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ABSTRACT
Triple-negative breast cancer (TNBC) is a molecular subtype of breast cancer character
ized by the absence of estrogen and progesterone receptors and the lack of HER2 
overexpression. TNBC is highly heterogeneous, complicating the identification of new 
therapeutic targets. However, the expression of the androgen receptor (AR) in the 
luminal androgen receptor (LAR TNBC) subgroup has opened the door to alternative 
therapeutic approaches. This study aimed to assess AR expression and correlate it with 
clinicopathological factors in 160 early-stage TNBC patients treated from February 2015 
to February 2017. Our findings reveal that AR expression is observed in 16.87% (27/160) 
of ≥1% AR positivity cases. Moreover, a significant 12.5% (20/160) was found in ≥10% AR 
positive cases. Positive AR expression was inversely correlated with a high Ki-67 prolif
eration index and with the basal immunophenotype. The five-year survival rate for our 
cohort was 83.12%, and no significant association between AR expression and overall 
survival was observed (p = 0.77). The study highlights the potential role of AR expression 
in TNBC and its implications for therapeutic strategies, although no significant associa
tion with overall survival was found.
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1. Introduction

Triple-negative breast cancer (TNBC) is one of the molecular subtypes of breast cancer, defined by the 
absence of estrogen receptor (ER) and progesterone receptor (PR) expression, along with the lack of 
HER2 overexpression [1]. TNBC represents 15–20% of all breast cancers, frequently affecting younger 
women [2,3]. TNBC is highly proliferative, making it more chemo-sensitive compared to other breast 
cancer subtypes [4]. Currently, chemotherapy remains the most effective systemic treatment for early 
TNBC, primarily using anthracycline and taxane-based regimens [5]. Despite this, TNBC is highly 
heterogeneous, which complicates the identification of new therapeutic targets. Lehmann et al. 
described six TNBC molecular subtypes: basal-like 1 (BL1), basal-like 2 (BL2), immunomodulatory (IM), 
mesenchymal (M) and mesenchymal stem-like (MSL), and luminal androgen receptor (LAR) subtypes 
[6]. Androgen receptor (AR) is expressed in proximately 70–90% of breast carcinomas [7], and between 
0 and 53% in TNBC depending on the several series [8]. The AR is a member of the steroid receptor 
subfamily with well-known biological and therapeutic importance in prostate cancer. There is emer
ging evidence that the androgen signaling pathway also may play a critical role in normal and 
malignant breast tissue [9]. Androgen receptors bind a transcription factor that directs specific 
genes involved in different cellular, sometimes antagonizing processes, it can stimulate or suppress 
both cell proliferation and apoptosis, depending on the coinciding signaling pathways activated. 
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Clinical evidence suggests a role for anti-androgen therapies, offering an interesting chemo-free 
alternative for chemo-unresponsive patients. The first clinical trial reporting anti-androgenic activity 
in advanced breast cancer was published by Gucalp in 2013. This was a study testing the RA 
antagonist bicalutamide for the treatment of 26 women with RA positive metastatic TNBC. The clinical 
benefit rate was 19% and no severe adverse effects were described [10,11]. The expression of AR in 
TNBC, particularly in the LAR subgroup, presents a promising alternative therapeutic target. This study 
aims to estimate the expression of androgen receptors in early TNBC within the Algerian population 
and correlate AR expression with clinicopathological parameters.

2. Materials and methods

2.1. Study population

This cohort study included 160 patients diagnosed with stage I-III TNBC between February 2015 and 
February 2017 treated in the medical oncology department at the Pierre and Marie Curie Cancer Center 
(CPMC) in Algiers, Algeria. All patients underwent corebiopsy confirming the TNBC subtype, and were treated 
with neoadjuvant chemotherapy (NAC) consisting of three cycles of a docetaxel-carboplatin combination 
followed by three cycles of anthracycline-based chemotherapy. Written informed consent was obtained 
from all participants, and the study adhered to the Helsinki Declaration.

