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Abstract

Purpose Glucocorticoid receptor (GR) activity may mediate chemoresistance in advanced triple-negative breast cancer
(TNBC). Preclinical studies demonstrate that GR antagonism can augment the effect of taxanes in TNBC models. We hypoth-
esized that pretreatment with mifepristone, a potent GR antagonist, would enhance nab-paclitaxel efficacy in advanced TNBC.
Methods This trial was terminated early due to poor accrual. 29 of 64 planned patients were enrolled. Patients were ran-
domized to receive nab-paclitaxel with or without mifepristone; oral mifepristone 300 mg was administered the day prior
and day of each dose of nab-paclitaxel. The primary endpoint was progression-free survival (PFS); secondary/exploratory
endpoints included response rate and correlation of response with GR expression.

Results The addition of mifepristone to nab-paclitaxel did not improve PFS (3.0 m vs 3.0 m, p=0.687) or overall response
rate (23% vs 31.5%) compared to nab-paclitaxel alone. There was a trend towards improved overall survival in the combina-
tion group, primarily driven by one long-term responder. Increased rates of grade 3 neutropenia (46% vs 7%) and febrile
neutropenia were observed in the combination arm, while other toxicities were similar in both groups. Increased GR expres-
sion was not correlated with clinical response in the combination arm.

Conclusions While there were responders to the combination, the study was underpowered to meet the primary endpoint.
Higher rates of neutropenia were observed in the combination, but overall it was well tolerated. Preclinical data in TNBC
and clinical data in other malignancies support further investigation of GR modulators. Future studies should incorporate
biomarkers to select patients who benefit from GR inhibition.
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Introduction

Metastatic triple-negative breast cancer (mTNBC) is an
aggressive disease with limited treatment options [1, 2].
While novel therapies have improved outcomes and tar-
geted treatments have redefined the treatment landscape,
chemotherapy remains the backbone of therapy and strate-
gies to reduce chemotherapy resistance are needed [1-4].
Nab-paclitaxel is an albumin-bound, solvent-free formu-
lation of the insoluble drug paclitaxel that reduces the
need for pre-medications, including steroids [5]. A phase
II study evaluating nab-paclitaxel 100 mg/m? or 125 mg/
m? on days 1, 8, and 15 of a 28-day cycle demonstrated
response rates of 14-16% in taxane-resistant, pretreated
metastatic breast cancer patients [6]. Unfortunately, many
tumors do not respond to nab-paclitaxel, and those that do
eventually develop resistance. Innovative approaches to
enhance tumor sensitivity to taxanes are needed.

The glucocorticoid receptor (GR) is expressed in sig-
nificant subsets of TNBC [7]. High GR expression in pri-
mary TNBC is associated with a significantly increased
probability of relapse [8]. Data in ER-negative cancer cell
lines demonstrate that activation of GR drives mammary
tumor growth [9] and initiates cell-survival pathways
under otherwise apoptosis-inducing conditions such as
chemotherapy [8, 10]. In preclinical models, GR activa-
tion inhibits taxane-induced apoptosis[11] and is associ-
ated with taxane resistance [12]. Mifepristone is a highly
potent GR antagonist [13]. GR antagonism with mifepris-
tone augmented the antitumor efficacy of taxanes in GR-
positive TNBC xenografts [14]. We hypothesized that GR
antagonism would improve responses to nab-paclitaxel by
inhibiting cortisol-mediated cell-survival pathways that
would otherwise counteract taxane-induced apoptosis in
tumor cells.

Our group previously published a phase I trial of nab-
paclitaxel with or without mifepristone that demonstrated a
manageable safety profile of mifepristone 300 mg in combi-
nation with nab-paclitaxel at a dose of 100 mg/m?.[15] Neu-
tropenia occurred in many patients at both nab-paclitaxel
dose levels studied, but was mitigated with dose reduction
and/or growth factor administration. Additionally, promising
efficacy was observed in patients with GR-positive TNBC,
with 4 of 6 patients having a response to therapy (2 complete
responses [CR], 2 partial responses [PR]). Another recent
phase I trial explored effects of the selective GR modulator
relacorilant with nab-paclitaxel in solid tumors including
breast cancer. [16] This yielded a 33% disease control rate at
16 weeks with 28.6% patients experiencing a longer duration
of benefit than on their prior taxane regimen [16]. Findings
from both phase I trials provided promising data to further
explore GR antagonism in combination with nab-paclitaxel.
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Patients and methods

