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Abstract: The aim of this study was to investigate prevalence and related factors of androgen receptor
(AR) expression in Thai breast cancer patients. A descriptive study was done in 95 patients, who
were admitted to Charoenkrung Pracharak Hospital, Bangkok (2011–2013). Statistical relationships
were examined between AR protein expression, tumor status, and patient characteristics. Compared
with those from Western countries, ethnic Thai patients were younger at age of diagnosis and
had a higher proliferative index (high Ki-67 expression), which indicates unfavorable prognosis.
In addition, 91% of the Thai breast tumors that were positive for any of the following receptors,
estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2
(HER2) also expressed the AR protein, while in triple negative breast tumors only 33% were AR
positive. ER and PR expression was positively related with AR expression, while AR expression was
inversely correlated to Ki-67 expression. AR status was strongly correlated with ER and PR status in
Thai patients. There is an inverse relationship between Ki-67 and AR, which suggests that AR may be
a prognostic factor for breast cancer.
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1. Introduction

Breast cancer is by far the most common type of cancer among women around the world. In 2012,
there were about 1,671,000 new cases of female breast cancer worldwide [1]. According to the American
Cancer Society, there still is an increasing trend of female breast cancer incidence. The number of female
breast cancer cases in the US in 2015 was 231,840, which accounts for 122.8 per 100,000 persons/year of
all female cancers [2]. The number of new breast cancer cases in Thailand in 2012 was about 12,000 cases,
which accounts for 137.5 per 100,000 persons/year [3]. Interestingly, the mortality of breast cancer
patients is strongly dependent on region and ranges from 6 to 20 per 100,000 persons/year [1].

There is scientific consensus that breast cancer is a systemic disease and multimodality treatment
is needed to cure or prevent residual cancer after surgery [4,5]. The three well-established systemic
treatments for breast cancer are chemotherapy, hormonal therapy and biological targeted therapy.
Systemic chemotherapy is generally considered to have the highest efficacy against breast cancer, but it
can cause serious side effects for the patient [6,7]. Compared to chemotherapy, hormonal treatment has
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fewer side effects, but it can only be used if the breast tumor cells express the estrogen receptor (ER) [4,8].
Currently, there are two types of hormonal treatments available for ER responsive breast cancer,
which use either an anti-ER drug (e.g., tamoxifen) [9] or an aromatase inhibitor (e.g., letrozole) [10].
In addition, biological targeted therapies are a relatively new way to fight breast cancer and they target
a specific protein in the tumor cell. However, the costs of these treatments are very high and often
tumor specific, which makes them less affordable for developing countries and emerging economies.
Despite the availability of these different systemic treatment options, breast cancer continues to have
a high case-fatality of about one-fifth of all cases [2].

Mortality and morbidity are higher for patients with triple negative breast cancer, which has
a negative ontology for hormonal receptors [11,12]. At present, chemotherapy is the only systemic
treatment for triple negative breast cancer, but the results on overall survival still remain poor [13,14].
Most of the patients with a triple negative breast tumor will develop brain metastasis in the terminal
phase of the disease [14]. Therefore, there is an urgent need to find systemic treatment therapies that
can increase overall survival for these patients.

There is growing evidence that the androgen receptor (AR) might be a new target for systemic
breast cancer treatment [15,16]. Several studies show that androgens can inhibit mammary epithelial
proliferation and breast tumor growth. Conversely, some androgens may actually increase tumor size
due to their conversion into estrogens by aromatase and their subsequent ability to bind to the ER,
which leads to increased proliferation of the ER-responsive breast tumor cells [16]. We previously
showed, using a co-culture model of human breast tumor cells with primary breast fibroblasts,
that some androgens can indeed inhibit breast cancer cell growth via the AR [17]. However, the positive
or negative effects depend on the type of androgen used, e.g., aromatizable testosterone (T) or
non-aromatizable dihydrotestosterone (DHT), but also on the ERα and AR status of the breast tumor
cell and aromatase activity in the surrounding breast fibroblasts [17]. Our present study was aimed to
determine the prevalence of AR expression and its relationship with some clinical and pathological
parameters in Thai breast cancer patients.

2. Methods

2.1. Thai Breast Cancer Patient and Tumor Characteristics

This exploratory study enrolled a total of 95 Thai breast cancer patients that were admitted in
the Charoenkrung Pracharuk Hospital (Bangkok, Thailand) between October 2011 and October 2013.
Clinical and pathological data were collected from the patients’ records. These data included age,
menstrual status, body mass index (BMI), pre-operative pathology, previous diagnostic method,
tumor size, tumor location, clinical nodal status, type of surgery, tumor stage, final pathology,
pathological nodal metastasis, nuclear grade, margin of lymphovascular invasion (LVI), neural
invasion, proliferative index (Ki-67), status of the ER, progesterone receptor (PR) and human epidermal
growth factor receptor 2 (HER2) responsiveness. The immunohistochemistry staining process was
done with a Bench Mark GX automatic machine (Ventana, Roche, Tucson, AZ, USA). The level of
receptor expression was reported by a Thai board qualified pathologist. Rabbit monoclonal primary
antibodies (clone SP1), rabbit monoclonal primary antibodies (clone 1E2), anti-HER2 (4B5) rabbit
monoclonal primary antibodies, and rabbit monoclonal primary antibodies (clone 30-9) (Ventana,
Roche) were used to stain ER, PR, HER-2 and Ki-67, respectively.