2.2. Clinicopathological assessment

The assessed clinicopathologic factors included: patients’ age at diagnosis, tumor size, nodal status, Tumor- 
Node-Metastasis (TNM) stage, histological type and histological grade, biomarkers (ER, PR, HER2 and Ki-67 
proliferation index. Nodal status, and TNM stage were clinically evaluated using TNM classification [12]. 
Tumor size according to the 7th American Joint Committee on Cancer Staging System. As for the histological 
type, the histological grade, as well as the biomarkers, were determined using pre-therapeutic corebiopsy 
specimens. Histological types were defined as per the WHO classification [13]. While the histological grade 
was assessed using the Scarff, Bloom and Richardson method [14]. Immunohistochemistry of ER and PR was 
performed using ER antibodies (clone SP1, ready-to-use, Ventana) and PR antibodies (clone 1E2, ready-to- 
use, Ventana). The ER and PR expression was assessed by the Allred Immunohistochemistry Score [15]. 
Concerning the HER2 expression, it was performed using a HER2 antibody (clone 4B5, ready-to-use, Ventana). 
HER2 expression was assessed following the American Society of Clinical Oncology (ASCO)/College of 
American Pathologists (CAP) guidelines for HER2 testing [16]. Basal like immunophenotype was defined by 
positivity of one or more basal cell markers (CK5/6, CK 14 or EGFR) [17]. The Ki-67 proliferation index was 
evaluated by IHC using a Ki-67 antibody (clone 30–9, Ventana). The result was given in percentage. All the 
four-marker-analysis was carried out on the Ventana BenchMark ULTRA automated platform (BenchMark 
ULTRA automated, UltraView Universal DAB Detection Kit, Ventana Medical Systems; Tucson, AZ, USA). 
Overall survival (OS) was defined as the time interval between the date of diagnosis and the date of death.

2.3. Immunohistochemistry for androgen receptor

Slides were silanized in a tray containing a silane solution (SiH4) diluted to 7% (7 ml of silane/100 ml of 
acetone) for 2 to 3 min followed by a first rinse with acetone and a second with distilled water, this was dried 
at room temperature. Using a microtome, we made microscopic sections of 1–3 µm thickness on paraffin- 
embedded blocks. We spread the samples on the silanized slides and put them in a water bath at 40°C. Block 
number and the antibody (The primary antibody anti-RA, (RA 441) used were mentioned on the slides. The 
slides were incubated in an oven at 37°C overnight. Immunohistochemical staining of slides and revelation 
was done using the Ventana BenchMark ULRA automated platform (BenchMark ULTRA automates, Ultra 
View Universal DAB Detection Kit, Ventana Medical Systems; Tucson, AZ, USA).

Androgen receptors show nuclear labeling, counting was conducted with (GRx100). After scanning the 
slides we selected labeled areas and assessed a ratio between the number of labeled cells and the total 
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number of carcinoma cells present in the field. AR was considered positive if greater than or equal to 1% 
positive invasive tumor nuclei.

2.4. Statistical analysis

Statistical analysis was conducted using MedCalc (Version 20.218 for Windows, MedCalc Software 
Ltd). The computation of various statistical parameters (mean, standard deviation, mode, median, 
etc.) and the creation of graphs were performed with Excel LTSC Professional Plus 2021 for Windows. 
All clinicopathological factors including age at diagnosis, tumor stage, nodal status, TNM stage, 
histological type, KI-67 proliferation index, histological grade, and TNBL/TNNBL were compared 
between the AR+ and AR- groups. The relationship between these factors and AR expression was 
assessed as follows: Categorical Variables were assessed using the Chi-square test, continuous 
Variables on the other hand were evaluated using Welch’s t-test and Pearson’s correlation test. 
A p-value of <0.05 was considered statistically significant.

