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A B S T R A C T

Objective: Different molecular subtypes of triple-negative breast cancer (TNBC) have previously been identified
through analysis of gene expression profiles. The luminal androgen receptor (LAR) subtype has been shown to
have a lower rate of pathologic complete response to neoadjuvant chemotherapy than other TNBC subtypes. The
purpose of this study was to determine if the imaging features of TNBCs differ by AR (androgen receptor) status,
which is a surrogate immunohistochemical (IHC) marker for the chemoresistant LAR subtype of TNBC.
Materials and methods: This sub-study was part of a clinical trial in patients with stage I-III TNBC who were
prospectively monitored for response while receiving neoadjuvant systemic therapy (NAST) at a single com-
prehensive cancer center. This interim imaging analysis included 144 patients with known AR status measured
by IHC. AR-positive (AR+) tumors were defined as those in which at least 10% of tumor cells had positive
nuclear AR staining. Two experienced, fellowship-trained breast radiologists who were blinded to the IHC results
retrospectively reviewed and reached consensus on all imaging studies for the index lesion (i.e., mammogram,
ultrasound, and breast magnetic resonance imaging). The index lesion for each patient was reviewed and de-
scribed according to the fifth edition of the Breast Imaging Reporting and Data System lexicon. Logistic re-
gression modeling was used to identify imaging features predictive of AR status. p≤0.05 was considered sta-
tistically significant.
Results: Univariate logistic regression models for AR status showed that AR+TNBC was significantly associated
with heterogeneously dense breast composition on mammography (p=0.02), mass with calcifications
(p=0.05), irregular mass shape on mammography (p=0.03), and irregular mass shape on sonography
(p=0.003). Multivariate logistic regression models for AR status showed that AR+ TNBC was significantly
associated with heterogeneously dense breast composition on mammography (p=0.01), high mass density on
mammography (p=0.003), and irregular mass shape on sonography (p=0.0004).
Conclusion: The imaging features of TNBCs differ by AR status. Multimodality breast imaging may help identify
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Abbreviations: AR, androgen receptor; AR+, androgen receptor positive; AR–, androgen receptor negative; HER2, human epidermal growth factor receptor 2; IHC,
immunohistochemical; LAR, luminal androgen receptor; MRI, magnetic resonance imaging; NAST, neoadjuvant systemic therapy; pCR, pathologic complete re-
sponse; TNBC, triple-negative breast cancer
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the LAR subtype of TNBC, which has been shown to be a subtype that is relatively resistant to neoadjuvant
chemotherapy.

1. Introduction

Triple-negative breast cancer (TNBC) comprises a heterogeneous
collection of breast cancers that are grouped together because of a
shared phenotype: lack of estrogen receptor (ER), progesterone receptor
(PR), and human epidermal growth factor receptor 2 (HER2) expres-
sion. As a group, TNBCs are associated with poor prognosis with a
higher risk of distant metastases and shorter overall survival when
compared to the estrogen receptor positive or HER2 positive subtypes
of breast cancer [1–7]. Furthermore, the approximately 50%–60% of
patients with localized TNBC who have substantial residual disease at
the time of surgery after completion of neoadjuvant systemic therapy
(NAST) have an especially poor prognosis; more than 40–70% of them
develop distant metastases within 5 years of their initial diagnosis
[8–11]. There is currently no targeted therapy for TNBC. Novel targeted
therapies are needed to improve the prognosis of patients with TNBC
that is resistant to chemotherapy.

Gene expression profiling has identified several molecular subtypes
of TNBC [12–15]. Notably in the analyses that have been reported in
the literature to date, the luminal androgen receptor (LAR) subtype has
consistently appeared [12–15], suggesting that the LAR subtype may be
the most distinctive TNBC subtype. Retrospective evaluation of patients
undergoing NAST has also shown that the LAR subtype is associated
with lower rates of pathologic complete response (pCR) in comparison
to other subtypes of TNBC, although the prognostic implication is
presently less clear [9,12,13,16,17]. Nonetheless, TNBC cell lines with
androgen receptor (AR) expression have been shown to respond to
treatment with androgens and their antagonists [18,19]. Additionally,
recent phase II clinical trials have shown promising results with AR
inhibitors in patients with AR-positive (AR+) metastatic TNBC, further
supporting therapeutic targeting of the AR signaling pathway [20,21].