2.2. Ethical Considerations

All patients who enrolled in the study gave a written informed consent. In addition, these patients
received full information and explanation about the study objectives and rights that the patient has
before enrolling in the study. The study was approved by the Ethics Committee for Researches
Involving Human Subjects at the Bangkok Metropolitan Administration (Charoenkrung Pracharuk
Hospital), on 21 October 2011, with the project identification number 073.54. This research has been
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carried out in accordance with the Code of Ethics of the World Medical Association (Declaration
of Helsinki).

2.3. Androgen Receptor Protein Expression

The presence of the androgen receptor protein was tested in the remaining pathological specimens
of the breast tumor tissue by using an anti-androgen receptor (SP107) rabbit monoclonal primary
antibody (Cell-Marque, Roche, CA, USA), which was stained with the immunoperoxidase method [18].
The immunohistochemistry staining process was done with a Bench Mark GX automatic machine
(Ventana, Roche). The level of androgen receptor expression was reported by a Thai board qualified
pathologist. While immunohistochemistry is a common method for protein detection, there is no
standard cutoff point for androgen expression in breast cancer [19,20]. Therefore, we adopted the AR
staining procedure that is used for prostate cancer and the H-score method [21], which is similar to the
immunohistochemical scoring methods that are used for other hormone receptors [21–23]. This score
was given as multiplication of the intensity level of staining (0 = none, 1 = weak, 2 = moderate,
and 3 = strong) by the percent of staining (the total score is 3 × 100% = 300) [21–23]. Figure 1a,b show
typical examples of AR+ and AR− breast tumor tissue from Thai patients in this study.
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Figure 1. (a) Androgen receptor positive breast cancer. Stained androgen receptor in breast cancer
tissue (brown color); and (b) androgen receptor negative breast cancer. There is no brown color staining
in androgen receptor negative breast cancer tissue.

2.4. Sample Size Calculation for Detecting the Prevalence of AR Expression in Thai Patients

To achieve our primary research objective, the following sample size formula for single proportion
was applied:

n =
z2 (p) (1 − p)

d2

z = 1.96 at alpha 0.05% or 95% confidence interval
p = Proportion of androgen receptor positive; 70%, according to Ren et al. [24]
d = Acceptable error of 10% = 0.01
n = (1.96 )2 · (0.7) · (1−0.7)/(0.1) · 2 = 81 cases

This calculation indicated that at least 81 patients had to enroll in this study in order to achieve
enough statistical power.

2.5. Data Analysis

The statistical analysis of the clinical and pathological data was done with descriptive and
inferential statistics. For descriptive analysis, the total values and percentages were used as categorical
variables and the mean value with standard error of the mean for the numerical values. In addition,
a comparative analysis was carried out using bivariate and multivariate analysis; the χ2 test was used
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for categorical variables and Student’s t test was used for numerical variables with normal distribution.
A p value <0.05 was considered statistically significant. Logistic binary regression was used for the
multivariate analysis.

3. Results

3.1. Patient and Tumor Characteristics and AR Expression

A total of 95 ethnic Thai breast cancer patients were enrolled in this study. Their mean age was
51.37 ± 1.17 (mean ± standard error). Mean body surface area (BSA) and BMI were 1.56 ± 0.01 and
24.38 ± 0.46, respectively. Forty-one cases (43.16%) were in natural post-menopausal state. Axillary
nodes were clinically palpable in twelve cases (12.63%), while 46 cases (48%) were pathologically
node positive.

Invasive ductal carcinoma was the most common diagnosis in these patients (95.79%) and about
56% of the cases had lympho-vascular invasion. About 70% of the patients had a high proliferative
index (Ki-67 expressed ≥20%). The pathological staging at the time of treatment was equally
distributed with about 30% of the patients in a late stage of disease (Stage 3).

Approximately 60% of the malignant breast tumors were ER and PR positive, 40% had HER-2
receptor expression (HER-2 positive 2+ and 3+), while only 19% were of triple negative ontology. Of all
tumors, 80% (76/95) expressed the AR protein. For more detailed information, see Figures 2 and 3.
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3.2. Association of Tumor Characteristics with AR Expression

91% of the breast tumors with positive expression of ER, PR, or HER2 also expressed the AR.
In contrast, only one-third (6/18) of the triple negative tumors showed an expression of the AR.
The factors (including baseline characteristics, pathological and hormonal factors) related to AR
expression were statistically analyzed. The expression of the AR was strongly related to ER expression.
In addition, it was found that a triple negative tumor status was inversely related to the expression of
the AR (p value <0.001) (Table 1).

Table 1. Univariate analysis of factors related to androgen receptor (AR) expression.

Factors
Androgen Status

p Value
Negative (n = 19) Positive (n = 76)

Menstrual status
Pre-menopause 13 30 0.092
Peri-menopause 1 10

Menopause 5 36

ER
Negative 15 17 <0.001
Positive 4 59

PR
Negative 14 25 <0.001
Positive 5 51

HER2
1+ 17 42 0.022
2+ 1 12
3+ 1 22

Ki-67 ≥20
Negative 2 27 0.034
Positive 17 49

Hormonal status
Not triple negative 7 70 <0.001

Triple negative 12 6

ER: estrogen receptor; PR: progesterone receptor; HER: human epidermal growth factor receptor.

