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Purpose: Triple negative breast cancer (TNBC) is a breast carcinoma subtype that neither expresses estrogen (ER) and progesterone
receptors (PR) nor the human epidermal growth factor receptor 2 (HER2). Patients with TNBC have been shown to have poorer
outcomes mainly owing to the limited treatment options available. However, some studies have shown TNBC tumors expressing
androgen receptors (AR), raising hopes of its prognostic role.

Patients and Methods: This retrospective study investigated the expression of AR in TNBC and its relationship with known patient
demographics, tumor and survival characteristics. From the records of 205 TNBC patients, 36 had available archived tissue samples
eligible for AR staining. For statistical purposes, tumors were classified as either “positive” or “negative” for AR expression. The
nuclear expression of AR was scored by measuring the percentage of stained tumor cells and its staining intensity.

Results: AR was expressed by 50% of the tissue samples in our TNBC cohort. The relationship between AR status with age at the
time of TNBC diagnosis was statistically significant, with all AR positive TNBC patients being greater than 50 years old (vs 72.2% in
AR negative TNBC). Also, the relationship between AR status and type of surgery received was statistically significant. There were no
statistically significant associations between AR status with other tumor characteristics including “TNM status”, tumor grade or
treatments received. There was no statistically significant difference in median survival between AR negative and AR positive TNBC
patients (3.5 vs 3.1 years; p = 0.581). The relationship between OS time and AR status (p = 0.581), type of surgery (p = 0.061) and
treatments (p = 0.917) were not statistically significant.

Conclusion: The androgen receptor may be an important prognostic marker in TNBC, with further research warranted. This research
may benefit future studies investigating receptor-targeted therapies in TNBC.
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Plain Language Summary

Triple negative breast cancer (TNBC) is an uncommon subtype of breast cancer that is known by its poor prognosis due to limited
treatment options available. Androgen receptors (AR) are a type of receptor found in various tissues in the body, including breast
tissue. However there are few, well-documented studies in Australia that investigate the relationship between AR expression and
TNBC.

Our Australian pilot study investigated the relationship between AR status and TNBC demographic and clinicopathological
characteristics. The TNBC tissues of 36 eligible patients, as well as their clinical and pathological data, were collected. Their tissues
were analysed for AR expression and staining intensity. Subsequent statistical analyses were then conducted.

Our study found that half of our patients had AR positive TNBC. There was a statistically significant relationship between AR
status with age at TNBC diagnosis (p = 0.046) and type of surgery received (p = 0.012). In terms of patient survival, patients with AR
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negative TNBC had a higher median overall survival OS time when compared with AR positive patients (3.5 vs 3.1 years; p = 0.581).
Due to a large proportion of our study group having AR positive TNBC and the potential prognostic value of AR, further studies may
be warranted, particularly on AR inhibition therapies for TNBC.

Introduction

Breast cancer is the most prevalent cancer in women worldwide.' Invasive ductal carcinoma (IDC), no special type and
lobular carcinomas are the three most common histological subtypes.” The biological composition of breast tumors can
vary greatly between patients, with subtypes that differ in phenotype and their response to therapy.® The three main
receptor subtypes they express include: the hormone receptors, ER and PR, and a growth factor, HER2.> Tumors that do
not express these three receptors are called TNBC.

> with
differing demographic and clinicopathological characteristics to other breast cancers.®” TNBC has a poorer prognosis,

Triple Negative Breast Cancer (TNBC) accounts for approximately 15% of all breast cancer subtypes,*

due to fewer pathways for therapeutics to target.*>® TNBCs can be further sub-classified into six different molecular
subtypes: two basal-like (BL1 and BL2), mesenchymal, mesenchymal stem-like, immunomodulatory, luminal AR and an
unspecified group.’ This study focuses on the luminal AR subtype and its relationship with patient and tumor factors.

There are few published studies regarding TNBC characteristics with AR expression. Therefore, it could be useful to
analyze retrospective data to find if AR can be a prognostic marker in TNBC. Hence, for our research question: is there
a correlation between AR status in TNBC with patient demographic and clinicopathological characteristics? This study
had four objectives: 1) To examine the AR status of TNBC tumors from the study population, 2) To investigate the
demographic and clinicopathological characteristics of TNBC in the study cohort, including the age at TNBC diagnosis,
histological subtype, laterality, tumor grade, tumor stage, tumor size, nodal status, Ki-67 expression and lymphovascular
space invasion (LVSI), 3) To analyze the relationship between AR expression with demographic and clinicopathological
characteristics in TNBC, and 4) To investigate patient overall survival (OS) in TNBC and its relationship with AR status
and different therapies.

