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Abstract
Background:

Androgen receptor (AR)-positive triple-negative breast cancer (TNBC) represents a distinct molecular subtype driven by androgen signaling.
However, existing clinical evidence is largely limited to small, early-phase single-arm trials with inconsistent endpoint definitions. This
systematic review and meta-analysis evaluates the clinical activity and safety profile of AR pathway-targeted therapies in patients with AR-
positive TNBC.

Methods:

PubMed, Embase, Web of Science, the Cochrane Library, and ClinicalTrials.gov were systematically searched from database inception
through February 2026. Quantitative synthesis focused on patients with advanced or metastatic disease, using a random-effects generalized
linear mixed model to pool objective response rates (ORR) and clinical benefit rates (CBR) at standardized timepoints (16 weeks and 6
months). Neoadjuvant studies were evaluated qualitatively.

Results:

Eleven studies met inclusion criteria (10 in advanced/metastatic settings, 1 neoadjuvant). Across nine advanced-disease studies (296
patients), the pooled ORR was 5.4% (95% Cl: 3.3%-8.6%; 12 = 0.0%). Standardized CBR was 30.7% (95% Cl: 24.3%—37.9%) at 16 weeks (176
patients across 5 studies) and 19.6% (95% Cl: 11.2%-32.1%) at 6 months (56 patients across 2 studies). In the neoadjuvant setting, 16.7% of
patients achieved a pathological complete response. Safety outcomes were synthesized narratively due to varied reporting definitions.

Conclusion:

AR pathway-targeted therapies demonstrate limited direct tumor shrinkage but achieve durable disease control in nearly one-third of patients
at standardized intervals. Given the reliance on small single-arm trials with varying AR positivity cutoffs, these findings represent signals of
clinical activity rather than direct proof of superiority over standard treatments.

1. Introduction

Breast cancer remains one of the most prevalent malignancies among women globally. Accounting for approximately 11.6% of all new global
cancer cases in 2022, its overall disease burden continues to be substantial(Bray et al., 2024). Triple-negative breast cancer (TNBC), defined
by the lack of estrogen receptor, progesterone receptor, and HER2 expression, comprises roughly 12% to 17% of all breast cancer cases.
Although recent years have witnessed an expanding therapeutic armamentarium, including immunotherapies, poly(ADP-ribose) polymerase
(PARP) inhibitors, and antibody-drug conjugates (ADCs). TNBC exhibits profound molecular and clinical heterogeneity. Consequently, there
remains an urgent, unmet clinical need for more precise biomarkers and actionable therapeutic targets in patients with advanced or
metastatic disease(Bianchini et al., 2022).

Transcriptomic analysis has stratified TNBC into several molecular subtypes with unique biological features, among which the luminal
androgen receptor (LAR) subtype is uniquely driven by AR-associated transcriptional networks(Lehmann et al., 2016, 2011). LAR tumors
typically display luminal-like gene expression profiles alongside relatively low proliferation indices, resulting in lower pathological complete
response rates to neoadjuvant chemotherapy than those observed in basal-like counterparts(Lehmann et al., 2016; Ravaioli et al., 2022;
Thompson et al., 2022). Compared to other breast cancer subtypes, TNBC often has a relatively low frequency of AR expression; only 12% of
TNBC patients express AR.(Castellano et al., 2013; Gonzalez-Angulo et al., 2009; Gucalp et al., 2013; Loibl et al., 2011; Park et al., 2011; Peters
et al,, 2009, 2012; Tsutsumi, 2012) Prior studies have employed heterogeneous nuclear staining thresholds, ranging from > 0% and = 1% to =
10%, thereby confounding patient selection criteria and limiting cross-study comparability(Barton et al., 2015; You et al., 2022).

Grounded in this biological rationale, various AR pathway-targeted strategies have entered clinical evaluation. These include direct AR
antagonists, CYP17/androgen synthesis inhibitors, selective androgen receptor modulators (SARMs), and combination regimens
incorporating immune checkpoint inhibitors, CDK4/6 inhibitors, or chemotherapy. Early clinical trials investigating bicalutamide, abiraterone,
and enzalutamide demonstrated modest objective responses accompanied by durable disease stabilization(Bonnefoi et al., 2016; Gucalp et
al., 2013; Traina et al., 2018). Subsequently, studies evaluating enobosarm plus pembrolizumab, neoadjuvant enzalutamide combined with
paclitaxel, and the START trial have further expanded the exploration of combination platforms and biomarker-guided patient
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enrichment(Bonnefoi, 2025; Jiang et al., 2022; Lim et al., 2024; Yuan et al., 2021). Nevertheless, the existing evidence base is limited by small
sample sizes and a predominance of single-arm designs. Crucially, reported clinical benefit rates (CBR) have been evaluated across
inconsistent timepoints (e.g., 8 weeks, 16 weeks, 24 weeks, or 6 months); directly pooling these disparate endpoints into a generic "overall
CBR" or "disease control rate (DCR)" introduces significant clinical ambiguity.