This was a randomized, double-blinded, placebo-controlled
phase II study evaluating the safety and efficacy of nab-pacli-
taxel with or without mifepristone in patients with advanced
TNBC (ClinicalTrials.gov identifier: NCT02788981). This
study was conducted at the University of Chicago (Chicago,
IL), Northshore University Health System (Evanston, IL),
Medical College of Wisconsin (Milwaukee, WI), and the
University of Alabama (Birmingham, AL). This study was
approved by Institutional Review Boards at each respective
institution. All participants provided written informed con-
sent prior to study enrollment.

Eligible patients and study treatment

Eligible patients were > 18 years old, had locally advanced
unresectable or mMTNBC (defined as ER/PR < 10%, HER2-
negative), RECIST measurable disease, and had not previ-
ously received nab-paclitaxel in the early or advanced dis-
ease settings. [2] Patients could have received up to 2 prior
lines of chemotherapy in the metastatic setting. Patients with
previously treated stable brain metastases were allowed to
participate. Exclusion criteria included pre-existing periph-
eral neuropathy > grade 2. Patients were randomized 1:1 to
receive nab-paclitaxel 100 mg/m? (in both arms) on days 1,
8, 15 of each 28-day cycle with either mifepristone 300 mg
or placebo on the day prior to and day of each dose of nab-
paclitaxel. If nab-paclitaxel was delayed or skipped, then
mifepristone doses were also omitted. Dose reductions of
nab-paclitaxel were allowed at investigator discretion. Dose
reductions of mifepristone were not permitted, but it could
be held or discontinued due to toxicity. Patients had radio-
logic evaluation of clinical response every 8 weeks after start
of therapy; response was evaluated by RECIST 1.1 criteria.
[17] Granulocyte colony-stimulating factor (G-CSF) was
allowed during Cycle 1.

Study objectives

The primary objective of the study was to compare the
progression-free survival (PFS) in patients treated with
nab-paclitaxel with placebo vs nab-paclitaxel with mife-
pristone. The secondary objectives were overall response
rate (ORR) defined as achieving a PR or CR at any point
during therapy, overall survival (OS), and correlation of GR
positivity with PFS. Safety and tolerability were also evalu-
ated. All adverse events (AEs) were recorded and monitored.
Treatment-emergent AEs (TEAE) were graded using Com-
mon Terminology Criteria for Adverse Events. AEs were
determined to be related or unrelated to study drugs by the
treating investigator.
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Drug supply

Nab-paclitaxel was obtained commercially in single-dose
vials (manufactured by Celgene). Mifepristone (300 mg
tablets) and matching placebo tablets were supplied by
Corcept Therapeutics.

Determination of GR expression

If available, archival tissue was used to assess GR expres-
sion for each patient via IHC. An anti-rabbit monoclonal
antibody against GR ([D8H2; Cell Signaling Technology
9#3660S] Danvers, MA, USA) was utilized. A percent
score was used to semi-quantitatively assess tumor GR
expression in samples with at least 100 viable invasive car-
cinoma cells. The intensity of nuclei staining was reported
based on the H-score method using 0 for negative stain-
ing, 1 4 for weak staining, 2 + for moderate staining, and
3 + for strong staining. For this assay, GR positivity was
defined as > 10% nuclear staining of tumor cells at any
intensity. A board-certified pathologist scored nuclear
tumor staining in the total area of viable tissue section
available. All stained slides were reviewed by the patholo-
gist using H-scores, which range from 0 to 300 and consist
of the total sum of 1 X the percentage of cells with weak
nuclear staining, 2 X the percentage of cells with moder-
ate nuclear staining, and 3 X the percentage of cells with
strong nuclear staining. The validation of this assay has
been previously described. [18]

