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Abstract

Objective: Triple-negative breast cancer (TNBC) is a type of breast cancer that does not express the estrogen receptor
(ER), the progesterone receptor (PR), or the human epidermal growth factor receptor 2 (HER2). TNBC has limited
treatment targets, including the androgen receptor (AR). However, the therapeutic strategies-based AR expression in
TNBC remains uncertain. The aim of this study is to compare the effect of neoadjuvant treatment on TNBC androgen
receptor-positive versus receptor-negative patients. Methods: A systematic search was performed through databases to
search for cohort studies that compared the effect of neoadjuvant treatment on TNBC androgen receptor-positive versus
TNBC receptor-negative patients. The Mantel-Haenzel and Inverse Variance methods obtained a fixed-effects model of
pooled odds or hazard ratios for the primary outcomes. Results: Fifteen cohort studies, including 2,713 patients with
TNBC, were assessed. The effect of neoadjuvant chemotherapy is less superior on AR+ patients than AR- (OR = 0.60,
p = 0.02). For survival outcomes, the AR+ subtype is associated with better 3-year DFS (HR = 0.93, p = 0.69) and
3-year OS (HR =0.71, p=0.20) compared with AR-. The statistical value is insignificant. Conclusion: The prognostic

value of 4R expression in TNBC is not fully understood, which is an inconclusive result.
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Introduction

Triple-negative breast cancer (TNBC), a subtype of
malignant breast cancer first introduced in 2005, is defined
as negative clinical testing for estrogen receptor (ERa),
progesterone receptor (PR), and human epidermal growth
factor receptor 2 (HER?2) expression [1]. It represents
around 20% of all malignant breast cancers and has the
lowest 5-year survival rate compared to other breast cancer
(BC) subtypes. Only one-fourth of TNBC patients show
androgen receptor (AR) expression, further divided into
triple-negative breast cancer AR-positive subtype (TNBC
AR+). All the remaining TNBCs which do not express
the AR are defined as quadruple-negative breast cancer
(QNBC) or triple-negative breast Cancer AR-negative
(TNBC AR-) [2-4].

The role of androgen hormone physiology in normal
breast tissue is well established. Emerging data suggest
that AR significantly influences breast cancer gene
profiles and affects the tumorigenic properties of TNBC.
Neoadjuvant chemotherapy (NAC) has become the

standard treatment for BC patients with locally advanced
or early stages [5]. Previous studies about AR expression
indicated that AR-negative TNBC showed significantly
poorer outcomes in disease-free survival (DFS) and overall
survival (OS) than AR-positive TNBC, which suggested
that AR expression could be a valuable prognostic marker
in TNBC [6, 7]. A pathological complete response (pCR)
means there is no invasive residual in the breast or nodes.
Mohammed et al. [8] showed that TNBC AR+ had a lower
rate of pCR compared with QNBC, suggesting that the
AR+ subtype may have a partial chemoresistance. It is
established that the higher response rate for chemotherapy
in TNBC did not translate into improved survival
outcomes. Nevertheless, many studies have suggested
that achieving pCR is an effective surrogate marker for
predicting long-term survival outcomes [9].

Previous meta-analysis study by Wang, showed AR
positivity was associated with a lower risk of disease
recurrence in TNBC (Wang et al., 2020). In contrast, Xu’s
metanalysis study showed a different result, 4R expression
in TNBC was not associated with disease-free survival
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(HR, 0.923; 95% CI, 0.671-1.271; P= 0.634), overall
survival (HR, 0.910; 95% CI, 0.678-1.222; P= 0.531),
distant disease-free survival (HR, 1.02; 95% CI, 0.96-1.08;
P=0.489), or recurrence-free survival (HR, 0.957; 95%
CIL, 0.462-1.982; P=0.906) in TNBC [10]. The role of AR,
which is still being debated, triggered the author to create
this meta-analysis. The aim of this study is to compare the
effect of neoadjuvant treatment on TNBC with androgen
receptor-positive (AR+) versus TNBC receptor-negative
(AR-) patients.

Materials and Methods

Search Strategy

To provide an evidence base for assessing neoadjuvant
treatment outcomes in TNBC AR-positive versus TNBC
AR-negative, we systematically reviewed the literature
using the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [11].

A systematic search was performed through Pubmed,
Science Direct, Scopus, Sage, Proquest, and the Cochrane
Library from 2011 to July 2022. Cohort studies that
compared the effect of neoadjuvant treatment on TNBC
AR+ versus TNBC AR- patients were eligible for the
study. The selection of included studies and data extraction
were made following PRISMA guidelines.

