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Abstract

Bipolar androgen therapy (BAT) is a novel treatment strategy for patients with metastatic
castration-resistant prostate cancer (NCRPC). We retrospectively identified patients with mCRPC
that achieved deep PSA responses to BAT. All patients with available next-generation molecular
sequencing harbored pathogenic mutations in 7253 and/or a homologous recombination DNA
repair gene.

Background: Bipolar androgen therapy (BAT) is an emerging treatment strategy for men with
metastatic castration resistant prostate cancer (MCRPC) whereby serum testosterone is cycled
from supraphysiologic to near-castrate levels each month. BAT has been shown to induce clinical
responses in a significant proportion of patients, some of which are extreme. We explored the
clinical and molecular characteristics of patients with mCRPC who achieved deep responses to
BAT.

Methods: We conducted a retrospective analysis of patients with mCRPC treated with BAT
at Johns Hopkins. We identified 22 of 114 (19%) patients with mCRPC who achieved =270%
PSA reductions upon treatment with BAT. All patients were treated using 400 mg testosterone
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cypionate intramuscularly every 28 days, together with continuous LHRH agonist therapy.
Clinical-grade DNA sequencing was obtained using commercially available assays.

Results: Somatic next-generation sequencing was obtained for 15 of 22 (68%) patients. Of
these 15 extreme PSA responders with sequencing data available, All 15 of 15 (100%) harbored
a pathogenic mutation in 7253 and/or a homologous recombination DNA repair (HRD) gene.
Among the subset of patients with measureable disease (N = 15), 10 patients (67%) achieved
an objective response including one patient with a complete response. The median radiographic
progression-free survival of these deep PSA responders was 11.3 months (95% Cl, 7.9-25.0
months).

Conclusions: We observed an enrichment of 7P53and HRD mutations in mCRPC patients
with extreme PSA responses to BAT, with durability lasting about a year. These data support the
hypothesis that BAT may most benefit patients with DNA repair-deficient mCRPC. Further studies
of BAT in biomarker-selected mCRPC populations (ie, 7P53/HRD-mutated) are warranted.

Keywords

Testosterone; DNA repair; Homologous recombination deficiency; Biomarker; Next-generation
sequencing

Introduction

Bipolar androgen therapy (BAT) is emerging as a novel therapy for men with metastatic
castration resistant prostate cancer (MCRPC). Intramuscular injections of testosterone are
administered every 28 days, resulting in rapid oscillations of circulating testosterone
concentrations from supraphysiologic levels to near-castrate levels.! Men are concurrently
maintained on an LHRH agonist/antagonist to suppress endogenous testosterone production
from the testes. Several clinical trials have demonstrated the efficacy of BAT as a treatment
option for mCRPC patients, with acceptable toxicity.2°

The rapid cycling of testosterone levels in preclinical models has been shown to induce
DNA damage and genomic rearrangements such as 7MPRSS2-ERG, which may provide
insight into the mechanism of action.”® Enzalutamide-resistant, patient-derived xenograft
models showed that clinical responses to BAT were due, in part, to suppression of the

DNA damage response transcriptome.0 In clinical practice, a durable response to BAT was
observed in a patient with mCRPC who harbored an inactivating BRCAZ mutation.11 We
hypothesized that patients who experience extreme clinical responses to BAT may have a
predictive genomic signature. In this study, we interrogated the molecular profiles of tumors
from mCRPC patients who achieved deep responses while on BAT.

Methods

We conducted a retrospective analysis of three IRB-approved clinical trials conducted at
Johns Hopkins University (NCT02090114, NCT02286921, NCT03554317) between April
2014 and October 2019. Patients who achieved a 70% or greater decline in PSA while
receiving BAT were included in the analysis, and were defined as extreme responders. All
patients received intramuscular injections of 400mg testosterone cypionate every 28 days
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and were maintained on an LHRH agonist/antagonist. Patients were evaluated every 28 days
with safety labs and PSA measurement. CT and bone scan imaging were obtained every 12
weeks. BAT was discontinued in the event of: 1. radiographic progression, 2. 225% rise in
PSA from baseline for patients who did not have a decrease in PSA below baseline during
BAT, or 3. per the treating physician’s discretion for patients who experienced a decrease

in PSA from baseline. Clinical or radiographic progression was defined by RECIST 1.1 and
Prostate Cancer Working Group 2 (PCWG2) guidelines.