Although gene expression profiling remains the gold standard for
the molecular subtyping of breast cancer, gene expression profiling is
not universally performed because it is time consuming and expensive.
Currently, there are no commonly-used clinical assays that identify LAR
TNBC by gene signature, and expression of AR by IHC is not routinely
performed in patients receiving NAST. Imaging studies can help reveal
which patients have chemoresistant TNBC and thereby prove valuable
in decision making about which patients should be selected for eva-
luation for targeted therapy trials. Although TNBCs have classically
been described as oval or round masses without calcifications and with
circumscribed margins, many TNBC tumors do not exhibit these rela-
tively benign imaging features [22–25]. The differences in the imaging
presentation of TNBCs may align with differences in other features in
this heterogeneous group of tumors comprising this clinical subtype for
which no FDA-approved targeted therapy currently exists to enhance
response to NAST. AR expression may shape the imaging appearances
of TNBC tumors. Thus, the purpose of this study was to determine if the
imaging features of TNBCs differ by AR status, which is a surrogate IHC
marker for the chemoresistant LAR subtype of TNBC.

2. Materials and methods

2.1. Patient selection

This sub-study, which received approval from our institutional re-
view board, is part of an ongoing clinical trial in patients with stage I-III
TNBC who were prospectively monitored for response to NAST at a
single comprehensive cancer center. All patients in the clinical trial
gave informed consent before enrollment. The comprehensive list of

inclusion criteria and exclusion criteria for the two-armed, randomized
clinical trial are available online (ClinicalTrials.gov identifier
NCT02276443). This interim imaging analysis included 144 patients
who were randomized to the clinical trial experimental arm of being
informed of the results of molecular characterization of their tumor,
including AR status; patients who were randomized to the clinical trial
control arm in which molecular testing was not disclosed were not in-
cluded in this analysis. The timeframe for this sub-study was December
2015 through July 2017.

2.2. Imaging

Two fellowship-trained breast radiologists with 8 years (RPC) and
13 years (BEA) of experience, respectively, retrospectively reviewed
and reached consensus on all imaging studies (i.e., mammogram, ul-
trasound, and breast magnetic resonance imaging [MRI]) while blinded
to the immunohistochemical results. The index lesion for each patient
was reviewed and described according to the fifth edition of the Breast
Imaging Reporting and Data System lexicon [26]. For patients with
multiple foci of disease, the index lesion was defined as the dominant or
largest tumor in the affected breast.

Three-view mammography (craniocaudal, mediolateral oblique,
and lateromedial) was performed on all patients using digital mam-
mography units (Hologic, Bedford, MA, USA). Breast composition was
categorized as almost entirely fatty, scattered areas of fibroglandular
density, heterogeneously dense, or extremely dense. Each index lesion
was designated as a focal asymmetry, mass, or mass with calcifications.
Masses were evaluated for shape, margin and density. Calcifications
were evaluated for morphology and distribution.

Breast ultrasound was performed on all patients using Epiq 5G
scanners with 12- to 18-MHz high frequency linear array transducers
(Philips Healthcare, Andover, MA, USA). Transverse and longitudinal
images of the index lesion were captured. Masses were evaluated for
shape, margins, echo pattern, orientation and associated vascularity.

Table 1
Clinicopathologic characteristics in 144 patients with TNBC by AR status.

Characteristic AR+ AR– p value
(n= 45) (n= 99)

Age, mean (range), years 57 (28–77) 52 (26–77) 0.01
Tumor size, mean (range), cm 3.2 (1.1–11.9) 3.2 (1.4–10.2) 1.00

Tumor histology, n (%) 0.33
Ductal 40 (89) 81 (82)
Lobular 1 (2) 1 (1)
Metaplastic 4 (9) 17 (17)

Histologic grade, n (%) 0.42
1 1 (2) 0 (0)
2 8 (18) 12 (12)
3 36 (80) 87 (88)

Associated DCIS, n (%) 0.01
Yes 17 (38) 17 (17)
No 28 (62) 82 (83)

Ki-67 index, n (%) 0.003
High (≥17%) 29 (64) 78 (79)
Low (<17%) 6 (13) 1 (1)
Unknown 10 (22) 20 (20)