For MeSH and free-text searches, the index terms
“triple-negative breast cancer,” “androgen receptor,”
“neoadjuvant,” and “pathologic complete response” were
used. The “related articles” feature in PubMed was used to
extend each search and manual search using the original
study’s reference list. Two independent authors reviewed
all studies identified by the search strategy, and a mutual
agreement was obtained. If an article was not searchable,
we searched for the article manually and contacted the
author. There was no need for local ethical approval for
this type of research. This research had a registration in
PROSPERO with ID number CRD42022373168.

Eligibility criteria

All studies were included based on the following criteria:
(1) the study was published in a peer-reviewed journal as
a full-length article, including a randomized controlled
trial, prospective, or retrospective comparison study; (2)
patients who received neoadjuvant chemoradiotherapy;
and (3) comparative studies should include all three
of the following outcomes: pCR, disease-free survival
(DFS), and overall survival (OS) between TNBC with
AR+ versus TNBC AR-. Studies were excluded if (1)
they do not clearly state clinical outcomes; (2) narrative
review studies, duplicate publications, and editorials are
also excluded; and (3) they are published in non-English
languages.

Risk of bias

The Newcastle-Ottawa Scale (NOS) instrument was
used to evaluate the risk of bias (RoB) in non-randomized
research [12]. The NOS instrument’s three domains are
selection, comparability, and outcome. Studies with 7-9
points had a low risk of bias, those with 4-6 points had a
moderate risk, and those with 0-3 points had a high risk of
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bias. We assessed potential bias in the published literature
using a funnel plot.

Data Extraction and Management

Between TNBC with AR+ and TNBC AR-, the
clinical outcomes were pCR, DFS, and OS. The data
were extracted and entered into an Excel spreadsheet for
further analysis. The discussion was used to settle any
differences of opinion. The following data were extracted
from each study: first author, year of publication, study
design, sample size, pCR, DFS, OS, and hazard ratio for
DFS and OS in both groups. This kind of paper does not
need clearance from an institutional review board.

Statistical Analysis

Data eligible for meta-analysis were entered and
analyzed using Review Manager, Version 5.4 (Cochrane
Collaboration, Oxford, United Kingdom). Meta-analyses
were performed according to PRISMA guidelines [13].
The Mantel-Haenzel method [14] obtained a fixed-effects
model of pooled ORs. The Inverse Variance method
obtained a fixed-effects model of pooled hazard ratios. The
hazard ratios (HRs) for survival outcomes (DFS and OS)
and the odds ratio (OR) for a binary outcome (pCR), as
well as their 95% confidence intervals (Cls), were used to
measure the efficacy and safety of the treatment strategies.
For specific comparisons, an agent with HR for DFS and
OS <1 or OR for pCR >1 was deemed preferable due to
its contrast in efficacy. The studies’ statistical significance
was evaluated by the Z test, with significance set at
p <0.05. Heterogeneity among the studies was quantified
using Cochran’s Q-statistic and I? statistic. Substantial
heterogeneity was considered to exist with a p <0.05 or
I? > 50%, and the random-effects method was used after
exploring the causes of heterogeneity. Otherwise, the
fixed-effects method was used [15].

Results

There were 1,201 articles identified. A total of 889
articles were included after removing the duplicates.
About 69 articles remained after eliminating 820 irrelevant
articles. Subsequently, 51 articles were eliminated after
being thoroughly examined. Therefore, 15 cohort studies
met the criteria and were included in this study. This study
flowchart is presented in Figure 1.

All fifteen studies (n =2,713 patients) were included in
this final analysis (n = 832 patients with TNBC AR-positive
and n = 1.881 patients with TNBC AR-negative treated
with neoadjuvant treatment). Our analysis included
cohort studies consisting of 13 retrospective studies and
2 prospective studies (Table 1).