Statistical analyses

This study utilizes a Simon’s two-stage minimax design
and had a planned accrual of 64 patients (32 patients per
arm) to provide 80% power (at one-sided alpha of 0.15)
to detect a hazard ratio (HR) of 0.61, which corresponds
to a median PFS of 5.2 months in the combination arm
compared to an expected median PFS of 3.2 in the nab-
paclitaxel monotherapy arm. In the first stage, 22 patients
will be accrued. If there are 2 or fewer responses in the
first 22 patients enrolled, the study will be discontinued
for futility. Baseline characteristics and safety data were
summarized by treatment arm in patients who received
at least one dose of either study medication. OS and PFS
were analyzed using the Kaplan—Meier method, followed
by Cox proportional hazard regression. Median survival
time (in months) and 95% confidence intervals (95% CI)
were calculated. P values for H-score by response status
were calculated using ANOVA or Kruskal-Wallis tests.
All analyses were performed using Stata 17 (StataCorp,
College Station, TX).

Results
Patient characteristics

A total of 29 patients were enrolled between September 2017
and July 2021. Baseline characteristics are summarized in
Table 1. Sixteen patients were randomized to nab-pacli-
taxel with placebo, and thirteen patients to nab-paclitaxel
with mifepristone. One patient withdrew from the study
after randomization to the placebo arm to pursue alterna-
tive therapy prior to receiving any study treatment and 28
patients received at least one dose of study treatment. The
mean age was 53 years (range 32-73) and 38% of patients
self-identified as Black. 10% of patients had no prior lines
of therapy, 21% patients had 1 prior line of therapy, 17%
of patients had 2 prior lines of therapy; 52% patients were
unknown. (Table 1).

Clinical response

Clinical outcomes of patients treated with nab-pacli-
taxel with placebo or in combination with mifepristone
are reported in Table 2. The median follow-up time was
7.5 months. Of the 29 patients enrolled in the study, 26
patients were evaluable for response. Two patients who
received study treatment came off study prior to first
imaging timepoint and did not have any radiographic
assessment of clinical response; 1 patient withdrew to

Table 1 Baseline Characteristics of Enrolled Patients

Patient Character- Total Nab-paclitaxel ~ Nab-paclitaxel
istics (n=29) + +
Placebo Mifepristone
(n=16 [552%]) (n=13 [44.8%])

Age, mean (SD) — 52.8(11.9) 49.4 (10.1) 56.9 (13.0)
years
Race/Ethnicity — no.
(%)
Non-Hispanic White 14 (48.2) 9 (56.3) 5(38.4)
Non-Hispanic Black 11 (37.9) 4 (25.0) 6 (46.2)
Hispanic 1(3.5) 1(6.2) 0
Asian/Pacific 1(3.5) 0 1(7.7)
Islander
Unknown 2(6.9) 2 (12.5) 1(7.7)
Number of prior
lines of treatment
—no. (%)
0 3(10.3) 1(6.2) 2(15.4)
1 6 (20.8) 3(18.7) 3(23.1)
2 5(17.2) 3(18.7) 2(15.4)
Unknown 15(51.7) 9 (56.4) 6 (46.1)

Abbreviations: SD, standard deviation; no., number
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Table 2 Clinical outcomes in
evaluable patients treated with
nab-paclitaxel with or without
mifepristone

Nab-paclitaxel
+

Nab-paclitaxel
+

Placebo Mifepristone
Progression-free survival
No. of patients evaluated 13 13
Median progression-free survival (95% CI) — months 3.0 (1.0-6.0) 3.0 (1.0-5.0)
P value* 0.687
Hazard ratio for disease progression or death (95% CI) 0.87 (0.37-2.01)
Overall survival
No. of patients evaluated 13 13
Median overall survival (95% CI) — months 6.0 (2.0-15.0) 9.0 (6.0-28.0)
P value* 0.325
Hazard ratio for death or last contact (95% CI) 0.67 (0.29-1.16)
Best overall response — no. (%)
No. of patients evaluated 13 13
Complete response 1(7.7) 1(7.7)
Partial response 4(30.8) 2 (15.4)
Stable disease 1(7.7) 4 (30.8)
Progressive disease 7(53.9) 6(46.2)