To address these knowledge gaps, this systematic review and meta-analysis aims to evaluate the clinical efficacy and safety of AR pathway-
targeted therapies in patients with AR-positive TNBC. Specifically, we sought to derive precise pooled estimates for objective response rate
(ORR) and timepoint-standardized CBR in advanced or metastatic settings, while conducting exploratory analyses to dissect the influence of
therapeutic regimens, AR positivity cutoffs, and evidence sources.

2. Materials and Methods
2.1. Reporting Guidelines and Protocol Registration

This meta-analysis was designed and reported in accordance with the PRISMA 2020 guidelines(Page et al., 2021), and the protocol was
registered with PROSPERO (CRD420261469091). As this study is a meta-analysis of previously published, publicly available data, individual
patient-level data were not accessed, and no primary data collection was performed. Accordingly, ethical committee approval and individual
informed consent were not required.

2.2. Search Strategy

A comprehensive, systematic search was conducted across PubMed, Embase, Web of Science, the Cochrane Library (including CENTRAL)
and ClinicalTrials.gov from database inception through February 2026. The search string integrated three primary concept domains: triple-
negative breast cancer (TNBC), androgen receptor (AR), and specific AR pathway-targeted agents (including bicalutamide, enzalutamide,
abiraterone, darolutamide, proxalutamide, seviteronel, orteronel, and enobosarm). Reference lists of included studies and relevant review
articles were manually screened to identify additional eligible citations. Furthermore, conference proceedings from the American Society of
Clinical Oncology (ASCO), European Society for Medical Oncology (ESMO), and San Antonio Breast Cancer Symposium (SABCS) were
systematically evaluated; conference abstracts were included only if endpoint definitions, event numbers, and exact denominators were
explicitly obtainable. The full search strategy for PubMed Embase, Web of Science, the Cochrane Library and ClinicalTrials.gov is detailed in
Appendix 1.

2.3. Eligibility Criteria

Studies that met the following inclusion criteria were eligible for inclusion in this meta-analysis: Population (P): Patients confirmed TNBC
classified as AR-positive according to criteria specified in studies. Primary quantitative syntheses were restricted to advanced, recurrent,
unresectable, or metastatic disease. Cohorts consisting predominantly (= 90%) of TNBC, or studies with extractable TNBC subgroup data,
were eligible. Early-stage or neoadjuvant cohorts were evaluated separately and excluded from advanced-disease pooled syntheses.
Intervention (1): AR pathway-targeted therapies, encompassing direct AR antagonists, CYP17/androgen synthesis inhibitors, selective AR
modulators (SARMs), and combination incorporating immune checkpoint inhibitors, CDK4/6 inhibitors, or chemotherapy. Comparator (C):
Comparator groups were not required for single-arm proportional meta-analyses. For randomized or comparative studies, data from the AR-
targeted intervention arm were extracted for proportional pooling, while control arm data were retained and reported separately to preserve
randomization integrity. Outcomes (O): The primary efficacy outcome was objective response rate (ORR), defined as the proportion of
patients achieving complete response (CR) or partial response (PR) according to RECIST criteria. The primary clinical benefit endpoint was
16-week clinical benefit rate (CBR,¢; defined as the proportion of patients achieving CR + PR + stable disease (SD) durable to 16 weeks); 6-
month CBR (CBRg,,,) was pooled separately. Other endpoints, 24-week CBR, 8-week disease control rate (DCR), timepoint-undefined DCR, 6-
month progression-free survival (PFS) rate, neoadjuvant pathological complete response (pCR), and pCR combined with Residual Cancer
Burden class | (pCR + RCB-l), were reported separately. PFS and OS were synthesized narratively owing to the reliance on median estimates
with incomplete confidence intervals. Safety outcomes were categorized into treatment-related adverse events (trAEs), treatment-related
grade = 3 AEs, and serious adverse events (SAEs). Study Design (S): Prospective phase I/Il single-arm trials, non-comparative randomized
phase Il trials, extractable experimental arms from randomized controlled trials (RCTs), and eligible conference abstracts reporting precise
event counts.

The following studies were excluded: 1)Non-original publications, basic science or animal studies, duplicate reports, case reports or
editorials; 2) mixed-population cohorts lacking dedicated data for AR-positive TNBC, studies missing event counts or denominators, and
studies with outcome definitions incompatible with our pre-specified endpoints; 3) non-English publications.