Materials and Methods
Study Population

This retrospective cohort study assessed the electronic medical records from 205 patients that were diagnosed with
TNBC between 2010-2020 and referred to the Mid North Coast Cancer Institute, New South Wales, Australia. All
patients gave informed consent at the time of treatment delivery for their anonymized data to be used for outcomes,
research or educational purposes. Patients were excluded if their TNBC tissues were not available for this study. Further
exclusion criteria included patients with metastatic (Stage 4) TNBC or the diagnosis of a non-invasive tumor. Hence,
a total of 36 TNBC patients were eligible and included in this study. Ethics approval was obtained from the “North Coast
NSW Human Research Ethics Committee” (approval no. 2019/ETH12207).

Patient Data
Patient information was collected from the electronic medical record on the Mid North Coast Cancer Institute database
“MOSAIQ version 2.83” (Elekta, Stockholm, Sweden). This included patient demographic and survival data (date of
birth, date and age at TNBC diagnosis, survival status, date of last follow-up, date of death where applicable, and overall
survival time), tumor characteristics (histological subtype, laterality, tumor grade, tumor size, tumor stage, nodal status,
Ki-67 score and LVSI) and therapies received (type of surgery, chemotherapy and/or radiation therapy).'®'?

Ki-67 was categorized as “low” (<10%), “intermediate” (10-20%) and “high” (>20%)."® Primary breast tumors were
staged according to the “TNM staging” criteria from the American Joint Committee of Cancer (AJCC)."* Types of
surgeries that were recorded include whether the patient received a lumpectomy, mastectomy or no surgery. Radiation

therapy and chemotherapy treatments received were classified as either “yes” or “no” for each patient.
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Tumor Tissue and Triple Negative Status Evaluation

Patient tumor tissues were assessed by an experienced anatomical pathologist for its viability for staining. The pathologist
was blinded to all the patients’ characteristics. Determining tissue viability ensured that adequate tumor tissue was present for
AR staining. The procedures involved in tissue preparation and immunohistochemical staining are shown in Appendix A.
These tissues were assessed for ER, PR and HER2 expression. A tumor was considered negative for ER and PR if staining
was present in <1% of tumor cells (at any intensity), with satisfactory positive and negative controls.'® Human epidermal
growth factor receptor 2 (HER2) immunohistochemical testing was done against a control, with the membrane intensity and
the number of stained cells being analysed. These were given a score of either ‘0°, ‘1+,” 2+’ or 3+. A score of ‘0’ or ‘1+’ was
considered negative and a score of ‘3+° was positive. A score of 2+’ required a reflex test (fluorescence in situ hybridisa-
tion), or a new test was ordered to discover if the tissue was positive or negative for HER2.?°

Androgen Receptor Immunohistochemical Analysis

TNBC tissues were stained with the “anti-Androgen Receptor (SP107) Rabbit Monoclonal Primary Antibody” (Cell
Marque, Rocklin, California). Prostate tissue was used as a positive control for AR staining. The steps involved with AR
staining are shown in Appendix A. The pathologist then assessed each stained slide against the hematoxylin and eosin
slide to evaluate the appropriate tumor area. This tumor area was where the AR score was calculated.

AR-stained nuclei of tumor cells in the tumor area were counted under a light microscope. AR expression was scored
as a percentage of AR-stained tumor nuclei from the total number of tumor cells in the tumor area. TNBC tissues were
considered negative for AR if no staining was present or <1% of tumor cells were stained. A score of “1+” was given for
weakly stained nuclei, “2+” for moderately stained nuclei and “3+” for strong nuclear staining.”' > Examples of AR
scoring in TNBC can be seen in Appendix B.

Statistical Analysis

Descriptive statistics on patient demographic and clinicopathological data were calculated by their AR status. For the
statistical analysis, TNBC tumors were classified as either “positive” or “negative” for AR expression. The statistical
significance of AR status and patient characteristics were assessed by the “Fisher’s Exact test”, with a probability (p)
value of “<0.05” being considered statistically significant. The “Mann—Whitney U-test” was used to find the statistical
significance between the mean age at diagnosis and AR status. For the demographic data, mean, 95% confidence
intervals (CI) and standard deviations were calculated.