3.3. Relationship between AR Expression (H-Score) and Other Hormonal Receptors and Ki-67

The H-score for AR expression was positively correlated with expression of the ER, PR and HER-2
(p < 0.001, 0.014, and 0.006, respectively). However, in the triple negative tumors, the H-score of the AR
was approximately threefold lower than in the hormonal positive tumors (p < 0.001). These quantitative
differences in the H-score of AR expression with expression of other (hormonal) receptors are shown
in Figure 4a–d. The relationship between AR+ and AR− tumors with the cell proliferation marker
Ki-67 was also analyzed, and it was found that AR− tumors had an approximate 50% higher Ki-67
expression than AR+ tumors (p < 0.01) (Figure 5).
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4. Discussion

This study is the first to describe AR protein expression in Thai breast cancer patients.
Demographic data of Thai breast cancer patients are clearly different from those of Western patients.
Unlike those from Western countries, breast cancer patients in Thailand generally come to the hospital
with a more advanced, late stage of the disease. This is illustrated by our data in which our patients
had a higher breast cancer stage than that generally observed in studies from Western countries.
In fact, 15 cases in our study needed chemotherapy before surgery (neoadjuvant chemotherapy;
all pathological data of this group of patients were obtained from core needle biopsy), representing
16% of the patients. The incidence of neoadjuvant chemotherapy in Western countries is usually less
than 10% [3,25]. In our study, Thai breast cancer patients were younger at the age of diagnosis (90%
were diagnosed at an age below 65, compared to only 50% of UK cases diagnosed at an age below 65.
In addition, they are more often in premenopausal state [2]. The mean age of our patients was 52 years
old; half of them were still in the pre-menopausal phase. The most common histological type of breast
cancer in our study group was invasive ductal carcinoma and most of our patients were undergoing
simple mastectomy (81%). Two-thirds of the tumors expressed hormonal receptors (estrogen and/or
progesterone), which is a similar number to that reported from Western countries [26]. In our study, 40%
of the tumors also expressed the HER2 receptor, which is a much higher proportion than that reported
from Western countries (19%) [27,28]. Approximately 19% of our patients had a triple negative breast
tumor, which is comparable to the occurrence reported in Western countries (15%) [29,30]. Most of the
Thai patients in this study had a high expression of the proliferative index Ki-67 (68%), which indicates
that these patients have a less favorable prognostic histology [31]. These data clearly demonstrate the
geographic variation in breast cancer characteristics, which may strongly influence therapeutic success.
Clearly, more research is needed to provide better breast cancer treatment options in non-Western
countries. This is also reflected in the relatively high mortality rate for breast cancer in Asian countries
as compared to Western countries [1]. Here, genetic variations might also play a role. It should be
noted that Thailand’s population is relatively heterogeneous culturally, but genetically consists of only
a few ethnic groups of which some have Chinese, Vietnamese or Malaysian backgrounds. In this study,
we did not establish genetic descent, but considered all women of Thai ethnicity as “Thai”.

There is emerging evidence that the androgen receptor might be an additional target for systemic
breast cancer treatment [15,16]; however, the role of androgens and the AR in breast cancer is still
controversial. Androgens can either induce or inhibit proliferation of breast cancer. Some clinical
studies and in vitro experiments support the view that a low dose of androgens can increase the risk
of breast tumor formation and growth [16,32]. In contrast, there are studies that indicate androgens
can inhibit the growth of hormonal negative breast cancer cells both in vitro and in vivo, if a strong
expression of the AR is present [33,34]. The underlying mechanism for this phenomenon may partly
be explained by the conversion of some androgens to estrogens by the aromatase enzyme, which
can subsequently stimulate breast tumor cell proliferation [17]. In a clinical study done by Key et al.
and our previous in vitro studies with a co-culture of human breast fibroblasts and tumor cells,
indications were found that aromatase can play a key role in the indirect stimulation of androgens on
cell proliferation [17,35]. However, the latter study also indicated that non-aromatizable androgens
can inhibit the growth of breast cancer cells that have AR expression. These androgens can also induce
apoptosis regardless of the cells’ ER/PR status. Furthermore, androgens may exert their effects via two
other pathways; direct stimulation by binding to AR (AR-positive/ER-negative tumors) or increased
synthesis of growth factors, such as epidermal growth factor (EGF) (ER-negative/AR-negative tumors).
A more recent study demonstrated that the AR/ER ratio influences breast tumor responses to hormonal
treatment [36]. Moreover, it was concluded that the AR antagonist enzalutamide could be used for
treatment of AR+ tumors regardless of ER status, since it can block both AR- and ER-mediated tumor
growth. Clearly, AR and ER status of a breast tumor will determine the effect of an (anti)androgen on
breast tumor cell proliferation.
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The AR expression in our Thai patients was about 80%, which is comparable to previous reports
from Western countries [24,37]. Noticeably, the Thai triple negative breast cancer patients had
a lower expression of the AR (33%) compared to Western patients (40%–50%) [15], but AR expression
observed in our study was comparable with that reported for Chinese breast cancer patients (28%) [38].
These differential findings between breast cancer types in Asian and Western countries may result
from population stratification bias and the difference of demographic data [39,40]. Some studies
have reported that the AR expression is also related to the size of the tumor, the spread to lymph
nodes in the armpit, certain kinds of histology, the stage of breast cancer and the status of the ER and
PR [41,42]. However, these relationships are equivocal, as another study did not detect an association
between the AR and any clinical pathological characteristics [43]. In our study, the expression of the
AR was significantly associated with the concurrent expression of the ER and PR. Our observation is
in agreement with that of Soreide et al. who also reported a high AR expression in hormonal positive
breast tumors [44]. Another Asian study done by Ogawa et al. reported that the menstrual status was
related to the AR expression [42]. However, we did not observe this in our study population (data
not shown).

