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Abstract

Background—Bipolar androgen therapy (BAT) results in rapid fluctuation of testosterone 

(T) between near-castrate and supraphysiological levels and has shown promise in metastatic 

castration-resistant prostate cancer (mCRPC). Its clinical effects may be mediated through 

induction of DNA damage, and preclinical studies suggest synergy with PARP inhibitors.

Patients and Methods—This was a single-center, Phase II trial testing olaparib plus BAT 

(T cypionate/enanthate 400 mg every 28 days) with ongoing androgen deprivation. Planned 

recruitment was 30 subjects (equal proportions with/without homologous recombination repair 

[HRR] gene mutations) with mCRPC post abiraterone and/or enzalutamide. The primary objective 
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was to determine PSA50 response (PSA decline ≥50% from baseline) rate at 12-weeks. The 

primary analysis utilized the entire (intent-to-treat [ITT]) cohort, with those dropping out early 

counted as non-responders. Secondary/exploratory analyses were in those treated beyond 12-

weeks (response-evaluable cohort).

Results—Thirty-six patients enrolled and 6 discontinued prior to response assessment. In the ITT 

cohort, PSA50 response rate at 12-weeks was 11/36 (31%; 95% CI 17%–48%), and 16/36 (44%, 

95% CI 28%–62%) had a PSA50 response at any time on-study. After a median follow-up of 

19 months, the median clinical/radiographic progression free survival in the ITT cohort was 13.0 

months (95% CI 7–17). Clinical outcomes were similar regardless of HRR gene mutational status.

Conclusions: BAT plus olaparib is associated with high response rates and long PFS. Clinical 

benefit was observed regardless of HRR gene mutational status.
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castration-resistant prostate cancer; DNA damage repair; homologous recombination; PARP 
inhibitor

Introduction

While androgen deprivation therapy (ADT) (i.e., medical/surgical castration) remains the 

backbone for treating metastatic prostate cancer, it has been long known that testosterone 

supplementation benefits some men with advanced prostate cancer. Contemporary studies 

have demonstrated that supraphysiological androgen (SPA) concentrations are associated 

with an antitumor effect in many preclinical models(1–3). Recently, high-dose testosterone 

has been translated into clinical use in the form of Bipolar Androgen Therapy (BAT), which 

involves rapid cycling between supraphysiological and near-castrate serum testosterone 

levels over a 28-day treatment cycle(2–4).

TRANSFORMER, the largest study evaluating BAT, randomized men with asymptomatic 

mCRPC who had previously progressed on abiraterone to BAT vs. enzalutamide(4). Overall, 

this study showed similar outcomes between treatment arms and consequently BAT has not 

been established as standard of care. TRANSFORMER did, however, provide important 

insights regarding the clinical utility of BAT. First, BAT appears to mitigate cross-resistance 

between AR-directed therapies, with response rates to enzalutamide being substantially 

higher when given post-BAT. Second, BAT appears to be associated with improvement in 

quality of life (QOL), which is an important consideration given the detrimental effects that 

ADT has on overall well-being. Thus, ongoing work to develop new approaches aimed at 

augmenting responses to BAT are justified.

It has been well documented that SPA leads to the induction of double-strand DNA (dsDNA) 

breaks and that this likely represent a key mechanism by which BAT exerts its clinical 

effects(1–3). SPA has also been shown to repress the expression of genes involved in DNA 

repair(3). Moreover, co-treatment with androgens plus the Poly (ADP-ribose) polymerase 

(PARP) inhibitor olaparib results in increased dsDNA damage and enhanced anti-tumor 

effects in preclinical models(3). We have also observed that response rates to BAT are higher 
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in patients whose tumors harbor mutations in genes involved in homologous recombination 

repair (HRR)(3).

On the basis of the aforementioned data, we conducted a Phase II trial to evaluate the effects 

of BAT plus olaparib in men with mCRPC who had previously progressed on abiraterone 

and/or enzalutamide.

