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Abstract. – OBJECTIVE: Triple-negative 
breast cancers (TNBC) include a heterogeneous 
group of diseases, characterized by the lack of 
estrogen receptor (ER), progesterone receptor 
(PgR), and human epidermal growth factor re-
ceptor 2 (HER2) expression. TNBC that shows 
an overexpression of the androgen receptor 
(AR) defines the phenotype known as “luminal 
androgen receptor” (LAR), while the absence 
of the AR defines a “quadruple negative breast 
cancer” (QNBC). Several reports have associat-
ed AR positivity with a lower response to neo-
adjuvant chemotherapy (NAC), while divergent 
data have been reported about the impact of 
AR positivity on survival. The aim of this study 
was to retrospectively review our series of pa-
tients with TNBC tested for AR and submitted 
to NAC and compare pathologic complete re-
sponse (pCR) rates in patients with a LAR phe-
notype or with QNBC.

PATIENTS AND METHODS: The clinical re-
cords of all patients with TNBC tested for AR 
that underwent NAC at our Institution from Jan-
uary 1, 2015 to June 30, 2019 were reviewed. His-
topathological features as well as ER, PgR, Ki67, 
HER2 values, clinical and pathological stage, 
and results of BRCA gene expression profiling 
were registered for all patients.

RESULTS: Of the 145 TNBC patients treated 
by NAC, 20 (13.8%) had a LAR phenotype, while 
125 (86.2%) had a QNBC. Overall, a pCR was 
achieved in 52 patients (35.8%). Patients with 
LAR phenotype had a lower rate of pCR as com-
pared to patients with QNBC phenotype (25% 
vs. 37.6%). High Ki67 values (>50%) were ob-
served less frequently in patients with a LAR 
phenotype (50% vs. 76.8% in QNBC).

CONCLUSIONS: Our data seem to confirm 
that the LAR phenotype is associated to lower 
rates of pCR after neoadjuvant chemotherapy; 
routine assessment of AR expression in addi-
tion to classical biomarkers in patients with TN-
BC could help to better personalize treatment.

Key Words:
Breast cancer, Triple negative breast cancer, Neo-

adjuvant chemoterapy, Androgen receptor.

Introduction

The basic features of Triple-Negative Breast 
Cancers (TNBC) consist of the absence of estro-
gen receptor (ER), progesterone receptor (PgR) 
expression, and the lack of human epidermal 
growth factor receptor 2 (HER2) gene amplifi-
cation. 

TNBC represents 15-20% of the different 
breast cancer subtypes. Patients with TNBC have 
a considerably higher risk of relapse and death 
due to a more aggressive behavior of the disease 
and the lack of novel targeted therapies1,2.

In 2011, Lehmann et al2 at first classified TN-
BC in six molecular subtypes. But in 2015 TNBC 
have been classified in four main tumor-specific 
subtypes by the analysis of gene expression pro-
files from 21 breast cancer data sets: Basal Like 
1 (BL1), Basal Like 2 (BL2), Mesenchymal (M), 
and Luminal Androgen Receptor (LAR)3,4. 

The BL1 subtype is characterized by an ele-
vated cell cycle and DNA damage response gene 
signatures determining an accelerated cell pro-
liferation. Possible therapeutic approaches could 
include target antimitotic agents as platinum salt 
and poly (ADP-ribose) polymerase (PARP) in-
hibitors4. 

The BL2 subtype is characterized by the ex-
pression of epidermal growth factor receptor 
(EGFR), TP63, MET with activation of glycolysis 
and gluconeogenesis pathways.

The M subtype includes the enrichment of 
different biological routes as cell motility, ex-
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tracellular matrix interaction, epithelial-to-mes-
enchymal transition (EMT), and growth factor 
signaling as phosphoinositide 3-kinase pathway 
in a catalytic subunit (PIK3CA). In terms of his-
tology, these tumors are mostly metaplastic carci-
nomas and could potentially respond to tyrosine 
kinase (TKI) and mTOR inhibitors3-5.

Finally, the LAR subtype is characterized by 
luminal gene expression and is driven by the 
androgen receptor (AR); on histology, LAR sub-
types are closely associated to apocrine tumors. 