Radiographic progression-free survival (rPFS) on BAT was defined as the time from
initiation of BAT therapy to the time of investigator-assessed radiographic progression
(defined by RECIST 1.1 and PCWG2). Clinical-grade targeted DNA sequencing was
performed using commercially available assays (Personal Genome Diagnostics, Foundation
One, Caris Life Sciences) on the primary tumor or circulating tumor DNA. These gene
panels included homologous recombination DNA repair (HRD) genes: BRCAI, BRCAZ,
ATM, CHEKZ, BARD1, ARID1A, NBN, RAD50, RAD51C, RAD51D, FALBZ, MRE11,
FANCA, FANCB, FANCC, FANCDZ, FANCE, FANCF, FANCG, FANCI, FANCL,
FANCM.

In total, 114 patients with mCRPC were treated with BAT within a clinical trial at Johns
Hopkins during this time period. 19% (N = 22/114) of these patients achieved a 70% or
greater decline in PSA from baseline upon treatment with BAT. The clinical and pathologic
characteristics of these patients are shown in Table 1. The majority of patients had Gleason 8
or higher disease (59.1%) and prior treatment with one or more novel AR-targeted therapies
(81.8%). Most patients did not have prior treatment with a taxane chemotherapy (90.9%).

Fifteen of 22 deep PSA responders (68.2%) had available somatic DNA sequencing data. Of
these patients, 100% (N = 15/15) harbored a pathogenic mutation in 7P53and/or a HRD
gene. BRCAZand TP53were the two most frequently mutated genes in this cohort (Table
2). ATM, ARID1A and BARD1 mutations were also observed. One patient was identified
as having an inactivating AR/D1A mutation without a concomitant 7P53. A list of specific
mutations is provided (Supplemental Table 1).

The PSA response to BAT of these extreme responders is shown as a waterfall plot in Figure
1A. 59% (N = 13/22) of patients achieved a =90% decrease in PSA. Two patients (one
BRCAZ-mutated, one with unknown mutation status) had complete biochemical responses.
In this cohort, 15 patients had measureable soft-tissue disease. The observed objective
response rate was 66.7% (N = 10/15; Figure 1B). One patient harboring a BRCAZ2 mutation
achieved a completed objective response. The median rPFS of the extreme responder cohort
was estimated at 11.3 months (95% CI: 7.9-25.0 months) (Figure 2). Three patients were
free from radiographic progression for over two years.

Discussion

Preclinical data suggest that supraphysiologic levels of testosterone can engage the androgen
receptor, resulting in;
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1 inhibition of DNA relicensing during cell cycle progression
2. creation of double-stranded DNA breaks and
3. induction of genomic rearrangements.”-12:13

We speculated that an impaired underlying DNA repair mechanism may predispose mCRPC
patients to extreme responses to BAT. We retrospectively identified those patients with
mMCRPC who achieved a PSA decline of 70% or more to BAT, in order to better characterize
their clinical and molecular features. Interestingly, the majority of these extreme responders
were identified as having inactivating BRCAZ and/or 7P53 mutations. Somatic and germline
mutations in BRCAZ and other HRD genes in men with metastatic prostate cancer are

well documented, and have been associated with clinical benefit to PARP inhibitors in

these patients.1 Studies also implicate AR/D1A in maintaining genomic stability through
protecting telomere cohesion as well as repair of double stranded DNA breaks, perhaps
explaining the response to BAT observed in our AR/D1A-altered patient.1516 7,53also

has a key role in cellular DNA repair through its multiple functions as a master regulator.1’
Our data suggest a preliminary association between impaired DNA repair response and
favorable BAT activity. Prospective data of BAT in a biomarker-selected mCRPC population
(ie, HRD or 7P53 mutated) is warranted. Moreover, these data support investigation of
combining BAT with PARP inhibitors, which may impair DNA repair in the absence of
HRD mutations and induce synthetic lethality with BAT. Results of an ongoing trial studying
this combination therapy are eagerly awaited (NCT03516812).

TP53 mutations in prostate cancer generally confer a poor prognosis due, in part, to

poor responses to AR-targeted therapies.1® When observed in concert with PTEN or

RBI1 alterations, 7P53 mutations may drive the development of AR-indifferent and/or
neuroendocrine prostate cancer through a process called lineage plasticity.1® Given the
dramatic response to BAT observed here in patients with 7P53-mutated prostate cancer, we
hypothesize that BAT may delay or reverse differentiation to the neuroendocrine phenotype.
To this end, we are prospectively studying BAT in mCRPC patients who have at least

two of the three following mutations: 7P53, PTEN, RB1 (NCT02090114). A second trial
(NCT03522064) is examining the role of BAT in mCRPC patients with HRD mutations.
These data will be key to understanding the potential association between response to BAT
and HRD and/or 7P53 mutations.