Another interesting finding in our study was the fact that the expression of the AR was inversely
correlated with the non-ER-dependent proliferation index Ki-67. This is an essential protein for
progression through the cell cycle [45] and is considered to be a hormone-independent prognostic
factor for disease-free and overall survival in breast cancer patients [46]. Based on our observations,
there is a possibility that AR expression in hormone-dependent breast tumors may also be a prognostic
factor for a favorable outcome of the disease. However, considering the limited time that has passed
since the collection of the tissue samples in this study, no conclusions can yet be drawn on clinical
outcomes and prognosis in our study population based on AR status. Still, a study by Gasparini et al.
showed that AR+ breast cancer patients had a better survival prognosis than those who were AR− [19].
In line with these observations, it should be noted that, in the past, androgens have been used to treat
advanced stage breast cancer as reported by de Matteis et al. and Scholl et al. [47,48]. In addition,
such a treatment was also effectively used to treat skin metastasis of male breast cancer patients by
Battelli et al. [49]. However, treatment with androgens was abolished in the past because of serious side
effects such as hirsutism and aggressive behavior [50]. Moreover, the success of anti-estrogens [51] and
aromatase inhibitors to treat hormonal positive breast cancer patients [52,53] made the use androgen
therapy less needed. Nevertheless, more recent results, including those from our study, again indicate
a possible role of the AR in inhibiting breast tumor progression. However, more experimental and
human studies are needed to define more clearly the relevant target group of patients and tumor
characteristics needed for a positive response.

5. Conclusions

In our study, the majority of Thai breast cancer patients had tumors that expressed the AR.
These tumors were mostly hormonal and HER-2 positive in nature. Expression of the AR in triple
negative breast tumors was less common. When compared with data from Western studies, the Thai
patients show distinct differences in AR expression and the ratio between hormonal/HER-2 responsive
and triple negative breast tumors. An inverse relationship between the non-hormone-dependent
proliferation index Ki-67 and AR expression was found in this study. It is suggested that AR expression
may be a prognostic factor for a more favorable outcome of the disease. Further experimental and
human studies are needed to establish whether or not the AR is also a useful therapeutic target in
a specific group of patients besides already available adjuvant systemic treatments with ER antagonists
and aromatase inhibitors.

Acknowledgments: This work was supported by the Chulabhorn Graduate Institute, Chulabhorn Research
Institute (Bangkok, Thailand), and the Institute for Risk Assessment Sciences at the Utrecht University
(The Netherlands). The pathological reports were reported by pathologist Chanokpan Chotirat, Division of
Pathology, Professional Laboratory Management Corp Co., Ltd., Bangkok, Thailand.



Med. Sci. 2016, 4, 15 9 of 11

Author Contributions: Suthat Chottanapund participated in the study design, collection of data, analysis
of results and writing of the manuscript; Kumpol Ratchaworapong participated in the collection of data;
M.B.M. Van Duursen, Panida Navasumrit, Mathuros Ruchirawat, and Martin Van den Berg participated in
the analysis of results and writing of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Ferlay, J.; Soerjomataram, I.; Ervik, M.; Dikshit, R.; Eser, S.; Mathers, C.; Rebelo, M.; Parkin, D.M.; Forman, D.;
Bray, F. GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality Worldwide: IARC CancerBase No. 11.
International Agency for Research on Cancer: Lyon, France, 2013. Available online: http://globocan.iarc.fr
(accessed on 4 February 2014).

2. The American Cancer Society. Cancer Facts & Figures 2013; The American Cancer Society: Atlanta, GA, USA,
2015; p. 52.

3. Attasara, P.B.R. Hospital-Based Cancer Registry; National Cancer Institute: Bangkok, Thailand, 2007.
4. Tung, N. What is the optimal endocrine therapy for postmenopausal women with hormone receptor-positive

early breast cancer? J. Clin. Oncol. 2013, 31, 1391–1397. [CrossRef] [PubMed]
5. Goldhirsch, A.; Winer, E.P.; Coates, A.S.; Gelber, R.D.; Piccart-Gebhart, M.; Thurlimann, B.; Senn, H.J.

