatic lung lesion
achieved a confirmed CR, and five patients achieved a confirmed
partial response. One additional confirmed CR was reported in
the ITT population. Median PFS was 2.9 months (95% CI, 1.9 to
3.7 months) in the ITT population (Fig 2A) and 3.3 months (95%
CI, 1.9 to 4.1 months) in the evaluable subgroup (Fig 2B).
Median OS was 12.7 months (95% CI, 8.5 months to not yet
reached) in the ITT population (Fig 2C) and 17.6 months (95%
CI, 11.6 months to not yet reached) in the evaluable subgroup
(Fig 2D).

An updated analysis of OS was performed after an additional
18 months of follow-up. Median OS was 12.7 months (95% CI, 8.5
to 16.5 months) in the ITT population (Fig 3A) and 16.5 months
(95% CI, 12.7 to 20.0 months) in the evaluable subgroup (Fig 3B).

Safety
AEs of any grade or relationship occurring in $ 10% of

patients are listed in Table 3. Eight patients discontinued treatment
as a result of an AE. Events included headache, muscular weakness,
anxiety, pleural effusion, back pain, metastatic pain, general
physical deterioration, and CNS metastases. The only treatment-
related grade 3 or greater AE occurring in $ 2% of patients was
fatigue (3.4%). Serious AEs were reported in 25% of patients and
were generally the consequence of progressive metastatic breast

cancer; none were considered related to enzalutamide. Twelve
patients had grade 5 AEs; 11 of these were deemed consequences of
disease progression. One patient, a 62-year-old woman with a
history of tobacco use and hypercholesterolemia, experienced
a fatal cardiorespiratory arrest after stent implantation for a
myocardial infarction.

DISCUSSION

This positive phase II study represents the largest prospective trial
of an AR-targeted treatment of advanced TNBC. It met its primary
objective, demonstrating enzalutamide’s clinical activity in patients
with AR-positive TNBC.

In this study, AR expression . 0% was observed in 80% of
tumors and AR expression$ 10% was observed in 55% of tumors.
Two other prospective clinical studies of AR inhibitors have been
recently published.17,18 The TBCRC 011 trial, evaluating bicalu-
tamide, and the French Breast Cancer Intergroup (UCBG) 12-1
trial, evaluating abiraterone acetate, enrolled patients whose TNBC
had AR expression of $ 10%; these studies reported AR expres-
sion . 10% (using AR441) in 12% and 38% of patients,
respectively.17,18 AR IHC assays have been largely developed for
prostate cancer that expresses high amounts of AR with little to no
dynamic range of AR expression.
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Fig 2. Kaplan-Meier plots of primary analysis of progression-free survival (PFS) in the (A) intent-to-treat (ITT) population and (B) evaluable subgroup and of overall survival
(OS) in the (C) ITT population and (D) evaluable subgroup.
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Optimization of the IHC assays in this study was intended to
lead to increased sensitivity and a potential for a higher prevalence
of AR expression. The similar distribution pattern of AR IHC
results between the tissue bank of screened samples and the ITT
population support the consistency of these results (Appendix Fig
A1, online only). However, the performance characteristics of IHC
as a treatment-associated and potentially predictive assay were
suboptimal. With a threshold of $ 10% nuclear expression, the
positive predictive value of AR IHC was a modest 30%, which may
restrict its clinical application.22 This is a critical consideration in
the development of a treatment-associated assay, because one
would not want to exclude patients from receiving a potentially
beneficial and well-tolerated treatment.

The CBR24 was 19% (95%CI, 7% to 39%) in TBCRC 011 and
20% (95% CI, 8% to 39%) in UCBG 12-1.17,24 In our study of
enzalutamide, CBR24 in a similarly defined population was slightly
higher at 28% (95% CI, 19% to 39%). This could be explained by
different mechanisms of action between agents. Unlike bicaluta-
mide, enzalutamide has no known AR agonist activity and was

superior to bicalutamide in two large randomized phase II studies
in patients with prostate cancer.25,26 Prednisone, a requisite
concomitant medication for abiraterone acetate, stimulates the
glucocorticoid receptor, which is expressed in approximately 25%
of TNBCs. It is possible that glucocorticoid receptor stimulation
from prednisone results in tumor growth, limiting the efficacy of
abiraterone acetate. Furthermore, abiraterone acetate treatment
results in appreciable increases in progesterone, potentially stim-
ulating the PgR, albeit at low levels given in TNBC.

More than half of the enrolled patients received enzalutamide
as their first or second treatment of metastatic disease, highlighting
the interest and need for novel, well-tolerated therapies in earlier
treatment settings.

TNBC has the poorest outcomes of the three major subtypes
of breast cancer.3,4,27-31 Attempts to treat TNBC with targeted
agents have been met with little success. Modest or no improve-
ments in PFS and OS highlight the high-risk nature of TNBC, as
well as the difficulty in identifying relevant targets and effective
therapies.4,32-35 Data from this phase II study in a group of patients
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Fig 3. Kaplan-Meier plots of updated overall
survival in the (A) intent-to-treat population and
(B) evaluable subgroup.
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with AR-positive TNBC support and build upon the findings
from others that there seems to exist a subset of patients with
androgen-driven TNBC who may benefit from an AR-targeted
agent.
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Appendix

Methods

Progression-free survival, a secondary end point, was defined as the time from the date of the first dose of study drug to the date
of disease progression as determined by the investigator using Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1
or the date of on-study death as a result of any cause, whichever occurred first. Patients who died after receiving the first dose of
enzalutamide without postbaseline tumor assessments evaluable using RECIST 1.1 were considered to have a progression-free
survival event on the date of death.

Overall survival was an exploratory end point and was defined as the time between the date of the first dose of study drug and
the date of death as a result of any cause. For patients alive after the data cutoff date, overall survival was right censored at the last
date known alive before the data cutoff. Patients with no postbaseline information were censored at the time of first day of treatment
with enzalutamide plus 1 day.
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Fig A1. Nuclear androgen receptor (AR) staining by immunohistochemistry on breast tissue samples using AR441 (Dako, Carpinteria, CA) and SP107 (Ventana, Tucson,
AZ). ITT, intent to treat.
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