Univariate and multivariate analyses were performed using the Kaplan-Meier method. Survival differences 
between groups were evaluated using the Log-Rank test. The effect of AR expression on patient survival was 
adjusted for significant factors identified in the univariate analysis. Adjusted hazard ratios (HR) and 95% 
confidence intervals (CI) were estimated using a Cox proportional hazards model. Again, a p-value of <0.05 
was considered statistically significant.

3. Results

3.1. Clinicopathological characteristics

The clinicopathological characteristics of the patients are shown in Table 1. The age of our patients 
ranged from 22 to 71 years, with an average age of 44 years. The average tumor size was 64 mm, with 
extremes ranging from 20 mm to 180 mm. In 92 cases (57.5%), the tumor size was greater than 50 mm, 
and in 68 cases (42.5%), it was between 25- and 50-mm. Axillary lymph node metastasis was present in 
92 cases (57.50%) of the patients. Regarding TNM staging, most of our patients were diagnosed with 
stage II tumors (51.87%, 83 cases) and stage III tumors (47.5%, 76 cases), with only 0.62% (1 case) at 
stage I. Invasive ductal carcinoma was predominant, accounting for 96.87% of cases, while other 
histological types amounted to 3.6%. The Ki67 proliferation index was 83.12% for cases ≥ 40% and 

Table 1. Clinicopathological factors of all patients n = 160.
Clinicopathological factors Number of patients’ N° (%)

Age at diagnosis (mean, years) 
Range

44 
22–71

Tumor size (mm) 20–180 T1 
T2 
T3

0 
68(42.5) 
92(57.5)

Average size (mm) 64
Nodal stage Positive 

Negative
92(57.50) 
68(42.50)

TNM stage I 
II 
III

1(0.62) 
83(51.87) 
76(47.5)

Histological type IDC 
Others

155(96.87) 
5(3.1)

Histological grade 2 
3

43(26.87) 
117(73.12)

Ki67 proliferation index ≥40% 
<40%

133(83.12) 
27(16.87)

BL immunophenotype BL 
NBL

85(57.14%) 
72(45.85%)

AR expression Positive 
Negative

27(16.87) 
133(83.12)

TNM: tumor-node-metastasis, BL: basal like, NBL: no basal like, AR: androgen receptor, T: tumor 
size, IDC : invasive ductal carcinoma.
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16.87% for cases < 40%. Histological grading showed that 43 cases (26.87%) were grade II, and 117 cases 
(73.12%) were grade III. Basal immunophenotype was observed in 85 cases (57.14%), while 72 cases 
(45.85%) had a non-basal immunophenotype.

3.2. Androgen receptor expression

Androgen receptor (AR) expression was observed in 16.87% (27/160) of triple-negative breast cancers (TNBC) 
(≥1% of tumor cells positive), while the remaining (133/160) cases (83.12%) had low AR expression ( <1% of 
tum or cells positive) Figure 1.

Figure 1. Immunohistochemical staining for androgen receptor. (a) Diffuse nuclear staining in tumor cells over 1%, with 
internal positive control: mammary parenchymal ducts. (b) Nuclear immunostaining over 50%. (c) High magnification with 
no nuclear immunostaining. (a and b × 100 magnification) (c x 200 magnification).

Table 2. Correlation between androgen receptor expression and clinicopathological 
parameters in 160 patients with TNBC.

AR expression N° (%)

Clinicopathological factors Positive 
≥1%

Negative 
<1%

P value

Age at diagnosis (years)
Mean 44 41 0.068
Range
Tumor size mm 54.07 65.52 0.133
T1 0
T2 11(40.74) 57(42.85)
T3 16(59.25) 76 (57.14)
Nodal stage 0.113
Positive 5(18.51) 87(65.41)
Negative 22(81.48) 46(34.58)
TNM stage 0.287
I 1(0.75)
II 14(51.85) 69(51.87)
III 13(48.14) 63(47.36)
Histological type 0.078
CCI 26(96.29) 129(96.99)
Other 1(3.7) 4(3.0)
Ki67 proliferation index 0.0001
≥40% 10(37.03) 123(92.48)
<40% 17(62.96) 10(7.51)
Histological grade 0.669
2 13(48.14) 30(22.55)
BL immunophenotype 0.039
BL 10(37.3) 75(57.69)
NBL 17(62.96) 55(42.30)