Axillary lymph node metastasis, n (%) 0.14
Yes 20 (44.4) 31 (31)
No 25 (55.6) 68 (69)

DCIS, ductal carcinoma in situ.
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Breast MRI was performed with patients in the prone position using
a 3T scanner (GE Medical Systems, Milwaukee, WI, USA) with a dedi-
cated 16-channel phased-array bilateral breast coil. The breast protocol
consisted of bilateral axial T1-weighted sequence without fat suppres-
sion; axial or sagittal T2-weighted sequence with fat suppression; axial
or sagittal dynamic contrast-enhanced image sets with fat suppression
(a single unenhanced set followed by five postcontrast image sets) using
the VIBRANT (GE Healthcare) acquisition technique before and five
times after intravenous bolus injection of 0.1 mmol/kg of gadobenate
dimeglumine (MultiHance, Bracco Imaging, Milan, Italy) or gadobutrol
(Gadavist, Bayer HealthCare Pharmaceuticals, Leverkusen, Germany);
and delayed axial contrast-enhanced three-dimensional fast spoiled
gradient echo images with fat suppression. The amount of fi-
broglandular tissue and the background parenchymal enhancement
were recorded for each patient. The index lesion was categorized as a
mass or non-mass enhancement. Masses were evaluated for shape,
margin, and internal enhancement characteristics. Non-mass enhance-
ment was evaluated for distribution and internal enhancement pattern.
A commercially available computer-aided detection system (DynaCAD
version 2.0; Invivo, Gainesville, FL, USA) was used for kinetic curve
assessment.

2.3. Immunohistochemistry

Tissue sections from 14-gauge core needle biopsy of the index lesion
were subjected to immunohistochemistry staining and scoring by one of
two experienced breast pathologists (MZG and LH). AR expression was
quantified as the percentage of tumor cells with positive nuclear
staining (0%–100%) using commercially available, standard CLIA-cer-
tified assays (clone AR 441, DAKO Corporation, Carpinteria, CA, USA).
AR+ tumors were defined as those with at least 10% staining [27].

ER, PR, HER2, and Ki-67 data were extracted from pathology re-
ports in the patients’ electronic medical records. ER, PR, and Ki-67 were
evaluated using immunohistochemical scoring as expressed as the
percentage of cells with positive nuclear staining. ER+ and PR+was
defined as nuclear staining of ≥10% [28]. HER2 status was determined
by IHC or by fluorescence in situ hybridization (FISH); HER2+ was
defined as 3+ by IHC or 2+ by IHC with FISH ratio of ≥2.0 for
HER2:CEP17 (chromosome 17 centromere) or single probe copy
number of ≥6 per cell [29]. Ki-67 expression was graded as high
(≥17%) or low (<17%) [30,31].

2.4. Data collection and statistical analysis

Patients’ electronic medical records were reviewed to determine

Fig. 1. 74-year-old woman with AR+TNBC. (a) Right lateromedial magnification mammogram shows an irregular mass with associated coarse heterogeneous
calcifications. (b) Breast ultrasound of the same mass shows irregular shape, angular margins, and a heterogeneous echo pattern. (c) Sagittal subtraction MR image of
the same mass shows irregular shape and irregular margins.
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age, tumor size, histology, grade, immunohistochemistry results, and
axillary lymph node metastasis. A t-test was used to calculate the dif-
ferences between means for patient age and tumor size in patients with
AR+ versus AR– tumors. Fisher exact probability test was used to as-
sociate clinicopathologic characteristics with AR status. Logistic re-
gression modeling was used to identify imaging features predictive of
AR status. Univariate and multivariate models were fit to estimate odds
ratios and 95% confidence intervals. Backwards elimination procedure
was used to identify the final multivariate model for AR, starting with
all imaging features in the model. Variables with smaller subsets were
collapsed as follows for the logistic regression models: 1) breast com-
position on mammography: entirely fatty and scattered versus hetero-
geneously dense and extremely dense; 2) shape on ultrasound: round
and oval versus irregular. All tests were two-sided, and p values of 0.05
or less were considered statistically significant. For factors with three or
more levels, association with AR status was assessed by likelihood ratio
test for its overall effect, resulting in an overall p-value. An overall p-
value>0.05 means that there was no significant difference between
any pair of levels of that factor. Only factors with significant overall p-

values were assessed for pairwise p-values. Statistical analyses were
performed using SAS version 9.4 (SAS Institute, Cary, NC, USA).

