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Abstract: Background: Triple negative breast carcinomas (TNBC) do not benefit from hormonal or Herceptin thera-
pies. In search of novel therapeutic targets for TNBC, interest is escalating in a subset of these tumors that are 
androgen receptor (AR) positive with potential benefit from anti-androgen therapy. Against this background, the 
frequency of AR expression alone and in combination with other markers and morphologic features was assessed 
to identify TNBC subtypes for targeted therapy. Methods: 400 consecutive invasive mammary carcinomas with 
known estrogen receptor (ER), progesterone receptor (PR), androgen receptor (AR) and HER2 status were selected 
for study. The frequency of AR positivity alone or in combination with other markers was recorded with specific at-
tention to the morphology of AR+ TNBCs. Ki67 was evaluated in selected group of cases. ASCO/CAP guidelines were 
used for interpretation of the various biomarkers. Results: Of the 400 tumors, 32 (8%) carcinomas were quadruple 
negative (ER-, PR-, AR-, Her2-), while 50 tumors (12.5%) were triple negative (ER-, PR-, Her2-); 18 (36%) of the triple 
negative tumors were AR positive and 10 (55%) of these were classic apocrine carcinomas. Fourteen cases, all 
apocrine carcinomas, were AR and Her2 positive. All 32 QN carcinomas were poorly differentiated and they had the 
highest Ki67 labeling index. Conclusion: The relatively high proportion of AR+ tumors (36%) among the 50 triple 
negative carcinomas is an important finding in support of routine assessment of AR in at least all TNBCs and apo-
crine carcinomas as a potential target for therapy.

Keywords: Androgen receptor (AR), estrogen receptor (ER), progesterone receptor (PR), HER2, breast cancer

Introduction

Breast cancer is the most common malignancy 
among women in the US, with 232,340 new 
cases accounting for 29% of all cancers esti-
mated to develop in women in 2014 [1]. 
Furthermore, it is the second leading cause of 
death from cancer among women with 39,620 
deaths, accounting for 14% of all deaths from 
cancer among women in 2014 [1]. Therefore, 
there is substantial interest in identification of 
novel markers that could be used as prognostic 
or predictive markers and therapeutic targets. 
Expression of estrogen receptor (ER), proges-
terone receptor (PR) and Human Epithelial 
Growth Factor Receptor 2 (Her2) as predictive 
and/or prognostic markers has been well 
established in multiple studies and has led to a 
major shift in treatment approach from nonspe-
cific chemotherapy to more targeted treat-
ments reducing the undesirable systemic side 
effects of chemotherapy [2-7]. These targeted 

approaches have improved prognosis and out-
come among patients with ER, PR and/or HER2 
positive breast carcinomas. Patients with triple 
negative breast cancer (TNBC) accounting for 
approximately 10% to 24% of all breast cancers 
[8-12], are excluded from the benefits of such 
targeted therapies, however [13].

The prevalence of TNBC depends on the thresh-
old for positivity of biomarkers used in various 
studies. The latest CAP/ASCO guideline for ER 
and PR assessment [14] has recommended a 
threshold of 1% for positivity. The threshold for 
HER2 positivity has been reduced from 30% to 
10% when using the immunohistochemical 
(IHC) approach and for in situ hybridization, the 
HER2/CEP17 ratio required for gene amplifica-
tion is now ≥2 (reduced from 2.2) or a HER2 
copy number of ≥6 signals per cell [15].

Novel therapeutic targets and options are par-
ticularly needed for the triple negative breast 
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carcinoma (TNBC) due to the futility of conven-
tional anti-hormonal therapies and HER2 block-
ing agents in this group [16]. Recently, there 
has been substantial interest in identifying 
novel therapeutic options for TNBC, the role of 
androgens and androgen receptor (AR) as a 
potential multifaceted biomarker. Available 
studies have provided divergent opinions on 
the role of androgens in TNBC and correlation 
of AR expression with prognosis, clinical out-
come and chemosensitivity in various settings 
[13, 16-27]. Frequently co-expressed with ER, 
PR and/or Her2, AR is the most commonly 
expressed (close to 90% in some studies) 
receptor among all types of breast cancer [25, 
28-30] with a frequency of 6.6-75% among 
TNBC cases [17, 18, 27, 31-49, 50]. Moinfar et 
al [25] found AR expression in 88% of grade 1 
invasive breast cancers compared to 47% of 
grade 3 tumors and concluded that AR is the 
most frequently expressed marker even among 
high grade breast carcinomas. Although the 
reported expression rate for AR has varied 
widely, probably due to different cut off points 
used in various studies, it has been suggested 
that its expression in TNBC has prognostic 
value; the presence of an apocrine signature at 
the molecular level is also thought to have clini-
cal relevance [17, 28, 31, 32, 50-52]. AR 
expression in combination with other markers 
has been linked to smaller tumor size, lower 
histological grade, lower clinical stage, lower 
mitotic rate, lower proliferation index (mea-
sured by Ki-67) and decreased aggressive 
behavior [18, 19, 34, 40-42, 46, 47, 50]; lower 
expression of AR correlates with earlier metas-
tasis, shorter disease free intervals and lower 

survival rates [18, 19, 41, 47]. There are varia-
tions in results of different studies, however, 
due to differences in the patient populations 
and/or due to variations in methodology.

