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Background: Several expression array studies identified molecular apocrine breast cancer (BC) as a subtype that
expresses androgen receptor (AR) but not estrogen receptor α. We carried out a multicentre single-arm phase II trial in
women with AR-positive, estrogen, progesterone receptor and HER2-negative (triple-negative) metastatic or inoperable
locally advanced BC to assess the efficacy and safety of abiraterone acetate (AA) plus prednisone.
Patients and methods: Patients with a metastatic or locally advanced, centrally reviewed, triple-negative and AR-posi-
tive (≥10% by immunohistochemistry, IHC) BC were eligible. Any number of previous lines of chemotherapy was allowed.
AA (1000 mg) was administered once a day with prednisone (5 mg) twice a day until disease progression or intolerance.
The primary end point was clinical benefit rate (CBR) at 6 months defined as the proportion of patients presenting a com-
plete response (CR), partial response (PR) or stable disease (SD) ≥6 months. Secondary end points were objective re-
sponse rate (ORR), progression-free survival (PFS) and safety.
Results: One hundred and forty-six patients from 27 centres consented for IHC central review. Of the 138 patients with
sufficient tissue available, 53 (37.6%) were AR-positive and triple-negative, and 34 of them were included from July 2013
to December 2014. Thirty patients were eligible and evaluable for the primary end point. The 6-month CBR was 20.0%
[95% confidence interval (CI) 7.7%–38.6%], including 1 CR and 5 SD ≥6 months, 5 of them still being under treatment at
the time of analysis (6.4+, 9.2+, 14.5+, 17.6+, 23.4+ months). The ORR was 6.7% (95% CI 0.8%–22.1%). The median
PFS was 2.8 months (95% CI 1.7%–5.4%). Fatigue, hypertension, hypokalaemia and nausea were the most common
drug-related adverse events; the majority of them being grade 1 or 2.
Conclusions: AA plus prednisone treatment is beneficial for some patients with molecular apocrine tumours and five
patients are still on treatment.
ClinicalTrials.gov: NCT01842321.
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introduction
Several microarray-based studies have converged on the identi-
fication of a new breast cancer (BC) subtype characterized by
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expression of the androgen receptor (AR), absence of the estro-
gen receptor α (ER) and paradoxical expression of many genes
that are typically expressed in ER-positive luminal tumours
[1–3]. We named these tumours ‘molecular apocrine’ as they
have an expression profile indicative of increased androgen sig-
nalling and some morphological hallmarks of apocrine
tumours [1].
The frequency of molecular apocrine cancers, based on gene

expression array studies carried out in all types of BCs, is 8%–
11%; one-third being HER2-negative and the remainder HER2-
positive [1, 4]. In a recent large gene expression array study on
triple-negative tumours, the frequency of molecular apocrine
tumours was reported to be 11% [3]. Furthermore, in a large
immunohistochemistry (IHC) series, 36% of triple-negative can-
cers were reported as AR-positive [5]. In France, nearly 50 000
women are diagnosed with BC every year [6], 15% of which are
triple-negative. Therefore, we estimate that the number of new
cases of HER2-negative molecular apocrine tumours is ∼1000
based on gene expression and 3000 based on IHC. A significant
proportion of these patients will relapse: 34%–38% at 5 years
depending on definition used (microarray array or IHC) [4, 6].
When these tumours relapse, the patients typically receive dif-
ferent lines of chemotherapy, but they eventually progress.
Preclinical data suggest that androgens are involved in the de-

velopment and growth of molecular apocrine tumours [1, 2].
Androgenic signalling is commonly blocked in prostate cancer
through either competitive antagonism of androgen at the re-
ceptor or suppression of androgen synthesis. Promising clinical
benefit rates (CBRs) at 6 months in triple-negative tumours
have been reported in two trials evaluating drugs that directly
target the AR in AR-positive patients: 19% with bicalutamide
[7] and 29% with enzalutamide [8]. Abiraterone acetate (AA) is
a selective, irreversible and potent inhibitor of 17-[α]-hydroxy-
lase/17,20-lyase (CYP17) enzymatic activity and is commonly
used in castration-resistant prostate cancer (CRPC) [9, 10]. In a
phase III study, AA plus prednisone was shown to prolong
overall survival in metastatic CRPC before docetaxel or follow-
ing relapse after docetaxel, with an acceptable toxicity profile
[11, 12]. AR is expressed in a proportion of ER-positive and ER-
negative tumours [5]. However, the function of AR depends on
the tumour type: it inhibits the growth of classic ER-positive
luminal tumours but stimulates the growth of ER-negative
molecular apocrine tumours [13]. In a trial conducted in ER-
positive tumours, AA in combination with aromatase inhibitors
did not show any statistically significant advantage in progres-
sion-free survival (PFS) [14]. In this study, we decided to
perform a phase II trial in women with ER-negative and AR-
positive (molecular apocrine-like HER2-negative) metastatic or
inoperable locally advanced BC with the aim of assessing the
efficacy and safety of AA plus prednisone.