Abbreviations: CI, confidence interval; no., number

“P value was calculated using the log-rank test

pursue alternative therapy, and 1 patient received less than
one cycle of study therapy, experienced grade 3 febrile
neutropenia, and was taken off study by the investiga-
tor. Kaplan—Meier curves for PFS by treatment arm are
shown in Fig. 1. The median PFS was 3.0 and 3.0 months
(mos) (HR=0.87, 95% CI 0.37 — 2.01, p=0.687) in the

Fig. 1 Progression-free
survival in patients treated

with nab-paclitaxel with or
without mifepristone. Median
progression-free survival in

the nab-paclitaxel with placebo
arm (n=13) and nab-paclitaxel
combined with mifepristone
(n=13) were 3 and 3 months,
respectively, with P value 0.687

1.00
I
|
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Probability of Progression-free Survival
0.25
1

0.00
1

nab-paclitaxel group alone and combination arms, respec-
tively (Table 2). ORR in the nab-paclitaxel and combi-
nation arms were 31.5% and 23%, respectively; both
arms had 1 CR. Figure 2 shows Kaplan—-Meier curves
for OS of the two treatment arms. Median OS with nab-
paclitaxel alone was 6.0mos and in the combination arm

Progression-free Survival

Nab-paclitaxel + Placebo
Nab-paclitaxel + Mifepristone
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Fig.2 Overall survival in
patients treated with nab-pacli-
taxel with or without mifepris-
tone. Median overall survival in
the nab-paclitaxel with placebo
arm (n=13) and nab-paclitaxel
combined with mifepristone
(n=13) were 6 and 9 months,
respectively, with P value 0.325

1.00
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1

Probability of Overall Survival
0.25 0.50
1 1

Overall Survival

Nab-paclitaxel + Placebo
Nab-paclitaxel + Mifepristone

0.00
1

was 9.0mos. Compared to the placebo arm, the treatment
arm had a lower mortality risk, though not statistically
significant (HR =0.67, 95% CI 0.29 — 1.16, p=0.325)
(Table 2). The patient on the mifepristone combination
arm who achieved a CR completed 50 cycles and died of
a non-cancer, non-treatment-related event. One patient
on the nab-paclitaxel arm had an imaging CR at the first
imaging timepoint, and however, had progression of dis-
ease 5.5 months afterwards.
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GR H-score did not correlate with clinical response

GR expression (categorized by H-score) was evaluated in
both cohorts in archival tissue of primary or metastatic
lesion. 17 tumors were available for staining. Within the
mifepristone combination arm, the H-score for the one
CR tumor was 230, the average H-score in tumors with
a PR was 210 (n=2), the average H-score for SD was
152.5 (n=4), and for PD was 167 (n=06) (Fig. 3). While
the GR H-scores were numerically higher in the CR and
PR groups, this difference is not statistically significant

Placebo Cohort
300
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[

o

Fig.3 Association of GR expression with clinical responses in
patients treated with nab-paclitaxel with or without mifepristone.
H-score was used to quantify nuclear GR expression in TNBC
tumors. 11 patients in the mifepristone cohort and 5 patients in

50
00
ihill -1 1111
0 == U
CR PR SD PD PD

SD

the placebo cohort had evaluable tissue for GR expression. CR
(blue)=complete response, PR (green)=partial response, SD
(black) =stable disease, PD (orange)=progressive disease
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across response categories (p =0.267 in median H-score,
p=0.244 in mean H-score) (Table 3).

Safety and tolerability

Treatment with mifepristone combined with nab-pacli-
taxel was generally well tolerated, with a safety profile
comparable with nab-paclitaxel monotherapy, as sum-
marized in Table 4. The most common treatment-related
adverse events (TRAEs) in both groups were fatigue
(64%), neuropathy (46%), and neutropenia (24%). The
most common grade 3 or greater TRAE was neutropenia.
Grade 3 or greater neutropenia occurred more frequently
in pts receiving nab-paclitaxel + mifepristone (46% vs
7%). Similarly, febrile neutropenia was also more com-
mon in pts receiving combination therapy (23% vs 7%).
Serious adverse events were reported in 2 patients; both
occurred in the mifepristone combination cohort. One
patient had grade 3 dehydration and fatigue and grade 4
electrolyte abnormalities resulting in an inpatient hospi-
talization. The second patient had grade 3 anemia requir-
ing transfusion. 9 patients (28.5%) required at least one
dose reduction of nab-paclitaxel during treatment course;
this was due to neutropenia in 7 patients and otherwise
related to fatigue, neuropathy, or nausea/vomiting. Dose
reductions occurred in 8 patients receiving mifepristone
and 1 patient receiving placebo (p =0.004). Despite the
frequency of neutropenia, the majority of patients were
able to continue treatment with growth factor support.
Two patients discontinued study treatment due to AEs.
One patient in the placebo arm discontinued due to neu-
tropenia, and one patient in the mifepristone arm discon-
tinued due to nausea/vomiting.