Personalizing the treatment of women with early breast cancer: Highlights of the St Gallen International
Expert Consensus on the Primary Therapy of Early Breast Cancer. Ann. Oncol. 2013, 24, 2206–2223.
[CrossRef] [PubMed]

6. Lee, M.C.; Newman, L.A. Management of patients with locally advanced breast cancer. Surg. Clin. N. Am.
2007, 87, 379–398. [CrossRef] [PubMed]

7. Ma, C.D.; Chen, C.M.; Chen, X.S.; Liu, G.Y.; Di, G.H.; Wu, J.; Lu, J.S.; Yang, W.T.; Chen, J.Y.; Shao, Z.M.; et al.
Neoadjuvant chemotherapy with vinorelbine-containing regimens in elderly patients with locally advanced
breast cancer. Anticancer Res. 2008, 28, 3093–3097. [PubMed]

8. McGuire, W.L. Estrogen receptors in human breast cancer. J. Clin. Investig. 1973, 52, 73–77. [CrossRef]
[PubMed]

9. Regan, M.M.; Neven, P.; Giobbie-Hurder, A.; Goldhirsch, A.; Ejlertsen, B.; Mauriac, L.; Forbes, J.F.; Smith, I.;
Lang, I.; Wardley, A.; et al. Assessment of letrozole and tamoxifen alone and in sequence for postmenopausal
women with steroid hormone receptor-positive breast cancer: The BIG 1–98 randomised clinical trial at
8·1 years median follow-up. Lancet Oncol. 2011, 12, 1101–1108. [CrossRef]

10. Ortmann, O.; Pagani, O.; Jones, A.; Maass, N.; Noss, D.; Rugo, H.; van de Velde, C.; Aapro, M.; Coleman, R.
Which factors should be taken into account in perimenopausal women with early breast cancer who may
become eligible for an aromatase inhibitor? Recommendations of an expert panel. Cancer Treat. Rev. 2010, 37,
97–104. [CrossRef] [PubMed]

11. Yuan, Z.Y.; Wang, S.S.; Gao, Y.; Su, Z.Y.; Luo, W.B.; Guan, Z.Z. Clinical characteristics and prognosis of
triple-negative breast cancer: A report of 305 cases. Ai Zheng 2008, 27, 561–565. [PubMed]

12. Kaplan, H.G.; Malmgren, J.A. Impact of triple negative phenotype on breast cancer prognosis. Breast J. 2008,
14, 456–463. [CrossRef] [PubMed]

13. Lara-Medina, F.; Perez-Sanchez, V.; Saavedra-Perez, D.; Blake-Cerda, M.; Arce, C.; Motola-Kuba, D.;
Villarreal-Garza, C.; Gonzalez-Angulo, A.M.; Bargallo, E.; Aguilar, J.L.; et al. Triple-negative breast cancer in
Hispanic patients: High prevalence, poor prognosis, and association with menopausal status, body mass
index, and parity. Cancer 2011, 117, 3658–3669. [CrossRef] [PubMed]

14. Venkitaraman, R.; Joseph, T.; Dhadda, A.; Chaturvedi, A.; Upadhyay, S. Prognosis of patients with
triple-negative breast cancer and brain metastasis. Clin. Oncol. (R. Coll. Radiol.) 2009, 21, 729–730. [CrossRef]
[PubMed]

15. Nahleh, Z. Androgen receptor as a target for the treatment of hormone receptor-negative breast cancer:
An unchartered territory. Future Oncol. 2008, 4, 15–21. [CrossRef] [PubMed]

16. Hao, Y.; Montiel, R.; Li, B.; Huang, E.; Zeng, L.; Huang, Y. Association between androgen receptor gene CAG
repeat polymorphism and breast cancer risk: A meta-analysis. Breast Cancer Res. Treat. 2010, 124, 815–820.
[CrossRef] [PubMed]

http://globocan.iarc.fr
http://dx.doi.org/10.1200/JCO.2012.46.6599
http://www.ncbi.nlm.nih.gov/pubmed/23358978
http://dx.doi.org/10.1093/annonc/mdt303
http://www.ncbi.nlm.nih.gov/pubmed/23917950
http://dx.doi.org/10.1016/j.suc.2007.01.012
http://www.ncbi.nlm.nih.gov/pubmed/17498533
http://www.ncbi.nlm.nih.gov/pubmed/19031963
http://dx.doi.org/10.1172/JCI107175
http://www.ncbi.nlm.nih.gov/pubmed/4345203
http://dx.doi.org/10.1016/S1470-2045(11)70270-4
http://dx.doi.org/10.1016/j.ctrv.2010.05.005
http://www.ncbi.nlm.nih.gov/pubmed/20594763
http://www.ncbi.nlm.nih.gov/pubmed/18570725
http://dx.doi.org/10.1111/j.1524-4741.2008.00622.x
http://www.ncbi.nlm.nih.gov/pubmed/18657139
http://dx.doi.org/10.1002/cncr.25961
http://www.ncbi.nlm.nih.gov/pubmed/21387260
http://dx.doi.org/10.1016/j.clon.2009.07.002
http://www.ncbi.nlm.nih.gov/pubmed/19643588
http://dx.doi.org/10.2217/14796694.4.1.15
http://www.ncbi.nlm.nih.gov/pubmed/18240997
http://dx.doi.org/10.1007/s10549-010-0907-y
http://www.ncbi.nlm.nih.gov/pubmed/20431938


Med. Sci. 2016, 4, 15 10 of 11

17. Chottanapund, S.; Van Duursen, M.B.; Navasumrit, P.; Hunsonti, P.; Timtavorn, S.; Ruchirawat, M.;
Van den Berg, M. Effect of androgens on different breast cancer cells co-cultured with or without breast
adipose fibroblasts. J. Steroid Biochem. Mol. Biol. 2013, 138, 54–62. [CrossRef] [PubMed]