3. Results

3.1. Patient characteristics

Clinicopathologic characteristics are summarized in Table 1. Of the
144 patients in the study, 45 (31%) had AR+ tumors, and 99 (69%)
had AR-negative (AR–) tumors. The mean age was 57 years for patients
with AR+TNBC (range, 28–77) and 52 years for patients with AR–
TNBC (range, 26–77), p=0.01. The mean tumor size was 3.2 cm in
both groups (AR+ group range of 1.1 cm –11.9 cm and AR– group
range of 1.4 cm –10.2 cm), p=1.00. Examples of AR+ and AR– TNBCs
are shown in Figs. 1 and 2, respectively. AR+TNBC was more likely
than AR– TNBC to have associated ductal carcinoma in situ described in
the pathology report (38% [17/45] versus 17% [17/99], p=0.01) and
was less likely than AR– TNBC to have a high (≥17%) Ki-67 index
(64% [29/45] versus 79% [78/99], p=0.003). All 144 patients

Fig. 2. 38-year-old woman with AR– TNBC. (a) Left lateromedial mammogram shows an oval mass (white circle) without calcifications and with circumscribed
margins. (b) Breast ultrasound of the same mass shows oval shape, circumscribed margins, and hypoechoic echo pattern. (c) Axial subtraction MR image of the same
mass shows oval shape, circumscribed margins, and heterogeneous internal enhancement.
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underwent mammography and sonography; 56 of the 144 (39%) pa-
tients underwent breast MRI.

3.2. Findings on mammography and sonography

Summary statistics of mammographic and ultrasound features by
AR status are provided in Tables 2 and 3, respectively; associations
between these features and AR status were tested using logistic re-
gression models, and p-values are listed in Tables 4 and 5. Hetero-
geneously dense or extremely dense breasts were seen in 78% (35/45)
of the patients with AR+TNBC compared to 58% (57/99) of the pa-
tients with AR– TNBC. Mass with calcifications was the mammographic
presentation in 33% (15/45) of the AR+ cases compared to 18% (18/
99) of the AR– cases. AR+ tumors were more often irregular in shape
than AR– tumors on mammography [49% (21/43) versus 30% (29/98)]
and on sonography [51% (23/45) versus 25% (25/99)]. High density
on mammography was seen in 91% (39/43) of the AR+masses com-
pared to 77% (75/98) of the AR– masses. Univariate logistic regression
models for AR status showed that AR+TNBC was significantly asso-
ciated with heterogeneously dense breast composition on mammo-
graphy (p=0.02), mass with calcifications (p=0.05), irregular mass
shape on mammography (p=0.03), and irregular mass shape on so-
nography (p=0.003) (Table 4). Multivariate logistic regression models
for AR status showed that AR+TNBC was significantly associated with
heterogeneously dense breast composition on mammography

(p=0.01), high mass density on mammography (p=0.003), and ir-
regular mass shape on sonography (p=0.0004) (Table 5).

3.3. Breast MRI

MRI findings for the 56 patients (18/56 [32%] with AR+TNBC and
38/56 [68%] with AR– TNBC) who had breast MRI are summarized in
Table 6. Logistic regression was not performed because of the small
number of patients who had breast MRI. Nonetheless, a few trends were
observed. Specifically, 87% (33/38) of the AR– TNBCs compared to
100% (18/18) of the AR+TNBCs were masses, 76% (25/33) of the AR–
masses versus 56% (10/18) of the AR+masses were oval or round, and
51% (17/33) of the AR– masses compared to 84% (15/18) of the AR
+masses had noncircumscribed (i.e., irregular or spiculated) margins.

4. Discussion

The results of our study indicate that the imaging features of TNBCs
differ based on AR status. Our findings revealed that AR+TNBC was
more likely than AR– TNBC to be found in breasts that were hetero-
geneously dense on mammography, to present as a mass with calcifi-
cations, to have high density on mammography, to have an irregular
shape on mammography, and to have an irregular shape on sono-
graphy. These distinctive imaging features may aid in early identifica-
tion of the LAR subtype of TNBC, which is driven by AR and has been
shown to have a lower rate of pathologic complete response to
neoadjuvant chemotherapy than other subtypes of TNBC
[9,12,13,16,17]. Genomic profiling has identified the LAR subtype to
be enriched in hormonally-regulated pathways, including expression of
AR; therefore, AR expression, which can be assessed more readily based
on IHC, may act as a surrogate for the LAR subtype of TNBC
[9,12,13,32].