One important consideration, not addressed  
in prior publications, however, is that AR is 
expressed in two types of mammary epithelial 
cells. It is most uniformly and diffusely 
expressed in metaplastic apocrine cells that 
are a common cell population in the breast par-
ticularly as a component of fibrocystic changes. 
Apocrine cells (benign or malignant) do not 
express either ER or PR in over 90% of cases 
even though they do have the messenger RNA 
for ER [53]. AR is also expressed in at least 5 to 
30% of normal luminal epithelial cells that lack 
any evidence of apocrine differentiation where 
it is often, but not always co-expressed with ER 
and or PR; in a given duct, sometimes the AR + 
cells exceed the ER+ and/or PR+ cells (Figure 
1A-C). It is important to note that expression of 
ER, PR or AR is not uniform in the normal epi-
thelial cells lining mammary ducts and duct-
ules; some ductules/ducts may show 100% 
positivity, while others may show 2% or no posi-
tivity. Tumors derived from these two different 
cell populations or showing apocrine vs non-
apocrine differentiation may share expression 
of AR, but are morphologically quite distinct 
and they may also show different responses 
when AR is used as a therapeutic target since 
AR expression maybe variably controlled in the 
two cell types. Despite existence of some data 
supporting a prognostic value for AR positivity 
regardless of ER status [28], the lack of suffi-
cient data in support of AR as a predictive 

Figure 1. Normal luminal epithelium in the same duct showing diffuse (100%) positivity for AR (A) and 80% positivity 
ER (B), but substantially less positivity for PR (C) (Immunostains for AR and PR, Dako, Carpinteria, CA; immunostain 
for ER, Marque, Rocklin, CA).
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marker and lack of consistency in various stud-
ies have prevented the routine assessment of 
AR expression even among patients with TNBC. 
Considering the availability of androgen inhibi-
tors - i.e. Bicalutamide - currently under investi-
gation in clinical trials (such as phase II trial of 
Bicalutamide in AR+/ER- metastatic breast 
cancer) and the possible prognostic value of AR 
status in breast cancer patients, investigation 
of AR as a potential target for therapy and clari-
fication of the impact of AR positivity on tumor 
behavior and responsiveness to various che-
motherapies is crucial [18, 19, 26, 27, 36, 
39-42, 47].

This study was initiated to determine the preva-
lence of AR positivity when assessed uniformly 
among 400 invasive breast carcinomas and 
correlate AR positivity with other predictive 
markers (ER, PR, and HER2), patient age, and 
morphologic subtype to ultimately determine 
the proportion of carcinomas that would qualify 
as quadruple negative (ER-, PR-, AR- and HER-
2), those that are only AR positive, those that 
are positive only for AR and HER2 as well as 
those that would qualify as quadruple positive. 
Our major interest was to determine the fre-
quency of tumors that are solely AR+ as this 
could provide a new therapeutic option for the 
so-called “triple negative” carcinomas. We also 
compared the morphology and the Ki67 label-
ing index of “AR+ only” tumors with the quadru-
ple negative tumors and those that are positive 
only for AR and HER2.

Materials and methods

After Institutional Review Board approval, a 
total of 400 consecutive mammary invasive 
carcinomas of any type (ductal, lobular, apo-
crine, micro-papillary, tubular, and special 
types) in women diagnosed either on core biop-
sies or more extensive surgery at Yale-New 
Haven Hospital between July 2012 and July 
2013, with known status for four markers - 
estrogen receptor (ER), progesterone receptor 
(PR), androgen receptor (AR) and HER2 - were 
selected for study. For a minority of tumors that 
included the quadruple negative (QN), the 
Her2+/AR+ and the “AR+ only” tumors, Ki-67 
was also used to determine the proliferative 
rate based on presence of nuclear reaction; 
Ki67 was available on a small proportion of the 
remaining cases. The frequency of positivity for 
each marker alone and in various combinations 
with any and all of the other markers was 
recorded.

The findings were analyzed using Microsoft 
Excel 2010. The relationship between expres-
sions of different markers was analyzed using 
Chi- square test. A P-value of less than 0.05 
was considered statistically significant. The 
data regarding patients’ demographics, histo-
pathologic subtypes and receptor expressions 
were extracted from patients’ reports; the diag-
nostic slides of all quadruple negative (QN) car-
cinomas, cancers that were positive only for AR 
and those positive for AR and Her2 were re-
examined for confirmation of the morphologic 
subtypes. Approximately 20% of the remaining 
cases were randomly selected for histologic 
review by one of the authors (F.A.T.).

Pure intraepithelial neoplasias (in situ carcino-
mas) were excluded. For immunohistochemical 
and FISH analysis, 4-micron thick serial tissue 
sections prepared from formalin-fixed, paraffin 
embedded blocks were used. In addition to 
immunohistochemical assessment of HER2, 
FISH was performed on all cases and informa-
tion regarding amplification and ratio of HER2/
CEP17 was available for all tumors.

The thresholds suggested by the 2011 ASCO/
CAP guidelines [54] for ER/PR and the 2007 
ASCO/CAP guidelines for HER2 interpretation 
[55] were used in all 400 cases. ER (estrogen 
receptor) and PR (progesterone receptor) 
assays were considered positive if at least 1% 
of tumor cells’ nuclei show positivity regardless 
of intensity (1+ to 3+). We applied the same 
approach for androgen receptor (AR) and con-
sidered at least one percent nuclear staining of 
any intensity (1+ to 3+) as a positive AR assay. 
The specific percentage of positive cells and 
their intensity of staining (1+ to 3+) with each of 
the 3 receptors were also recorded for all 
cases. For immunohistochemical (IHC) assess-
ment of HER2, the results were semi-quantita-
tively scored on a scale of 0 (no staining or 
faint/weak membrane staining in ≤10% of 
tumor cells), 1+ (faint partial membrane stain-
ing detected in >10% of invasive tumor cells), 
2+ (weak to moderate complete membrane 
staining in >10% of invasive tumor cells) and 3+ 
(uniform, intense membrane staining in >30% 
of invasive tumor cells). Scores of 0 and 1+ are 
considered negative, 2+ is indeterminate, and 
3+ is positive. A fluorescent in situ hybridization 
(FISH) ratio (HER2 gene signals to chromosome 
17 signals) of more than 2.2 was considered 
positive; a ratio of 1.8 to 2.2 was considered 
indeterminate and <1.8 was considered nega-
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tive. At our institution, HER2 status of all breast 
carcinomas is assessed routinely by both 
immunohistochemistry (IHC) and fluorescent in 
situ hybridization (FISH).