2.4. Data Extraction and quality assessment
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Two researchers independently extracted the necessary information and appraised the quality of the included studies. They extracted author,

publication year, country/region, design, clinical setting, enrolled and evaluable sample sizes, age, prior lines of systemic therapy, AR antibody
clone and positivity threshold, therapeutic regimen, efficacy outcome definitions and timepoints, event/denominator counts, as well as clinical
and safety outcomes such as ORR, DCR, OS, PFS, and grade 3 or higher AEs or serious adverse events (SAEs).

Single-arm studies were critically appraised using the Joanna Briggs Institute (JBI) Critical Appraisal Checklist for Case Series(Munn et al.,
2020), with items rated as "Yes", "No", "Unclear", or "Not Applicable" (avoiding arbitrary composite score summation). For the randomized
START trial, risk of bias was assessed using the Cochrane Risk of Bias 2 (RoB 2) tool across five standard domains(Sterne et al., 2019).
Unreported details in conference abstracts were categorized as "Unclear" rather than defaulted to low risk.

2.5. Statistical Analysis

All statistical analyses were executed in STATA 15.1 software (StataCorp LP, College Station, TX, USA) and R 4.4.1 using the meta (version
8.2-1) and metafor packages. Single-arm proportional data were pooled using a binomial-normal random-effects generalized linear mixed
model (GLMM) with a logit link function. Study-level 95% confidence intervals (Cls) were derived using the Clopper-Pearson exact method. No
continuity correction was applied to studies with zero events. A random-effects model was pre-specified for all pooled analyses and was not
altered based on statistical heterogeneity testing.

Statistical heterogeneity was quantified using T2, 12, and the Cochran’s Q test. In accordance with contemporary evidence-synthesis guidelines,
I2 was interpreted in the context of study number, effect magnitude, and clinical heterogeneity, rather than relying on rigid mechanical
thresholds. Where at least three studies contributed to a synthesis, 95% prediction intervals (Pls) were calculated.

Exploratory subgroup analyses were performed according to treatment strategy (monotherapy vs. combination therapy), AR positivity
threshold (= 10% vs. lower/mixed thresholds), and publication format (full-text articles vs. conference abstracts). Sensitivity analyses were
conducted by restricting the synthesis to TNBC cohorts, full-text publications, monotherapy regimens, studies with evaluable sample sizes >
10. Because fewer than 10 studies contributed to each meta-analyzed outcome, quantitative publication bias assessments (funnel plots,
Egger's test, and trim-and-fill analysis) were omitted. PFS, 0S, and heterogeneous safety endpoints were synthesized narratively.

3. Results
3.1. Study Selection

Initially, 224 studies were retrieved from PubMed (n = 106), Embase (n = 27), Web of Science (n = 24), and the Cochrane Library(n = 27) and
ClinicalTrials.gov (n = 40). After removing duplicates, 142 unique records were screened. Based on title and abstract screening, 16 articles
were retained for full-text evaluation. Following detailed full-text review, 5 articles were excluded due to missing data or data unavailability.
Ultimately, 10 studies met the eligibility criteria and the randomized START trial were separately reported. The detailed study selection
flowchart is illustrated in the PRISMA flow diagram (Fig. 1).

3.2. Baseline Characteristics

The 11 included reports were published between 2013 and 2025, comprising 10 studies in the advanced or metastatic setting and 1 in the
neoadjuvant setting. Seven studies were published as full-text peer-reviewed articles, whereas four were available only as conference
abstracts. Among the 10 advanced-setting studies, seven evaluated monotherapy or endocrine-like regimens, and three evaluated
combination strategies with immunotherapy or CDK4/6 inhibitors. The 11 included studies comprised a total of 326 patients. Regarding
biomarker criteria, eight studies employed an androgen receptor (AR) nuclear staining cutoff of > 10% (or > 10%), two utilized = 1%, and one
applied variable thresholds across different trial phases.(Bonnefoi, 2025; Bonnefoi et al., 2016; Gucalp, 2020, 2017; Gucalp et al., 2013; Jiang
et al., 2022; Knight-Shefner, 2025; Lim et al., 2024; Traina et al., 2018; Yardley et al., 2021; Yuan et al., 2021) Study designs, treatment
regimens, and outcome definitions are detailed in Table 1.
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Table 1

Baseline characteristics of the studies included in the meta-analysis.