patients andmethods

study design and eligibility
This single-arm open-label phase II was undertaken in 32 centres in France.
Enrolment required two steps: (i) consent for central assessment of AR
status and confirmation of the triple-negative status [ER, Progesterone
Receptor (PgR) and HER2-negative] from a formalin-fixed, paraffin-

embedded (FFPE) sample taken from either the primary or a metastatic site
(see the Central pathology assessment section) and (ii) following confirm-
ation of an AR-positive and triple-negative BC, the patients were offered to
participate in the therapeutic phase of the trial. Pre- and post-menopausal
patients presenting a locally advanced (un-resectable) or metastatic BC were
eligible. Patients could have received any number of previous lines of chemo-
therapy or none at all. Detailed eligibility criteria are described in the supple-
mentary Appendix, available at Annals of Oncology online. All patients
provided written informed consent for the clinical trial. For research on
tumour and blood samples, additional consent was requested.

treatment
A total of 1000 mg of AA (four 250 mg tablets, once a day) were adminis-
tered orally on a continuous daily schedule. In order to prevent adverse reac-
tions resulting from increased mineralocorticoid levels, 5 mg of prednisone
was administered twice a day. This treatment continued until disease pro-
gression or unacceptable toxicity. In the case of any drug-related grade 3 or 4
adverse event, AA and prednisone interruption was recommended until
recovery to grade 1 or 0. In the case of grade 3 or 4 hypokalaemia, after
hospitalization for intravenous potassium and reversal of hypokalaemia, AA
re-initiation required approval by the investigator. In the case of any other
grade 3 or 4 toxicity, AA was to be reintroduced at 1000 mg/day following
recovery.

Patients were evaluated for toxicity on days 1 and 15 of each 4-week treat-
ment cycle during the first three cycles and on day 1 of each cycle thereafter.

Clinical and radiological responses were evaluated every two cycles (8 weeks)
until completion of cycle 6 and every three cycles (12 weeks) thereafter.
Radiological exams were reviewed in each centre by a designated radiologist.

central pathology assessment
All cases were centrally confirmed in Bordeaux by one pathologist (GMG)
before inclusion, with FFPE tissue from either primary or metastatic BC site.
In the case of discordant ER and/or PgR status between the primary tumour
and the metastatic site, the status in the latter was used to decide the patient’s
eligibility. The tumour was deemed ER- and PgR-negative if <10% of the
cells expressed the receptors. The tumour was considered HER2-negative if
the IHC score was 0 or 1+, or IHC score of 2+ and FISH negative.
Furthermore, if ≥10% cells expressed AR, then the tumour was considered
as AR-positive. Details of the central testing procedure are described in the
supplementary Appendix, available at Annals of Oncology online.

study end points
The primary end point was the CBR at 6 months defined as the proportion
of patients whose tumour achieved a complete response (CR), partial re-
sponse (PR) or stable disease (SD) ≥6 months. Whenever the criteria of re-
sponse (CR or PR) were met, the appropriate clinical and imaging tests were

repeated at least 4 weeks later to confirm the response (RECIST V1.1).
Secondary end points included objective response rate (ORR), duration of
overall response, progression-free survival (PFS), safety and tolerability
[assessed according to National Cancer Institute Common Terminology
Criteria for Adverse Events version 4.0 (CTCAE v4.0)] and a correlative
study of circulating tumour cells (CTCs).

statistical analysis
This was a phase II trial with a single-stage design based on exact binomial
distribution. The type I error was 10%. For a null hypothesis of a 15%
CBR at 6 months and an alternative hypothesis of 35% CBR, 28 eligible
and assessable patients needed to be treated to achieve an 82% power.
Assessable patients received at least one complete cycle and at least one
disease assessment recorded at 8 weeks from the start of the treatment.
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The treatment was deemed interesting for further research if a clinical
benefit at 6 months was observed in at least 8 patients out of 28 eligible
and assessable patients (>25%). The decision rule corresponded to rejecting
the null hypothesis. Details are described in the supplementary Appendix,
available at Annals of Oncology online. The study database was locked for
statistical analyses on 15 July 2015.

correlative study of CTCs
Blood samples were collected centrally in patients who gave an informed
consent for optional research to measure CTCs using the CellSearch detec-
tion kit and the Cellprofile kit.

