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Abstract

Purpose/Objectives—Optimizing androgen suppression may provide better control of
localized prostate cancer (PCa). Numerous trials have supported the benefit of combining
androgen deprivation with definitive radiotherapy in men with locally advanced or high-grade
disease. Addition of abiraterone to LHRH agonist (LHRHa) with radiation has not been reported.
We examined the safety of this combination as well as its impact on androgen suppression.

Materials/Methods—A prospective, phase 11 study was conducted in men with localized PCa
treated with 6 months of neoadjuvant and concurrent abiraterone with LHRHa and radiation.
Duration of adjuvant LHRHa was at discretion of treating clinician. Prostate biopsies were
obtained prior to start of therapy and prior to radiation. Serum and tissue androgen levels were
measured by liquid chromatography-tandem mass spectrometry.

Results—22 men with intermediate (3) and high-risk PCa (19) received study therapy. 16 men
completed the intended course of abiraterone, and 19 men completed planned radiation to 77.4-81
Gy. Radiation to pelvic nodes was administered in 20 men. The following grade 3 toxicities were
reported: lymphopenia (14),, fatigue (1), transaminitis (2), hypertension (2), and hypokalemia (1).
There were no grade 4 toxicities. All 21 men who complied with at least 3 months of abiraterone
had pre-radiation PSA nadir of <0.3. Median levels of tissue androgens downstream of CYP17A
were significantly suppressed after treatment with abiraterone, and upstream steroids were
increased. At median follow-up of 21 months (range 3-37), only one patient (who had
discontinued abiraterone at 3 months) had biochemical relapse.
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Conclusions—Addition of abiraterone to LHRHa with radiation is safe and achieves effective
prostatic androgen suppression. Preliminary analysis of the clinical data is also promising with
excellent PSA nadir and no relapse to date in this high-risk population.

Introduction

Numerous studies have demonstrated the benefit of combining androgen deprivation (ADT)
with radiation therapy in preclinical models as well as for men with locally advanced or
high-grade prostate cancer [1-8]. While studies have varied with respect to entry criteria,
radiation dose and field, as well as timing and duration of ADT, all have shown significant
improvements in long-term local, distant, and biochemical control. Recent preclinical work
in prostate cancer cell line models have demonstrated the role of the androgen receptor in
regulating DNA repair genes, which provides a potential mechanism for ADT synergizing
with ionizing radiation[9,10] The traditional backbone of ADT is a luteinizing-hormone-
releasing-hormone agonist (LHRHa) with or without a nonsteroidal antiandrogen such as
bicalutamide or flutamide. The clinical safety and therapeutic effect of further suppressing
the androgen axis by newer agents such as abiraterone in combination with radiation is still
unknown.

Abiraterone acetate is a prodrug of abiraterone, which is an inhibitor of cytochrome P450
17alpha-hydroxylase/17,20 lyase (CYP17), a rate limiting enzyme of steroidogenesis. It can
inhibit all sources of androgens including testicular, adrenal, prostate, and intratumoral
androgens [11]. The addition of abiraterone to LHRHa in men with castration resistant
prostate cancer can result in undetectable serum testosterone levels (< 1 ng/dL) within 8
days of starting therapy [12]. Abiraterone acetate in combination with prednisone is
currently approved for use in men with metastatic castration resistant prostate cancer both in
the pre- and post-chemotherapy settings. The use of abiraterone in high-risk localized
prostate cancer in combination with radiation has never been reported.

We hypothesized that the addition of abiraterone to LHRHa would result in lower serum and
intraprostatic androgens than treatment with LHRHa and bicalutamide. We designed a trial
to investigate the safety and feasibility of adding abiraterone to LHRHa as neoadjuvant and
concurrent ADT with external beam radiation, and measured tissue and serum abiraterone
and hormone levels prior to and after 3 months of therapy. We propose that enhanced
androgen suppression achieved with abiraterone can minimize activation of the androgen
receptor and improve outcomes for patients following radiation without increasing toxicity.