Study

Gucalp
et al.
(2013)

Bonnefoi
et al.
(2016)

Traina et

al.
(2018)

Yuan et

al.
(2021)

Jiang et
al.
(2022)
Lim et

al.
(2024)

Bonnefoi
et al.
(2025)

Yardley
et al.
(2021)

Gucalp
etal.
(2017)

Gucalp
etal.
(2020)

Knight-
Shefner
et al.
(2025)

Study Design

Phase Il single-arm;
Advanced/metastatic

Phase Il single-arm;
Advanced/metastatic

Phase Il single-arm;
Advanced/metastatic

Phase Il single-arm;
Advanced/metastatic

Phase Ib open-label
dose expansion;
Advanced/metastatic

Phase Il single-arm;
Neoadjuvant

Non-comparative
randomized phase I;
Advanced/metastatic

Phase Il single-arm;
Advanced/metastatic

Phase Il stage 1
single-arm;
Advanced/metastatic

Phase I/1l single-arm;
Advanced/metastatic

Phase I/1l single-arm;
Advanced/metastatic

Study
Design

International
multicenter

France

International
multicenter

USA

China
multicenter

USA

France and
Belgium

USA

Multicenter

USA

USA

Sample
Size

28/26

34/30

118/78

18/16

45/13

24/24

61/58

26/26

16/6

33/31

21/18

Age

66 (41—
83)

62.5
(39-86)

57 (32-
85)

64 (36-
81)

54 (34—
79)
57.5

(39-74)

60 (56~
70)

57 (33—
92)

Not
reported

7 (42-

6
79)

56 (37—
75)

Previous lines
of treatment

Median 1 line
(0-8)

Median 2.5
lines (0-9)

Median 1 line
(0-7)

At least 1 ling;
44% had at
least 2

Median 3
lines (1-13)

Neoadjuvant
AC before
study
treatment

No more than
1 prior
chemotherapy
line

1-3
chemotherapy
regimens for
metastatic
disease

60% had at
least 2 prior
lines for
advanced
disease

Median 3
lines (0-9)

No more than
3 prior
systemic
therapy lines

Therapeutic
Intervention

Bicalutamide
150 mg daily

Abiraterone
1000 mg daily
plus
prednisone 5
mg twice daily

Enzalutamide
160 mg daily

Enobosarm 18
mg daily plus
pembrolizumab
200 mg every 3
weeks

Proxalutamide
200 or 300 mg
daily

Enzalutamide
120 mg daily
plus weekly
paclitaxel 80
mg/m2

Darolutamide
600 mg twice
daily

Orteronel 300
mg twice daily

Seviteronel 450
mg daily

Bicalutamide
150 mg daily
plus palbociclib
125 mg days
1-21

Bicalutamide

150 mg daily

plus ribociclib
600 mg days

1-21

AR Cut-off
& Antibody
Clone

>10%
nuclear
staining;
AR441

>=10%
nuclear
staining

> 0% for
enrollment;
>=10% for
evaluable
subgroup;
SP107

>=10% and
1+ IHC;
SP107

>=1%
nuclear
staining

>=10% AR
IHC

>=10%
nuclear
staining;
SP107

>=10%
central IHC

>=10%
central IHC

>=1%,
AR441
then
SP107

>0% in
phase |
and > =
10% in
phase I

Primary
Endpoints

CBRat6
months

CBRat 6
months

CBRat 16
weeks

ORR and
CBRat 16
weeks

DCR at 8
and 16
weeks

pCR and
pCR plus
RCB-

CBRat 16
weeks

ORR and
DCR

CBRat 16
weeks

6-month
PFS

CBRat 16
weeks

AR, androgen receptor; BC, breast cancer; CBR, clinical benefit rate; DCR, disease control rate; ER, estrogen receptor; IHC,
immunohistochemistry; LAR, luminal androgen receptor; MBC, metastatic breast cancer; NR, not reported; ORR, objective response rate; pCR,
pathological complete response; PFS, progression-free survival; PgR, progesterone receptor; RCB, residual cancer burden; TNBC, triple-

negative breast cancer.

3.3. Risk of Bias
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Across the 10 non-randomized studies, a total of 100 Joanna Briggs Institute (JBI) items were appraised, yielding 71 "Yes" ratings, 29
"Unclear” ratings, and zero "No" ratings. All studies adequately described inclusion criteria and primary outcomes; however, consecutive
patient enrollment was not explicitly confirmed in any report. Among full-text publications, 52 of 60 items (86.7%) were rated as "Yes",
compared with only 19 of 40 items (47.5%) in conference abstracts, where uncertainties primarily pertained to consecutive/complete
sampling, details of diagnostic and statistical methods, and clinical setting descriptions. For the randomized START trial, Cochrane RoB 2
assessment demonstrated a low risk of bias in randomization, outcome measurement, and selective reporting; however, concerns regarding
its open-label design, per-protocol analysis, and minor missing efficacy data resulted in an overall judgment of "some concerns" (Fig. 2).

