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Abstract

Background: Increased GR signaling is a proposed compensatory mechanism of resistance to 

AR inhibition in mCRPC. ORIC-101 is a potent and selective orally-bioavailable GR antagonist.

Methods: Safety, PK/PD, and antitumor activity of ORIC-101 in combination with enzalutamide 

were studied in patients with mCRPC progressing on enzalutamide. ORIC-101 doses ranging from 

80 to 240 mg QD were tested in combination with enzalutamide 160 mg QD. PK/PD was assessed 

after a single dose and at steady-state. Disease control rate at 12 weeks (DCR) was evaluated at the 

RP2D.

Results: A total of 41 patients were enrolled. There were no dose limiting toxicities and 

the RP2D was selected as 240 mg of ORIC-101 and 160 mg of enzalutamide daily. At the 

RP2D, the most common treatment-related AEs were fatigue (38.7%), nausea (29.0%), decreased 

appetite (19.4%), and constipation (12.9%). PK/PD data confirmed ORIC-101 achieved exposures 

necessary for GR target engagement. Overall, for 31 patients treated at the RP2D, there was 

insufficient clinical benefit based on DCR (25.8%; 80% CI: 15.65%, 38.52%) which did not meet 

the prespecified target rate, leading to termination of the study. Exploratory subgroup analyses 

based on baseline GR expression, presence of AR resistance variants, and molecular features of 

aggressive variant PC suggested possible benefit in patients with high GR expression and no other 

resistance markers, although this would require confirmation.

Conclusions: Although the combination of ORIC-101 and enzalutamide demonstrated an 

acceptable tolerability profile, GR target inhibition with ORIC-101 did not produce clinical benefit 

in men with metastatic prostate cancer resistant to enzalutamide.

INTRODUCTION

For men with de novo or recurrent metastatic prostate cancer, inhibition of the androgen 

receptor (AR) signaling axis with a next-generation hormonal agent such as abiraterone 

acetate or enzalutamide is associated with an overall survival benefit and is now a standard 

of care. However, the emergence of resistance continues to present a clinical challenge. 

Several mechanisms of resistance have been described, including AR point mutations and 
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amplification, expression of AR splice variants lacking the ligand binding domain, and 

bypassing of AR signaling through increased expression of the glucocorticoid receptor (GR).

GR is a member of the superfamily of nuclear receptors, is expressed across a wide variety 

of tissues, and is activated via glucocorticoids that are secreted by the adrenal gland in 

a circadian and stress-associated manner to regulate metabolism, cell growth, apoptosis, 

differentiation, inflammation, mood and cognitive function.1 Upon ligand-binding, GR 

undergoes nuclear translocation and binds to glucocorticoid response elements in DNA to 

transcriptionally regulate a spectrum of genes that mediate its pleiotropic biological effects.

Specifically for prostate cancer, overexpression of GR has been correlated with poor 

outcomes in patients with castration-resistant prostate cancer (CRPC) treated with 

enzalutamide.2 In a LNCaP xenograft model with exogenous AR overexpression (LNCaP 

AR), acquired resistance to enzalutamide was associated with GR upregulation. Similarly, 

results from in vitro studies of GR-expressing VCaP cells showed that glucocorticoid-

mediated activation of GR was sufficient to confer enzalutamide resistance. Mechanistically, 

the data suggest that AR and GR drive a partially overlapping transcriptional program.3 

Thus, GR activation could circumvent enzalutamide-mediated AR inhibition and sustain 

prostate cancer cell growth.

Given the evidence that GR acts as a mediator of therapy resistance, the impact of GR 

antagonists on modulation of therapy response has been explored. Both GR blockade 

and knockdown in prostate cancer preclinical models effectively reversed GR-mediated 

pro-survival effects and sensitized them to enzalutamide, apalutamide, and the CYP17A1 

inhibitor abiraterone acetate.3,4,5 These preclinical observations provided a rationale for the 

clinical evaluation of GR antagonists, such as mifepristone and exicorilant, in combination 

with enzalutamide in patients with prostate cancer progressing on ADT and enzalutamide.6,7

ORIC-1018 is a highly potent and selective small molecule GR antagonist that was 

developed for the treatment of patients with solid tumors. Mechanistically, ORIC-101 

inhibits GR transcriptional activity and blocks the pro-survival signals mediated by the 

activated nuclear receptor.