Survival Analysis

Date of TNBC diagnosis was defined as the date of the biopsy report confirming a TNBC tumor. Overall survival time
was defined from the date of diagnosis to the date of last follow-up, or if a patient passed away, then the date of last
follow-up was the day before the patient’s date of death.?* Kaplan-Meier (KM) curves were created using “MedCalc
version 19.0.4” (MedCalc Software Ltd, Ostend, Belgium), to assess the survival function between OS and different
parameters. This included the TNBC study population, AR status, type of surgery and treatments. Median OS times with
standard error were calculated from the KM curves in “MedCalc”. A 95% CI was included for the median OS time. One-,
two- and three-year OS probabilities were derived from the KM curves. The “Log rank test” was used to find the
statistical significance between OS and AR status, type of surgery and treatments.

Results

Androgen Receptor Status

Thirty-six TNBC tissues were analyzed. Eighteen (50%) TNBC patients had AR negative tumors and 18 (50%) had AR
positive tumors (Table 1). From the 18 AR positive tumors, four had an AR expression between 1-9%, six between 10—
50% and eight above 50% (Table 1). In terms of the staining intensity, 17 tumors had “0” staining intensity, four were
scored as “1+”, four as “1+ to 2+”, four as “2+” and seven as “3+” (Table 1).
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Table 1 Androgen Receptor Expression and Staining Intensity Scores

Androgen Receptor Expression Category Number of Patients (% from Total Study Population)

Negative (<1%) 18 (50)
| —9% 4 (11.1)
10 - 50% 6 (l16.7)
>50% 8(22.2)

Androgen Receptor Staining Intensity Score Number of Patients (% from Total Study Population)

0 (negative) 17 (47.2)
I+ 4(1L1)
I+ to 2+ 4(11.1)
2+ 4(11.1)
3+ 7 (194)

Clinicopathological Characteristics in TNBC
In terms of patient demographics in TNBC (Table 2), 31 patients diagnosed with TNBC were 50 years old or more (86.1%).
The mean age at TNBC diagnosis was 65.1 years (95% CI: 60.9 — 69.3). In terms of tumor characteristics (Table 2), the
majority were IDCs (n = 31; 88.9%), followed by metaplastic (n = 3; 8.3%) and lobular subtypes (n = 1; 2.8%). Regarding
breast laterality, 21 were diagnosed in the left breast, while 15 were in the right breast. In terms of the tumor grade, the majority
were grade 3 tumors (n = 30; 83.3%), followed by grade 2 (n = 5; 13.9%) and grade 1 (n = 1; 2.8%). There were 20 “T1”
TNBC tumors (55.6%) followed by 11 “T2” tumors (30.6%) and five “T3” tumors (8.3%). For lymph node involvement in
TNBC, 17 had no nodal involvement (47.2%), followed by those staged as “N1” (n=13; 36.1%), “N2” (n=3; 8.3%) and “N3”
(n=1; 2.8%). For the Ki-67 score, 20 tissues were scored as “high” (55.6%), followed by “intermediate” (n = 6; 16.7%) and
“low” (n = 3; 8.3%). LVSI was present in 6 of 29 TNBC patients. Regarding AJCC staging, 12 patients (33.3%) were “stage
17, 15 were “stage 2” (41.7%) and seven were “stage 3” (19.4%) (Table 2).

Regarding patient therapies for TNBC (Table 2), lumpectomy (n = 17; 47.2%) and mastectomy (n = 16; 44.4%) rates
were similar, with very few patients not receiving surgery (n = 3; 8.3%). For neoadjuvant or adjuvant therapy, a majority

Table 2 Triple Negative Breast Cancer Characteristics by Androgen Receptor Status

Characteristics Total Patients AR+ Patients AR- Patients P-value®
(% of Cohort)? (% of Cohort)™® (% of Cohort)™®
Total Number of Patients 36 18 18
Age at Diagnosis (years) 0.046°
<50 5(13.9) 0 (0) 5(27.8)
>50 31 (86.1) 18 (100) 13 (72.2)
Mean Age at Diagnosis 0317
Mean (years) + SD 65.1 £13.0 672 £ 83 63.0 £ 16.4
95% Cl 60.9-69.3 63.4-71.0 55.4-70.6
Histological Subtype 1.000
Ductal 32 (88.9) 16 (88.9) 16 (88.9)
Lobular 1 (2.8) 1 (5.6) 0 (0)
Metaplastic 3(83) 1 (5.6) 2 (11.1)
(Continued)
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Table 2 (Continued).