18. Gonzalez, L.O.; Corte, M.D.; Junquera, S.; Bongera, M.; Rodriguez, J.C.; Vizoso, F.J. Expression of androgen
receptor and two androgen-induced proteins (apolipoprotein D and pepsinogen C) in ductal carcinoma
in situ of the breast. Histopathology 2007, 50, 866–874. [CrossRef] [PubMed]

19. Gasparini, P.; Fassan, M.; Cascione, L.; Guler, G.; Balci, S.; Irkkan, C.; Paisie, C.; Lovat, F.; Morrison, C.;
Zhang, J.; et al. Androgen receptor status is a prognostic marker in non-basal triple negative breast cancers
and determines novel therapeutic options. PLoS ONE 2014, 9, e88525. [CrossRef] [PubMed]

20. Niemeier, L.A.; Dabbs, D.J.; Beriwal, S.; Striebel, J.M.; Bhargava, R. Androgen receptor in breast cancer:
Expression in estrogen receptor-positive tumors and in estrogen receptor-negative tumors with apocrine
differentiation. Mod. Pathol. 2009, 23, 205–212. [CrossRef] [PubMed]

21. Cohen, D.A.; Dabbs, D.J.; Cooper, K.L.; Amin, M.; Jones, T.E.; Jones, M.W.; Chivukula, M.; Trucco, G.A.;
Bhargava, R. Interobserver agreement among pathologists for semiquantitative hormone receptor scoring in
breast carcinoma. Am. J. Clin. Pathol. 2012, 138, 796–802. [CrossRef] [PubMed]

22. Choudhury, K.R.; Yagle, K.J.; Swanson, P.E.; Krohn, K.A.; Rajendran, J.G. A robust automated measure
of average antibody staining in immunohistochemistry images. J. Histochem. Cytochem. 2009, 58, 95–107.
[CrossRef] [PubMed]

23. Rizzardi, A.E.; Johnson, A.T.; Vogel, R.I.; Pambuccian, S.E.; Henriksen, J.; Skubitz, A.P.; Metzger, G.J.;
Schmechel, S.C. Quantitative comparison of immunohistochemical staining measured by digital image
analysis versus pathologist visual scoring. Diagn. Pathol. 2012, 7, 42. [CrossRef] [PubMed]

24. Ren, Q.; Zhang, L.; Ruoff, R.; Ha, S.; Wang, J.; Jain, S.; Reuter, V.; Gerald, W.; Giri, D.D.; Melamed, J.; et al.
Expression of androgen receptor and its phosphorylated forms in breast cancer progression. Cancer 2013,
119, 2532–2540. [CrossRef] [PubMed]

25. The American Cancer Society. Cancer Facts & Figures; The American Cancer Society: Atlanta, GA, USA, 2013.
26. Li, C.I.; Daling, J.R.; Malone, K.E. Incidence of invasive breast cancer by hormone receptor status from 1992

to 1998. J. Clin. Oncol. 2003, 21, 28–34. [CrossRef] [PubMed]
27. Cronin, K.A.; Harlan, L.C.; Dodd, K.W.; Abrams, J.S.; Ballard-Barbash, R. Population-based estimate of the

prevalence of HER-2 positive breast cancer tumors for early stage patients in the US. Cancer Investig. 2010,
28, 963–968. [CrossRef] [PubMed]

28. Chan, A.; McGregor, S.R. Prevalence and management of HER2/neu-positive early breast cancer in a single
institution following availability of adjuvant trastuzumab. Intern. Med. J. 2011, 42, 267–274. [CrossRef]
[PubMed]

29. Ismail-Khan, R.; Bui, M.M. A review of triple-negative breast cancer. Cancer Control 2010, 17, 173–176.
[PubMed]

30. Swede, H.; Gregorio, D.I.; Tannenbaum, S.H.; Brockmeyer, J.A.; Ambrosone, C.; Wilson, L.L.; Pensa, M.A.;
Gonsalves, L.; Stevens, R.G.; Runowicz, C.D. Prevalence and prognostic role of triple-negative breast cancer
by race: A surveillance study. Clin. Breast Cancer 2011, 11, 332–341. [CrossRef] [PubMed]

31. Li, H.; Han, X.; Liu, Y.; Liu, G.; Dong, G. Ki67 as a predictor of poor prognosis in patients with triple-negative
breast cancer. Oncol. Lett. 2014, 9, 149–152. [CrossRef] [PubMed]

32. Dreyer, G.; Vandorpe, T.; Smeets, A.; Forceville, K.; Brouwers, B.; Neven, P.; Janssens, H.; Deraedt, K.;
Moerman, P.; Van Calster, B.; et al. Triple negative breast cancer: Clinical characteristics in the different
histological subtypes. Breast 2013, 22, 761–766. [CrossRef] [PubMed]

33. Gucalp, A.; Traina, T.A. Triple-negative breast cancer: Role of the androgen receptor. Cancer J. 2010, 16, 62–65.
[CrossRef] [PubMed]

34. Narayanan, R.; Ahn, S.; Cheney, M.D.; Yepuru, M.; Miller, D.D.; Steiner, M.S.; Dalton, J.T. Selective androgen
receptor modulators (SARMs) negatively regulate triple-negative breast cancer growth and epithelial:
Mesenchymal stem cell signaling. PLoS ONE 2014, 9, e103202. [CrossRef] [PubMed]