Only 10-25% of TNBC show an expression 
of the androgen receptor (LAR subtype)6. All 
the remaining TNBC do not express the AR and 
are defined as quadruple negative breast cancer 
(QNBC)6-8. 

Actually, no guideline requires routine deter-
mination of androgen receptor in TNBC.

The LAR subtype seems to be associated with 
a lower pathologic complete response (pCR) to 
neoadjuvant chemotherapy (NAC) but also with 
a better disease-free survival (DFS) and overall 
survival (OS) than QNBC; as novel treatments 
are being proposed for this subtype, routine as-
sessment of AR expression could help to better 
personalize the treatment of patients with AR+T-
NBC9-15. 

The aim of the present study was to investigate 
the clinical relevance of LAR by verifying its 
correlation with pCR in TNBC patients undergo-
ing NAC15-17.

Patients and Methods 

Among 233 consecutive patients with TNBC 
assessed for AR in our multidisciplinary Breast 
Unit, between January 1, 2015 and June 30, 2019, 
145 underwent NAC.

These 145 patients constitute the object of 
the present study. All patients were female. All 
patients were screened for BRCA 1-2 mutation. 
Clinical data were collected from a retrospective 
review of the medical records. AR was evaluated 
by immunohistochemistry (IHC, Ventana Med-
ical Systems, Oro Valley, AZ, USA) (Figure 1), 
and a 1% cutoff was used as appropriate threshold 
for AR positivity15. A pathologist expert in breast 
diagnosis (A.M.) reviewed all the immunohisto-
chemical slices to confirm AR expression. 

Clinical and pathological characteristics of the 
145 patients are summarized in Table I (Clinical 
features of NAC-TNBC patients according to AR 
status). 

All cases were discussed in a multidisciplinary 
“Tumor Board”. NAC was used both in operable 
tumors, to increase the chances of breast-con-
serving surgery and in locally advanced tumors 
(IIIB, IIIC and inflammatory carcinoma) not can-
didate to surgery as a first treatment18. Therapeu-
tic regimens included anthracyclines (epirubicin, 
100 mg/m2) and cyclophosphamide (500 mg/m2; 
triweekly for 4 cycles) and taxanes (docetaxel, 

TNBC, triple negative breast cancer; pCR, pathological 
complete response; cT, tumor size classification; NAC, 
neoadjuvant chemotherapy; cN, node classification.

Table I. Clinical features of NAC-TNBC patients according 
to AR status.

 Characteristic AR+ AR-

Total patients 20 125
Mean age at diagnosis 58  49
Menopausal status 
  Premenopausal  7  69
  Postmenopausal 13  56
cT
  cT1  2  27
  cT2 15  67
  cT3  3  20
  cT4  0  11
cN
  cN0  8  33
  cN+ 12  92
Ki67 status
  Ki67 > 50% 10  96
  Ki67 < 50% 10  29
pCR
pCR  5  47
no-pCR 15  78
BRCA 1-2
  Mutation  4  29
  Wild-type 16  96

Figure 1. Patients selection.
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70 mg/m2; triweekly for 4 cycles); or carboplatin 
(100 mg/m2; weekly for 12 cycles)19. The effec-
tiveness of NAC was evaluated according to the 
current guidelines on response criteria in solid 
tumors. Patients were defined as having a pCR 
when the pathology report showed no residual 
invasive cancer in the excised breast specimen 
and the lymph nodes. Also, patients in which the 
pathologic exam revealed only in situ carcinoma 
in the absence of an invasive component were 
considered as having a pCR16,20.

Statistical Analysis
Statistical analysis was performed using the 

SPSS (version 24.0, IBM Corp. IBM SPSS Statis-
tics for Windows, Armonk, NY, USA). Estimates 
of OS and DFS were produced by cumulative 
incidence, using the Kaplan-Meier method. The 
oncological results of the global sample were cal-
culated at 30 months.

Results

Twenty of the 145 patients (13.8%) were AR+ 
(LAR) and 125 (86.2%) AR-(QNBC). In the LAR 
subgroup, the mean age at the time of diagnosis 
was 58 years compared to 49 years in the QNBC 
subgroup. The LAR phenotype was more fre-
quent in post-menopausal women. 