Characteristics Total Patients AR+ Patients AR- Patients P-value®
(% of Cohort)* (% of Cohort)>" (% of Cohort)>"

Laterality (Breast) 0.500
Left 21 (58.3) 12 (66.7) 9 (50.0)
Right 15 (41.7) 6 (33.3) 9 (50.0)

Tumor Grade 1.000
Grade | 1 (2.8) 0 (0) 1 (5.6)
Grade 2 5(13.9) 3(16.7) 2(10.1)
Grade 3 30 (83.3) 15 (83.3) 15 (83.3)

Tumor Size 1.000
<20mm (T1) 20 (55.6) 10 (55.6) 10 (55.6)
21-50mm (T2) 11 (30.6) 6 (33.3) 5(27.8)
>50mm (T3) 3(83) 1 (5.6) 2 (11.1)

Nodal Status® 0.383
NO 17 (47.2) 6 (33.3) I (6l.1)
NI 13 (36.1) 8 (44.4) 5(27.8)
N2 3(83) 2 (1.1) 1 (5.6)
N3 1 (2.8) 1 (5.6) 0 (0)

Ki-67 Score 0.169
Low (<10%) 3(83) 2 (1L.1) 1 (5.6)
Intermediate (10-20%) 6 (16.7) 5(27.8) 1 (5.6)
High (>20%) 20 (55.6) 8 (44.4) 12 (66.7)

Lymphovascular Space Invasion 0.183
Present 6 (16.7) 5(27.8) 1 (5.6)
Absent 23 (63.9) I (6l.1) 12 (66.7)

Tumor Stage® 0.301
| 12 (33.3) 4 (22.2) 8 (44.4)
I 15 (41.7) 8 (44.4) 7 (38.9)
11l 7 (194) 5(27.8) 2 (11.1)

Surgery 0.012¢
No surgery 3(8.3) 0 (0) 3 (l6.7)
Lumpectomy 17 (47.2) 6 (33.3) I (6l.1)
Mastectomy 16 (44.4) 12 (66.7) 4 (22.2)

Non-surgical treatments 0.130
No treatment 2 (5.6) 1 (5.6) 1 (5.6)
Radiation therapy only 7(194) 2(11.1) 5(27.8)
Chemotherapy only 4 (11.1) 4 (22.2) 0 (0)
Radiation therapy + Chemotherapy 23 (63.9) I (61.1) 12 (66.7)

Overall Survival Time 0.581
Median (years) 3.5 3.1 35
95% ClI (years) 24-3.6 1.9-3.6 29-35
Median (months) 41.6 36.7 41.6
95% Cl (months) 29.0-43.7 23.1-43.7 34.9-41.6

Notes: *Some patient data may be missing from each parameter. ®*AR+"” and “AR-" triple negative breast cancer patients are defined as >1% and <1% of
tumor nuclei stained respectively. “Statistical tests (Fisher’s Exact test, Mann—Whitney U-test and Log rank test) were done as appropriate to find the statistical
significance of parameters between androgen receptor positive and negative patients (“P-value”). 9P-value is statistically significant. *Parameters as classified by
the American Joint Committee on Cancer (AJCC).>*
Abbreviations: AR, Androgen Receptor; Cl, Confidence Interval; SD, Standard Deviation; SE, Standard Error.
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had both radiation therapy and chemotherapy (n = 23; 63.9%), followed by radiation therapy only (n = 7; 19.4%),
chemotherapy only (n = 4; 11.1%) and very few patients received no radiation therapy or chemotherapy (n = 2; 5.6%).