35. Key, T.; Appleby, P.; Barnes, I.; Reeves, G. Endogenous sex hormones and breast cancer in postmenopausal
women: Reanalysis of nine prospective studies. J. Natl. Cancer Inst. 2002, 94, 606–616. [PubMed]

36. Cochrane, D.R.; Bernales, S.; Jacobsen, B.M.; Cittelly, D.M.; Howe, E.N.; D’Amato, N.C.; Spoelstra, N.S.;
Edgerton, S.M.; Jean, A.; Guerrero, J.; et al. Role of the androgen receptor in breast cancer and preclinical
analysis of enzalutamide. Breast Cancer Res. 2014, 16, R7. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.jsbmb.2013.03.007
http://www.ncbi.nlm.nih.gov/pubmed/23562642
http://dx.doi.org/10.1111/j.1365-2559.2007.02687.x
http://www.ncbi.nlm.nih.gov/pubmed/17543076
http://dx.doi.org/10.1371/journal.pone.0088525
http://www.ncbi.nlm.nih.gov/pubmed/24505496
http://dx.doi.org/10.1038/modpathol.2009.159
http://www.ncbi.nlm.nih.gov/pubmed/19898421
http://dx.doi.org/10.1309/AJCP6DKRND5CKVDD
http://www.ncbi.nlm.nih.gov/pubmed/23161712
http://dx.doi.org/10.1369/jhc.2009.953554
http://www.ncbi.nlm.nih.gov/pubmed/19687472
http://dx.doi.org/10.1186/1746-1596-7-42
http://www.ncbi.nlm.nih.gov/pubmed/22515559
http://dx.doi.org/10.1002/cncr.28092
http://www.ncbi.nlm.nih.gov/pubmed/23605249
http://dx.doi.org/10.1200/JCO.2003.03.088
http://www.ncbi.nlm.nih.gov/pubmed/12506166
http://dx.doi.org/10.3109/07357907.2010.496759
http://www.ncbi.nlm.nih.gov/pubmed/20690807
http://dx.doi.org/10.1111/j.1445-5994.2011.02432.x
http://www.ncbi.nlm.nih.gov/pubmed/21241440
http://www.ncbi.nlm.nih.gov/pubmed/20664514
http://dx.doi.org/10.1016/j.clbc.2011.04.004
http://www.ncbi.nlm.nih.gov/pubmed/21729670
http://dx.doi.org/10.3892/ol.2014.2618
http://www.ncbi.nlm.nih.gov/pubmed/25435949
http://dx.doi.org/10.1016/j.breast.2013.01.009
http://www.ncbi.nlm.nih.gov/pubmed/23416046
http://dx.doi.org/10.1097/PPO.0b013e3181ce4ae1
http://www.ncbi.nlm.nih.gov/pubmed/20164692
http://dx.doi.org/10.1371/journal.pone.0103202
http://www.ncbi.nlm.nih.gov/pubmed/25072326
http://www.ncbi.nlm.nih.gov/pubmed/11959894
http://dx.doi.org/10.1186/bcr3599
http://www.ncbi.nlm.nih.gov/pubmed/24451109


Med. Sci. 2016, 4, 15 11 of 11

37. Hu, R.; Dawood, S.; Holmes, M.D.; Collins, L.C.; Schnitt, S.J.; Cole, K.; Marotti, J.D.; Hankinson, S.E.;
Colditz, G.A.; Tamimi, R.M. Androgen receptor expression and breast cancer survival in postmenopausal
women. Clin. Cancer Res. 2011, 17, 1867–1874. [CrossRef] [PubMed]

38. Luo, X.; Shi, Y.X.; Li, Z.M.; Jiang, W.Q. Expression and clinical significance of androgen receptor in triple
negative breast cancer. Chin. J. Cancer 2010, 29, 585–590. [CrossRef] [PubMed]

39. Wang, Y.; Localio, R.; Rebbeck, T.R. Evaluating bias due to population stratification in epidemiologic studies
of gene-gene or gene-environment interactions. Cancer Epidemiol. Biomark. Prev. 2006, 15, 124–132. [CrossRef]
[PubMed]

40. Millikan, R.C. Re: Population stratification in epidemiologic studies of common genetic variants and cancer:
Quantification of bias. J. Natl. Cancer Inst. 2001, 93, 156–158. [CrossRef] [PubMed]

41. Riva, C.; Dainese, E.; Caprara, G.; Rocca, P.C.; Massarelli, G.; Tot, T.; Capella, C.; Eusebi, V.
Immunohistochemical study of androgen receptors in breast carcinoma. Evidence of their frequent expression
in lobular carcinoma. Virchows Arch. 2005, 447, 695–700. [CrossRef] [PubMed]

42. Ogawa, Y.; Hai, E.; Matsumoto, K.; Ikeda, K.; Tokunaga, S.; Nagahara, H.; Sakurai, K.; Inoue, T.; Nishiguchi, Y.
Androgen receptor expression in breast cancer: Relationship with clinicopathological factors and biomarkers.
Int. J. Clin. Oncol. 2008, 13, 431–435. [CrossRef] [PubMed]