LAR patients showed lower Ki67 rates than 
patients with QNBC: Ki67 rates >50% were seen 
in 10/20 (50%) of LAR patients as compared to 
96/125 (76.8%) of patients with QNBC. 

Overall, a pCR was documented in 52/145 pa-
tients (35.8%): 25% (5/20) of patients in the LAR 
subgroup and 37.6% (47/125) of patients in the 
QNBC subgroup (Figure 2).

Clinical features of patients with TNBC ac-
cording to pCR are shown in Table II (clinical 
features of patients with TNBC according to 
pCR).

BRCA mutations were detected in 33/145 pa-
tients, with similar rates between LAR and QN-
BC (20.0% vs. 23.3%, respectively). A pCR was 
achieved in 80% (4/5) of the LAR BRCA+ group 
as compared to 32% (15/47) in the QNBC BRCA+ 
group. 

In our series a not statistically significant worse 
outcome was shown for the LAR group in terms 
of OS and DFS (Figure 3).

Discussion

TNBC is commonly used as a big tree term 
for a histologic group of tumors, genetically 
heterogeneous. All tumors lacked expression of 
ER, PR, and HER2. However, this “negative 
definition” means that TNBC instead represents 
a constellation of molecularly, morphologically, 
and behaviorally diverse entities. TNBCs may be 
stratified into clinically meaningful phenotypes 
(considering stromal components) to tailor opti-
mal treatments. 

The concept that AR modulates the growth and 
progression of breast cancer is currently undeni-
able. AR might act alone or in combination with 
other effectors participating in intracellular sig-Figure 2. pCR rate in TNBC and QNBC.

TNBC, triple-negative breast cancer; pCR, pathological 
complete response; cT, tumor size classification; NAC, 
neoadjuvant chemotherapy; cN, node classification.

Table II. Clinical features of patients with TNBC according 
to pCR.

 Characteristic pCR no pCR

Total patients 52 93
Mean age at diagnosis 47 49
Menopausal status 
  Premenopausal  32 47
  Postmenopausal 20 46
cT
  cT1 11 15
  cT2 29 54
  cT3  8 12
  cT4  4 12
cN
  cN0  23 23
  cN+ 29 70
Ki67 status
  Ki67 > 50% 25 81
  Ki67 < 50% 27 12
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naling pathways. In TNBC, AR is hypothesized 
to mimic ER signaling, initiating transcriptional 
activation that promotes cell growth through the 
involvement of the transcription factor FOXA117.

Jiang et al21 reported that mutations in the 
AR/FOXA1 pathway could result in abrogation 
of AR-related signaling, resulting in improved 
sensitivity to standard chemotherapy and better 
overall survival. 

LAR subtype has been reported to be more 
chemoresistant than QNBC22. Santonja et al23 
reported lower rates of pCR in LAR patients as 
compared to all other TNBC subtypes (14.3% of 
pCR in LAR vs. 41.9% in the remaining subtypes 
combined, p=0.077).

In our series, a pCR was obtained in 25% 
(5/20) of patients with LAR subtype as compared 
to 37.6% (47/125) of patients with QNBC. 

The lower proliferative rates observed on aver-
age in the LAR subtype (50% vs. 76.8% in QN-
BC) could explain the lower rate of pCR24.

Germline BRCA mutation can also affect pCR 
rates in patients with TNBC (46% pCR in BRCA 

mutation carriers vs. 22% in non-carriers)21,25. In 
our series, 57.6% (19/33) of patients that showed 
a BRCA germline mutation achieved a pCR with 
significant differences between LAR subtype and 
QNBC (80% vs. 32%). 

With regard to the prognostic impact of AR 
positivity, there are conflicting data in the litera-
ture. Several reports have associated AR positiv-
ity with a lower response to neoadjuvant chemo-
therapy (NAC), while divergent data have been 
reported about the impact of AR positivity on 
survival26-28.