Risk of Bias

The risk of bias varied between studies. Nine studies
were classified as high-quality studies (NOS 7-9). Six
other studies were classified as having a high risk of bias.
There are no studies with a very high risk of bias. The
risk of bias scoring is projected in Table 2. Egger’s test
of asymmetry in funnel plot revealed no publication bias
among studies (Figure 2).
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First Author, Year Study N N pCR/pCR(%) DFES (0N Follow NOS
Design up
AR+  AR- AR+ AR- HR 95% CI HR 95% CI
Di Leone, [28] RS 145 20 125 5(25) 47(37.6) NR NR NR NR 30 6
Amrallah, [29] RS 89 29 60  7(24.1) 36 (60) NR NR NR NR NR 6
Sunar, [30] RS 84 25 59 NR NR 1.39 0.21-9.21 1.47 0.54-3.99 NR 8
Hu, [31] RS 360 118 242 NR NR 0.467  0.27-0.80 0.488 0.27-0.89 64 8
Adamo, [32] RS 99 17 82 NR NR 0.34 0.07-1.65 0.67 0.32-1.402 62 8
Zhu , [33] RS 165 59 106 12(20.3) 23(21.7) 1.001 0.498-2.013 NR NR 41 7
Constantinous, [34] PS 83 14 69 NR NR 1.71  0.461-6.348  1.579  0.363-6.862 NR 6
Sang, [35] RS 94 41 53 NR NR 1.98 1.24-3.16 NR NR NR 6
Jiang, [36] RS 434 248 186 NR NR 2.26 1.16-4.41 NR NR 91 8
Choi, [37] RS 492 87 405 NR NR 1.484 0.851-2.589  2.159  1.224-3.808 72 9
Pistelli, [38] RS 81 15 66 12(80) 54 (81.8) 1.24 0.36-4.24 0.93 0.19-4.56 52.4 7
Zaborwski, [39] RS 137 40 97 NR NR 0.87 0.54-1.41 0.56 0.19-1.67 41.8 6
Doberstein, [40] RS 52 21 31 NR NR 0.32 0.08-1.29 0.3 0.07-1.25 132 6
He, [41] RS 287 74 213 NR NR 0.47 0.23-0.95 0.34 0.14-0.83 72 9
Loibi, [42] PS 111 24 87 7(29.2) 29(33.3) 0.38 0.12-1.21 0.14 0.02-0.98 60.5 7

RS, Retrospective Studies; PS, Prospective Studies; AR, Androgen Receptor; pCR, Pathologic Complete Response; DFS, Disease-Free Survival;
OS, Overall Survival; HR, Hazard Ratio; CI, Confidence Interval; NR, Not Reported

Meta-Analysis of pCR Rates

Pathologic complete response (pCR) has predicted
long-term outcome in several neoadjuvant studies and
is therefore a potential surrogate marker for survival.
Pathological complete response (pCR) is defined as
disappearance of all invasive cancer in the breast after
completion of neoadjuvant chemotherapy. For the primary
endpoint pCR percentage, five trials were analyzed with
591 patients. The forest plot showed that the effect of
neoadjuvant chemotherapy was less superior on AR+
patients compared to AR- (OR =0.60, 95% C10.39-0.93;
p = 0.02; Figure 3). A fixed-effect model was selected
due to the insignificant heterogeneity among the studies
(P=0.19, I>=34%). Suggesting that neoadjuvant therapy
is more resistant in this AR+ subtype.

Meta-Analysis of Survival Outcomes

In this metaanalysis, the discussion regarding survival
outcomes is divided into 2, namely Disease-free survival
(DFS) and Overall survival (OS). Disease-free survival
(DFS) refers to the time from random assignment to
cancer recurrence from any cause. Overall survival (OS)
was defined as the duration from the date of diagnosis to
death or last follow-up, with no restriction on the cause
of death. For survival outcomes, the AR+ subtype is
associated with better 3-year DFS (HR = 0.93, 95% CI

Table 2. Neoadjuvant Therapy of the Included Studies

0.63—-1.36; p = 0.69) and 3-year overall survival (OS)
(HR = 0.71, 95% CI 0.42-1.20; p = 0.20) compared
with AR- subtype. The statistical value, however, is
insignificant. Heterogeneity was significant on both DFS
and OS (P < 0.05).

Discussion

Thirteen retrospective studies and two prospective
studies, including 2,713 patients with TNBC, were
assessed. Pathologic complete response (pCR) is
defined as no invasive residual in the breast or node
following neoadjuvant chemotherapy [8]. The forest
plot in Figure 3 showed that the effect of neoadjuvant
chemotherapy was less superior on AR+ patients than AR-
(OR =0.60, 95% C1 0.39-0.93; p = 0.02). A fixed-effect
model was selected due to the insignificant heterogeneity
among the studies (P = 0.19, I* = 34%). Our results are
similar to a prior study by Loibl et al. [16] reported that
despite a better prognosis, patients with AR+ tumors are
less sensitive to chemotherapy.

Several retrospective studies have reported that
patients with AR+ subtype tumors are less responsive
to standard chemotherapy than other TNBC patients;
and patients with AR+ TNBCs have a lower chance of
achieving a pCR following neoadjuvant chemotherapy

First Author, Year
Di Leone, [28]

Neoadjuvant therapy

Anthracyclines (epirubicin, 100 mg/m?) and cyclophosphamide (500 mg/m2; triweekly for 4 cycles) and

taxanes (docetaxel 70 mg/m?; triweekly for 4 cycles); or carboplatin (100 mg/m2; weekly for 12 cycles).