For Ki67 labeling index (LI), the percent of cells 
with nuclear positivity and the intensity (1+ to 
3+) of staining were recorded. The assessment 
was based on counting the number (ultimately 
percent) of positive nuclei in 500 (5 X100) cells 
from different areas of the tumor to include at 
least one hot spot; a percentage of ≥14% was 
considered elevated. The antibodies used for 
AR, ER, PR, HER 2 and Ki-67 in our laboratory, 
the vendors and the exact dilutions that were 
used are listed in Table 1. The frequency of 
positivity for each marker alone and in various 
combinations with any and all other markers 
was recorded.

Results

Frequency of AR, ER, PR and HER2 expres-
sion-overall, in various combinations or alone

Among the four markers evaluated, AR was the 
most frequently expressed with positivity in 
351 cases (87.8%), followed by ER with 332 
positive cases (83%), PR expressed in 295 

ers (quadruple positive: ER+, PR+, HER2+, and 
AR+). Fifty tumors (12.5%) were triple negative 
(ER-, PR-, and HER2-), while 15 (3.75%) patients 
were triple positive (ER+, PR+, and HER2+) and 
255 (63.8%) were positive for ER, PR and AR. 
Of the 50 triple negative carcinomas, 18 (36%) 
were positive for AR.

Tumors with AR as the only positive marker (18 
of 400, 4.5%) were far more common than 
cases with PR as the only positive receptor (1 
patients; 0.25%), those with only HER2 positiv-
ity (3 tumors, 0.75%) and even those with only 
estrogen receptor positivity (3 cases, 0.75%). 
Furthermore, the case that was positive for PR 
only showed a low level of positivity (reported 
as 3% of cells with faint intensity of positivity). 
The most common “two receptors only” posi-
tive combination was androgen and estrogen 
receptor positive tumors accounting for 9.5% of 
all patients (38/400), while 3.5% of tumors 
(14/400) were AR and HER2 positive and 9 
patients (2.3%) were ER and PR positive only.

We found that androgen receptor expression 
has a strong positive correlation with estrogen 
or progesterone receptor expression (p value 

Table 1. Specifications of various antibodies used
Antibody Clone Cat#/Vendor Dilution Retrieval
Androgen Receptor AR441 M3562/Dako, Carpinteria, CA 1:150 High pH 20 min
Estrogen Receptor SP-1 249R-16/Cell Marque, Rocklin, CA 1:50 High pH 20 min
Progesterone Receptor PgR636 N1630 1:2 Low pH 20 min
Ki-67 MIB-1 M7240/Dako, Carpinteria, CA 1:300 High pH 20 min
HER2 Poly K5207/Dako, Carpinteria, CA Kit Low pH 60 min

Table 2. Correlation between expression of different receptors 
(using Chi-Square test); AR expression is positively correlated to 
ER expression and PR expression, but it is not correlated to the 
expression of HER-2
Observed HER2+ HER2- ER+ ER- PR+ PR-
AR+ 36 318 322 32 286 68
AR- 5 41 11 35 9 37
Predicted* HER2+ HER2- ER+ ER- PR+ PR-
AR+ 36.3 317.7 294.7 59.3 261.075 92.925
AR- 4.72 41.28 38.3 7.7 33.93 12.075
P-value 0.95 0.89 <0.0001 <0.0001 0.003 <0.0001
*Predicted values are calculated values that would have been observed if each 
receptor expression was completely independent of all other receptors’ expres-
sion, and is calculated based on the observed ratio of each receptor’s positivity 
in total population.

cases (73.75%) and finally HER-2 
that was positive (by IHC and/or 
FISH) in 41 cases (10.25%).

We compared all possible com-
binations of receptor positivity 
among the tumors. Some of 
these receptor-positive groups 
have clear overlap with others; 
the various combinations are 
shown in Supplementary Chart 
1.

Of the 400 tumors evaluated, 32 
(8%) carcinomas were quadruple 
negative (ER-, PR-, AR- and 
HER2-), while 15 tumors (3.75%) 
were positive for all 4 biomark-
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<0.0001), but there was no specific correlation 
between AR and HER2 expression (Table 2).

To explore how changing the threshold for AR 
positivity would impact the total number of AR 
positive cases, the AR+ cases were divided into 
two groups: those with positivity in 1-9% of the 
cells and those with expression in 10% or more. 
From a total of 351 AR+ cases, 16 (4.6%) 
expressed AR in 1-9% of the invasive cells, 
while the remainder (335; 83.75%) had ≥10% 
positivity. Among the 18 cases only positive for 
AR, 4 (22%) had AR expression in 1-9% of the 
invasive cells (2 of these in 1% of the cells only), 
while 14 cases (78%) showed ≥10% staining. 
Likewise, application of 1% threshold for ER 
positivity compared to the higher percentage 
required in prior CAP/ASCO guidelines, trans-
formed at least 8 (16%) triple negative tumors 
to hormone receptor positive cases.

Three tumors with AR positivity also had nodal 
metastases that were evaluated for AR and all 
three metastases also expressed AR. A fourth 
case with AR expression in the primary tumor 
also had retention of AR expression in a local 
recurrence. None of these 4 cases was AR+ 
only.

Age distribution

The patients - all female - ranged in age from 25 
to 93 years with a median of 62 years and an 
average of 62.5 years. To determine the poten-
tial impact of age on type of receptor positivity, 
the patients were divided into six age groups 
(20-39, 40-49, 50-54, 55-59, and ≥60); the 

distribution of various positive markers relative 
to the age groups is illustrated in Supplementary 
Figure 1.

The 32 (8%) women with quadruple negative 
(ER-, PR-, AR-, Her2-) tumors ranged in age from 
29 to 84 years with a median of 58 years. Of 
these, 14 (46.9%) were 60 years of age or older, 
6 were in the 55-59 year group, 3 in the 50 to 
54 year group, 7 (23.5%) in the 40 to 49 year 
group, and 2 (6.5%) in the 20 to 39 year group.