3.4. Objective Response Rate (ORR)

The ORR synthesis included 9 studies comprising 296 evaluable patients, among whom 16 achieved a complete response (CR) or partial
response (PR). Using a random-effects generalized linear mixed model (GLMM), the pooled ORR was 5.4% (95% Cl: 3.3%—8.6%), with
12=0.000, 12=0.0%, and a Cochran’s Q-statistic of 6.78 (df =8, P =0.561). The 95% prediction interval (PI) ranged from 3.1% to 9.4% (Fig. 3).

In exploratory subgroup analyses, the pooled ORR was 5.2% (95% CI: 3.0%—8.9%) for monotherapy and 6.2% (95% Cl: 2.3%—15.3%) for
combination regimens. Studies applying an AR cutoff of = 10% yielded a pooled ORR of 6.0%, compared with 3.2% in those using lower or
mixed thresholds. Given the limited number of studies per subgroup and clinical variations in treatment regimens, these subgroup findings
should be interpreted cautiously as hypothesis-generating (Supplementary Figure S1). Sensitivity analyses restricted to strict TNBC cohorts,
full-text publications, monotherapy regimens, or excluding the START trial consistently yielded pooled ORRs between 5.2% and 5.9%. Leave-
one-out sensitivity analyses yielded pooled ORR estimates ranging from 4.6% to 5.9% (Supplementary Figures S2, S4).

3.5. Benefit Rates

Five studies including 176 patients contributed to the 16-week clinical benefit rate (CBR,¢) analysis, with 54 patients achieving CR, PR, or
stable disease (SD) sustained for at least 16 weeks. The pooled (CBR;4) was 30.7% (95% Cl: 24.3%-37.9%), with 12=0.000, 12=0.0%, Cochran'’s
Q=0.65 (df =4, P =0.957), and a 95% prediction interval of 21.9%-41.1% (Fig. 4A).

The 6-month clinical benefit rate (CBRg,,,) analysis included 2 studies with 56 patients, among whom 11 experienced clinical benefit; the
pooled (CBRg,,) was 19.6% (95% Cl: 11.2%-32.1%), with 12=0.000, 12=0.0%, and Cochran’s Q = 0.005(df = 1, P = 0.942) (Fig. 4B).

Subgroup analyses for (CBR;) demonstrated a pooled rate of 31.7% in the monotherapy subgroup and 26.5% in the combination subgroup;
full-text publications and conference abstracts yielded pooled rates of 30.9% and 29.2%, respectively. Sensitivity analyses restricted to full-
text publications, studies with evaluable sample sizes n < 10, monotherapy regimens, and excluding the START trial showed consistent
estimates ranging from 30.6% to 31.7%. Leave-one-out sensitivity analyses yielded pooled rates between 28.6% and 31.4% (Supplementary
Figures S3, S4). While supporting the stability of the primary findings, these analyses remain exploratory.

3.6. Clinical Efficacy and Survival Outcomes

Disease control outcomes evaluated at non-standardized timepoints were not pooled with CBR,¢ or CBRg,,,. Specifically, Traina et al. reported
a 24-week CBR (CBR,,) of 22/78; Jiang et al. reported an 8-week disease control rate (DCRg) of 5/13 in TNBC subgroup; Yardley et al.
reported a timepoint-undefined DCR of 4/26; and Gucalp et al. reported a 6-month PFS rate of 11/33. In the randomized START trial, the
darolutamide arm demonstrated a CBR;4 of 17/58 and an ORR of 3/58, whereas the capecitabine arm showed 19/32 and 4/32, respectively;
given its non-comparative randomized phase Il design, no superiority inferences were drawn. In the neoadjuvant trial by Lim et al., the
pathological complete response (pCR) rate was 4/24, and the rate of pCR combined with Residual Cancer Burden class | (pCR + RCB-I) was
10/24 (Table 2).
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Table 2
Other clinical active outcomes that were not combined

Study Endpoints Outcome ratio Data processing
Traina et al. (2018)  CBR at 24 weeks 22/78 (28.2%) Different time points, separate reports
Jiang et al. (2022) DCR at 8 weeks 5/13 (38.5%) Different definition, separate reports
z(ardle)y etal. DCR, duration not specified 4/26 (15.4%) Duration not defined, separate reports
2021
Gucalp et al. 6-month PFS 11/33 (33.3%) Different definition, separate reports
(20205)
Lim et al. (2024) pCR; pCR + RCB- 21/24 (1)6.7%); 10/24 Neoadjuvant chemotherapy, separate reports
41.7%
Bonnefoi et al. Capecitabine comparator: CBR; 19/32 (59.4%); 4/32 Retain the comparison arms information, separate
(2025) ORR (12.5%) reports

CBR, clinical benefit rate; DCR, disease control rate; ORR, objective response rate; pCR, pathological complete response; RCB, residual cancer
burden.