MATERIALS AND METHODS

Study Design

This was a Phase 1b open-label, single arm, dose escalation and expansion study designed 

to evaluate the safety, tolerability, and antitumor activity of ORIC-101 in combination 

with enzalutamide in patients with metastatic prostate cancer who were progressing on 

enzalutamide (ClinicalTrials.gov Identifier: NCT04033328). Once patients were deemed 

eligible for enrollment, they started treatment with ORIC-101 and continued their current 

enzalutamide therapy without any washout period (i.e., no interruption of enzalutamide 

administration).

Escalating dose levels of ORIC-101 between 80 mg and 240 mg were administered orally 

once daily (QD) in combination with enzalutamide 160 mg QD following a modified 
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interval 3+3 dose escalation design (i3+3).9 The Maximal Tolerated Dose (MTD) was 

defined as the combination dose associated with the probability of dose-limiting toxicity 

(DLT) occurring between 20 and 30% of patients during the first treatment cycle (28 days).

DLTs were graded according to the National Cancer Institute (NCI) Common Toxicity 

Criteria for Adverse Events (CTCAE) version 5.0 and defined as Grade 3 or Grade 4 adverse 

events (AEs) considered related to study treatment. In order to be considered evaluable for 

DLT, patients must have received at least 75% of both ORIC-101 and enzalutamide doses. 

Non-evaluable patients who discontinued treatment prior to completing Cycle 1 for reasons 

other than toxicity (e.g., disease progression) could be replaced and additional patients 

could have also been enrolled as backfill patients to supplement missing or insufficient 

pharmacokinetic (PK) or pharmacodynamic (PD) data as per the i3+3 dose escalation rules.

During dose expansion, patients were treated at the MTD and/or Recommended Phase 2 

Dose (RP2D) to assess the preliminary antitumor activity of ORIC-101 in combination with 

enzalutamide. PSA was collected at the start of every cycle of treatment. Tumor assessments 

were performed every 8 weeks and included CT/MRI scans of the chest, abdomen, pelvis, 

plus a bone scan. At screening, a MRI brain scan was performed to rule out the presence 

of CNS metastases. Radiographic confirmation of objective tumor response or disease 

progression was based on RECIST 1.1 and the Prostate Cancer Clinical Trials Working 

Group 3 (PCWG3) criteria10 and assessed locally.

All patients provided written informed consent to participate and were treated until disease 

progression, unacceptable toxicity, or meeting other criteria for stopping treatment as per the 

study protocol. The study was conducted in accordance with the Declaration of Helsinki, 

Good Clinical Practice Guidelines, and relevant Institutional Review Board requirements.

Patients

Male patients ≥18 years of age with metastatic prostate cancer with progression on 

enzalutamide 160 mg QD plus surgical or ongoing chemical castration were eligible for the 

study; patients must have been on treatment with enzalutamide for at least 3 months prior to 

documented evidence of PSA progression as per PCWG3. Other key inclusion criteria were 

an Eastern Cooperative Oncology Group (ECOG) performance status score of 0 or 1 with 

adequate bone marrow and organ function, and agreement and ability to undergo two tumor 

biopsies, one pretreatment and one during Cycle 2.

Prior chemotherapy in the mCRPC setting or prior treatment with another second-generation 

AR pathway inhibitor in the metastatic setting was exclusionary. Other key exclusion 

criteria included history of or presence of CNS metastases at baseline, seizures, Cushing’s 

syndrome, adrenal insufficiency, or requirement for chronic use of systemic corticosteroids.