The 50 patients with triple negative (ER-, PR-, 
HER2-) tumors ranged in age from 29 to 90 
years with a median of 62.5 years. Of these, 28 
(56%) were 60 years or older, while 12 (23.5%) 
were in the 40-49 year group. The 18 women 
with TNBC who were AR+ (“AR+ only”) ranged in 
age from 41 to 90 years of age with a median of 
65 years; 12 (66%) patients were over 60 years 
of age, 2 (11%) were in the 55-59 year group 
(both 58 years of age), 0 in the 50 to 54 year 
group, 4 (22%) in the 40 to 49 year group, and 
0 in the 20 to 39 year group.

The 15 patients with quadruple positive tumors 
(ER+, PR+, AR+, HER2+) ranged in age from 45 
to 85 years with a median of 62 years. Of these, 
9 were 60 years or older, 2 were in the 55-59 
year group, 1 in the 50 to 54 year group, 3 in 
the 40 to 49 year group, and 0 in the 20 to 39 
year group.

The 14 AR+ and HER2+ tumors occurred in 13 
women who ranged in age from 45 to 85 years 
with a median of 59 years. Of these, 7 (50%) 
were 60 years or older, 3 (20%) were in the 

Figure 2. A. The tumor cells in this (AR+, Triple negative breast carcinoma) apocrine carcinoma have granular, pink 
cytoplasm and prominent nucleoli (Hematoxylin and eosin stain). B. There is diffuse nuclear AR positivity in the 
tumor cells (Immunostain for AR, Dako, Carpinteria, CA).
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55-59 year group, 2 (15%) in the 50 to 54 year 
group, 2 (15%) in the 40 to 49 year group, and 
0 in the 20 to 39 year group.

The number of patients with only ER, PR, or 
Her2 (3, 1 and 3 respectively) was too small to 
find a possible relationship with age; the ER+ 
and PR+ patients (total of 4) were all 60 years 
of age or older, while the 3 with tumors positive 
only for HER2 were 33 and 39 and 84 years of 
age. Interestingly, the highest percentage of 
patients ≥60 years of age was among the AR+ 
only cases.

Age distributions for patients with only one pos-
itive receptor, those with QP (TP and AR+) or TN 
(and AR+) tumors are illustrated in Supple- 
mentary Figure 1.

Morphology

Of the 18 triple negative, but AR positive tumors 
(AR+ only), 10 (55%) had classic apocrine mor-
phology (Figure 2A and 2B), while the 8 remain-
ing carcinomas were poorly differentiated carci-
nomas with 2 of the 8 showing some apocrine 
features. Those with apocrine features were 
composed of cells that had prominent nucleoli, 
but limited eosinophilic to basophilic cytoplasm 
without the granularity of classic apocrine cells.

We also reviewed all 32 quadruple negative 
(ER-, PR-, HER2-, AR-) cases. Morphologically, 4 

of the 32 tumors were metaplastic/special type 
carcinomas with squamous (n=3) or chondroid 
(n=1) differentiation, 3 were moderately differ-
entiated ductal carcinomas, one was a poorly 
differentiated apocrine carcinoma, while three 
of the remaining 24 poorly differentiated carci-
nomas had apocrine features. The poorly dif-
ferentiated infiltrating carcinomas had high 
mitotic rates, variable lympho-plasmacytic infil-
trate and/or tumor cell necrosis. Furthermore, 
4 of the 24 poorly differentiated carcinomas 
had BRCA germ line mutations (3 tumors had 
BRCA1 mutation and 1 had BRCA2 mutation); 
there may have been additional BRCA+ cases, 
but the information was not available in the 
pathology files.

Of the 400 tumors, 14 (3.5%) were AR and 
HER2 positive only; all had apocrine differentia-
tion. Thirteen of the 14 cases were apocrine 
ductal carcinomas, 4 of which were poorly dif-
ferentiated; the 14th case was a pleomorphic 
lobular carcinoma with apocrine differentia- 
tion.

Ki67 labeling index

The Ki67 labeling index was not available on all 
cases, but was available for nearly all (17 of 18) 
tumors that were quadruple negative, the “AR+ 
only” group, and the 14 that were AR+ and 
Her2+. Among the 17 QN tumors (Figure 3A 

Figure 3. A. Quadruple Negative poorly differentiated apocrine carcinoma with bizarre nuclei and numerous abnor-
mal mitotic figures (Hematoxylin and eosin stain). B. Ki67 proliferation index was 86% in this case; the negative 
nuclei are mostly stromal cells and lymphoplasmacytic infiltrate (Immunostain for Ki67, Dako, Carpinteria, CA).
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and 3B), the Ki67 labeling index ranged from 
18% to over 90%, with a median of 64%. Three 
of the four cases with values of less than 60% 
were apocrine carcinomas with Ki67 LI of 18%, 
22% and 22%. A carcinoma with chondroid dif-
ferentiation also had a Ki67 LI of 18. Of the 11 
“AR+ only” tumors with available Ki67 assess-
ment, the labeling index ranged from 8% to 
96%, with a median of 54%. For the 10 of 14 
AR+ and Her2+ tumors with Ki67 assessment, 
the Ki67 LI ranged from 16% to 86% with a 
median of 48%. Of the remaining cases, 36 had 
Ki67 LI available and these ranged from 8% to 
24% with only 9 having LI values of ≥14%.

The highest Ki67 labeling index was noted 
among the QN and AR+ only tumors. A majority 
of the QN carcinomas were poorly differentiat-
ed infiltrating duct carcinomas of no special 
type and had a very high Ki67 LI of >60%.