Subjects and Methods

Trial Design and Patient Population

This was an investigator-initiated, open-label, phase II study evaluating the clinical activity 

of BAT plus olaparib in patients with asymptomatic mCRPC who had progressed on 

abiraterone and/or enzalutamide. Our goal was to assess clinical efficacy in a biomarker 

unselected population. However, in order to explore whether outcomes associated with 

homologous recombination repair (HRR) gene mutational status, we required that all 

patients have baseline next-generation sequencing using any clinical grade assay, with the 

goal of enrolling an equal proportions of patients with/without at least one pathogenic 

alteration in an HRR gene. Patients with mCRPC harboring mutations in genes previously 

shown to associate with response to olaparib (e.g. BRCA2, ATM, FANCA, CHEK2, PALB2, 

CDK12) were assigned to the HRR-deficient group(5). Because genomic factors predictive 

of response to olaparib were poorly understood when this study was designed, additional 

alterations in genes associated directly or indirectly in HRR were considered qualifying for 

the HRR-deficient cohort at the primary investigator’s (MTS) discretion.

Upon enrollment, all patients continued on ADT. Eligible patients then initiated 

testosterone enanthate/cypionate 400 mg intramuscular every 28 days, which have 

identical pharmacokinetics and have been shown to result in rapid fluctuations between 

supraphysiologic and near-castrate serum testosterone levels in men maintained on ADT 

(2). Patients also received olaparib 300 mg by mouth twice daily. This study was 

approved by our center’s Institutional Review Board and registered with clinicaltrials.gov 

(NCT03516812). Informed consent was obtained from all subjects.

Endpoints

PSA was measured each cycle prior to receiving testosterone and imaging studies occurred 

every 12 weeks. The primary objective was to determine the PSA50 response (i.e. PSA 

decline ≥50% from baseline) rate after 12 weeks of treatment. Patients were permitted 

to continue treatment until radiographic or clinical (i.e. increasing cancer-related pain) 

progression, whichever occurred first(6). Patients were not removed from study for PSA 

progression alone prior to completing 12 weeks of treatment; however, if a patient did not 

achieve a PSA50 response after 12 weeks, he had the option to discontinue treatment. 

Secondary endpoints were to determine the radiographic response rate (per RECIST 

v1.1), maximum PSA50 response rate (i.e. based on lowest PSA on treatment), clinical/

radiographic progression-free survival (crPFS), PSA PFS, overall survival (OS), QOL 

changes, and safety (per CTCAE v4.0)(6, 7).
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For those with a PSA decline on treatment, PSA progression was defined per Prostate 

Cancer Working Group 3 (PCWG3) criteria as a confirmed increase in PSA ≥25% and ≥2 

ng/mL above the nadir(7). Because BAT can cause PSA to initially rise, subjects with no 

decline in PSA from baseline were considered to have PSA progression if PSA rose ≥25% 

and ≥2 ng/mL compared to the 12-week PSA value. Radiographic progression was defined 

as the time from the start of treatment until progression per RECIST v1.1 for soft tissue 

lesions or PCWG3 criteria for bone lesions(6, 7). Progression endpoints were defined as the 

time from the start of treatment until progression event or death, whichever occurred first. 

OS was the time from start of treatment until death from any cause. QOL was assessed using 

the FACT-P and IIEF surveys(8, 9). Exploratory biomarker analyses included whole exome 

sequencing to assess for genomic signatures associated with functional loss of HRR activity 

and immunohistochemical studies(10).

Statistical Considerations

The primary objective was to determine the PSA50 response rate after 12 weeks of therapy. 

Per protocol, subjects who dropped out of the study prior to 12 weeks were replaced. The 

primary analysis, safety assessments, and non-stratified survival analyses are reported for 

the intent-to-treat (ITT) cohort. Other secondary objectives and exploratory analyses were 

evaluated in the response-evaluable cohort (i.e. patients who did not drop out before 12 

weeks). Response rates were compared between subgroups (e.g. HRR-deficient vs intact) 

using 2-sided exact binomial tests. Survival endpoints were calculated using Kaplan-Meier 

estimation, and comparisons between subgroups used log-rank tests. Changes in QOL 

relative to Day 1 were assessed using paired t-tests. Comparisons of functional HRR activity 

or baseline PSA levels used 2-sided Mann-Whitney rank sum tests.