Study Objectives

• Dose Escalation: The primary objective was to select the dose of ORIC-101 

identified as safe, tolerable, and providing target therapeutic exposure in 

combination with enzalutamide.
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• Dose Expansion: The primary objective was to evaluate the preliminary 

antitumor activity of ORIC-101 in combination with enzalutamide based on 

Disease Control Rate (DCR), defined as the proportion of patients who did 

not have PSA or radiographic progression on or before Week 12. Additional 

endpoints included PSA response rate (≥50% decline from baseline at 12 weeks), 

objective response rate (ORR), and progression-free survival (PFS), all according 

to PCWG3.

Pharmacokinetic Assessments

Blood samples were collected for analysis of plasma concentrations of ORIC-101, 

enzalutamide, and their major metabolites, using a validated bioanalytical method. 

Pharmacokinetic parameters were determined using noncompartmental analysis (Phoenix 

WinNonLin software, Certara, NJ, USA) and included maximum plasma concentration 

(Cmax) and area under the plasma concentration-time curve (AUC) from time zero up to 24 

hours post-dose (AUC0-t).

Pharmacodynamic Assessments

PD modulation in peripheral blood mononuclear cells (PBMCs) collected on multiple days 

and times in the first two cycles of treatment, before and after dosing, was assessed by 

RT-qPCR for housekeeping gene RPL27 and GR target genes FKBP5, GILZ and PER1, 

selected for their consistent stimulation by GR and reversal with ORIC-101 in nonclinical 

studies and in the first-in-human single and multiple ascending dose studies of ORIC-101 

administered to healthy subjects.11, 12, 13 Cortisol levels in blood were simultaneously 

measured at the time of PBMC collection.

In tumor biopsies obtained at screening, end of Cycle 2, and/or end of treatment, GR, AR 

and PTEN protein status were evaluated by immunohistochemistry (IHC) in biopsies with 

>50 tumor cells. A proprietary IHC assay for GR protein status was optimized for staining 

nuclear GR in the epithelial compartment of major tumor type tissues. AR and GR protein 

levels were quantified by H-score, ranging from 0 to 300 and defined as (% tumor cells 

with weak staining) + 2x (% tumor cells with moderate staining) + 3x (% tumor cells with 

strong staining). Low GR expression was defined as H-score <100. PTEN was reported as 

% tumor cells with protein loss, with ≥95% of tumor cells lacking PTEN protein considered 

PTEN-negative.

At those same timepoints, mutations and copy number alterations in cancer genes as well 

as AR splice variants were captured in plasma and analyzed employing the 152-gene 

circulating tumor DNA (ctDNA) PredicineCARE™ and the 88-gene cell-free RNA (cfRNA) 

PredicineRNA™ assays, respectively. Amplification of AR, located on the X chromosome, 

was defined as cell-free DNA copy number ≥2, corresponding in our study to an estimated 

≥8 AR copies in tumor cells by assuming that AR amplification is clonal and using the 

maximal observed allele frequency of somatic mutations in plasma as an estimate of tumor 

fraction. AR splice variant AR-v7 positivity was defined as presence of a high amount of 

AR-v7 in plasma regardless of total AR levels (i.e., number of AR-v7-unique reads >50), 

or AR-v7 contributing to >5% of total AR expression (i.e., ratio of AR-v7-unique reads 
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to all AR reads extending downstream of exon 3 >5%). Aggressive variant prostate cancer 

(AVPC) was determined as joint functional loss of two or more of the following markers: 

(1) RB1, with functional loss defined as homozygous loss or loss of heterozygosity (LOH) 

detected in ctDNA in plasma, (2) PTEN displaying homozygous loss or LOH, or protein 

loss in tumor biopsies by IHC, and (3) TP53 displaying a deleterious mutation with LOH 

or abolished wildtype p53 functionality (dominant negative mutation), or presence of two or 

more mutations. 14, 15, 16, 17

Statistical Assessments and Sample Size

The sample size for the dose escalation portion of the study was aligned with the objectives 

of determining a safe and tolerable dose for the ORIC-101 plus enzalutamide combination, 

based on calibration of the i3+3 design through simulation studies: up to 27 patients in total 

would be enrolled in groups of 3 to determine the MTD, defined as the highest dose with a 

DLT rate close to 25% and an equivalence interval between 20% and 30%. These parameters 

were specified to ensure that the MTD did not induce DLTs with a high rate (no more 

than 25%) and that the study allowed for an approximate 5% error margin around 25%. 