Discussion

For patients with TNBC (ER-, PR-, Her2-), sys-
temic therapy is limited predominantly to che-
motherapeutic options. While some of the 
TNBC cases are of special types (squamous, 
chondroid, etc) and a few have medullary fea-
tures (with or without BRCA germ-line muta-
tions), a substantial proportion is poorly differ-
entiated ductal carcinomas, not otherwise 
specified (NOS). Androgen receptor is the most 
commonly expressed receptor [25] in breast 
carcinoma, but it is generally co-expressed with 
one or more of the other biomarkers (ER, PR, 
HER2). Our major interests included determina-
tion of the proportion of TNBCs that would have 
expression of AR and might potentially benefit 
from AR-related targeted therapy and how the 
expression of AR only correlates with morphol-
ogy. Expressed in 351 (87.8%) of our 400 
cases, AR was the sole receptor expressed in 
18 cases reflecting 4.5% of the 400 cases and 
36% of the 50 TNBC, and it was the only steroid 
receptor expressed in combination with HER2 
in another 14 (3.5%) of the tumors. This implies 
that about 8% of all tumors and 36% of TNBCs 
could potentially benefit from using AR as a tar-
get for therapy in the neo-adjuvant setting. 
Also, it seems logical to consider AR as an alter-
nate target when ER+ and/or HER2+ carcino-
mas become resistant to targeted therapies 
against ER and/or HER2. At our institution, we 
currently evaluate all invasive carcinomas for 
expression of AR in addition to ER, PR and 

HER2 (the latter by both IHC and FISH) in the 
hope of ultimately using this information for 
prognostic and therapeutic purposes.

Given the strong correlation of apocrine differ-
entiation with expression of either “AR only” (10 
of 18 with classic apocrine morphology and 
another 2 with apocrine features) or AR and 
Her2 (14/14 cases), it is only reasonable to rou-
tinely assess for expression of AR if not in all 
breast carcinomas, at least in all apocrine and 
triple negative carcinomas to avail the patients 
of the potential benefits of AR as a therapeutic 
target.

An important consideration for future studies 
would be to separate apocrine carcinomas that 
are AR positive from non-apocrine, AR+ tumors 
to determine the possible impact of morpho-
logic apocrine differentiation on the ultimate 
response and also level of response to thera-
pies against AR. Also, it would be important to 
determine if AR expression is retained in meta-
static and recurrent tumors.

In our study, a classic apocrine carcinoma was 
defined as a tumor in which 90% of the tumor 
was composed of cells with abundant pink 
cytoplasm with variable granularity and nuclei 
with prominent nucleoli. Tumors with only one 
of the two features were interpreted as having 
apocrine features. Interestingly, many of the 
apocrine carcinomas in our study were not only 
AR+, but also had a high Ki67 labeling index, 
but most of them were moderately to poorly dif-
ferentiated. The Ki67 labeling index was also 
high for tumors that were AR+ and Her2+ only, 
but was highest for the quadruple negative  
carcinomas (median of 48%; range 16% to 
86%). Again, a majority of these cases were 
poorly differentiated carcinomas. Nonetheless, 
it appears that at least in the setting of apo-
crine differentiation, either AR and/or Her2 
expression develop even in relatively primitive 
cells that are undergoing rapid proliferation, 
whereas substantial cellular differentiation 
may be required for expression of ER and PR.

Furthermore, 12 of the 18 (66%) AR+ only 
tumors occurred in women ≥60 years of age; 
while 7 (50%) of those with Her+ and AR+ 
tumors were ≥60 years. Apocrine cells (wheth-
er benign or malignant) are generally AR posi-
tive, but negative for ER and PR in over 90% of 
cases; a small proportion are occasionally ER 
and/or PR positive particularly with the current 
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low threshold of 1%. Interestingly, it has been 
shown that apocrine carcinomas have the 
mRNA for ER, but do not generally produce the 
protein [53].

Prevalence of AR in TNBC and other biomarker 
combinations-literature review

Among the 22 studies summarized in Table 3, 
the percentage of patients with TNBCs ranged 
from 7.1% to 60% and the proportion of tumors 
with positive AR among TNBCs ranged from 
6.6% to 75% (Table 3). In our study, 12.5% of all 
breast cancers (50/400) were triple negative, 
and 36% (18/50) of these expressed AR. It is 
noteworthy that only 6 of the 22 studies in 
Table 3 had used the most recent ASCO/CAP 
guidelines (1% and more) for ER, PR, and AR 
positivity, while most had used the ≥10% as the 
minimum staining required for a positive inter-
pretation. In some studies, even older scoring 

systems were used - such as Remmele Score 
published in 1987 [56]. In fact, if a threshold of 
≥1% were used, many of these could be AR 
positive and at least some of the triple negative 
carcinomas would be positive for one or more 
of the markers. We used 1% as the minimum 
requirement for AR positivity similar to the most 
recent ASCO/CAP guidelines [54] for ER and 
PR. In our study, changing the minimum thresh-
old for AR positivity from ≥1% to ≥10% could 
result in losing 4.6% of all AR+ cases, and 22% 
of AR+ TNBC cases. The College of American 
Pathologists (CAP) along with the American 
Society of Clinical Oncology (ASCO) has recom-
mended the routine assessment of HER2, ER 
and PR status for all invasive breast cancers. 
However, no organization has recommended 
AR assessment for all invasive breast cancers 
or even for the triple negative breast cancers. 
Given the absence of specific guidelines for 

Table 3. Various studies on the frequency of AR positivity among triple negative breast carcinomas 
(TNBC)