Discussion

GR activation in ER-negative breast cancer promotes
development of chemoresistant phenotypes and is associ-
ated with worse clinical outcomes. [8, 12, 19] However, the
complexity of the GR signaling pathway and interactions
with the tumor microenvironment and immune modulation
contribute to an incomplete understanding of a therapeutic
role for GR antagonism in advanced ER-negative breast can-
cer treatment. Taxanes remain an effective and commonly
used therapeutic strategy for women with TNBC. How-
ever, most tumors are refractory to or develop resistance to
taxane-based therapies. Development of innovative strate-
gies to overcome resistance and augment taxane response
are desirable. Our study was designed to evaluate the GR
antagonist, mifepristone, administered the day before and
the day of chemotherapy. This dosing regimen was chosen
to reduce drug interactions via inhibition of CYP2CS8 by
mifepristone which can increase paclitaxel levels. Further-
more, continuous GR antagonism could cause upregulation
of compensatory pathways of chemotherapy resistance. Due
to the COVID-19 pandemic and the approval of checkpoint
inhibitors in advanced TNBC in 2020 [20], this study was
terminated early due to poor accrual. In our limited data-
set, we did not find that the addition of mifepristone to
nab-paclitaxel improved PFS compared to nab-paclitaxel
alone. Similarly, ORR was not significantly improved with
the addition of mifepristone. There was a trend towards
improvement in OS, but this was primarily driven by one
long-term responder in the combination group.

As in our prior phase I study, neutropenia was a signifi-
cant side effect for our patients and seemed to be potentiated
by the addition of mifepristone. [15] Pharmacokinetic data
in our earlier study revealed a potential drug—drug interac-
tion delaying the plasma clearance of nab-paclitaxel. While

Table 3 H-Score Distribution by Response Status in Patients Who Received Nab-Paclitaxel + Mifepristone

Response status

CR PR SD PD P value®
n=1 n=2 n=4 n=>5
(missing n=1)
H-Score
Median (minimum — maximum) 230 210 (150 - 270) 150 (130 — 180) 180 (70 - 285) 0.650
Mean (standard deviation) 230 210 (84.9) 152.5(22.2) 167 (96.0) 0.719
CR and PR SD and PD
n=3 n=9
Median (minimum — maximum) 230 (150 —270) 160 (70 — 285) 0.267
Mean (standard deviation) 216.7 (61.1) 160.6 (69.7) 0.244

Abbreviations: H-Score, histochemical score; CR, complete response; PR, partial response; PD, progressive disease; SD, stable disease

# P value was calculated using ANOVA or Kruskal-Wallis tests between all response groups
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Table 4 Treatment-Related Adverse Events (TRAE). Grade of TRAE
is represented in the nab-paclitaxel with placebo, compared to nab-
paclitaxel combined with mifepristone by highest grade per patient.
TRAEs experienced by>1 patient are reported in decreasing fre-
quency

Adverse Event Grade of AE Nab-pacli-  Nab-pacli-
taxel+Pla- taxel + Mife-
cebo pristone
(n=15) (n=13)

Fatigue 1 6 (40%) 1 (8%)

2 4 (27%) 4 (31%)

3 - 3 (23%)
Neuropathy 1 3(20%) 7 (54%)

2 2 (13%) 1 (8%)
Neutropenia 1 - -

2 _ _

3 1 (7%) 5 (38%)

4 - 1 (8%)
Alopecia 1 2(13%) 1 (8%)

2 5 (33%) 5 (38%)
Anorexia 1 - 1 (8%)

2 - 4 (31%)
Diarrhea 1 1 (7%) 4 (31%)
Dysgeusia 1 1 (7%) 2 (6%)