Zhu, [38] Not mentioned
Pistelli, [28] Anthracycline containing, CMF
Loibl, [42]

TAC regimen (doxorubicin 50 mg/m?, cyclophosphamide 500 mg/m?, and docetaxel 75 mg/m?).
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Identification of studies via databases and registers

Records identified from™*
Pubmed, Science Direct,
Scopus, Sage, Proquest,
Cochrane Library.

Identification

N=1201

Records screened
(n=889)

Reports sought for retrieval
(n=89)

Screening

Reports assessed for eligibility
(n=18)

Reports of included studies
(n=15)

Included

Figure 1. PRISMA Flow Diagram

[17]. These results highlight the need for additional
non-chemotherapy-based therapeutic strategies in TNBC
[18, 17]. This response is possibly due to the absence of
additional therapies such as anti-androgens (bicalutamide
and enzalutamide).

For survival outcomes, as shown on forest plots in
Figures 4 and 5, the AR+ subtype is associated with better

o SE(GIOR])

0.2+ ]

0.4 ;

0.6 i

S ]

Records removed before screening:

Duplicate records removed (n=312)

Article not relevant
(n=820)

51 Reports excluded:
26: different outcomes reported
8. not TNBC

17: no comparison between AR+ and
AR- outcomes

5 records not eligible for metaanalysis:
3. same study at different time points
2: insufficient information

3-year disease-free survival (DFS) (HR = 0.93, 95%CI
0.63—-1.36; p = 0.69) and 3-year overall survival (OS)
(HR=0.71, 95% CI 0.42—-1.20; p = 0.20) compared with
AR- subtype. However, the statistical value is insignificant.
Our results are similar to a prior meta-analysis by Xu
et al. [10] which reported that AR expression did not
have prognostic significance in treating TNBC. While

Y OR

LY T 01

Figure 2. Funnel Plot
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AR + AR - 0dds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Amrallah 2020 7 29 36 60 33.3%  0.21[0.08, 0.57] —
Di Leone 2021 5 20 47 125 18.2%  0.55[0.19, 1.62] —
Loibi 2011 7 24 29 87 16.6%  0.82[0.31, 2.21) —
Pistelli 2014 12 15 54 66 7.5% 0.89 [0.22, 3.65] —_—
Zhu 2021 12 59 23 106 24.5% 0.92 [0.42, 2.02] —
Total (95% CI) 147 444 100.0% 0.60 [0.39, 0.93] ’
Total events 43 189
Heterogeneity: Chi® = 6.06, df = 4 (P = 0.19); I = 34% ; 1 + {
Test for overall effect: Z = 2.29 (P = 0.02) 0.01 0-1 AR - AR + 10 100

Figure 3. Forest Plot for Pathologic Complete Response (pCR) of Androgen Receptor-Positive Compared with

Androgen Receptor-Negative

Study or Subgroup

log[Hazard Ratio]

Hazard Ratio

SE Weight IV, Random, 95% ClI

Hazard Ratio
IV, Random, 95% ClI

Adamo 2017
Choi 2015
Constantinous 2018
Doberstein 2014
He 2012

Hu 2017

Jiang 2016

Loibi 2011
Pistelli 2014
Sang 2019
Sunar 2018
Zaborwski 2019
Zhu 2021

Total (95% CI)

-1.0788
0.3947
0.5365

-1.1394
-0.755

-0.7614
0.8154

-0.9676
0.2151
0.6831
0.3293

-0.1393

0.001

0.8064
0.2837
0.6688
0.7073
0.3646
0.2795
0.3403
0.5881

0.631
0.2388
0.9643
0.2433
0.3562

4.1%
10.4%
5.2%
4.8%
9.1%
10.5%
9.5%
6.0%
5.6%
11.2%
3.1%
11.1%
9.3%

100.0%

0.34 [0.07, 1.65]
1.48 [0.85, 2.59]
1.71[0.46, 6.34]
0.32[0.08, 1.28]
0.47 [0.23, 0.96)
0.47[0.27, 0.81]
2.26 [1.16, 4.40]
0.38[0.12, 1.20]
1.24 [0.36, 4.27]
1.98 [1.24, 3.16]
1.39[0.21, 9.20]
0.87 [0.54, 1.40]
1.00 [0.50, 2.01]

0.93 [0.63, 1.36]