Sample size

We assumed that BAT monotherapy would results in a PSA50 response rate of 25% in 

unselected patients with mCRPC(2, 4, 11). At the time of initial study design, clinical data 

indicated that >60% of men with a variety of HRR gene mutations would have a PSA50 

response to olaparib(5). If there was no increased efficacy with combination therapy, we 

assumed olaparib would drive clinical responses for those with HRR gene mutations, while 

BAT would drive responses in those with intact HRR pathway. Therefore, given that we 

required half of the study cohort to have a HRR gene mutation, we hypothesized that the 

null rate (H0) for combination therapy to be approximately 50%. We sought to detect a 25% 

improvement over the null rate, corresponding to a PSA50 response rate of ≥75% (H1) for 

the entire study cohort. Based on these assumptions, a sample size of 30 patients provided 

82% power based on a 1-sample test of proportions with a 2-sided α=5%.

Results

Thirty-six patients enrolled and 6 discontinued before 12-weeks. Patients discontinued early 

for progression (n=2), nausea (n=2), stroke (n=1), and myocardial infarction (n=1). Out of 

30 response evaluable patients, 16 had tumors with mutations in genes involved in HRR 

(i.e. HRR-deficient), while 14 did not (i.e. HRR-intact). Demographic characteristics can be 

found in Table 1.
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Eleven out of 36 (31%, 95% CI 17%–48%) patients in the ITT cohort had a PSA50 response 

at 12 weeks, which corresponded to a 37% (95% CI 21%–56%) PSA50 response rate in 

the response-evaluable cohort (N=30) (Figure 1A). Sixteen out of 36 (44%, 95% CI 28%–

62%) subjects achieved a PSA50 response as their maximum on-study PSA decline in the 

IIT cohort, which corresponded to a 53% (95% CI 35%–71%) PSA50 response rate in 

the response-evaluable cohort (Figure 1B). Thirteen subjects had measurable disease per 

RECIST v1.1 and were evaluable for a radiographic response. Overall, 7/13 (54%) had a 

radiographic response (i.e. complete or partial), including 2/13 (15%) complete responses. 

There was no significant difference in PSA50 or radiographic response rates between the 

HRR-deficient vs. HRR-intact cohorts (Figure 1A–C).

For the ITT cohort, median follow-up for PSA PFS was 20 months (IQR 6.2 to NR), 

for crPFS was 19 months (IQR 16 to 22), and for OS was 29 months (IQR 20 to 37). 

The median PSA PFS in the ITT cohort was 7 months (95% CI 4–11), median crPFS 

was 13 months (95% CI 7–17), and median OS was 26 months (95% CI 22-NR). In the 

response-evaluable cohort, there was no significant difference in PSA PFS (p=0.5) or crPFS 

(p=0.4) between the HRR-deficient vs. HRR-intact cohorts. There was a marginal difference 

in OS between subgroups (p=0.07) (Figure 2).

Safety and Quality of Life

Treatment was generally well tolerated, and most adverse events (AEs) were low grade. 

The most frequently observed treatment-related AEs (TRAE) (i.e. at least possibly study 

drug-related) were gastrointestinal related and fatigue (Table S1). Five patients had grade 

≥3 TRAEs, including one stroke (grade 4) and one myocardial infarction (MI) (grade 5). 

Following an amendment to exclude history of prior MI, no additional cardiovascular AEs 

were observed. Overall, there was no significant change in blood counts after 12 weeks 

(Figure S1). QOL was preserved on study, with erectile function score improving across 

multiple timepoints (Figure S2).

Exploratory Analyses

Functional defects in HRR pathways result in characteristic genome-wide alterations, 

which manifest as predictable genomic signatures(10). To evaluate if these signatures 

associated with outcomes, we performed paired germline-somatic whole exome sequencing 

as previously described on a subset of samples (N=10)(12–15). Several genomic HRR 

deficiency scores were evaluated, and while there was a general trend toward higher HRR 

deficiency score in those achieving a PSA50 response at any time, these results were not 

statistically significant (Table S2, Figure 3).