Associations Between TNBC Clinicopathological Characteristics and AR Status

For patient demographics (Table 2), all patients diagnosed with AR positive TNBC were aged over 50 years, compared to
13 out of 18 (72.2%) which were AR negative. The relationship between age at TNBC diagnosis and AR status was
statistically significant (p = 0.046). The mean age of AR positive patients (mean = 67.2 years; [95% CI: 63.4 — 71.0]) was
higher compared to AR negative patients (mean = 63.0 years; [95% CI: 55.4 — 70.6]), however this was not statistically
significant (p = 0.317). Also, tumor characteristics were not statistically significant with AR status. This includes
histological subtype, laterality, tumor grade, tumor size, tumor stage, nodal status, Ki-67 and LVSI (Table 2). In terms
of surgical treatment, AR positive patients had more mastectomies (66.7% vs 22.2%) while having fewer lumpectomies
(33.3% vs 61.1%) than AR negative patients. These results were shown to be statistically significant (p = 0.012).
However, it is unclear whether tumor staging affects the correlation between type of surgery and AR status. There were
no statistically significant correlations between non-surgical treatments received and AR status (Table 2). Table 3
combines the categorical data for certain tumor characteristics. These results also showed no statistically significant
relationships between AR status and tumor grade, tumor size, tumor stage, nodal status and Ki-67.

Overall Survival

The median OS time for our patients was 41.6 months [95% CI: 29.0 —43.7]). AR positive TNBC patients had a lower median
OS time than AR negative patients, however, the differences were not statistically significant (Table 2). The one-, two- and
three-year OS probabilities for the TNBC study population were 94%, 77.5% and 66% respectively (Figure 1). For AR
positive patients, the one-, two- and three-year OS probabilities were 94%, 74% and 57.5% respectively. For AR- patients, the
one-, two- and three-year OS probabilities were 94.5%, 81% and 72.5% respectively. However, the correlation between OS
and AR status were not statistically significant in the KM analysis (Figure 2).

Table 3 Analysis of Triple Negative Breast Cancer Combined Tumor Data by Androgen Receptor Status

Characteristics Total Patients AR+ Patients AR- Patients P-value®
(% of Cohort)* | (% of Cohort)>® | (% of Cohort)>"

Total Number of Patients 36 18 18

Tumor Grade 1.000
Grade | and 2 6 (16.7) 3(16.7) 3 (16.7)
Grade 3 30 (83.3) 15 (83.3) 15 (83.3)

Tumor Size 1.000
<20mm 20 (55.6) 10 (55.6) 10 (55.6)
>21lmm 14 (38.9) 7 (38.9) 7 (38.9)

Tumor Stage* 0.398
land Il 27 (75.0) 12 (66.7) 15 (83.3)
1 7 (194) 5(27.8) 2(11.1)

Nodal Status® 0.169
No Nodal involvement 17 (47.2) 6 (33.3) I (61.1)
Nodal involvement 17 (47.2) I (61.1) 6 (33.3)

Ki-67 Score 0.109
Low to intermediate (<20%) 9 (25.0) 7 (38.9) 2 (11.1)
High (>20%) 20 (55.6) 8 (44.4) 12 (66.7)

Notes: *Some patient data may be missing from each parameter. b“AR+” and “AR-" triple negative breast cancer patients are defined as >1%
and <1% of tumor nuclei stained respectively. “The Fisher’s Exact test was performed on all parameters to determine the statistical significance
between androgen positive and negative patients (“P-value”). “Parameters as classified by the American Joint Committee on Cancer (AJCC).>*
Abbreviation: AR, Androgen Receptor.
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Figure | Kaplan-Meier curve of overall survival probability in the triple negative breast cancer study population. This Kaplan-Meier curve represents the overall survival
probabilities of the triple negative breast cancer study cohort. There are 36 patients (“number at risk”), with |5 events (patients who are deceased) recorded in the study.
The vertical lines on the curve represent the censored overall survival data. The overall survival probabilities for triple negative breast cancer patients at one year (12
months), two years (24 months) and three years (36 months) were 94%, 77.5% and 66% respectively.
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Figure 2 Kaplan-Meier curves of triple negative breast cancer patient overall survival probability by androgen receptor status. The two Kaplan-Meier curves represent the overall
survival probabilities of triple negative breast cancer patients with either positive or negative androgen receptor tumors. The green curve (labelled “Positive”; “Group: Pos”)

represents |18 androgen receptor positive patients (“number at risk”) which had eight events (patients who are deceased) recorded in this study. The blue curve (labelled
“Negative”; “Group: Neg”) represents the 18 androgen receptor negative patients in this study which had seven events recorded. The vertical lines on the curves represent the
censored overall survival data. The overall survival probabilities for androgen receptor positive patients at one year (12 months), two years (24 months) and three years (36 months)
were 94%, 74% and 57.5% respectively. The overall survival probabilities for androgen receptor negative patients at one, two and three years were 94.5%, 81% and 72.5%

respectively. There was no statistically significant association between overall survival and androgen receptor status in this group (p = 0.581).