TNM; Tumor-Node-Metastasis, IDC: Invasive Ductal Carcinoma, BL: Basal Like, NBL: No Basal Like, AR: 
Androgen Receptor, T: Tumor size.
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3.3. Correlation between androgen receptor expression and clinicopathological parameters

All parameters, including patients’ age at diagnosis, tumor size, nodal status, TNM stage, histological type, 
histological grade, Ki67 proliferation index and basal immunophenotype, were compared between AR- 
positive and AR-negative expression groups, as shown in Table 2. The average age in the AR-positive 
tumor subgroup was 44 years with an age range of 31 to 71 years, while in the AR-negative tumor subgroup 
it was 41 years with an age range of 22 to 67 years (p = 0.068). The average tumor size in the AR-positive 
subgroup was 54.07 mm, compared to 65.52 mm in the AR-negative group.

In the AR-positive tumor subgroup, T2 (tumor size >20 mm) accounted for 11 cases (40.74%) and T3 
(tumor size >50 mm) for 16 cases (59.25%). In the AR-negative subgroup, T2 accounted for 57 cases (42.85%) 
and T3 for 76 cases (57.14%) (p = 0.133).

In the AR-positive tumor subgroup, 22 cases (81.48%) had no lymph node involvement, and only 5 cases 
(18.51%) had lymph node involvement. In the AR-negative subgroup, 87 cases (65.41%) had lymph node 
involvement and only 46 cases (34.58%) had no lymph node involvement (p = 0.113). Regarding TNM stage, 
in the AR-positive tumor subgroup, stage II represented 14 cases (51.85%) and stage III 13 cases (48.14%). In 
the AR-negative tumor subgroup, there were 69 cases (51.87%) at stage II and 63 cases (47.36%) at stage III, 
with only 1 case (0.75%) at stage I, resulting in a p-value of 0.287. For histological type, in the AR-positive 
tumor subgroup, Invasive ductal carcinoma was found in 26 cases (69.29%) and 1 case (3.7%) represented 
other histological types. In the AR-negative subgroup, Invasive ductal carcinoma was found in 129 cases 
(96.99%), with 4 cases (3.4%) of other histological types (p = 0.078).

In the AR-negative subgroup, Ki67 ≥ 40% was observed in 87.29% of cases compared to 37.03% in the AR- 
positive tumor subgroup, while 62.96% had Ki67 < 40% in the AR-positive subgroup compared to 12.78% in 
the AR-negative subgroup (p = 0.0001).

We had confirmation of basal immunophenotype for 157 patients. Basal-like immunophenotype was 
observed in 75 cases (57.69%) with AR-negative expression, compared to 10 cases (37.03%) with AR-positive 
expression (p = 0.039).

There was no significant relationship between age at diagnosis (p = 0.068), tumor size (p = 0.133), nodal 
status (p = 0.113), TNM stage (p = 0.287), histological type (p = 0.078), or histological grade (p = 0.08) between 
the AR positive and AR negative groups.

3.4. Survival analysis

The overall five-year survival rate for the cohort was 83.12%. Although AR-positive tumors were associated 
with a lower mortality rate (18.51% vs. 65.41% in AR-negative tumors), no statistically significant association 

Figure 2. Kaplan Meier overall survival curve n = 160 TNBC expression.
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between AR expression and overall survival was observed (p = 0.77). Kaplan-Meier survival curves are shown 
in Figure 2 and 3.