Across six advanced-setting studies, median progression-free survival (PFS) predominantly ranged from 1.9 to 3.3 months, while four studies
reported median overall survival (0S) ranging from 10.2 to 25.5 months. Quantitative pooling for survival endpoints was precluded due to the

reliance on median estimates with incomplete confidence intervals, lack of comparative control arms, and absence of hazard ratios (HRs).

3.7. AEs

Substantial reporting heterogeneity was observed for safety endpoints: some studies reported treatment-related adverse events (TRAES),
whereas others presented all-cause AEs or TRAEs. Furthermore, grade > 3 AEs and serious adverse events (SAEs) were not used
interchangeably, and studies presenting itemized specific AEs created potential double-counting of individual patients. Consequently, pooled
overall incidence rates for all-grade or grade = 3 AEs were not generated; instead, original denominators and definitions were retained on a
study-by-study basis (Table 3).

Table 3

Meta-analysis of adverse events.

AE
Fatigue

Hot flushes

Nausea
Appetite loss
Diarrhea
Anemia
Leukopenia

Neutropenia

Elevatedamino transferases

Serious adverse events
Lymphocyte reduction
Thrombocytopenia
Febrile neutropenia

Grade 3—-4 AEs

Study (1%,p)

10 43.5%, p =0.07
29.7%,p=0.23
61.7%, p=0.07
27.3%,p=0.23
88.1%, p<0.01
76.9%, p =0.01
0%, p=0.87
92%, p<0.01
91.2%, p<0.01
20.1%,p=0.29
84.1%, p=0.01
81%, p=0.02

N N N D B BB N OO B O WO b

94.3%, p<0.01

—_
—_

82.1%, p< 0.0

Rate, 95%CI
0.32 (0.25,0.39
0.15(0.10,0.22
0.09 (0.03, 0.25
0.27 (0.21,0.33
0.42 (0.11,0.81
11 (0.03, 0.34
0.05 (0.02, 0.14
0.45 (0.09, 0.86
0.40 (0.08, 0.84
0.09 (0.05,0.16
0.35(0.10,0.73
0.21(0.05, 0.61
0.30 (0.00, 0.98

(

)
)
)
)
)
)
)
)
)
)
)
)
)
0.23(0.12, 0.39)

Overall, single-agent AR pathway-targeted therapies were predominantly characterized by fatigue, nausea, hot flashes, and elevated
transaminases. Conversely, combination platforms incorporating CDK4/6 inhibitors exhibited higher frequencies of leukopenia and
neutropenia. Given the marked variations in regimen composition, causality attribution criteria, and evaluable safety denominators, the
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available evidence does not support a definitive conclusion that overall severe toxicity associated with AR pathway-targeted therapy remains
below any specific fixed threshold.

4. Discussion

The pooled findings from this systematic review and meta-analysis demonstrate a clinical response pattern which characterized by a low ORR
coexisting with a substantial CBR among patients with AR-positive TNBC receiving AR pathway-targeted therapies. The pooled quantitative
synthesis revealed a modest overall ORR of only 5.4%, whereas the 16-week clinical benefit rate (CBR,¢) reached 30.7%, with the 6-month CBR
(CBRg,,) maintaining a level of 19.6%. This paradoxical clinical phenomenon directly mirrors the distinct indolent biology inherent to the
luminal androgen receptor (LAR) molecular subtype of TNBC. As a ligand-dependent nuclear transcription factor, activated AR translocates to
the nucleus upon androgen binding to drive the transcription of target genes regulating cell cycle progression. The primary pharmacological
mechanism of direct AR antagonists (e.g., bicalutamide, enzalutamide, darolutamide, and proxalutamide) and androgen synthesis inhibitors
(e.g., abiraterone) evaluated in this study lies in the competitive inhibition of ligand binding. By suppressing the downstream Cyclin
D/CDK4/6/Rb signaling axis, these agents induce G; phase cell cycle arrest and impede transition into the S phase. Consequently, their
clinical activity predominantly manifests as effective tumor growth containment and durable stable disease (SD), rather than rapid tumor
shrinkage (complete response [CR] or partial response [PR]) driven by mass apoptosis(Ma et al., 2025). Conventional ORR metrics, which rely
strictly on volumetric tumor regression, thus suffer from intrinsic limitations when capturing the efficacy of cytostatic endocrine-based
interventions.