Study Number of all 
patients Number of TN Number of AR+ in TNs AR positivity  

definition
Sutton et al, 2012 [17] NA 121 38 (31.4%) ≥1%
Mrklic, et al, 2013 [31] 1849 124 (6.7%)* 27 (32.5%) ≥1%
Alshenawy, 2012 [32] 150 48 (32%) 36 (75%) At least >10%
McNamara et al, 2013 [18] NA 203 51 (25%) >10% LI
Koo et al, 2009 [27] NA 47 5 (10.6%) >10%
Qi e al, 2012 [33] 980 158 (16%) 84 (53.1%) ≥10%
Tsutsumi, 2012 [34] 325 51 (15.6%) 21 (41.1%) ≥1%
Gonzalez-Angulo et al, 2009 [35] 347 97 (27.9%) 17-81 (17.5-83.5%) NA
Niemeier at al, 2010 [36] 189 30 (15.8%) 2 (6.6%) >10%
He et al, 2012 [37] NA 287 74 (25.8%) ≥5%
Luo et al, 2010 [38] NA 137 38 (27.7%) 1-25%**
Park et al, 2010 [39] 931 156 (16.7%) 21 (13.4%) ≥10%
Chae et al, 2011 [40] 169 12 (7.1%) 1 (8.3%) ≥10%
Pristauz et al, 2010, [41] 135 44 (32.5%) 7 (15.9%) ≥1%
Ogawa et al, 2008 [42] 227 42 (18.5%) 18 (42.9%) ≥10%
Tang et al, 2012 [43] NA 127 16 (12.6%) >10%
Rakha et al, 2006 [44] 1726 282 (16.3%) 36 (12.7%) ≥1%
Hu et al, 2011 [45] 1467 211 (14.3%) 78 (37%) ≥1%
Loibl et al, 2011 [46] 673 111 (17%) 24 (21.6%) AR+***
Micello et al, 2010 [47] 226 135 (60%) 41 (30.3%) >10%
Masuda et al, 2010 [48] 163 31 (20%) 6 (18%) Any positive staining
Hanley et al, 2008 [49] 94 20 (21%) 5 (25%) >10%
Thike et al, 2014 [50] 699 699 265 (38%) ≥1%
Current study, 2014 400 509 (12.5%) 18 (36%) ≥1%
*83 selected after exclusion of patients who had received chemotherapy; **Minimum of 1-25% and at least 2+ intensity; 
***Remmele Score.



Androgen receptor and breast cancers

361 Am J Cancer Res 2014;4(4):353-368

interpretation of AR, various approaches or 
requirements for positivity have been used 
accounting for the substantial variation in the 
reported frequency of AR positivity in breast 
carcinoma (Table 3).

For AR, we used the same threshold (≥1%) pro-
posed by the 2011 ASCO/CAP guidelines [53] 
for ER and PR, but more evidence would be 
valuable to determine the optimal approach for 
interpretation of positivity for all these markers 
rather than arbitrarily switching from 10% to 1% 
in cases of ER/PR and to 30% for HER-2 in the 
2011 guidelines; the latter has been changed 
back to 10% in the 2013 ASCO/CAP, HER2 
guidelines [15]. More studies are needed to 
determine the optimal/valid percentages re- 
quired for a positive marker; this percentage 
could impact the level of predictability of a 
marker. Ultimately and optimally, a single stan-
dard criterion would be necessary to compare 
results of various studies. At least some of the 
Her2 negative cases by the 2007 ASCO/CAP 
standards [55] would qualify as positive by the 
current 2013 guidelines [15]. By current stan-
dards of positivity for ER and PR, a proportion 
(potentially significant) of triple negative carci-
nomas would be ER and/or PR positive.

Considering the percentage of AR positivity in 
triple negative patients in previously published 
studies and among our cases, routine determi-
nation of AR status could be critical at least for 
triple negative and apocrine carcinomas as well 
as the HER2 positive only cases. The favorable 
impact of AR positivity on outcome among 
TNBC and basal like breast cancer (BLBC) 
noted in the recent literature [50] is another 
incentive to determine AR even for prognostic 
purposes.

The co-expression of AR and HER-2 in ER+ and 
ER- groups has been examined previously. At 
least one study [39] concluded that the AR 
expression significantly correlated with HER2 
overexpression in ER negative tumors 
(P<0.001) but not in ER positive tumors 
(P=0.297) and that HER-2 occurs in ER- carci-
nomas but not among ER+ tumors. The fact 
that we did have quadruple positive (15 of 400 
cases; 3.75%) as well as ER+, AR+ and Her2+ 
(11 of 400 cases; 2.75%) among our 400 cases 
indicates that any combination may occur and 
exclusivity of combinations is rare.

The frequency of AR positive cases has been 
reported to be high among ER and/or PR posi-
tive patients in prior studies [25]. Our data also 
showed a statistically significant relationship 
between androgen receptor expression and 
estrogen and/or progesterone receptor expres-
sion (Table 2) but no correlation between AR 
expression and HER-2 expression when all 
cases were considered. However, such calcula-
tions are strongly dependent on sample size. 
As a result, due to the small size of the HER-2 
positive group compared to AR positive group 
in our study, a statistically significant difference 
may not be detectable. This issue should be 
explored in larger scale studies.

Among our study cases, the AR+, HER2+, ER- 
and PR- immunoprofile was noted only among 
apocrine carcinomas. In association with other 
markers, however, AR and HER2 were expr- 
essed in both apocrine and non-apocrine carci-
nomas. Also, these tumors generally had a high 
proliferation index as determined by Ki67 
immunostaining. The frequency of expression 
of ER and PR was substantially lower in poorly 
differentiated carcinomas; ER and PR expres-
sion with or without co-expression of AR was 
generally noted in well to moderately differenti-
ated carcinomas that had lower Ki67 labeling 
index among the limited number of cases with 
these characteristics evaluated.

Based on the high frequency of expression of 
AR and/or Her2 among highly proliferative 
tumors with apocrine differentiation or poorly 
differentiated NOS type tumors, one could con-
clude that once apocrine metaplasia takes 
place, it determines AR positivity regardless of 
the level of cellular differentiation; it also 
appears to increase the chances of HER2 
expression. The fact that sometimes either AR 
and/or HER2 may be the only marker(s) 
expressed among poorly differentiated carcino-
mas with a high proliferation rate suggests that 
the expression of AR and Her2 is independent 
of proliferative activity, while a higher level of 
cellular differentiation and lower proliferative 
activity is necessary for the expression of ER 
and PR.