The modified i3+3 design has more favorable operating characteristics than the traditional 

3+3 design, allowing for backfilling of patients at a level below the current dose under 

consideration.

For the dose expansion, a minimum of 28 patients were to be enrolled. This sample size was 

chosen to obtain a preliminary evaluation of antitumor activity as measured by DCR, with an 

80% two-sided confidence interval (CI) estimated by the Clopper-Pearson method. If 9 out 

of 28 patients were to achieve DCR at Week 12, the point estimate of the true DCR was 32% 

(80% CI: 20.4%, 45.9%) and an additional 20 patients, up to a total of 48 patients, would 

be enrolled if promising clinical activity was observed (i.e., the lower limit of the two-sided 

80% CI for DCR was >20%). The choice of 20% as the threshold of clinical activity in this 

refractory population was based on review of the literature of the expected proportion of 

the population without PSA progression at Week 12 on abiraterone acetate plus prednisone 

following progression on enzalutamide therapy.18

Analysis of DCR as described above was performed for the following two subgroups of 

patients: (1) those with tumors expressing an AR alteration or AVPC at baseline and (2) 

those lacking such aberrations at baseline. Exploratory analyses of the association between 

DCR and baseline GR level of expression were also performed.

Nonclinical Studies

To study the mechanism of action of ORIC-101 + enzalutamide in an AR-mutant context, 

AR-WT (wildtype) and AR-L702H overexpressing CHO-K1-MMTV-Luciferase (source: 

DiscoveRx corporation) and VCaP (source: ATCC) stable cell lines were established. 

Plasmid constructs pWZL AR WT and pWZL AR L702H were obtained from C. Sawyers 

laboratory (MSKCC, NY, USA). The plasmid constructs pWZL AR WT and pWZL AR 

L702H were transfected into GP-293T cells and retrovirus containing AR WT or AR 

L702H was harvested 48 hours post-transfection. VCaP and CHO-K1-MMTV-Luc cells 

were infected with retrovirus containing AR WT or L702H, followed by the selection of 
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stable cell lines with 10 ug/ml blasticidin (Invivogen, San Diego, CA) for approximately 2 

weeks, to establish CHO-K1-MMTV-Luc AR WT or L702H cells and VCaP AR WT or 

L702H cells.

AR agonism activity of cortisol was assessed in an AR luciferase reporter assay using CHO-

K1-MMTV-Luc cells in phenol red free DMEM/10% charcoal stripped FBS. CHO-K1-

MMTV-Luc AR WT and AR L702H cells were treated for 24 hours with 10 concentrations 

of cortisol and analyzed using One-Glo Luciferase reagent (Promega#E6110). The impact 

of cortisol on cell growth was also evaluated in stable VCaP cells in DMEM/10% charcoal 

stripped serum (CSS). VCaP cells were treated for 7 days with 8 concentrations of cortisol 

and analyzed by CellTiter-Glo® Luminescent Cell Viability Assay (Promega#7573). Lastly, 

stable VCaP AR WT and AR L702H cells in DMEM/CSS media were treated for 14 

days with various combinations of ligand stimulation and compound, with media and 

treatment replenishment every 7 days (Veh: vehicle; R1881: 100 pM R1881; Enza: 2 μM 

enzalutamide; Cort: 30 nM cortisol; ORIC-101: 0.5 μM ORIC-101). Cell supernatant was 

collected on Day 16 to assess PSA levels using PSA (human) AlphaLISA Detection Kit 

(PerkinElmer #AL228C).