Because high AR expression has been shown to associate with sensitivity to androgen-

induced cell death in preclinical models, we evaluated immunohistochemical staining 

patterns of AR in available metastatic tissue (N=6). AR expression was variable and the 

median crPFS for cases with AR expression above the median was 13.0 months (95% CI 

11.1-NR) and 6.7 months (95% CI 2.5-NR) for those below the median (p=0.3) (Table S3, 

Figure S3). We also assessed if baseline PSA – an AR-regulated gene – was associated 

with outcomes. Consistent with findings from a prior study, higher baseline PSA level was 
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associated with improved outcomes (Figure 4)(2). Similarly, there was weak evidence that 

crPFS was positively associated with baseline PSA.

Discussion

We observed high response rates and long crPFS with the combination of BAT plus olaparib. 

Although the PSA50 response rate did not exceed the hypothesized null rate, this study 

largely confirms our preclinical studies and provides evidence that the clinical activity of 

BAT can be augmented by co-treatment with olaparib. Importantly, we found that this 

combination was effective regardless of HRR gene mutational status. We also observed 

low rates of hematologic toxicity, which is likely due to the effects of testosterone and 

consistent with other studies showing that BAT resulted in increased hemoglobin(4). Finally, 

this regimen did not negatively impact QOL and patients reported improved sexual function 

while on study.

While cross-study comparisons should be interpreted with caution, it is important to put our 

findings into context given that this was a single-arm study. Prior trials have consistently 

shown that BAT monotherapy is associated with a PSA50 response rate of ~25% and a 

median PFS of <6 months in patients with mCRPC who have progressed on a novel 

hormonal agent (NHA)(2, 11, 16). Similarly, the PROFound study tested olaparib in patients 

with mCRPC who had progressed on one prior NHA and had at least one HRR gene 

mutation across 15 prespecified genes. That trial reported a PSA50 response rate of 30% and 

a median PFS of <6 months. This contemporary data suggests that a PSA50 response rate 

of 25% would reflect a more accurate historical control. Indeed, using this as a comparator, 

the PSA50 response rate of 53% (P=0.001) anytime on treatment with BAT plus olaparib 

compares quite favorably(5).

Contemporary data supports our hypothesis that combination BAT plus olaparib has at least 

additive clinical activity; however, our prespecified threshold for a clinically meaningful 

PSA50 response rate was not met. In large part, this was due to having limited data on 

the effects of olaparib in men with mCRPC at the time this study was designed. Key 

assumptions regarding the activity of olaparib were based on the TOPARP-A trial, which 

reported a PSA50 response rate of 63% in the small subset (N=16) of men with mCRPC 

that harbored alterations in HRR genes(5). On this basis, we assumed a high response rate 

would be observed within the group with HRR mutations. This is in direct contrast to the 

PROfound trial, which reported a PSA50 response rate of only 30% in men with a variety 

of HRR gene mutations receiving olaparib (N=243). Indeed, other studies have suggested 

that responses to PARP inhibitors are limited to patients with mutations in BRAC1/2 and a 

handful of other genes (e.g. PALB2) directly involved in HRR(17).

A key finding of our study is that the clinical activity of BAT plus olaparib appears 

independent of HRR gene mutational status, suggesting that biomarker selection is not 

necessary. This finding may be due to the ability of BAT to suppress HRR gene 

expression and thus sensitize tumors to PARP inhibition. We have previously reported 

that supraphysiological androgens (SPA) results in a substantial suppression of BRCA2 

(4-fold reduction) and other DNA repair genes(3). Therefore, it seems plausible that BAT 
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may induce an HRR-deficient phenotype and sensitize prostate cancer cells to olaparib. 