As noted in our study and previously by Tsusumi 
[34], triple negative breast carcinomas can be 
subdivided into AR positive tumors (36% in our 
study) that predominantly show an apocrine 
morphology and quadruple negative (QN) carci-
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nomas that are predominantly poorly differenti-
ated carcinomas of no special type (64% in our 
study).

Apocrine carcinomas may be positive or nega-
tive for HER-2. One study noted HER2 positivity 
in 23 (52%) of 44 apocrine carcinomas [34]. 
The role of HER-2 receptor in apocrine breast 
carcinomas is not clearly understood. The inter-
actions of AR and HER2 has been studied in 
greater detail in prostate carcinomas; in this 
setting, HER-2 kinase-dependent modulation 
of AR function through effects on DNA binding 
and stability has been suggested [57]. While 
many believe that HER-2 expression rate in the 
apocrine subtype (ER-, PR-, AR+) is higher com-
pared to all breast cancers, not all apocrine 
breast cancers are HER2 positive as shown in 
our study, however. Tsutsumi and his col-
leagues found that while 18% of 440 breast 
cancer cases are HER2 positive, substantially 
more (52%) of the “apocrine” (ER-, PR-, AR+) 
subtype is HER2+ [34].

Distinction of apocrine type TNBC from non-
apocrine type

The term apocrine carcinoma should be used 
only for breast cancers with apocrine type mor-
phology. While the expression of AR as the only 
biomarker correlated with apocrine morpholo-
gy in our study, it was not exclusive to apocrine 
morphology. Eight of the 18 tumors with only 
AR positivity were poorly differentiated ductal 
carcinomas, not otherwise specifiable (NOS) 
that lacked classic apocrine morphology; two of 
the 8 poorly differentiated carcinomas had at 
least some apocrine features.

Due to involvement of different pathways in the 
pathogenesis of apocrine TNBC and non-apo-
crine TNBC and also prognostic and predictive 
variations, it is very important to distinguish 
these types of TNBC. This will be an important 
step toward potential AR directed targeted 
therapy in each subtype. Recently, Farmer et al 
[58] suggested using the term “molecular apo-
crine” for tumors that are ER- and AR+. Since 
they also noted that all of these tumors had 
strong apocrine features on histologic examina-
tion [58], it would be best to confine the “apo-
crine subtype” for tumors that display apocrine 
morphology.

When defined based on immunoprofile (ER-; 
PR-; AR+), 44 cases in Tsutsumi et al’s study 

[34] qualified as “apocrine subtype”, though 
only 22 had classic apocrine morphology. In 
this study, p53 was detected among 86% of the 
IHC defined “apocrine subtype” TNBC com-
pared to 46% among the non-apocrine type. 
Also, though EGFR was highly expressed in 90% 
of all TNBCs, its expression was even higher 
(100%) among the “apocrine” TNBC [34]. On 
the other hand, the rate of CK5/6 expression 
and Ki67 labeling index were higher among 
non-apocrine TNBC cases compared to the 
“apocrine” TNBC [34].

AR-negative TNBCs essentially reflect quadru-
ple negative carcinomas (QN) as noted by Tsu-
tsumi et al [34]. In our study, of the 18 quadru-
ple negative tumors, only 4 were of special 
types with a vast majority reflecting poorly dif-
ferentiated carcinoma; these tumors also had 
high Ki67 labeling index and appeared more 
aggressive morphologically. Currently, there is 
no targeted therapy available for quadruple 
negative cancers and further evaluation and 
exploration of this group is needed to search 
for therapeutic targets.

Predictive and prognostic value of androgen 
receptor in TNBC

Several reports have addressed the prognostic 
and predictive role of androgen receptor in ER+ 
and ER- breast cancer [36, 37, 59-61], but 
there is limited and conflicting data about the 
role of AR in TNBCs [37, 61-63]. He et al [37] 
compared AR+ and AR- cases among 287 TNBC 
patients (AR-: 213, AR+: 74) and correlated the 
AR status with age, tumor size, stage, grade of 
disease, nodal status, and type of treatment 
(surgery, chemotherapy and radiotherapy). 
They concluded that patients with AR negative 
tumors have a higher frequency of positive 
lymph nodes compared to those with AR posi-
tive tumors [37]. After multivariate analyses, 
the disease free survival (DFS) and overall sur-
vival (OS) were statistically shorter in AR nega-
tive group [37], which is in agreement with the 
results of other studies [38, 39]. Luo et al [38] 
also found that among TNBCs, AR+ tumors 
have statistically higher 5-year disease fee sur-
vival (DFS) compared to AR- TNBCs [38]. 
However, Gonzalez-Angulo et al [35] did not find 
any association between AR status in TNBC 
women, and 5-year OS or relapse-free survival 
[35]. In a large scale study with long follow-up 
period, Hu et al [45] also found that among 
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TNBC, women with AR positive tumors had a 
higher mortality rate compared with those with 
AR- tumors (p value=0.02) [45]; all of the 
patients in the study were in menopausal age 
group.

While higher grade (III) tumors were more com-
mon among AR- group compared to the AR+ 
group, Tang et al [43] found no correlation 
between lymph node metastasis and AR status 
among 127 TNBC [43]. They also found that 
75% (12/16) of AR+ patients are postmeno-
pausal women compared to 43% (48/111) of 
patients in the AR- group [43].