Overall survival times in TNBC were also assessed by the type of therapies received. For types of surgery, the one-, two- and
three-year OS probabilities for patients who had a lumpectomy were 100%, 84% and 72% respectively. For mastectomy patients,
the one-, two- and three-year OS probabilities were 94%, 72.5% and 57.5% respectively. However, the relationship between OS
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Figure 3 Kaplan-Meier curves of triple negative breast cancer patient overall survival probability by type of surgery received. The two Kaplan-Meier curves represent the
overall survival probabilities of triple negative breast cancer patients with the type of surgery they received. In the study group, 17 patients (“number at risk”) received
a lumpectomy (blue curve; “Group: Lumpectomy”) with three events (patients who are deceased) recorded in the study. Sixteen patients had a mastectomy (green curve;
“Group: Mastectomy”) with ten events recorded. The vertical lines on the curves represent the censored overall survival data. Patients who did not have surgery were
excluded in this analysis due to the low sample data. The overall survival probabilities for lumpectomy patients at one year (12 months), two years (24 months) and three
years (36 months) were 100%, 84% and 72% respectively. The overall survival probabilities for mastectomy patients at one, two and three years were 94%, 72.5% and 57.5%
respectively. There was no statistically significant association between overall survival and type of surgery in this group (p = 0.061).

and type of surgery was not statistically significant (Figure 3). For non-surgical treatments given, the one-, two- and three-year
OS probabilities for TNBC patients who only received chemotherapy were 100%, 50% and 50% respectively. The OS
probabilities at one-, two- and three-years for patients who only received radiation therapy were 100%, 86% and 86%
respectively. The OS probabilities at one-, two- and three-years for patients who received chemotherapy and radiation therapy
were 95%, 80% and 61% respectively. However, the correlation between non-surgical treatments received and OS was not
statistically significant (Figure 4).

Discussion

There are few, well-documented studies in Australia on how AR plays a role in TNBC. These include the prevalence of
AR expression in TNBC and its relationship with patient demographic and clinicopathological characteristics. Hence,
this pilot study investigates the data and tissue samples of 36 TNBC patients from the MNCLHD.

AR is a type | nuclear receptor and functions as an intracellular transcription factor that is responsible for gene
expression.”>”° These receptors are present in both sexes within tissues such as bone, brain, liver and breast.”® In breast tissue,
testosterone converts into dihydrotestosterone in the cytoplasm via the enzyme, 5a-reductase.?®>® It then binds to AR with heat
shock proteins (HSP), which leads to HSP dissociation, activation via phosphorylation and AR dimerization.”® ** The AR dimer,
in the cell nuclei, translocates onto the androgen-response element in the promoter regions of the respective genes.?**® With the
addition of coregulators or transcription factors, the AR dimer-androgen response element promotes up- or down-regulation of
DNA transcription.”® >® This leads to either cell cycle regulation and inhibition or stimulation of cell proliferation.*** Since AR
is expressed on cell nuclei, this is the basis of AR immunohistochemical analysis in TNBC tumor cells.*-*°

The expression of AR in TNBC is a novel concept, with studies demonstrating variable conclusions on their relationship
(Appendix C). They demonstrate that AR positive expression in TNBC varies from 18.8 to 41% of patients.®**°>* For patient
demographics, research has shown that the mean age at TNBC diagnosis ranges from 45.3-58.4 years old.****'=>=7 In terms
of tumor characteristics, the relationship with AR status in TNBC varies between studies. It has been observed that AR
negative TNBCs are more likely to have lymph node metastases than AR positive tumors.>**** In addition, multiple studies
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Figure 4 Kaplan-Meier curves of triple negative breast cancer patient overall survival probability by patient treatments. The three Kaplan-Meier curves represent the overall
survival probabilities of triple negative breast cancer patients who received chemotherapy only (blue curve labelled “Chemo only”; “Group: 17), radiation therapy only (green