Similar to our observation that HRR gene mutational status was not associated with 

outcomes, we also did not see significantly enhanced efficacy in patients who had tumors 

demonstrating functional loss of HRR pathway as determined through genomic signature 

analysis. However, given that only a limited number of samples were available for this 

analysis, larger studies evaluating HRR signatures as a biomarker for response to BAT are 

still warranted.

PARP inhibitors have also been shown across multiple preclinical and clinical studies to 

augment the antitumor effects of DNA damaging cytotoxic agents as well as radiation(18–

24). Given that prior preclinical studies have consistently shown that SPA can induce DNA 

damage, it is possible that the high response rates with BAT plus olaparib are due to an 

additive DNA damaging effect(1–3, 25). Importantly, while studies testing PARP inhibitors 

plus cytotoxic chemotherapy have reported high toxicity rates, the effects of BAT are 

restricted to AR-positive prostate cancer cells, which should limit off-target toxicity and may 

account for why this regimen was generally well tolerated.

When exploring biomarkers associated with response and resistance to combination 

treatment, there was a suggestion that increased AR activity may be associated with 

improved outcomes. Similar to our initial pilot study testing BAT, we observed an 

association between high PSA levels and improved outcomes(2). Consistent with this 

finding, we also estimated longer PFS in men with AR expression above the median as 

assessed by IHC. These confirmatory findings fit with preclinical models and recent clinical 

data showing that high AR transcriptional activity is associated with improved outcomes 

to BAT monotherapy(3, 26, 27). Larger studies incorporating metastatic tissue acquisition 

are needed to further assess whether baseline AR expression/activity is associated with 

improved outcomes.

There are several limitations to this study. As mentioned, key statistical assumptions were 

based on preliminary data showing that PARP inhibitors were highly active in patients 

with somatic alterations affecting an array of HRR-related genes. Subsequent studies have 

largely refuted this and in retrospect, the null PSA50 response rate was too high. The 

lack of a control arm also makes conclusions regarding activity of this regimen difficult. 

Another limitation is our small sample size, which limited our ability to draw conclusions 

in those with/without mutations in genes involved in HRR. In addition, we allowed for 

a permissive approach to defining HRR-deficiency given the uncertainty regarding which 

genes conferred functional loss of HRR activity when this study was designed. As such, the 

HRR-deficient cohort include patients with mutations in genes we now know are unlikely to 

predict response to PARP inhibition(17, 28–30). For example, one subject with CHD1 and 

SPOP mutations was included in the HRR-deficient cohort based on data suggesting that 

co-occurrence of these alterations may predict response to PARP inhibition – a finding yet 

to be confirmed clinically(30). Ultimately, it remains possible that we would have observed 

better outcomes had we enrolled more patients with BRCA1/2 mutations, although the lack 

of these patients does provide further evidence that this combination is active in biomarker 

unselected patients.
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In conclusion, we observed encouraging signs of clinical activity with BAT plus olaparib. 

While the small size and lack of a control arm were key limitations of this study, these 

results do justify additional clinical trials. Future randomized studies evaluating BAT plus 

olaparib are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
PSA and radiographic response waterfall plots.

(A) PSA change at 12 weeks. PSA50 responses at 12 weeks occurred in 6/16 (38%) patients 

with HRR-deficient tumors (orange) compared to 5/14 (36%) (P>0.9) patients with HRR-

intact tumors (blue). *PSA change >100% was truncated at 100%.

(B) Maximum PSA decline on study for the response evaluate cohort (i.e., patients 

completing at least 12 weeks of treatment). PSA50 responses at any time on study occurred 
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in 10/16 (63%) patients with HRR-deficient tumors compared to 6/14 (43%) (P=0.3) with 

HRR intact-tumors. *PSA change >100% was truncated at 100%.

(C) Radiographic response for patients with measurable disease per RECIST 

v1.1.Radiographic response occurred in 4/8 (50%) patients with HRR-deficient tumors 

compared to 3/5 (60%) (P=0.8) patients with HRR-intact tumors. *Patient had a partial 

response in his lymph node metastases while also demonstrating progressive disease in bone 

lesions.