Data Availability

The data generated in this study are not publicly available due to patient privacy 

requirements but can be available upon reasonable request to the corresponding author.

RESULTS

Between December 2019 and November 2022, a total of 41 patients were enrolled: 10 

during dose escalation and 31 in dose expansion at the RP2D. Demographics were consistent 

with a metastatic prostate cancer population following frontline treatment with enzalutamide 

and are shown in Table 1 (and Supplementary Table 1). During dose escalation, 3 dose levels 

of ORIC-101 (80 mg [n=4], 160 mg [n=3], 240 mg [n=3]) were evaluated in combination 

with enzalutamide 160 mg, both administered on a once daily continuous daily dosing 

regimen. There were no DLTs and the RP2D was selected as 240 mg ORIC-101 plus 160 mg 

enzalutamide daily, based on overall tolerability, PK, and PD.

Pharmacokinetic data demonstrated increasing ORIC-101 exposures with dose increase, 

with a steady-state mean Cmax (%CV) of 427 ng/mL (48.7), Cmin (%CV) of 54.1 ng/mL 

(48.1), AUC (%CV) of 4090 h*ng/mL (48.1), and half-life (%CV) of 10.7 hours (34.7) 

at 240 mg daily. These parameters were in line with the predicted human PK based on 

nonclinical studies and confirmed ORIC-101 achieved exposures necessary for GR target 

coverage without affecting enzalutamide exposure.

PD modulation did not show dose dependency during dose escalation, with GR target 

suppression achieved starting at the first dose level tested in dose escalation, 80 mg 

ORIC-101.

Overall, disease progression (radiological, clinical, and/or PSA progression) was the most 

common primary reason for treatment discontinuation: 9 (90%) patients in dose escalation 
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and 23 (74%) patients during dose expansion. Two (6.5%) patients discontinued due to AEs 

during dose expansion, both events considered related to both study drugs: Grade 2 fatigue 

and Grade 2 AST elevation. Study patient disposition is presented in Figure 1.

Safety Profile

During dose escalation (n=10), 7 (70%) patients experienced treatment-emergent AEs 

that were considered related to study treatment (TRAEs) (Table 2). There were no 

discontinuations due to AEs and there were no DLTs reported. The most common TRAEs 

occurring in at least 2 patients were fatigue (50%), nausea (30%), and decreased appetite, 

constipation, headache, aspartate aminotransferase (AST) increased, and blood alkaline 

phosphatase increased, each with 20% incidence. There was only one Grade 3 TRAE of 

syncope reported at the 240 mg ORIC-101 dose level, which resolved with study drug 

interruption.

Despite not meeting protocol criteria for dose limiting toxicities, the events of fatigue, 

nausea, and syncope experienced by some patients treated with 240 mg ORIC-101 led to 

the joint investigators and sponsor’s decision to select that dose as the ORIC-101 RP2D 

for combination with 160 mg enzalutamide and not proceed with further ORIC-101 dose 

escalation to determine the MTD.

During dose expansion at the RP2D (n=31), 25 (80.6%) patients experienced TRAEs, with 

the most commonly reported in at least 10% of patients being fatigue (38.7%), nausea 

(29.0%), decreased appetite (19.4%), and constipation (12.9%). Grade 3 TRAEs of alanine 

aminotransferase (ALT) increased, nausea, hypokalemia, and syncope were reported, all 

recovered with study drug interruptions. One patient experienced an SAE of osteonecrosis, 

deemed possibly related to enzalutamide and prior treatment with Ra-223 and radiation 

therapy, and one patient discontinued the study due to fatigue.

There were no Grade 4 or Grade 5 adverse events reported in the overall study.

Dose Expansion Results

Antitumor Activity—At the planned interim analysis of futility (n=28), the DCR was 

25.0% (80% CI: 10.7%, 44.9%) which did not meet the target rate defined in the statistical 

analysis plan of a lower limit of the two-sided 80% CI >20% to warrant continuation of the 

study.