Three meta-analyses have indicated AR posi-
tivity as a favorable prognostic factor, with longer 
DFS in AR-positive vs. AR-negative breast can-
cer patients. Qu et al29 reviewed 12 studies, in-
cluding 5270 patients with breast cancer, finding 
a rate of AR positive patients of 65.2%. Looking 
at the DFS hazard ratio, a lower risk of recurrence 
emerged in AR positive tumors. Whang et al30 
quantified the risk of recurrence in AR positive 
patients as 20% lower than AR negative patients. 
In terms of OS no statistically significant differ-
ences were identified in these studies. 

But a recent meta-analysis by Xu et al31 did not 
confirm the positive correlation between AR ex-
pression and DFS, OS, distant-disease-free sur-
vival (DDFS), and relapse-free survival (RFS) in 
TNBC.

In our series, we found no significant dif-
ferences in OS and DFS in the two groups. 
Moreover, recent studies6,32 have indicated that 
assessment of AR could help to personalize ther-
apeutic strategies in TNBC: in low-risk TNBC 
(AR+EGFR-) addition of an anti-androgen (i.e., 
NCT02689427), could open the way to a de-esca-
lation of chemotherapy while in high-risk TNBC 
(AR-EGFR+) chemotherapy remains the main-
stream treatment.

AR expression could also influence the ra-
diosensitivity of TNBC, although preliminary 
evidence suggests that bicalutamide might restore 
the effect of therapeutically directed ionizing ra-
diation in these patients6,32.

Conclusions

Even with the bias of a limited number of cas-
es, our study indicates that patients with a LAR 
subtype have a lower response to standard che-
motherapy. Routine assessment of AR expression 
in addition to classical biomarkers in patients 
with TNBC could help to better personalize treat-

Figure 3. Overall Survival (OS) and Disease-Free Survival 
(DFS) in patients AR+ or AR-.
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ment. Therefore, when offering NAC regimens in 
patients with LAR subtypes, the risk of unsatis-
factory responses should be discussed with the 
patient. More extensive studies are still needed to 
validate these results in large patient cohorts and 
controlled prospective clinical trials.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

 1) Palma G, Frasci G, Chirico A, Esposito E, Siani 
C, Saturnino C, Arra C, Ciliberto G, Giordano A, 
D’Aiuto M. Triple negative breast cancer: Looking 
for the missing link between biology and treat-
ments. Oncotarget 2015; 6: 26560-26574.

 2) Lehmann BD, Bauer JA, Chen X, Sanders ME, 
Chakravarthy AB, Shyr Y, Pietenpol JA. Identi-
fication of human triple-negative breast cancer 
subtypes and preclinical models for selection of 
targeted therapies. J Clin Invest 2011; 121: 2750-
2767. 

 3) Lehmann BD, Jovanović B, Chen X, Estrada 
MV, Johnson KN, Shyr Y, Moses HL, Sanders 
ME, Pietenpol JA. Refinement of triple-negative 
breast cancer molecular subtypes: implications 
for neoadjuvant chemotherapy selection. PLoS 
One 2016; 16: 1-22.

 4) Ahn SG, Kim SJ, Kim C, Jeong J. Molecular 
classification of triple-negative breast cancer. J 
Breast Cancer 2016; 19: 223-230. 

 5) Elfgen C, Reeve K, Moskovszky L, Güth U, Bjel-
ic-Radisic V, Fleisch M, Tausch C, Varga Z. Prog-
nostic impact of PIK3CA protein expression in tri-
ple negative breast cancer and its subtypes. J 
Cancer Res Clin Oncol 2019; 145: 2051-2059.

 6) Gerratana L, Basile D, Buono G, De Placido S, 
Giuliano M, Minichillo S, Coinu A, Martorana F, 
De Santo I, Del Mastro L, De Laurentiis M, Pug-
lisi F, Arpino G. Androgen receptor in triple neg-
ative breast cancer: a potential target for the tar-
getless subtype. Cancer Treat Rev 2018; 68: 102-
110. 

 7) Jiang HS, Kuang XY, Sun WL, Xu Y, Zheng YZ, 
Liu YR, Lang GT, Qiao F, Hu X, Shao ZM. Andro-
gen receptor expression predicts different clini-
cal outcomes for breast cancer patients stratified 
by hormone receptor status. Oncotarget 2016; 7: 
41285-41293. 