Schweizer et al. Page 12

Prostate Cancer Prostatic Dis. Author manuscript; available in PMC 2023 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2: 
PSA progression-free survival (PSA PFS), clinical/radiographic PFS, and overall survival 

(OS). Data are presented for the intent-to-treat cohort (A) and for response-evaluable cohort 

(B) stratified by presence/absence of a homologous recombination repair (HRR) gene 

mutation (i.e. HRR deficient/intact). Median PSA PFS was 5 (95% CI 4–21) months for 

HRR-intact and 9 (95% CI 8-NR) months for HRR-deficient, median clinical/radiographic 

PFS was 14 (95% CI 13-NR) months for HRR intact and 8 (95% CI 5-NR) for HRR 

deficient, and median OS was NR (95% CI 26-NR) months for HRR-intact and 25 (95% CI 

19-NR) for HRR-deficient.
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Figure 3: 
Associations between functional HRR deficiency scores and maximum PSA50 response.

LOH 0.75: Loss of heterozygosity (LOH) score, measuring the degree of LOH based on 

discontinuous SNP typing. LOH events larger than 75% of the respective chromosome arm 
length are excluded from the score analysis.
LOH-score: Number of LOH events assessed using the scarHRD tool. This score represents 

number of LOH regions exceeding 15 Mb that do not cover the whole chromosome.

TAI-score: Telomeric allelic imbalance (TAI) reflects the number of sub-chromosomal 

regions with allelic imbalance extending to the telomere.

LST-score: Number of large-scale state transitions (LST) assessed using the scarHRD tool. 
The LST score represents the number of chromosomal breaks between adjacent regions of at 

least 10 Mb length, with a distance between events not more than 3Mb.

HRD-score: Defined as sum of the burden of LOH-Scar, LST-Scar and TAI-scar (LOH-Scar 

score+ TAI-Scar score +LST-scar)
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Figure 4: 
Associations between clinical outcomes and baseline PSA values. (A) Baseline PSA value is 

significantly higher in those achieving a PSA50 response anytime on study (i.e. responders 

vs. non-responders). The median baseline PSA in responders vs. non-responders was 43 vs. 

16 ng/mL (P=0.03), respectively. (B) Baseline PSA value at or above vs. below the median 

PSA (22.3 ng/mL) is weakly associated with clinical/radiographic PFS.
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Table 1:

Patient Baseline Demographics.

Characteristic ITT Cohort
(N = 36)

HRR-Intact
(N = 14)

HRR-Deficient
(N = 16)

Age, years (median [IQR]) 70 (63, 76) 75 (71, 81) 67 (61, 72)

PSA, ng/mL (median [IQR]) 26 (13, 114) 22 (12, 66) 25 (12, 114)

Race

 Black or African American (n [%]) 1 (2.8%) 1 (7.1%) 0 (0%)

 Native Hawaiian or Other Pacific Islander (n [%]) 1 (2.8%) 0 (0%) 1 (6.2%)

 White (n [%]) 25 (69%) 9 (64%) 12 (75%)

 Unknown/Not Reported (n [%]) 9 (25%) 4 (29%) 3 (19%)

ECOG performance status

 0 (n [%]) 24 (67%) 9 (64%) 12 (75%)

 1 (n [%]) 11 (31%) 4 (29%) 4 (25%)

 2 (n [%]) 1 (2.8%) 1 (7.1%) 0 (0%)

Prior Docetaxel in hormone-sensitive setting (n [%]) 9 (25%) 2 (14%) 5 (31%)

Prior Abiraterone (n [%])* 14 (39%) 5 (36%) 7 (44%)

Prior Enzalutamide (n [%])* 7 (19%) 3 (21%) 1 (6.2%)

Prior Abiraterone and Enzalutamide (n [%]) 11 (31%) 5 (36%) 5 (31%)

Prior Radium-223 (n [%]) 12 (33%) 5 (36%) 3 (19%)

Prior Sipuleucel-t (n [%]) 13 (36%) 5 (36%) 6 (38%)

*
Received only the single prior novel hormonal agent indicated (i.e. did not receive both abiraterone and enzalutamide)
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