Androgen therapy in “AR+ only” breast carci-
nomas

In pre-clinical models of breast cancer, andro-
gens induce divergent proliferative responses 
being able to either stimulate or inhibit cell pro-
liferation [64]. Many breast cancers co-express 
AR along with ER and or PR that can affect AR 
signaling, basically interfering with the effects 
of androgens on the breast cancer cells. The 
role of androgens in breast cancer can be dif-
ferent depending on their estrogen and proges-
terone receptor status. Therefore, using mod-
els that utilize cancer cells that lack expression 
of ER and PR is important in better understand-
ing the potential value of androgenic therapy in 
breast cancer [65]. Androgens such as testos-
terone and Dihydrotestosterone (DHT) can 
have either an inhibitory or a stimulatory effect 
on breast cancer cell lines depending on their 
positivity for other steroid hormone receptors 
and presence or absence of breast adipose tis-
sue fibroblasts (BAF) in the cell culture [66]. 
Testosterone induced cell proliferation in ER+ 
MCF-7 and T47D cell lines, but not in the ER-, 
MDA-MB-231 tumor cells [66] in the presence 
of BAF; this has been explained by the high 
expression of aromatase which converts andro-
gens to estrogens in BAF followed by 
ER-mediated cell proliferation [66]. In contrast, 
DHT caused a suppression of cell proliferation 
in both ER+ MCF-7 and T47D as well as in ER-, 
MDA-MB-231 cell lines since DHT is not a sub-
strate for aromatase [66]. Both the stimulatory 
and inhibitory effects of DHT on AR+ cell lines 
disappeared after adding androgen receptor 
antagonist, hydroxy flutamide, to the cell cul-
ture [64]. Clearly, some androgens may stimu-
late growth in ER+, AR+ cell lines through estro-
gen receptor [64, 66], while other androgens 

can prevent the growth of cancer cells and 
increase cancer cell death in ER-, AR+ cell lines 
[64, 66]. Among tumors that are only positive 
for AR, current studies have shown conflicting 
results regarding application of androgen or 
anti-androgen therapies. As mentioned earlier, 
many studies advocate the efficacy [26] of 
androgen agonists in the treatment of ER-, PR-, 
AR+ (apocrine subtype) TNBC, while other stud-
ies [66] have shown the efficacy of anti-andro-
gens in growth restriction of apocrine TNBC cell 
line (MDA-MB-453). This cell line was one of the 
four cell lines in the group of Luminal AR (LAR) 
TNBC in the study of Lehmann and his col-
leagues [51]. All of these LAR cell lines showed 
reversal of growth in response to AR antagonist 
Bicalutamide [51]. The other common charac-
teristic of LAR cell lines in the study of Lehmann 
et al. was the presence of PIK3CA mutation in 
all of them which could explain the possible 
efficacy of AR antagonist and PI3K/TOR target-
ing in LAR TNBC patients [51]. The efficacy of 
anti-androgen therapy alone (daily oral 
Bicalutamide) has been studied in 26 patients 
with AR+, ER-, PR- breast cancers in a recent 
Phase II study [26]. Although this study met its 
pre-specified end point (five patients with clini-
cal benefits), larger scale studies are needed to 
test the efficacy of anti-androgens alone or in 
combination with other drugs in AR+ TNBC 
group and any potential differences in response 
related to the presence or absence of cytologic 
apocrine differentiation. Preclinical data also 
suggest that some agents (enzalutamide) may 
be useful in treatment of AR+ tumors regard-
less of ER status since enzalutamide blocks 
both androgen-mediated and estrogen-mediat-
ed cell growth [67].

The exact mechanism of the effect of therapies 
directed at AR is yet to be determined and may 
be related to whether classic apocrine differen-
tiation is present or absent and may be influ-
enced by whether the tumor is positive for one 
or more of other biomarkers (ER, PR, HER2) and 
the amount of adipose tissue in the body.

The results of studies on androgen-targeted 
therapies in prostate cancer should be consid-
ered as we search for optimal therapies for AR+ 
TNBCs. Recent studies regarding the efficacy of 
the FDA approved Abiraterone acetate (68-73) 
in castration-resistant prostate carcinoma 
(CRPC) has shown promising results [70-73]. 
Abiraterone acetate is a selective inhibitor of 
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CYP17A1 (an important enzyme in production 
of DHEA) [69], currently used in combination 
with prednisone in CRPC [68, 69], and it is well 
tolerated. This could be a candidate for AR+ 
TNBC. Besides Abiraterone acetate, other new 
drugs with similar mechanism of action (andro-
gen synthesis inhibition and androgen receptor 
antagonism) such as TOK-001, MDV3100 
(Enzalutamide), and TAK-700 are currently 
under investigation for prostate cancer [68].

The efficacy and safety of Bicalutamide in ER-, 
PR-, AR+, and metastatic breast cancer is being 
investigated in a phase II trial; also, disease 
free survival (DFS) and other outcome indices 
are being evaluated [26]. It is particularly impor-
tant to also record the development and sever-
ity of any side effects of the various AR related 
therapeutic agents used in management of 
women with breast cancer.

Conclusion

A substantial proportion of triple negative 
breast carcinomas are AR+; often, but not 
always, these show apocrine morphology. It is 
important to include assessment of AR in our 
guidelines as part of routine evaluations of at 
least TNBC and preferably all breast carcino-
mas and explore AR as a target for therapy. The 
expression of AR among TNBC has also been 
shown to be associated with a better survival 
and its assessment would have prognostic 
value as well. Any future studies should specify 
whether the triple negative AR positive tumors 
have classic apocrine morphology or are of the 
poorly differentiated, NOS subtype. The mor-
phology of tumors co-expressing Her2 and AR 
should also be specified to determine whether 
either AR positivity or apocrine morphology in 
Her2 positive tumors influences response to 
Her2 targeted therapies. This information may 
help explain some of the differences noted in 
response to AR targeted therapies in prior stud-
ies and would simplify future selection of spe-
cific therapies (agonist vs antagonist) for 
patients with AR+ breast carcinomas. It is also 
important to correlate the threshold of positivi-
ty with the level of response in order to opti-
mally select the threshold that provides a cer-
tain level of response to a given therapy; one 
may have to use different thresholds for treat-
ment of primary versus recurrent or metastatic 
tumors. Finally, the side effects of these novel 
therapies in AR+ breast cancers should be doc-

umented to weigh the benefits vs disadvantag-
es of any regimen.
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Supplementary Chart 1. Percentage of different biomarker combinations among the 400 breast cancers.

Supplementary Figure 1. Age distribution of different types of breast cancer according to marker expression.