 8) Safarpour D, Pakneshan S, Tavassoli FA. Andro-
gen receptor (AR) expression in 400 breast carci-
nomas: is routine AR assessment justified? Am J 
Cancer Res 2014; 4: 353-368.

 9) Liedtke C, Mazouni C, Hess KR, André F, Tordai 
A, Mejia JA, Symmans WF, Gonzalez-Angulo AM, 
Hennessy B, Green M. Response to neoadjuvant 

therapy and long-term survival in patients with tri-
ple-negative breast cancer. J Clin Oncol 2008; 
26: 1275-1281.

 10) Kim Y, Jae E, Yoon M. Influence of androgen re-
ceptor expression on the survival outcomes in 
breast cancer: a meta-analysis. J Breast Cancer 
2015; 18: 134-142.

11) Traina TA, Miller K, Yardley DA, Eakle J, Schwartz-
berg LS, O’Shaughnessy J. Enzalutamide for the 
treatment of androgen receptor-expressing tri-
ple-negative breast cancer. J Clin Oncol 2018; 36: 
884-890. 

12) Wang C, Pan B, Zhu H, Zhou Y, Mao F, Lin Y, Xu 
Q, Sun Q. Prognostic value of androgen receptor 
in triple negative breast cancer: a meta-analysis. 
Oncotarget 2016; 7: 46482-46491.

13) Fragomeni SM, Sciallis A, Jeruss JS. Molecular 
subtypes and local-regional control of breast can-
cer. Surg Oncol Clin N Am 2018; 27: 95-120.

14) Burstein MD, Tsimelzon A, Poage GM, Coving-
ton KR, Contreras A, Fuqua SA, Savage MI, Os-
borne CK, Hilsenbeck SG, Chang JC, Mills GB, 
Lau CC, Brown PH. Comprehensive genomic 
analysis identifies novel subtypes and targets of 
triple-negative breast cancer. Clin Cancer Res 
2015; 21: 1688-1698. 

15) Astvatsaturyan K, Yue Y, Walts AE, Bose S. An-
drogen receptor positive triple negative breast 
cancer: Clinicopathologic, prognostic, and predic-
tive features. PLoS One 2018; 8: 1-13.

16) Echavarria I, López-Tarruella S, Picornell A, 
García-Saenz JÁ, Jerez Y, Hoadley K, Gómez 
HL, Moreno F, Monte-Millan MD, Márquez-Ro-
das I, Alvarez E, Ramos-Medina R, Gayarre J, 
Massarrah T, Ocaña I, Cebollero M, Fuentes H, 
Barnadas A, Ballesteros AI, Bohn U, Perou CM, 
Martin M. Pathological response in a triple-neg-
ative breast cancer cohort treated with neoadju-
vant carboplatin and docetaxel according to Leh-
mann’s refined classification. Clin Cancer Res 
2018; 24: 1845-1852. 

17) Robinson JL, Macarthur S, Ross-Innes CS, Tilley 
WD, Neal DE, Mills IG, Carroll JS. Androgen re-
ceptor driven transcription in molecular apocrine 
breast cancer is mediated by FoxA1. EMBO J 
2011; 30: 3019-3027. 

18) Franceschini G, Terribile D, Magno S, Fabbri C, 
D’Alba PF, Chiesa F, Di Leone A, Masetti R. Up-
date in the treatment of locally advanced breast 
cancer: a multidisciplinary approach. Eur Rev 
Med Pharmacol Sci 2007; 11: 283-289. 

19) Franceschini G, Terribile D, Fabbri C, Magno S, 
D’Alba P, Chiesa F, Di Leone A, Masetti R. 
Management of locally advanced breast can-
cer. Mini-review. Minerva Chir 2007; 62: 249-
255. 

20) Franceschini G, Sanchez AM, Di Leone A, Magno 
S, Moschella F, Accetta C, Natale M, Di Giorgio 
D, Scaldaferri A, D’Archi S, Scardina L, Masetti 
R. Update on the surgical management of breast 
cancer. Ann Ital Chir 2015; 86: 89-99.