protocol review
This study was conducted in accordance with the Declaration of Helsinki
and the European Guidelines on Good Clinical Practice. The protocol
underwent independent peer review and was approved by the UCBG
Protocol Review Committee. The trial was approved by a national ethics
committee (CPP Bordeaux) and by the local ethics committees of all partici-
pating centres. The protocol can be accessed at http://www.cancer.gov/
clinicaltrials/NCT01842321.

results

patient and tumour characteristics
Of the 146 patients from 27 centres who consented for IHC
central review, 111 were not included for reasons detailed in
Figure 1. Of note, out of 138 patients with sufficient tissue
available, 53 (38.4%) were AR-positive and triple-negative.
From July 2013 to December 2014, 34 patients were included
at 16 centres. Patient and tumour characteristics of the 34 eli-
gible patients included are summarized in Table 1. The median
age was 62.5 years (range 39–86). A large number of patients
had visceral metastasis (16/34), but prevalence of bone
(58.1%), soft tissue (41.9%) and distant lymph node (32.3%)
metastasis was high. The median time from primary tumour to
locally advanced or metastasis was 20.5 moths [95% confi-
dence interval (CI) 9–61]. Patients were largely pre-treated,
with a median of 2.5 (0–9) prior lines of chemotherapy for
advanced disease. The median time from diagnosis of locally
advanced disease or metastasis to first day of treatment in the trial
was 11.5 months (95% CI 7–22).

efficacy
Thirty patients were eligible and evaluable for the primary
end point. One patient was not eligible since her disease was
not in progression at the time of inclusion. Three patients
were not evaluable, one with an unrelated adverse event and
two with a progression before completion of the first cycle.
Six patients derived a clinical benefit at 6 months: CR in one
patient and SD ≥6 months in five patients (Table 2). The
CBR at 6 months was 20.0% (6/30; 95% CI 7.7%–38.6%). In
one patient, SD at 6 months turned to PR at 12 months and
remained so at 17.6 months. Therefore, the ORR was 6.7%
(95% CI 0.8%–22.1%). The duration of response was 23.4
and 5.6 months for CR and PR, respectively. The characteris-
tics of patients deriving clinical benefit are reported in
Table 3. The median duration of treatment was 2 months
(1–23.4) and, at the time of analysis, five patients were still

on treatment (Table 3). The median PFS was 2.8 months
(95% CI 1.7%–5.4%) (supplementary Figure S1, available at
Annals of Oncology online).

adverse events
Thirty-four patients were evaluable for safety. The most
common drug-related adverse events were fatigue, hypertension,
hypokalaemia and nausea, found in 17.6%, 11.8%, 8.8% and
5.9% of patients, respectively. The vast majority of these events
were grade 1 and 2. Five patients experienced grade 3 events:
hypertension in three, adrenal insufficiency in one and hypokal-
aemia in one. Frequency and details of all drug-related adverse
events by maximum toxicity grade are listed in Table 4. Two
patients presented with a treatment-related serious adverse
event: hypokalaemia grade 3 in one (recovered) and adrenal in-
sufficiency grade 3 in one (adrenal insufficiency developed after
abiraterone discontinuation, and rapid discontinuation of pred-
nisone; this adverse event recovered with adequate treatment).
No patient required a dose reduction. One patient discontinued
abiraterone after cycle 1 because of an adverse event (fatigue
grade 2). Three patients discontinued treatment before the end
of cycle 1 for progression (supplementary Figure S2, available at
Annals of Oncology online).

Consented for central
AR testing and ER,

PgR, and HER2 status
review (n = 146) 

Included
(n = 34) 

Eligible
(n = 33) 

Ineligible (disease not in progression
at inclusion)

(n = 1) 

Eligible and evaluable
(efficacy population)

(n = 30) 

Non evaluable
(n = 3) 

Ineligible for testing
(insufficient tissue)

(n = 8) 

Screened for AR, ER,
PgR and HER2 status

(n = 138) 

AR-negative
(n = 77)

AR-positive but non triple negative
(n = 8)

Ineligible for therapy (*)
(n = 19) 

Figure 1. CONSORT diagram. *Patients continued on effective treatment
and were not included before the trial reached its accrual goal or withdrew
consent. AR, androgen receptor; ER, estrogen receptor; PgR, progesterone
receptor; HER2, human epidermal growth factor receptor 2.
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correlative study of CTCs
Data are described in the supplementary Appendix, available at
Annals of Oncology online.