PSA response rate was 0% (95% CI: 0.0, 11.2), ORR was 3.2% (95% CI: 0.08, 16.70), and 

the median PFS was 4.1 months (95% CI: 1.87, NE).

Pharmacodynamics—ORIC-101 reduced GR target gene expression in PBMCs in 23/28 

(82%) patients, as early as after one dose of ORIC-101 and independent of drug exposure, 

including patients where cortisol levels increased post-dose due to physiologic negative 

feedback between cortisol and GR (Figure 2A).19

Twenty-nine pretreatment or archival tumor biopsies were collected, with 20 (69%) having 

sufficient tumor cell content for protein quantification by IHC. Nuclear GR protein was 
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present (H-score ≥100) pretreatment in 65% (13/20) of patients, with a median H-score of 

170 (Figure 2B). GR protein levels were not associated with biopsy site, equally present 

in bone lesions, lymph node tissue and prostate tumors. A >20% on-treatment reduction in 

GR protein levels in tumor cells was observed in 3/9 patients with matched tumor biopsies 

(Figure 2C), suggestive of on-target therapeutic effect of ORIC-101 on GR-positive tumor 

cells, as demonstrated by disease control of approximately 7, 8, and 11 months, respectively.

Exploratory Genomic Analyses—Based on genomic profiles and amount of tumor 

shedding (Supplementary Table 2), patients enrolled in the dose expansion portion of the 

study were representative of an mCRPC disease setting, with pretreatment AR protein 

levels consistently high (median IHC H-score 290, IQR 237–300). AR alterations observed 

in ctDNA and cfRNA pretreatment included amplification, AR-v7, and AR L702H in 8 

patients (Supplementary Table 3). We specifically showed that the AR mutation L702H 

altered the desired mechanism of action of ORIC-101 in combination with enzalutamide 

in nonclinical studies. Cortisol drove the growth of AR L702H-mutant prostate cells, as 

previously reported, 20, 21 but this growth could not be reversed with the combination 

of enzalutamide and ORIC-101 (Supplementary Figure 1A–C). Other prevalent genomic 

alterations observed in the dose expansion cohort included functional loss of tumor 

suppressor genes TP53, RB1 and PTEN, gain or activation of MYC, MYCN, PIK3CA, 

CDK6, FGFR1/3, and the TMPRSS2-ERG fusion (Figure 3).

Overall, 12 (39%) patients’ tumors harbored potential AR resistance alterations or were 

characterized by tumor suppressor gene loss, with AR amplification the most prevalent 

genomic finding (n=6), followed by AVPC molecular features (n=5), AR-v7 (n=3), and AR 

L702H (n=1), with some overlap (Supplementary Table 3; Figure 4). Among the remaining 

19 patients with normal or unknown AR/AVPC status, 7 (23%) patients had moderate to 

high GR levels, 4 (13%) patients had low levels of GR protein, and in 8 (26%) patients, GR 

was not evaluable, or a tumor biopsy could not be collected. We assessed the association 

of these molecular characteristics with clinical outcome for patients enrolled at the RP2D 

(Figure 4). In patients lacking AR resistance variants and AVPC molecular features (n=19), 

DCR was 42.1% (80% CI: 26.3%, 59.2%). DCR was 53.3% (80% CI: 34.2%, 71.8%) in the 

subset with moderate to high, or unknown, GR protein level at baseline (n=15). Conversely, 

in the subgroup of patients whose tumors harbored AR resistance variants, AVPC molecular 

features, and/or expressed low GR protein levels (n=16), DCR was 0% (80% CI: 0.0%, 

13.4%). PFS results followed the same trend.