4. Discussion

This is the first publication evaluating the expression rate of androgen receptors (AR) in triple-negative breast 
cancer (TNBC) within the Algerian population. We observed that in our series, TNBC affects a younger 
population, with an average age of 44 years, which is consistent with studies published by Abulkhair and 
Huo, where the average age of their population was also 44 years [18,19]. However, the study by Bekkouche 
on 120 TNBC cases in western Algeria reported an average age of 46 years, as did a study on a Moroccan 
series of 235 TNBC cases, where the average age was also 46 years [20,21]. The rapid growth of TNBC tumors 
often results in clinical tumor sizes exceeding 2 cm at diagnosis. In a Tunisian series, the average tumor size 
was 36 mm [22], and in studies conducted by Dent and Qiu, the average tumor sizes were 30 mm and 22 mm, 
respectively [2,23]. In our series, the average tumor size at diagnosis was 64 mm, which is comparatively 
larger than those cited in other series, likely due to delays in diagnosis and the lack of well-established 
screening programs as well as young age at diagnosis. In our series, 68.75% of cases had palpable lymph 
nodes, comparable to studies published by Al Jarroudi, Fayaz, and Budakoglu, who also found high rates of 
lymph node involvement due to the advanced stage of the disease at diagnosis, with rates of palpable lymph 
nodes in 56.2%, 57%, and 74.9%, respectively [24–26]. However, compared to the results published by Kim, 
Qiu, and Dent, the rate of lymph node involvement was lower, with rates of 41.2%, 48%, and 45.6%, 
respectively [2,22,26]. We found that 51.87% of patients were diagnosed at stage II of the disease, which 
aligns with studies conducted by Al Jarroudi, Kim, and Dent, where the rates were 52.5%, 51.8%, and 51.8%, 
respectively [2,24,27]. In the study by Budakoglu, the frequency of stage II TNBC was 48.1% [27]. The main 
difference between our data and those from other series lies in the distribution between stages I and III. In 
other series, about 15–20% of cases were diagnosed at stage I, and between 20–38% at stage III. In our series, 
however, only one case was diagnosed at stage I, and 47.5% of cases were diagnosed at stage III, which 
explains the average tumor size of 64 mm in our series. Our series included only patients treated by 
neoadjuvant chemotherapy explaining the low rate of stage I TNBC.

For histological type, invasive ductal carcinoma (IDC) was the most common in our series, with a rate of 97%, 
consistent with studies published by Al Jarroudi, Fayaz, Budakoglu, Ghosn, Concalves, and Pistelli, where the 
distribution rate of IDC was 75.9%, 80%, 84.1%, 81.9%, 83.9%, and 93%, respectively [24–26,28–30]. The 
threshold for Ki67 to define highly proliferative tumors varies between 30% and 50%, according to studies 
published by Fulford [31], Foulkes, and Wang [32,33]. Various authors agree on the highly proliferative profile of 
TNBC tumors, with high Ki67 levels. In our series, we found that 83.12% had Ki67 ≥ 40%, and only 16.87% had 
Ki67 < 40%. The majority of TNBC in our series was associated with high histological grade, with grade III in 

Figure 3. Correlation curve between AR positive and AR negative.
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73.12% of cases, consistent with studies by Mrklic and Choi, who found grade III in 83.1% and 91.46% of cases, 
respectively [34,35].