discussion
This study was originally designed to test the hypothesis that
AA plus prednisone would lead to a clinical benefit of more
than 25%. With a CBR at 6 months of 20%, we did not meet this
aim. While from a strict statistical point of view, these data do
not allow a rejection of the null hypothesis, from a clinical per-
spective, our results are important. At the time of this analysis,
five patients remain on treatment with clinical benefits lasting
between 6.4 months and almost 24 months, including one
patient in PR and one in CR. In the trial with bicalutamide, a
CBR of 19% (95% CI 7%–39%) at 6 months was reported, but
no patient experienced an objective response [7]. In the recently
presented phase II study with enzalutamide in a similar popula-
tion of patients, the clinical benefit at 4 months (primary end
point) was 35% (26/75 assessable patients, 95% CI 24%–46%)
[8]. The CBR at 6 months was 29% (22/75, 95% CI 20%–41%)
and the median PFS was 14 weeks (95% CI 8%–19%). Two CRs
and five PRs were observed.
Four patients presented adverse events associated with ele-

vated mineralocorticoid levels due to CYP17 blockade (fluid re-
tention in one, hypokalaemia in three, and hypertension in
four). Of those, one patient presented a serious adverse event
(hypokalaemia) and recovered. One patient presented an adrenal
insufficiency after having stopped AA, most likely due to rapid
discontinuation of prednisone. Overall, the side-effects of AA
treatment were easily manageable and reversible. Prednisone
was prescribed to prevent a syndrome of secondary mineralo-
corticoid excess. It may also stabilize tumour growth per se or
help maximize the effect of AA since prednisone alone is known,
for a long time, to reduce androgen synthesis by the adrenal
glands in patients with prostate cancer [15].
Interestingly, in this trial, patients displayed certain specific

clinical features compared with global triple-negative popula-
tion: patients were older and had more-frequent bone, lymph
node and skin or soft tissue involvement. These clinical fea-
tures, which recapitulate luminal features, were even more
enriched in the patient subset deriving clinical benefit from
treatment.

Table 1. Patient and tumour characteristics (all patients included;
n = 34)

n %

Median age (range) 62.5 (39–86) –

PS (ECOG)

0 13 38.2

1 16 47.1

2 5 14.7

Disease stage at study entry

Un-resectable locally advanceda M0 3 8.8

Metastatic 20 58.8

Both 11 32.4

Metastatic sites

Distant lymph nodes 10 32.3

Bone 18 58.1

Liver 9 29.0

Lung/pleura 11 35.5

Skin/soft tissue 13 41.9

Site of AR and ER/PgR/HER2 (central testing)

Primary 19 55.9

Metastatic 13 38.2

Bothb 2 5.9

Primary tumour (local assessment)

Histological type

Ductal 26 76.5

Lobular 5 14.7

Other 3 8.8

Grade

1 1 2.9

2 16 47.1

3 16 47.1

Unknown 1 2.9

ER and PgR status

ER and PgR negative 32 94.1

ER and/or PgR positiveb 2 5.9

HER2 status

Negative 28 82.4

Positive 2 5.9

Not done 4 11.8

Prior chemotherapy for early-breast cancer

(adjuvant or neoadjuvant)

Yes 23 67.6

No 11 32.4

Prior chemotherapy for metastatic breast cancer

0 12 35.3

1 5 14.7

2 6 17.6

>2 11 32.4

Median number of regimens (range) 2.5 (1–9) –

aThe category ‘un-resectable locally advanced breast cancer’ (LABC)
includes upfront LABC (at diagnosis of the primary tumour) and
recurrent LABC (loco-regional recurrence);
bER and/or PgR assessment from the primary tumour were positive; ER
and PgR assessment from metastasis were negative (local and central
assessment).
PS (ECOG), performance status (Eastern Cooperative Oncology Group);
AR, androgen receptor; ER, estrogen receptor; PgR, progesterone
receptor; HER2, human epidermal growth factor receptor 2.

Table 2. Clinical benefit at 6 months (efficacy population, n = 30)

n %

Complete response 1 3.3
Partial response 0 0
Stable disease 5a 16.7
Progression 23 76.7
Treatment stopped for toxicity before evaluation at 6
months

1 3.3

aIn one patient, SD at 6 months turned to PR at 12 months and
remained so at 17.6 months.
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We put our results in perspective with phase III trials data of
the third-generation aromatase inhibitors in ER-positive ad-
vanced BCs [16]. The CBR range for first line was 49%–59% and
24%–37% for second line compared with a 6-month CBR of
19%–29% in molecular apocrine tumours. This difference could

be explained by at least by two factors. First, we selected molecu-
lar apocrine tumours using the IHC definition for AR to select
patients, but this is probably neither the best way to identify mo-
lecular apocrine tumours nor to predict response to anti-andro-
gens. Results of a gene expression signature using samples from