Lastly, the genomic profiles at baseline revealed intra- and inter-tumor heterogeneity, with 

the co-existence of markers of AR-dependent or -independent resistance mechanisms. Serial 

tumor sampling from individual patients demonstrated further acquisition of potential AR-

dependent resistance markers such as AR-v7 and AR L702H as well as AR-independent 

resistance markers such as PI3K-AKT-mTOR and Wnt pathway alterations and markers of 

neuroendocrine transformation including RB1 or TP53 loss and MYC gain (Figure 5).
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DISCUSSION

In this Phase 1/1b study of ORIC-101 in combination with enzalutamide in patients with 

mCRPC progressing on enzalutamide, we tested the hypothesis that GR antagonism would 

counter mechanisms of resistance to AR signaling mediated through GR signaling. As 

the data demonstrated, effective target engagement was achieved without toxicity, but 

no meaningful antitumor effect (PSA or radiographic) was observed. These observations 

suggest that in enzalutamide-resistant cancer, GR expression is not a primary driver of 

clinical outcomes. AR-dependent and -independent resistance mechanisms may co-exist, 

and our findings indicate additional work is needed to further elucidate which disease setting 

and patient population would benefit from dual AR and GR inhibition, and potentially 

suppression of other biological pathways.

Despite the negative outcome, this study has an important strength in the comprehensive 

molecular characterization that allowed for exploring the outcome of GR inhibition in 

molecular subsets of mCRPC, including tumors with high GR expression. No clinical 

benefit was observed despite effective target engagement. In 6/9 patients with matched 

tumor biopsies, the ORIC-101 plus enzalutamide combination did not reduce GR-expressing 

tumor cells despite pharmacologic inhibition. This suggests that suppressing GR signaling 

with ORIC-101 did not suffice to re-sensitize cells to enzalutamide. Alternate pathways 

of resistance to enzalutamide include the development of AR resistance mutations, 

constitutively active AR splice variants (AR-v7), or loss of dependence on the AR pathway 

altogether via lineage plasticity, which sometimes manifests clinically as AVPC. In all of 

these contexts, dual AR/GR inhibition may not be beneficial.

Similar outcomes were observed in other studies of GR and AR antagonism. In heavily 

pretreated mCRPC patients with prior enzalutamide exposure, only one PSA response and 

no radiographic responses were observed with the combination of enzalutamide and GR 

antagonist exicorilant.6 The combination of enzalutamide with GR antagonist mifepristone 

in mCRPC patients similarly did not delay time to PSA, radiographic or clinical PFS, 

resulting in early trial termination due to futility, though these results may have further been 

hampered by the partial AR agonism behavior of mifepristone.7 In these studies, GR was 

found to be expressed in tumors and on circulating tumor cells, but the target level did 

not associate with clinical outcome. Systemic GR modulation was observed by reduction 

in GR target genes. It was postulated in these studies that the CRPC setting may be too 

late for a dual AR/GR inhibition approach, thereby inadvertently enriching for intra-patient 

pleiotropic AR antagonist resistant mechanisms beyond GR. Furthermore, the mifepristone 

trial may have had an imbalance in AR alterations that have been implicated in castration 

resistance between the combination and enzalutamide single-agent arms, yet such alterations 

were not tracked.7

In exploratory analyses in our study, a higher disease control rate was observed in patients 

whose tumors did not harbor potential AR resistance variants or AVPC molecular features, 

and additionally lacked GR expression. It is possible, however, that the better outcome 

observed in these patients could be due to inherently more indolent disease biology rather 

than an effect of GR inhibition. Nonetheless, a future selection strategy for AR/GR inhibitor 
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combination therapy in prostate cancer could focus on an earlier disease setting, when the 

likelihood of presenting with alternate, non-GR resistance pathways is lower, or exclude 

patients with AR resistance variants, AVPC molecular features, and low GR expression.