2 1 (7%) 4 (31%)

Febrile Neutropenia 3 1 (7%) 3 (23%)

Nail Discoloration 1 - 3 (23%)

Nausea 1 3 (20%) 1 (8%)

2 1 (7%) -
3 - 1 (8%)

Cough 1 - 3 (23%)

Anemia 1 - -

2 - 2 (6%)
3 1 (7%) 2 (6%)

Constipation 1 - 2 (6%)

Headache 1 1 (7%) 2 (6%)

Non-Cardiac Chest Pain 1 - -

2 - 2 (6%)

Rash 1 1 (7%) 2 (6%)

2 1(7%) 1 (8%)

Transaminitis 3 2(13%) 1 (8%)

many patients in the phase I study developed neutropenia,
this was well managed with growth factor support; thus,
the 100 mg/m? dose of nab-paclitaxel was chosen for this
study. The metabolism of paclitaxel is catalyzed by CYP2CS8
and CYP3A4. [21] Mifepristone is an inhibitor of CYP2CS8
and CYP3A4. [22] Furthermore, in some patients, it was
hypothesized to be due to increased chemotherapy-mediated
neutrophil apoptosis in the setting of mifepristone [23, 24].
In the combination arm, development of grade 3 or 4 neutro-
penia with or without fever was more often seen in patients

Table5 Severe neutropenia with or without fever associated with
clinical response

Grade 3 or greater Neutropenia ~ Placebo (n=1) Mife-
with or without Fever pristone
(n=10)
SD - 3 (30%)
PD 1 (100%) 4 (40%)
PR - 2 (20%)
CR - 1(10%)

Abbreviations: CR, complete response; PR, partial response; PD, pro-
gressive disease; SD, stable disease

with stable disease (30%) or progression of disease (40%)
compared to PR (20%) or CR (10%) (Table 5). These find-
ings suggest a neutropenic or inflammatory response does
not correlate with response to combined GR antagonism and
nab-paclitaxel treatment. In most cases, patients were able to
continue on treatment with dose delays and usage of growth
factor supplementation. One patient who experienced febrile
neutropenia during the first cycle was taken off study by the
treating investigator due to toxicity. Other toxicities were
similar between the two groups.

High expression of GR has been associated with worse
outcomes in early-stage TNBC; thus, we explored the associ-
ation of GR expression with clinical outcomes. H-scores are
a semi-quantitative technique to address the heterogeneity
of protein staining within tumors. Among our patients with
metastatic disease who received mifepristone in combination
with nab-paclitaxel, GR protein expression based on H-score
was not a predictive biomarker and did not correlate with
clinical response. While the median H-score was higher for
patients with a CR or PR, this was not statistically significant
(Table 3). This analysis was limited by sample size, and
H-score data were not available for every patient evaluated
in the trial. Moreover, GR nuclear intensity staining differ-
ences were seen among tumor slides from the same patient
tumor and averaged, demonstrating heterogeneity within
TNBC. This is important to address in all studies that aim
to identify predictive biomarkers based on protein expres-
sion staining. Overall, GR positivity and varying levels of
expression were seen in most patients. GR expression as
described by H-score may not fully reflect GR signaling
pathway activation, and additional markers that reflect GR
activation effect may better correlate with clinical outcomes.

There are limitations to this study, primarily the low accrual
which precluded us from formally evaluating the study end-
point. While we did not see a benefit from mifepristone in this
setting, GR activation in advanced cancers remains prevalent
and clinically relevant. The selective GR modulator, relaco-
rilant, has been combined with nab-paclitaxel for the treat-
ment of metastatic solid tumors in phase I trials, including
triple-negative breast cancer [16]. In addition, relacorilant in
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combination with nab-paclitaxel was evaluated in a phase II
trial in ovarian cancer yielding increased response rates with
the combination [25]. Based on these promising results, a ran-
domized phase III trial of nab-paclitaxel with or without rela-
corilant in ovarian cancer, ROSELLA, has completed accrual
and results are eagerly awaited [26]. These clinical findings in
addition to preclinical data that demonstrate GR activation is
associated with worse clinical outcomes in ER-negative breast
cancer, implicate the need to investigate this pathway in clini-
cal trials and further develop strategies to target chemotherapy
resistance in TNBC.