43. Gonzalez, L.O.; Corte, M.D.; Vazquez, J.; Junquera, S.; Sanchez, R.; Alvarez, A.C.; Rodriguez, J.C.;
Lamelas, M.L.; Vizoso, F.J. Androgen receptor expression in breast cancer: Relationship with
clinicopathological characteristics of the tumors, prognosis, and expression of metalloproteases and their
inhibitors. BMC Cancer 2008, 8, 149. [CrossRef] [PubMed]

44. Soreide, J.A.; Lea, O.A.; Varhaug, J.E.; Skarstein, A.; Kvinnsland, S. Androgen receptors in operable breast
cancer: Relation to other steroid hormone receptors, correlations to prognostic factors and predictive value
for effect of adjuvant tamoxifen treatment. Eur. J. Surg. Oncol. 1992, 18, 112–118. [PubMed]

45. Scholzen, T.; Gerdes, J. The Ki-67 protein: From the known and the unknown. J. Cell. Physiol. 2000, 182,
311–322. [CrossRef]

46. Inwald, E.C.; Klinkhammer-Schalke, M.; Hofstadter, F.; Zeman, F.; Koller, M.; Gerstenhauer, M.; Ortmann, O.
Ki-67 is a prognostic parameter in breast cancer patients: Results of a large population-based cohort of
a cancer registry. Breast Cancer Res. Treat. 2013, 139, 539–552. [CrossRef] [PubMed]

47. De Matteis, A.; Perrone, V.; Marone, A. Clinical considerations on the use of a new synthetic androgen,
Calusterone, in the treatment of advanced breast cancer. Miner. Med. 1977, 68, 2499–2504.

48. Scholl, A. Therapeutic results of androgen treatment and ovariectomy in breast cancer. Norm Pathol.
Anat. (Stuttg.) 1975, 30, 1–46. [PubMed]

49. Battelli, T.; Bonsignori, M.; Manocchi, P.; Perilli, A. Skin metastases of male breast cancer improved after
androgen treatment. Miner. Med. 1977, 68, 1663–1666.

50. Kennedy, B.J. Fluoxymesterone therapy in advanced breast cancer. N. Engl. J. Med. 1958, 259, 673–675.
[CrossRef] [PubMed]

51. Jordan, V.C. Tamoxifen as the first targeted long-term adjuvant therapy for breast cancer. Endocr. Relat. Cancer
2014, 21, R235–R246. [CrossRef] [PubMed]

52. Garay, J.P.; Park, B.H. Androgen receptor as a targeted therapy for breast cancer. Am. J. Cancer Res. 2012, 2,
434–435. [PubMed]

53. Dubsky, P.C.; Jakesz, R.; Mlineritsch, B.; Postlberger, S.; Samonigg, H.; Kwasny, W.; Tausch, C.; Stoger, H.;
Haider, K.; Fitzal, F.; et al. Tamoxifen and anastrozole as a sequencing strategy: A randomized controlled
trial in postmenopausal patients with endocrine-responsive early breast cancer from the Austrian Breast and
Colorectal Cancer Study Group. J. Clin. Oncol. 2012, 30, 722–728. [CrossRef] [PubMed]

© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1158/1078-0432.CCR-10-2021
http://www.ncbi.nlm.nih.gov/pubmed/21325075
http://dx.doi.org/10.5732/cjc.009.10673
http://www.ncbi.nlm.nih.gov/pubmed/20507730
http://dx.doi.org/10.1158/1055-9965.EPI-05-0304
http://www.ncbi.nlm.nih.gov/pubmed/16434597
http://dx.doi.org/10.1093/jnci/93.2.156
http://www.ncbi.nlm.nih.gov/pubmed/11208892
http://dx.doi.org/10.1007/s00428-005-0003-6
http://www.ncbi.nlm.nih.gov/pubmed/16075292
http://dx.doi.org/10.1007/s10147-008-0770-6
http://www.ncbi.nlm.nih.gov/pubmed/18946753
http://dx.doi.org/10.1186/1471-2407-8-149
http://www.ncbi.nlm.nih.gov/pubmed/18507821
http://www.ncbi.nlm.nih.gov/pubmed/1582503
http://dx.doi.org/10.1002/(SICI)1097-4652(200003)182:3&lt;311::AID-JCP1&gt;3.0.CO;2-9
http://dx.doi.org/10.1007/s10549-013-2560-8
http://www.ncbi.nlm.nih.gov/pubmed/23674192
http://www.ncbi.nlm.nih.gov/pubmed/1208202
http://dx.doi.org/10.1056/NEJM195810022591404
http://www.ncbi.nlm.nih.gov/pubmed/13590423
http://dx.doi.org/10.1530/ERC-14-0092
http://www.ncbi.nlm.nih.gov/pubmed/24659478
http://www.ncbi.nlm.nih.gov/pubmed/22860233
http://dx.doi.org/10.1200/JCO.2011.36.8993
http://www.ncbi.nlm.nih.gov/pubmed/22271481
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Thai Breast Cancer Patient and Tumor Characteristics 
	Ethical Considerations 
	Androgen Receptor Protein Expression 
	Sample Size Calculation for Detecting the Prevalence of AR Expression in Thai Patients 
	Data Analysis 

	Results 
	Patient and Tumor Characteristics and AR Expression 
	Association of Tumor Characteristics with AR Expression 
	Relationship between AR Expression (H-Score) and Other Hormonal Receptors and Ki-67 

	Discussion 
	Conclusions 