P

curve labelled “Radio only”; “Group: 2”) and those who received both chemotherapy and radiation therapy (Orange curve labelled “Radio+Chemo”; “Group: 3”). Four
patients (“number at risk”) received chemotherapy only, with one event (patient who are deceased). Seven patients received radiation therapy only, with three events.
Twenty-three patients received both chemotherapy and radiation therapy, with nine events. The vertical lines on the curves represent the censored overall survival data.
Patients who received no treatments were excluded in this analysis due to low sample data. The overall survival probabilities for triple negative breast cancer patients who
received chemotherapy only at one year (12 months), two years (24 months) and three years (36 months) were 100%, 50% and 50% respectively. The overall survival
probabilities at one, two and three years for patients who received radiation therapy only were 100%, 86% and 86% respectively. The overall survival probabilities at one,
two and three years for patients who received chemotherapy and radiation therapy were 95%, 80% and 61% respectively. There was no statistically significant association
between overall survival and different treatments in this group (p = 0.917).

find that AR negative tumors are more likely to present at a higher grade and stage than AR positive tumors.?*>%3*3%37 From

the limited research on TNBC histological subtypes, IDC is the most common, with one paper presenting that AR negative
tumors are more likely to be ductal than AR positive tumors.**>> In our study, three patients had “metaplastic” TNBC. These
TNBC morphologies are treated the same as other TNBC morphologies, hence were included in the statistical analyses.
Comparison of results from different studies can be seen in Appendix C.

Similarly, there is minimal research to date on Ki-67 and LVSI in TNBC and its relationship with AR status. Ki-67 (a
protein present in proliferating cells) is used as a biomarker for tumor proliferation and as a prognostic factor.*’ Few studies
have highlighted that AR negative tumors are more likely to have a higher Ki-67 expression than AR negative tumors in
TNBC.**"3%#! Lymphovascular space invasion is the extent of tumor that has invaded neighboring lymphatics or blood
vessels in the tissue it resides in and is a predictor of aggressive tumor behaviour.*> One study demonstrates that AR positive
tumors are more likely to present with LVSI than AR negative tumors in TNBC.* However, there are also very few published
studies in Australia that investigate TNBC patient survival outcomes and its relationship with AR expression.

An important factor in TNBC patient care is estimating survival times. Some studies conclude that there are no
associations between OS in TNBC and AR status.’®*'* However, multiple papers show that TNBC patients with AR
positive tumors have better survival times than those with AR- tumors.®***®*! This includes a better OS time after three

and five years for patients with AR+ tumors than AR- tumors.*”*%4!

Appendix C compares the OS times of TNBC
patients from different studies. However, these studies do not examine whether patient treatment choices affected their
respective survival times. For instance, a study has shown that TNBC patients who received radiation therapy and
chemotherapy had improved survival outcomes and fewer tumor recurrences*>* For patient surgical interventions,
multiple papers have demonstrated that late-stage TNBC patients who received a mastectomy had poorer survival
outcomes than those who received a lumpectomy.>****> Therefore, choice of therapy for TNBC and tumor stages

could be an important factor when investigating survival outcomes.
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In our research cohort, 50% of TNBC tumors expressed AR. This is a relatively high percentage than the 18.8-41%
range seen in similar papers®2%-30-33-34374647 Thoge studies, including ours, use an AR staining cut-off of <1% to define
AR negative TNBC tumors. However, other papers defined their AR- staining at <10%. Similarly, the percentage of AR
positive TNBC in those studies range from 17.1-38%3!3%-36:38.39.48

The mean age at TNBC diagnosis in our study is 65.1 years, which is older than those seen in similar studies (45.3—
58.4 years).® #2%313537 However, in one study it was found that with increasing incidences of breast cancer by age and
an ageing population, TNBC may become more prevalent in older patients.*’ In our study, the majority of TNBC patients
had IDC, higher grade tumors, high Ki-67 scores and stage I or II TNBC. Higher tumor grades and Ki-67 scores, as well
as ductal TNBC, have been shown to have poorer patient outcomes in TNBC.® 30-33:46:48.50.31

The relationship between the age at TNBC diagnosis and AR status was statistically significant. The mean age of AR
positive patients was 67.2 years which was older than AR negative patients (63.0 years), however this was not
statistically significant. Some studies suggest that there are no associations between AR status and age at TNBC
diagnosis.****3%*! Although, a possible factor that should be considered when investigating age at diagnosis and AR
status is the study population. A multi-institutional paper found that the majority of TNBC patients in a Nigerian study
and United Kingdom (UK) study were diagnosed at less than 50 years old.”> However, only 8.3% of the TNBC patients
from the Nigerian study were AR positive, while 54.9% were AR positive in the UK study.’® Hence, demographic factors
may play a role in TNBC and its relationship with AR status.