Author contribution R Nanda, E Stringer-Reasor, P Saha designed the
study R Nanda was the principal investigator of the study N Chen, M
Matossian wrote the main manuscript text M Rampuwala, S Kamaraju,
O Hahn, F Howard, G Fleming were site principal investigators or sub-
investigators of the study T Karrison, J Freeman performed the statis-
tical analyses S Conzen provided scientific support and guidance All
authors reviewed the manuscript and contributed to manuscript editing.

Funding This work was supported by Celgene and Bristol Myers
Squibb. This work is supported in part by the Basic Research Train-
ing in Medical Oncology Grant T32CA009566 (JQF), NIH Clini-
cal Therapeutics Training Grant T32GM007019 (JQF), Susan G.
Komen® TREND21675016 (JQF), the National Institute on Aging
T32AG000243 (JQF), and the National Cancer Institute KOSCA283261
(FMH).We would also like to acknowledge the Pharmacology Core
Facility, Human Tissue Resource Core, Biostatistics Core, and Cancer
Clinical Trials Office which are supported by the University of Chicago
Comprehensive Cancer Center (NIH P30 CA14599). Mifepristone and
placebo were supplied by Corcept Therapeutics.

Data availability No datasets were generated or analysed during the
current study.

Declarations

Conflict of interest NC has disclosed consultant funding from Seagen,
Stemline, Guardant Health and institutional funding from Eli Lilly.
MM has no disclosures. PS has no disclosures. MR has no disclosures.
SK has no disclosures. OH has no disclosures. FMH has disclosed con-
sultant funding from Novartis. GF has disclosed institutional funding
from Roche, Iovance, Sermonix, Compugen, AstraZeneca, Astellas,
K group beta, Pfizer, Artios, Blueprint, and Duality Bio. JQF has no
disclosures. TK has no disclosures. SC has patents issued to the Uni-
versity of Chicago for methods and compositions related to glucocor-
ticoid receptor antagonists and breast cancer. RN disclosed consult-
ing funding from AstraZeneca, BeyondSpring, Fujifilm, GE, Gilead,
Infinity, iTeos, Merck, OBI Pharma, Oncosec, Sanofi, Seattle Genet-
ics and research funding from Arvinas, AstraZeneca, BMS, Corcept
Therapeutics, Genentech/Roche, Gilead, GSK, Merck, Novartis, OBI
Pharma, OncoSec,Pfizer, Relay, Seagen, Sun Pharma, Taiho. ES has
disclosed consultant funding from Seagen, Novartis, Merck, Eli Lilly,
AstraZeneca, Gilead and institutional funding from Eli Lilly, Pfizer,
Novartis, Tesaro, GSK, Merck, and Corcept Therapeutics.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are

@ Springer

included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Matossian M, Chen N, Nanda R (2023) Exploiting therapeutic
vulnerabilities in triple-negative breast cancer: successes, chal-
lenges, and opportunities. Curr Breast Cancer Rep 15:266-278

2. Huppert LA, Gumusay O, Rugo HS (2022) Emerging treatment
strategies for metastatic triple-negative breast cancer. Ther Adv
Med Oncol 14:175883592210869

3. Malhotra MK, Emens LA (2020) The evolving management of
metastatic triple negative breast cancer. Semin Oncol 47:229-237

4. Bianchini G, De Angelis C, Licata L, Gianni L (2022) Treatment
landscape of triple-negative breast cancer — expanded options,
evolving needs. Nat Rev Clin Oncol 19:91-113

5. De Luca R, Profita G, Cicero G (2019) Nab-paclitaxel in pre-
treated metastatic breast cancer: evaluation of activity, safety, and
quality of life. OncoTargets Ther 12:1621-1627

6. Blum JL et al (2007) Phase II study of weekly albumin-bound
paclitaxel for patients with metastatic breast cancer heavily pre-
treated with taxanes. Clin Breast Cancer 7:850-856

7. Conzen SD (2008) Minireview: nuclear receptors and breast can-
cer. Mol Endocrinol 22:2215-2228

8. Pan D, Kocherginsky M, Conzen SD (2011) Activation of the glu-
cocorticoid receptor is associated with poor prognosis in estrogen
receptor-negative breast cancer. Cancer Res 71:6360-6370