There are several limitations to this analysis. First, this is a retrospective study of a small
number of highly selected patients. Thus, prospective data are needed to confirm these
findings, and such prospective trials are ongoing (NCT02090114, NCT03522064). Second,
several patients in this analysis did not have molecular testing as part of their routine clinical
care. It is possible that additional DNA sequencing would have shown less frequent 7P53
and/or HRD mutations among these extreme responders. Third, this is a heterogeneous
population with respect to prior therapies. Clinical response to BAT may have been affected
by the number and type of prior treatments received, such as the number of AR-targeted
therapies or exposure to chemotherapy. Fourth, we have not systematically examined the
molecular features of BAT non-responders, nor have we compared clinical outcomes to BAT
in patients with and without 7P53and/or HRD mutations. Thus, it is theoretically possible
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that the prevalence of these mutations may be just as high in the non-responding patients.
However as a point of comparison, somatic mutations in HRD genes and/or 7P53 occurred
in only 247 of 429 patients (58%) with metastatic CRPC in the SU2C/PCF dream team
cohort as determined through cBioPortal 20-21 Lastly, we do not know loss-of-heterozygosity
status of the genes of interest in the study. Determining true biallelic vs. monoallelic
inactivation would be helpful to determine the predictive nature of our findings.

These preliminary data suggest an enrichment of 7P53and HRD mutations among men
with mCRPC achieving extreme responses to BAT, supporting prior preclinical studies.®
These retrospective data are now being confirmed in biomarker-selected prospective clinical
trial that are likely to shed further light on the working hypothesis that supraphysiologic
androgens may exert their effect on prostate cancer through AR-mediated DNA damage.

Clinical Practice Points

As BAT becomes more commonplace in the treatment of patients with metastatic castration-
resistant prostate cancer (MCRPC), further study will be needed to identify a biomarker of
response.

We know that the PSA response rate to BAT is 20-25% in a heavily pretreated population.
Preclinical data suggest that impaired DNA repair may enrich for response to BAT.
Preliminary clinical studies have also shown this to be the case.

In our study, all patients with mCRPC that achieved a deep PSA response to BAT harbored
a pathogenic mutation in 7253 and/or a homologous recombination DNA repair gene. This
finding may direct clinicians when considering BAT as a treatment option for patients with
advanced mCRPC that are asymptomatic and have a specific molecular profile. Our study
should also inform future clinical trials involving BAT.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Best PSA and objective responses in mCRPC patients treated with BAT, stratified by

mutational profile. (A) Twenty-two (22) mMCRPC patients were observed to have a PSA
decline of 70% or greater. Fifteen of the 15 patients with molecular testing information had
a 7P53and/or HRD mutation (B) Best change in target lesions in 15 mCRPC patients with
a deep PSA response on BAT is shown. Ten of 15 patients achieved an objective response on
BAT. 7P53 mutated — Red, HRD mutated — Blue, 7P53HRD mutated — Black, Unknown -
White.
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Figure2.

Radiographic progression-free survival in mCRPC patients with extreme clinical response to
bipolar androgen therapy. Kaplan-Meier estimate of radiographic progression-free survival
(rPFS) in mCRPC patients treated with BAT. The median rPFS is estimated at 11.3 months
(95% confidence interval: 7.9-25.0 months). 95% confidence interval showed in shaded
area.
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Table 1

Baseline Patient Pathologic and Clinical Characteristics

Baseline Characteristics N =22
Age (years)

Median 70.5

(Range) (51-84)
Gleason sum at diagnosis, N (%)

<7 9 (40.9%)

8 2(9.1%)

9 8 (36.4%)

10 3 (13.6%)
Baseline PSA (ng/mL)

Median 411

(Range) (2.4-366)
Lines of prior novel AR targeted therapy, N (%)

0 4(18.2%)

1 9 (40.9%)

2 9 (40.9%)
Prior taxane chemotherapy, N (%)

Yes 2 (9.1%)

No 20 (90.9%)
NGS mutation profile, N (%)

7P53and/or HRD 15 (68.2%)

Unknown 7 (31.8%)

AR = androgen receptor; HRD = homologous recombination DNA repair gene; N = number of patients; NGS = next-generation sequencing; PSA =
prostate-specific antigen.
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Table 2

List of observed mutated genes in extreme responder cohort.

Mutated Gene
BRCAZ2

TP53

TP53, BRCAZ
TP53, BARD1
BRCAZ, ATM
ARIDIA
ATM, RB1

N (%)
5 (33.3%)
4 (26.6%)
2 (13.3%)
1 (6.7%)
1 (6.7%)
1 (6.7%)
1 (6.7%)
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