Our study validates the findings of Bae et al, who we believe are the
only authors to date to report an association between AR expression and
imaging characteristics in patients with TNBC [33]. The Bae et al cohort
included 125 patients, 33 (26%) with AR+ and 92 (74%) with AR–
TNBC, compared to our cohort of 144 patients (45 [31%] with AR
+and 99 [69%] with AR– TNBC) [33]. Bae et al concluded, as we did,
that AR+TNBC is associated with calcifications on mammography and

Table 2
Mammographic imaging features in 144 patients with TNBC by AR status.

Imaging feature AR+ (n=45) AR– (n= 99)

N (%) N (%)

Breast composition
Almost entirely fatty 0 (0) 4 (4)
Extremely dense 0 (0) 4 (4)
Heterogeneously dense 35 (78) 53 (54)
Scattered areas of fibroglandular density 10 (22) 38 (38)

Lesion type
Focal asymmetrya 2 (4) 1 (1)
Mass 28 (62) 80 (81)
Mass with calcifications 15 (33) 18 (18)

Mass shapeb

Irregular 21 (49) 29 (30)
Oval 21 (49) 66 (67)
Round 1 (2) 3 (3)

Mass marginb

Circumscribed 5 (12) 6 (6)
Indistinct 3 (7) 20 (20)
Microlobulated 5 (12) 20 (20)
Obscured 21 (49) 42 (43)
Spiculated 9 (21) 10 (10)

Mass densityb

Equal 4 (9) 23 (23)
High 39 (91) 75 (77)

Calcification morphologyc

Amorphous 8 (47) 4 (22)
Coarse heterogeneous 4 (24) 8 (44)
Fine linear 0 (0) 2 (11)
Fine pleomorphic 5 (29) 4 (22)

Calcification distributionc

Grouped 15 (88) 16 (89)
Regional 1 (6) 0 (0)
Segmental 1 (6) 2 (11)

a The two AR+ cases with focal asymmetry had associated calcifications.
The AR- case with focal asymmetry did not have associated calcifications.

b A denominator of 43 for the AR+group and a denominator of 98 for the
AR- group were used to calculate percentages.

c A denominator of 17 for the AR+group and a denominator of 18 for the
AR- group were used to calculate percentages.

Table 3
Ultrasound imaging features in 144 patients with TNBC by AR status.

Imaging feature AR+ (n=45) AR– (n= 99)

N (%) N (%)

Mass shape
Irregular 23 (51) 25 (25)
Oval 22 (49) 73 (74)
Round 0 (0) 1 (1)

Mass margin
Angular 2 (4) 2 (2)
Circumscribed 3 (7) 12 (12)
Indistinct 17 (38) 27 (27)
Microlobulated 21 (47) 55 (56)
Spiculated 2 (4) 3 (3)

Mass echo pattern
Complex cystic and solid 9 (20) 24 (24)
Heterogeneous 14 (31) 24 (24)
Hypoechoic 22 (49) 51 (52)

Mass orientation
Not parallel 10 (22) 16 (16)
Parallel 35 (78) 83 (84)

Vascularity
Absent 15 (33) 28 (28)
Internal vascularity 24 (53) 55 (56)
Vessels in rim 6 (13) 16 (16)
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irregular shape on sonography [33]. All patients in the Bae et al cohort
had breast MRI, and these authors further associated AR+TNBC with
non-enhancement on MRI [33]. However, we did not find an associa-
tion between AR+TNBC and non-enhancement on MRI, most likely
because of the limited number of patients in our cohort who had breast
MRI.