Table 3. Characteristics of patients with a clinical benefit

Patients

with
clinical
benefit

Centre Age AR

%

Site of testing

(primary
tumour or
metastasis)

Site(s) of

metastasis

Number of lines of

prior chemotherapy
for advanced disease

Time from diagnosis

of the primary tumour
to diagnosis of
metastasis (months)

Best

response

Total duration of

response and/or stable
disease on abiraterone
acetate (months)

2 1 63 100 Metastasis Skin, nodes,
soft tissue

0 88 CR 23.4a

5 11 83 90 Metastasis Skin, bone 4 24 SD 17.3
7 1 75 100 Primary tumour Skin 1 49 SD 14.5a

18 2 61 100 Metastasis Lung, bone 2 141 PRb 17.6a

24 1 85 100 Primary tumour Skin, bone 2 29 SD 9.2a

32 19 74 100 Metastasis Bone, nodes 0 0c SD 6.4a

aContinuing clinical benefit.
bIn one patient, stable disease at 12 months turned to PR and remains so at 17.6 months.
cCancer metastatic de novo.
AR, androgen receptor; LABC, locally advanced breast cancer; MBC, metastatic breast cancer; CR, complete response; SD, stable disease; PR, partial response.

Table 4. Frequency (number of patients) of all drug-related events by maximum toxicity grade (safety population, n = 34)

Grade 1 Grade 2 Grade 3 Overall

Cardiac disorders
Palpitations 2.9 (1) – – 2.9 (1)

Endocrine disorders
Adrenal insufficiency – – 2.9 (1) 2.9 (1)

General disorders
Oedema limbs 2.9 (1) – – 2.9 (1)
Fatigue 11.8 (4) 5.9 (2) – 17.6 (6)
Hot flushes 2.9 (1) 2.9 (1)

Gastrointestinal disorders
Constipation 2.9 (1) – – 2.9 (1)
Diarrhoea 2.9 (1) – – 2.9 (1)
Nausea 5.9 (2) – – 5.9 (2)
Stomach pain – 2.9 (1) – 2.9 (1)

Investigations
ALT/AST increased 2.9 (1) – – 2.9 (1)

Metabolism
Hypokalaemia 2.9 (1) 2.9 (1) 2.9 (1) 8.8 (3)

Psychiatric disorder
Depression 2.9 (1) – – 2.9 (1)

Respiratory, thoracic and mediastinal disorders
Dyspnoea – 2.9 (1) – 5.9 (2)
Epistaxis 2.9 (1) – – 2.9 (1)

Skin and subcutaneous disorders
Dry skin 2.9 (1) – – 2.9 (1)
Hypertrichosis 2.9 (1) – – 2.9 (1)
Sweat gland disorder 2.9 (1) – – 2.9 (1)

Vascular disorders
Hypertension 2.9 (1) – 8.8 (3) 11.8 (4)

ALT, aspartate aminotransferase; AST, alkaline aminotransferase.
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the enzalutamide trial were recently reported [17]. It is unclear
whether this signature is prognostic or predictive at this stage.
We await a peer-reviewed publication of the aforementioned
study before drawing any conclusions.
Secondly, this difference between hormonal therapy efficacy

in ER-positive and in molecular apocrine BCs could be ex-
plained by the fact that the role of androgens as mitogens in mo-
lecular apocrine tumours may not be as straightforward as the
role of estrogens in ER-positive tumours. One proposed mech-
anism is that AR usurps the role of ER when FOXA1 recruits
AR to estrogen response elements in molecular apocrine cells
[18]. A more complex model involving AR-mediated activation
of Wnt and HER2/3 signalling through transcription of
WNT7B and HER3 was also proposed [19]. The latter mechan-
ism points to the potential involvement of PI3K, which is
preferentially activated by HER3 in luminal and molecular
apocrine cells. Interestingly, PI3KCA mutations are present in
40% of HER2-negative molecular apocrine tumours versus 4%
in other triple-negative tumours. Moreover, PI3K blockade has
additional anti-tumour effects with anti-androgens in molecular
apocrine cell lines [20]. These pre-clinical data provide a good
rationale for conducting clinical trials with drugs targeting AR
and PI3K, several of which are now ongoing or in preparation.
In conclusion, this study demonstrates that treatment with

AAwith prednisone is beneficial for some patients with molecu-
lar apocrine-like tumours. It is worth noting that five patients
are still on treatment. This study illustrates the challenges of
conducting a precision medicine trial in a rare group of tumours,
but it also demonstrates that conducting such a trial is possible
even at a national, multicentre level.
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