A granular interpretation of these discordant findings requires a deep dive into the complex biological heterogeneity of TNBC. LAR tumors
characteristically exhibit luminal-like differentiation with expression of luminal lineage genes, accompanied by relatively low Ki-67 and lower
histological grades, culminating in a clinically sluggish, biologically indolent trajectory(Syrnioti et al., 2025). Most studies have shown that AR
expression is associated with favorable characteristics such as improved recurrence-free survival, overall survival, response to endocrine
therapy and chemotherapy, older age at diagnosis, lower tumor grade, lower Ki67 positivity, smaller tumor volume, and less necrosis.(Honma
et al,, 2012; Ntzifa et al., 2021; Park et al., 2011; Ricciardi et al., 2015; Sgiland et al., 2008) In contrast to highly proliferative basal-like subtypes
that display pronounced acute sensitivity to neoadjuvant chemotherapy (high pathological complete response [pCR] rates) but suffer early
lethal relapses if pCR is not achieved(Harrell et al., 2012), LAR TNBC tumors exhibit marked intrinsic resistance to conventional cytotoxic
neoadjuvant regimens, with pCR rates typically ranging between 10% and 21%(Santonja et al., 2018). Paradoxically, this very proliferative
indolence aligns synergistically with long-term, low-toxicity AR pathway-targeted therapy. In patients whose tumors are genuinely driven by
androgen signaling, AR blockade may convert advanced TNBC into a chronic, manageable disease state akin to hormone receptor-positive
luminal breast cancer, thereby conferring sustained disease control.

Nevertheless, the principal bottleneck hindering the successful clinical translation of AR-targeted regimens remains the lack of standardized
AR diagnostic criteria and the marked heterogeneity in defining positivity cutoffs. Across the clinical trials included in this meta-analysis,
immunohistochemical (IHC) cutoffs for AR positivity varied widely from = 10% to = 1%. While permissive staining thresholds aim to broaden
the eligible patient population, they inevitably introduce a substantial proportion of non-LAR tumors (such as basal-like or immunomodulatory
subtypes) that display weak, non-functional AR staining. The oncogenic drivers in these tumors are independent of the AR transcriptional
network, rendering AR pathway blockade therapeutically ineffective.

Robust translational evidence supporting this paradigm shift was provided by the recent randomized phase I| START trial (UCBG 3-06)
published in The Lancet Oncology. Although the overall trial failed to meet its primary efficacy endpoint for darolutamide in IHC-defined ( =
10%) advanced TNBC, post-hoc transcriptomic stratification demonstrated that in patients classified as molecular apocrine-high (MA-high,
reflecting genuine high-level "ARness" pathway activation), the 16-week CBR reached 57%, compared with merely 16% in the MA-low
subgroup. These findings align with the TBCRC 032 trial evaluating taselisib plus enzalutamide, where patients with Lehmann-defined LAR
subtype TNBC achieved significantly superior CBR;4 (75.0% vs. 12.5%) and median progression-free survival (4.6 vs. 2.0 months) compared
with non-LAR subtypes, whereas raw IHC staining percentages showed no correlation with clinical response(Lehmann et al., 2011). Taken
together, relying solely on IHC protein positivity introduces an unacceptably high false-positive rate. Future companion diagnostics must
transition from simple "AR expression percentage" to multidimensional precision molecular assessment frameworks, incorporating
transcriptomic signature profiling, splice variant (e.g., AR-SVs) detection, and circulating tumor cell-derived multigene AR activity signatures,
to accurately identify true "ARness" dependence.

Beyond the imperative for refined biomarker selection, heterogeneity in therapeutic trial designs exerted a substantial influence on pooled
efficacy outcomes. While single-agent AR blockade exhibits durable disease control in a subset of highly androgen-dependent tumors, the
rapid activation of compensatory bypass pathways, such as transcriptional activation of the PI3K/AKT/mTOR axis and bypass of cell cycle
checkpoints, frequently leads to secondary resistance and attenuated late-phase benefit. To overcome these limitations, clinical development
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has increasingly pivoted toward rational combination platforms(Ghidini et al., 2026). Given the high frequency of PI3K pathway alterations
(approximately 40%—-65%) across TNBC and specifically within the LAR subtype, dual inhibition with the AR antagonist enzalutamide and the
PI3K inhibitor taselisib in TBCRC 032 achieved a pooled CBR;¢ of 35.7% while effectively suppressing reactive feedback activation(Lehmann
et al., 2020). Furthermore, leveraging the dependency of LAR cell cycle machinery on an intact Rb pathway, the BTCRC-BRE15-024 trial
explored bicalutamide combined with the CDK4/6 inhibitor trilaciclib, achieving a disease control rate (CBR;4) of 50% at the recommended
phase Il dose(Hu et al., 2021). Similarly, Yuan et al. evaluated the selective androgen receptor modulator (SARM) enobosarm combined with
pembrolizumab to remodel the immunosuppressive tumor microenvironment and enhance immune responsiveness [27]. Thus, therapeutic
heterogeneity and the biological necessity of combination platforms to intercept bypass resistance constitute the core mechanisms
underlying the clinical variability observed in this meta-analysis.