“——

————

Heterogeneity: Tau? = 0.28; Chi? = 35.84, df = 12 (P = 0.0003); I* = 67% 1 t T t

Test for overall effect: Z = 0.39 (P = 0.69)

AR + AR -

Figure 4. Forest Plot for Disease-Free Survival (DFS) of Androgen Receptor-Positive Compared with Androgen

Receptor-Negative

a meta-analysis by Kim et al. showed that expressing AR
was linked to better DFS (OR = 0.44, p = 0.002) and OS
(OR=0.26,p=0.001) [19]. However, a meta-analysis by
Wang et al. [20] comprising 2,826 TNBC patients with a
24.4% AR positivity, reported slight differences. Patients
with AR expression tended to have a lower tumor grade
(p <0.001) but more lymph node involvement (p <0.01).
Although AR positivity was associated with improved

DFS (HR = 0.809, p < 0.05), no benefit in OS was seen
(HR =1.27,p=0.168) [20]. Qu et al. [21] also reported
a meta-analysis of 5270 patients, which showed a 65.2%
AR positivity with a benefit in DFS in the TNBC subgroup
(HR =0.4) but not in OS (HR =1.17).

Thus, some meta-analyses supported an AR-positive
correlation with better DFS, and only one meta-analysis
supported an OS benefit. Our study, however, supported

Hazard Ratio

Weight IV, Random, 95% CI

Hazard Ratio
IV, Random, 95% ClI

Study or Subgroup  log[Hazard Ratio] SE

Adamo 2017 -0.4005 0.377 12.9%
Chai 2015 0.7696 0.2896 14.4%
Constantinous 2018 0.4568 0.7501 7.3%
Doberstein 2014 -1.204 0.7425 7.4%
He 2012 -1.0788 0.4527 11.6%
Hu 2017 -0.7174 0302 14.1%
Loibi 2011 -1.9661 0.9928 5.1%
Pistelli 2014 -0.0726 0.8103 6.7%
Sunar 2018 0.3853 0.511 10.6%
Zaborwski 2019 -0.5798 0.5515 10.0%
Total (95% CI) 100.0%

0.67 [0.32, 1.40]
2.16 [1.22, 3.81]
1.58 [0.36, 6.87]
0.30[0.07, 1.29]
0.34[0.14, 0.83]
0.49 [0.27, 0.88]
0.14 [0.02, 0.98]
0.93[0.19, 4.55]
1.47 [0.54, 4.00]
0.56 [0.19, 1.65]

0.71 [0.42, 1.20]

Heterogeneity: Tau® = 0.42; Chi® = 25.74, df = 9 (P = 0.002); I* = 65%

Test for overall effect: Z = 1.29 (P = 0.20)

—_—

—_——

_

———

0.01

0.1 1 10

AR + AR -

Figure 5. Forest Plot for Overall Survival (OS) of Androgen Receptor-Positive Compared with Androgen Receptor-

Negative
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the same conclusion for DFS and OS with a meta-analysis
from Xu et al. [10] that reported that both are insignificant.
The literature about the AR receptor’s biological function
is still limited. Thus, the prognostic value of AR expression
in TNBC is not fully understood. 4R is thought to act as a
tumor suppressor in the case of ER-positive breast cancer
cells, preventing the growth of tumors by competing with
ER signaling for estrogen receptor binding [22]. This
finding was also validated by a meta-analysis conducted
by Vera-Badillo [23]. The androgen receptor mediates
the activation of the MAPK signaling pathway, reducing
proliferation. Continuous activation of the MAPK
pathway by both AR+ and EGFR signaling results in cell
death [24]. However, several studies have demonstrated
that AR controls the growth, invasion, migration, and
proliferation of Estrogen receptor-negative breast cancer
cells in vivo [25]. Moreover, immunostaining of positive
androgen receptors is associated with a lower clinical
stage, mitotic score, and histological grade [26]. More
studies are required to investigate this issue further.

Limitations

Limitations of our study include the retrospective
nature and the low number of AR + events (832 patients)
compared to AR - events (1.881 patients) analysis, which
impose caution in results interpretation and further
validation in additional studies.

In conclusion, our study is comparable to some
prior studies that showed the effect of neoadjuvant
chemotherapy was less superior on AR+ patients than
AR-. While for survival outcomes, the AR+ subtype is
associated with better 3-year DFS and 3-year OS compared
with AR- subtype, with an insignificant statistical value.
However, prior studies showed inconclusive results.
Therefore, the prognostic value of 4R expression in
TNBC is not fully understood. More studies are required
to investigate this issue further.
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