A Malaysian study analyzed the clinicopathological characteristics of 97 TNBC patients, which indicated that tumor
characteristics play a prognostic role in TNBC?’. However, the results from our study showed no statistical significance
between tumor characteristics and AR status. These include the histological subtype, laterality, tumor grade, tumor size,
tumor stage, nodal status, Ki-67 score and LVSI. Similar studies which have “1%” as their AR cut-off score show mixed
results. The majority suggest that AR negative TNBC tumors are more likely to be bigger, have a higher grade and stage,
more lymph node involvement, higher Ki-67 score and present as ductal carcinomas than AR positive tumors.*****37
However, An American study with 135 TNBC patients proposes that AR positive TNBC tumors are more likely to have
a bigger tumor size and lymph node involvement.® These conflicting results are also seen in other articles that use 10% as
their cut-off score for AR staining.*'*>*%° This variation in results could be due to different methodologies being
conducted in this field of research. These include the cut-off for receptor positivity in TNBC and AR, the size of the
study population, possible patient selection biases and AR histopathological scoring.>’ Consequently, some of these
issues can affect other parameters in this type of study, including the survival analysis.

The median OS time for our study cohort is 41.6 months. This is a comparably short time, since other articles report
mean and median OS times from 46 to 109.4 months respectively.*****> Furthermore, tumor characteristics such as
a higher tumor stage and lymph node metastases result in poorer OS times.**** In addition, patient therapies for TNBC
may correlate with their survival time. Studies show that mastectomy patients have a worse OS in TNBC, as this surgical
approach is recommended for higher T stage breast cancer than a lumpectomy.”****> Hence, in our study, certain tumor
factors (such as tumor stage) may explain why AR positive patients had higher rates of mastectomies than AR negative
patients. However, this paper demonstrated that there was no statistically significant relationship between OS and the
type of surgery. Similarly, we found no statistical significance between different non-surgical treatments and OS.

In our study, there was no statistical significance on the median OS and one-, two- and three-year OS probabilities between
AR negative and positive TNBC patients. This emphasises the fact that the relationship between AR status in TNBC and OS
still remains controversial, with different conclusions drawn from the current literature.®>%3%3%3%4! However, tumor
characteristics also play a role in OS and TNBC when comparing the two groups.>**’=%4! Therefore, some papers argue
that there is no relationship between survival time and AR status in TNBC, due to the influences that tumor factors, treatments,
patient comorbidities and follow-up times can have when investigating patient survival.**>'->*>% Furthermore, studies show
that TNBC patients with different tumor AR expressions does not affect the relationship between AR and patient survival
time.>**> Therefore, the value of AR as a prognostic marker in TNBC requires more investigation.

In our study, 50% of TNBC patients expressed AR, hence it may be useful for AR to be routinely screened when
pathologically analyzing TNBC. Apart from being a potential predictive tumor marker, one study presents that AR
expression more likely results in breast cancer metastases and increased risk of TNBC recurrences.’® Furthermore, the
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demand for AR inhibition therapy in TNBC may be warranted if a large proportion of a population expresses AR. Target
therapies such as ER and HER?2 inhibitors have already been successful in improving patient outcomes in breast cancer,
however AR inhibition has become a novel therapeutic target.”*>° Therefore, AR targeted therapies may be useful to
investigate in TNBC.

Conclusion

This pilot study demonstrates that a significant number of TNBC patients express AR. The relationships between AR
status with age at TNBC diagnosis and type of surgery are statistically significant. Though there are no statistically
significant relationships between AR status and tumor characteristics, this is a novel area of research and larger cohort
studies are warranted due to the potential role of AR as a prognostic marker. Furthermore, this type of research can
complement future research investigating TNBC.
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