9. Williams JB et al (2009) A model of gene-environment inter-
action reveals altered mammary gland gene expression and
increased tumor growth following social isolation. Cancer Prev
Res 2:850-861

10. Wu W et al (2004) Microarray analysis reveals glucocorticoid-
regulated survival genes that are associated with inhibition of
apoptosis in breast epithelial cells. Cancer Res 64:1757-1764

11. Pang D, Kocherginsky M (2006) Dexamethasone decreases xeno-
graft response to paclitaxel through inhibition of tumor cell apop-
tosis. Cancer Biol Ther 5:933-940

12. Chen Z et al (2015) Ligand-dependent genomic function of gluco-
corticoid receptor in triple-negative breast cancer. Nat Commun
6:8323

13. Wood AlJ, Spitz IM, Bardin CW (1993) Mifepristone (RU 486) —
a modulator of progestin and glucocorticoid action. N Engl ] Med
329:404-412

14. Skor MN et al (2013) Glucocorticoid receptor antagonism as a
novel therapy for triple-negative breast cancer. Clin Cancer Res
19:6163-6172

15. Nanda R et al (2016) A randomized phase I trial of nanoparti-
cle albumin-bound paclitaxel with or without mifepristone for
advanced breast cancer. Springerplus 5:947

16. Munster PN et al (2022) Overcoming taxane resistance: preclini-
cal and phase 1 studies of relacorilant, a selective glucocorticoid
receptor modulator, with nab-paclitaxel in solid tumors. Clin Can-
cer Res 28:3214-3224

17. Eisenhauer EA et al (2009) New response evaluation crite-
ria in solid tumours: revised RECIST guideline. Eur J Cancer
45:228-247

18. Block TS, Murphy TI, Munster PN, Nguyen DP, Lynch FJ (2017)
Glucocorticoid receptor expression in 20 solid tumor types using
immunohistochemistry assay. Cancer Manag Res 9:65-72


http://creativecommons.org/licenses/by/4.0/

Breast Cancer Research and Treatment (2025) 211:111-119

19

19.

20.

21.

22.
23.

24.

Bakour N, Moriarty F, Moore G, Robson T, Annett SL (2021)
Prognostic significance of glucocorticoid receptor expression in
cancer: a systematic review and meta-analysis. Cancers 13:1649
Cortes J et al (2020) Pembrolizumab plus chemotherapy versus
placebo plus chemotherapy for previously untreated locally recur-
rent inoperable or metastatic triple-negative breast cancer (KEY-
NOTE-355): a randomised, placebo-controlled, double-blind,
phase 3 clinical trial. The Lancet 396:1817-1828

FDA Label - Abraxane.

FDA Label - Mifepristone.

Vanzulli S (2002) p21, p27 and p53 in estrogen and antiprogestin-
induced tumor regression of experimental mouse mammary ductal
carcinomas. Carcinogenesis 23:749-758

Elia A et al (2023) Beneficial effects of mifepristone treatment
in patients with breast cancer selected by the progesterone recep-
tor isoform ratio: results from the MIPRA trial. Clin Cancer Res
29:866-877

25.

26.

Colombo N et al (2023) Relacorilant 4+ nab-paclitaxel in patients
with recurrent, platinum-resistant ovarian cancer: a three-
arm, randomized, controlled open-label phase II study. JCO
41:4779-4789

Olawaiye Alexander et al (2022) Rosella: a phase 3 study of
relacorilant in combination with nab-paclitaxel versus investiga-
tor’s choice in advanced, platinum-resistant, high-grade epithe-
lial ovarian, primary peritoneal, or fallopian-tube cancer. JCO
40:TSP5620-TPS5620

Publisher's Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

@ Springer



	A randomized phase II trial of nab-paclitaxel with or without mifepristone for advanced triple-negative breast cancer
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Patients and methods
	Eligible patients and study treatment
	Study objectives
	Drug supply
	Determination of GR expression
	Statistical analyses

	Results
	Patient characteristics
	Clinical response
	GR H-score did not correlate with clinical response
	Safety and tolerability

	Discussion
	References