Approximately 50% to 70% of TNBC cases have a basal-like (BL) immunophenotype, according to 
various studies [36–38]. In our series, 57.14% had a BL profile, consistent with Mrklic’s study, which 
found 66.3% with a basal immunophenotype [34]. The first clinical trial reporting anti-androgen 
activity in advanced breast cancer was published by Gucalp in 2013. He tested the AR antagonist 
bicalutamide for the treatment of 26 women with metastatic AR-positive TNBC. The clinical benefit rate 
was 19%, and no severe adverse effects were reported [10]. AR is an emerging and promising 
therapeutic target in TNBC, particularly in the luminal androgen receptor (LAR) subgroup. The expres
sion of AR in TNBC varies between 0% and 53% according to different series [39]. However, the 
definition of AR positivity varies between 1%, 5%, 10%, and 25% of tumor cell staining. We used 
a positivity threshold of 1% since it is the same threshold used for estrogen and progesterone 
receptors. In our series, we estimated AR expression at 16.87% (17%), consistent with studies by 
Choi and Massuda, where AR expression was estimated at 17.7% and 18%, respectively [35,40]. We 
found high AR expression (≥10%) in 20 cases (12.5%), consistent with studies by Tang, Koo, and Jung, 
where the rates were 12%, 12%, and 13%, respectively [41–43]. However, in studies by Chae, Neimeier, 
and Chen, AR expression ≥ 10% rates were 8%, 10%, and 33%, respectively [44–46]. This difference may 
be due to variations in sample sizes, the sensitivity of the primary antibody, and the AR positivity 
threshold. We observed no correlation between AR expression and various clinicopathological para
meters, except for Ki67, which was inversely correlated, with a significant (p = 0.0001). This finding is 
consistent with results from studies by Sutton, Pistelli, and Mrklic, where the P-values were 0.006, 
0.0001, and 0.014, respectively [30,34,47].

In our study, we also found an inverse correlation between AR expression and the basal immunopheno
type (p = 0.039), consistent with Mrklic’s study, which reported a p-value of 0.05 [34]. Moreover, when 
comparing the AR-positive and AR-negative tumor groups, some differences emerged: AR expression was 
associated with older age (mean age, 44 years) compared to AR-negative tumors (mean age, 41 years) (p =  
0.068). In Choi’s study, the average age of AR-positive patients was 53 years, compared to 47 years for AR- 
negative patients (p =  < 0.001) [35]. Regarding tumor size, in the AR-positive tumor subgroup, average 
tumor size was 54.07 mm compared to 65.52 mm in the AR-negative subgroup (p = 0.133). Tumor size was 
smaller in the AR-positive tumor subgroup. We also observed that the disease was less advanced in the AR- 
positive tumor subgroup compared to the AR-negative subgroup. Garay et al. in 2012 reported that the 
activation of androgen receptor (AR), epidermal growth factor receptor (EGFR), and mitogen-activated 
protein kinase (MAPK) pathways generally promotes tumor growth. However, their hyperactivation can 
lead to an inhibitory response through mechanisms such as cellular stress, apoptosis, or senescence. They 
therefore suggest investigating these signaling pathways and utilizing molecules targeting these pathways 
for therapeutic purposes [48].

Lymph node involvement was noted in 66.16% of AR-negative tumors compared to 18.51% of AR-positive 
tumors (p = 0.113), indicating fewer metastases in the AR-positive tumor subgroup. Therefore, AR expression 
was associated with smaller tumor size, less lymph node involvement, and a lower Ki67 expression rate, 
consistent with studies by Park, Niemeier, and Hu [43,45,49].

Regarding overall survival, we found an overall survival rate of 83.12% for our patients, consistent with the 
study by Kaplan and Malmgren, where the 5-year survival rate was estimated at 95% [50]. Although 
congruent, we attribute the slight difference in our survival rate to the late diagnosis of our patients as 
well them reaching advanced stages of disease development at the time of diagnosis.

We found no significant correlation between overall survival and AR expression, with a p-value of 0.77, 
consistent with Pistelli’s study, which reported a p-value of 0.93 [30].

5. Conclusions

This work represents the first evaluation of AR expression in TNBC patients in Algeria. We estimated AR 
expression at 16.87% for a positivity threshold of ≥ 1% and 12.5% for a threshold of ≥10%. This subgroup is of 
great interest, but we encountered difficulties in comparing our data due to the heterogeneity of the disease. 
There is no well-defined threshold for AR positivity. Given that clinical trials have shown promising results, 
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future research should standardize AR measurement methods and focus on identifying new biomarkers for 
this subgroup of patients who would benefit most from AR-targeted therapies.
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