The strength of our trial is the comprehensive biomarker data collection, which led us 

to establish intra-patient tumor heterogeneity and the existence of possible pleiotropic AR-

dependent and -independent resistance mechanisms. Limitations of our study are the small 

sample size in context of the observed tumor heterogeneity, the impact that patients with 

AVPC molecular features and poorer outcomes may have had on the clinical endpoints, and 

lastly the unconventional choice of DCR, defined as the proportion of patients who did not 

have PSA or radiographic progression on or before Week 12, as primary endpoint. The main 

premise in this study was the potential for ORIC-101 to reverse resistance to enzalutamide 

and prolong clinical benefit from the therapeutic agent, delaying the need to transition to 

more toxic therapies. In that context, DCR was selected as an endpoint thought to better 

capture the duration of clinical benefit in keeping with the expected mechanism of action of 

ORIC-101.

In conclusion, based on a planned interim analysis, although the combination of ORIC-101 

and enzalutamide was safe and tolerable, antitumor efficacy was not observed in the context 

of effective target engagement. The clinical and translational observations of our study led 

us to conclude that GR was not the principal driver of resistance to AR antagonists in most 

men with mCRPC. Further development of GR inhibition in prostate cancer will require an 

understanding of the mechanism(s) that drives resistance to AR antagonists and upregulates 

GR expression. A more homogeneous patient population in an earlier prostate cancer disease 

setting with the right biomarker-based selection may still lead to therapeutic benefit.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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TRANSLATIONAL RELEVANCE

Upregulation of the glucocorticoid receptor (GR) is a potential mechanism of resistance 

to androgen receptor (AR) inhibition, leading to poor outcomes in patients with mCRPC 

treated with enzalutamide. ORIC-101 inhibits GR transcriptional activity and blocks 

pro-survival signals mediated by the activated nuclear hormone receptor. In this Phase 1b 

study, a comprehensive characterization of patients’ tumors at multiple timepoints during 

treatment identified heterogeneity in AR alterations and variant expression, molecular 

features of aggressive variant prostate cancer, and low GR expression as potential 

factors explaining poor response to treatment with ORIC-101 and enzalutamide. These 

observations suggest that future efforts to target GR should explore the optimal point 

in prostate cancer evolution for effective interruption of the GR axis to account for 

heterogeneity that usurps GR dependency.
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Figure 1. Study Disposition
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Figure 2. ORIC-101 Pharmacodynamics.
(A) PD modulation after one dose of ORIC-101 in dose expansion patients treated at the 

RP2D. Results are displayed as the average fold change in the expression of GR target genes 

FKBP5, GILZ and PER1 from pre-dose to 6 hours post-dose (in red). Diamonds represent 

change in cortisol pre-dose to 6 hours post-dose. (B) Barplot with GR IHC H-scores in 

tumor cells in pretreatment biopsies, colored by biopsy site, from dose expansion patients 

treated at the RP2D. Low GR expression was defined as H-score <100, and high GR 

expression as H-score ≥200. (C) Barplot with proportional on-treatment change in GR tumor 

H-score, defined as (on-treatment GR H-score – pretreatment GR H-score) / pretreatment 

GR H-score, for 9 dose expansion patients with matched tumor biopsies from the same 

biopsy site. Diamonds represent GR tumor H-score at pretreatment.
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Figure 3. Genomic Landscape of Dose Expansion Patients.
OncoPrint overview of the most prevalent genomic alterations in plasma samples from dose 

expansion patients with plasma collected before treatment, at the end of Cycle 2, and/or 

at the end of treatment. Plasma could not be collected in 2 patients. Displayed are genes 

from the targeted 152-gene panel that were altered at any timepoint in ≥3 (3/29, 10%) 

of the study patients. Type of alteration is indicated by color, with “Other” including frame-

shift insertions and deletions, in-frame insertions and deletions, and splice site mutations. 

Screening, on-study and end of treatment samples are shown as columns, grouped per 

patient. Tumor fraction is shown on top; NA indicates tumor fraction could not be estimated.
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Figure 4. 
Biomarker Patient Selection Strategy Consort, with Antitumor Activity at the RP2D Across 

Patients Defined by AR, AVPC, and GR Status
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Figure 5. 
Representative Examples of Tumor Heterogeneity and Resistance Mechanism Redundancy
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