The difference in imaging profile between AR+TNBC and AR–
TNBC underscores their inherent biological differences. Our finding
that AR+ cancers had a higher rate of associated ductal carcinoma in
situ than AR– cancers helps to explain why AR+ cancers were more
likely to present as a mass with calcifications on mammography.
Additionally, the irregular shape of AR+TNBC suggests that these tu-
mors may be less proliferative, inciting a desmoplastic reaction from
the surrounding tissue, in contrast to more aggressive tumors, which
tend to be round/oval with circumscribed margins [34,35]. If AR
+ tumors are indeed less proliferative, it is not surprising that the AR
+ cancers in our cohort had lower Ki-67 expression than the AR–
cancers, similar to the findings of Bae et al [33]. Although the LAR
subtype has been shown to be less likely to achieve pCR from che-
motherapy alone, the LAR subtype might still be a good prognostic
marker and may be associated with improved survival [27,34–38].
However, there are conflicting reports regarding the prognosis of pa-
tients with the LAR subtype of TNBC [39,40], and further studies are
required for clarification of the prognostic relevance of the LAR subtype
within TNBC.

Studies have consistently shown that the LAR subtype of TNBC has a
lower rate of pathologic complete response to neoadjuvant che-
motherapy compared to the other subtypes of TNBC [9,12,13,16,17]. A
potential advantage of identifying specific imaging features related to
AR+TNBC could be that such imaging surrogates may aid in the
identification of subsets of patients with increased likelihood of che-
moresistant disease, which can be confirmed with genomic profiling.
Patients with confirmed LAR subtype of TNBC may be eligible for
therapies targeting the AR signaling pathway.

Our single-center study has some limitations. First, we focused only
on AR status and did not evaluate imaging features by genomic subtype;

imaging-specific features may differ even more by genomic subtype
than by AR status. Second, the study is relatively small and warrants
validation. Third, we did not evaluate interobserver variability but
chose instead to use consensus decision making in the evaluation of the
imaging features. Finally, the MRI-based findings must be interpreted
with caution since these are observational findings due to the small
sample size. We have revised our clinical trial design such that breast
MRI is now required for all patients accrued to the trial. Continued
tandem exploration of imaging features and genomic profiling may
assist in development of improved targeted therapies for the different
molecular subtypes of TNBC.

In conclusion, our study results suggest that the imaging features of
TNBCs differ by AR status. Multimodality breast imaging may help
identify the LAR subtype of TNBC, which has been shown to be a
chemoresistant molecular subtype of TNBC.
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Table 4
Summary of univariate logistic regression model results for AR status.

Factor Comparison Odds ratio 95% LCL 95% UCL Pairwise p value Overall p value

Mammography breast composition Heterogeneously dense/extremely dense vs. entirely fatty/scattered 2.58 1.18 6.03 0.02
Mammography lesion type Mass with calcifications vs. mass 0.44 0.20 1.00 0.05
Mammography mass shape Irregular vs. round/oval 2.27 1.09 4.78 0.03
Mammography mass margin Circumscribed vs. spiculated 0.93 0.20 4.15 NS 0.06

Indistinct vs. spiculated 0.17 0.03 0.70 NS
Microlobulated vs. spiculated 0.28 0.07 1.02 NS
Obscured vs. spiculated 0.56 0.19 1.59 NS

Mammography mass density Equal vs. high 0.41 0.13 1.09 NS
Ultrasound focality Multifocal vs. unifocal 1.40 0.54 3.45 0.47
Ultrasound mass shape Irregular vs. round/oval 3.09 1.48 6.55 0.003
Ultrasound mass margin Angular vs. microlobulated 2.10 0.48 8.67 NS 0.36

Circumscribed vs. microlobulated 0.65 0.14 2.31 NS
Indistinct vs. microlobulated 1.65 0.75 3.64 NS

Ultrasound mass echo pattern Complex cystic-solid vs. hypoechoic 0.87 0.34 2.13 NS 0.66
Heterogeneous vs. hypoechoic 1.35 0.59 3.09 NS

Ultrasound mass orientation Not parallel vs. parallel 1.48 0.60 3.55 0.38
Ultrasound vascularity Absent vs. vessels in rim 1.43 0.47 4.67 NS 0.80

Internal vascularity vs. vessels in rim 1.16 0.42 3.57 NS

NS, not significant.

Table 5
Summary of multivariate logistic regression model results for AR status.

Factor Comparison Odds ratio 95% LCL 95% UCL p value

Mammography breast composition Heterogeneously dense/extremely dense vs. entirely fatty/scattered 3.27 1.36 7.86 0.01
Mammography mass density High vs. equal 6.22 1.89 20.53 0.003
Ultrasound mass shape Irregular vs. round/oval 4.71 2.00 11.09 0.0004
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