Androgen receptor expression and outcome of neoadjuvant chemotherapy in TNBC

1915

21) Jiang T, Shi W, Wali VB, Pongor LS, Li C, Lau 
R, Győrffy B, Lifton RP, Symmans WF, Pusztai 
L, Hatzis C. Predictors of chemosensitivity in tri-
ple negative breast cancer: an integrated genom-
ic analysis. PLoS Med 2016; 13: 1-23. 

22) Davis M, Tripathi S, Hughley R, He Q, Bae S, Ka-
ranam B, Martini R, Newman L, Colomb W, Griz-
zle W, Yates C. AR negative triple negative or 
“quadruple negative” breast cancers in African 
American women have an enriched basal and 
immune signature. PLoS One 2018; 18: 1-16.

23) Santonja A, Sánchez-Muñoz A, Lluch A, Chi-
ca-Parrado MR, Albanell J, Chacón JI, Antolín S, 
Jerez JM, de la Haba J, de Luque V, Fernández-De 
Sousa CE, Vicioso L, Plata Y, Ramírez-Tortosa 
CL, Álvarez M, Llácer C, Zarcos-Pedrinaci I, Car-
rasco E, Caballero R, Martín M, Alba E. Triple 
negative breast cancer subtypes and pathologic 
complete response rate to neoadjuvant chemo-
therapy. Oncotarget 2018; 9: 26406-26416. 

24) Nakashoji A, Matsui A, Nagayama A, Iwata Y, Sa-
sahara M, Murata Y. Clinical predictors of patho-
logical complete response to neoadjuvant che-
motherapy in triple-negative breast cancer. On-
col Lett 2017; 14: 4135-4141. 

25) Arun B, Bayraktar S, Liu DD, Gutierrez Barre-
ra AM, Atchley D, Pusztai L, Litton JK, Valero 
V, Meric-Bernstam F, Hortobagyi GN, Albarracin 
C. Response to neoadjuvant systemic therapy 
for breast cancer in BRCA mutation carriers and 
noncarriers: a single-institution experience. J Clin 
Oncol 2011; 29: 3739-3746. 

26) Gasparini P, Fassan M, Cascione L, Guler G, 
Balci S, Irkkan C, Paisie C, Lovat F, Morrison 

C, Zhang J, Scarpa A, Croce CM, Shapiro CL, 
Huebner K. Androgen receptor status is a prog-
nostic marker in non-basal triple negative breast 
cancers and determines novel therapeutic op-
tions. PLoS One 2014; 9: 1-10. 

27) Rampurwala M, Wisinski KB, O’Regan R. Role 
of the androgen receptor in triple-negative breast 
cancer. Clin Adv Hematol Oncol 2016; 14: 186-
193.

28) Zuo T, Wilson P, Cicek AF, Harigopal M. Andro-
gen receptor expression is a favorable prognos-
tic factor in triple-negative breast cancers. Hum 
Pathol 2018; 80: 239-245.

29) Qu Q, Mao Y, Fei XC, Shen KW. The impact of 
androgen receptor expression on breast cancer 
survival: a retrospective study and meta-analysis. 
PLoS One 2013; 8: 1-8.

30) Wang C, Pan B, Zhu H, Zhou Y, Mao F, Lin Y, Xu 
Q, Sun Q. Prognostic value of androgen receptor 
in triple negative breast cancer: a meta-analysis. 
Oncotarget 2016; 7: 46482-46491. 

31) Xu M, Yuan Y, Yan P, Jiang J, Ma P, Niu X, Ma S, 
Cai H, Yang K. Prognostic significance of andro-
gen receptor expression in triple negative breast 
cancer: a systematic review and meta-analysis. 
Clin Breast Cancer 2020; 20: 385-396. 

32) Huang R, Han J, Liang X, Sun S, Jiang Y, Xia 
B, Niu M, Li D, Zhang J, Wang S, Wei W, Liu Q, 
Zheng W, Zhang G, Song Y, Panga D. Andro-
gen receptor expression and bicalutamide antag-
onize androgen receptor inhibit β-catenin tran-
scription complex in estrogen receptor-negative 
breast cancer. Cell Physiol Biochem 2017; 43: 
2212-2225.