Finally, the clinical utility of AR-targeted therapies demonstrated herein must be contextualized within several intrinsic methodological
limitations. The primary evidence base comprised predominantly early-phase, single-arm, non-randomized trials with modest sample sizes
(evaluable populations ranging between 6 and 78 patients), precluding direct comparative superiority inferences and introducing potential
selection and publication biases. Although statistical heterogeneity metrics (1?) were estimated at 0.0%, this should not be overinterpreted as
true clinical homogeneity, as it primarily reflects limited statistical power due to small study numbers and sample sizes. Moreover, due to
inconsistent safety reporting definitions across trials, quantitative pooling of adverse events was omitted, limiting precision in defining the
absolute toxicity profile.

In the contemporary treatment landscape where frontline chemo-immunotherapy (KEYNOTE-355) and second-line antibody-drug conjugates
(ADCs, such as sacituzumab govitecan and trastuzumab deruxtecan) yield overwhelming survival benefits, AR-targeted therapy perhaps
unsuitable as a first-line cytoreductive option for patients requiring rapid tumor shrinkage to relieve high tumor burden or achieve surgical
conversion. Nevertheless, owing to the safety profile of single-agent AR inhibitors and the convenience of oral administration, this strategy
occupies a unique clinical niche. AR pathway-targeted therapy may positioned as a maintenance option for patients with non-visceral crisis,
LAR subtype advanced disease, or as a late-line, quality-of-life-preserving palliative strategy for elderly or patients with poor performance
status who are unable to tolerate conventional cytotoxic chemotherapy.

5. Conclusion

Our systematic review and meta-analysis demonstrates that AR-targeted blockade has significantly improved clinical outcomes, acquired
resistance driven by AR alterations, parallel pathways, and lineage plasticity remains a primary challenge. Overcoming these bottlenecks
requires shifting from sequential monotherapies toward biomarker-guided combination strategies. Standardizing AR testing protocols and
validating predictive biomarkers in prospective trials remain critical to refining risk stratification and guiding personalized treatment plans in
precision oncology.

6. Critical View

This meta-analysis delivers a systematic quantitative synthesis evaluating androgen receptor (AR)-targeted therapies in AR-positive triple-
negative breast cancer (AR+ TNBC). Encompassing 11 clinical trials (N = 326) across advanced, metastatic, and neoadjuvant settings,
including AR antagonists, CYP17 inhibitors, and selective AR modulators (SARMSs). By evaluating both conventional tumor shrinkage metrics
(RECIST-defined ORR) and time-standardized endpoints (16-week and 6-month CBR), this review offers exhaustive coverage of the current
clinical evidence landscape.

Unlike prior qualitative reviews or isolated single-arm trial reports, this study resolves a long-standing "clinical paradox" in subtype-specific
TNBC management. While conventional literature mistakenly classified AR-targeted agents as inactive based on low objective response rates,
our pooled analysis demonstrates robust disease stabilization (16-week CBR = 30.7%). This distinction highlights that AR pathway inhibition
functions through cell-cycle arrest rather than acute apoptosis, aligning directly with the indolent nature of the Luminal AR (LAR) subtype.

We propose two critical shifts for future clinical development in AR+ TNBC. Firstly, regarding patient selection, standard
immunohistochemistry (IHC = 10%) is insufficient for precise stratification, requiring clinical eligibility to evolve toward transcriptomic
"ARness" signatures that isolate true pathway-driven tumors. Secondly, from a therapeutic standpoint, single-agent AR blockade inherently
hits a cytostatic ceiling, meaning future trial designs must emphasize rational combinations, such as dual AR inhibition paired with CDK4/6 or
PI3K/mTOR pathway blockers, to bypass secondary resistance. Ultimately, by establishing CBR as the benchmark endpoint for endocrine-like
therapies in TNBC, this review may redefines how targeted efficacy should be evaluated in AR+ TNBC.
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PRISMA flow diagram illustrating the study selection process.
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Figure 2

Evaluation of bias risk in the included studies. A: JBI case series evaluation; B: START study Cochrane RoB 2 evaluation.
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Figure 3

Objective response rate of AR pathway-targeted therapy in advanced or metastatic AR-positive triple-negative breast cancer.
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A. Clinical benefit rate at 16 weeks
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B. Clinical benefit rate at 6 months
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Time-point standardized clinical benefit rates. A: 16-week CBR; B: 6-month CBR.
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