Patients and Methods

Patient Population

This open label, single-arm, phase 2 study was approved by institutional review boards and
all subjects signed written informed consent. Eligible men had clinically localized prostate
cancer and were candidates for short- or long-term ADT in combination with external beam
radiation therapy based on the following criteria: intermediate-risk disease (Gleason 7, or
PSA 10-20) or high-risk disease (T3/4, Gleason 8-10 or PSA > 20). Prior pharmacologic
therapy or radiation for prostate cancer, including drugs affecting the androgen axis and
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metabolism, history of pituitary or adrenal dysfunction, uncontrolled hypertension,
congestive heart failure, active or chronic hepatitis or inflammatory bowel disease were
exclusionary. Men were required to have a serum testosterone = 100 ng/dL and normal
blood counts, creatinine, and transaminases.

Study Procedures

All patients were assigned to receive 24 weeks of pharmacologic therapy with LHRHa of
goserelin or leuprolide, abiraterone acetate (1000 mg daily), and prednisone (5 mg daily).
After the initial 12 weeks (neoadjuvant phase), patients underwent placement of fiducials
and radiation planning followed by external beam radiation therapy (concurrent phase).

Radiotherapy planning and delivery methods were per each center’s standard practice.
Treatment was 3D planned and delivered by intensity-modulated radiation therapy (IMRT)
techniques employing 6-15MV photons. The location of the prostatic apex was determined
by either retrograde urethrography or by soft tissue matching of a treatment planning MRI
fused to the treatment planning CT. Radiation targets were the pelvic lymph nodes and the
prostatic primary. Dose to the initial fields was 5,040 cGy at 180 cGy per fraction. After
completion of the pelvic irradiation, there was an additional coned-down boost field
encompassing the prostate and at least 1.5 cm of proximal seminal vesicles (full seminal
vesicle if grossly involved) to an additional 3,060 cGy, for a total dose of 8100 cGy (normal
tissue dose constraints permitting).

Intermediate-risk patients received no further ADT following completion of radiation unless
the treating physician felt that further ADT was warranted. High-risk patients continued to
receive adjuvant ADT in the form of LHRHa monotherapy, with total treatment duration at
the discretion of the treating physician.

The primary endpoint was to determine the safety of concurrent abiraterone with radiation
therapy. Toxicity assessments using CTCAE criteria were performed every 4 weeks during
the neoadjuvant treatment phase, every 4 weeks during radiotherapy, and every 12 weeks
through 24 months following completion of radiotherapy. The exploratory endpoint was to
assess the impact of LHRHa plus abiraterone on androgen suppression compared to LHRHa
plus bicalutamide.

Serum and Tissue Acquisition

Prior to initiation of pharmacologic therapy, patients underwent a mandatory ultrasound-
guided prostate biopsy, which was separate from their initial diagnostic biopsy. After 12
weeks of neoadjuvant therapy, patients underwent another ultrasound-guided prostate biopsy
at the time of fiducial placement, prior to radiation. At both stages, 8 cores were obtained
and snap frozen. Non-fasting blood samples were obtained before treatment initiation and
after 12 weeks of therapy and kept at —80°C until assayed.

Clinical assays

Serum PSA was analyzed by CLIA-certified clinical pathology laboratories. Laboratory
results were extracted from the medical record and entered into study-specific records with
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minimal identifiers. These data were linked with results of the experimental laboratory
assays by IRB-approved personnel.

Androgen and Abiraterone Measurements

Serum and tissue androgen levels were determined by a liquid chromatography-tandem mass
spectrometry assay in a blinded manner, using a modification of methods we have
previously described [13,14]. In brief, frozen needle biopsy tissue cores were weighed,
added to 60°C water containing deuterated internal standards, heated at 60°C for 10 minutes,
homogenized using a Precellys tissue homogenizer (Bertin, Rockville, MD), supernatant
extracted twice with hexane: ethyl acetate (80:20 v/v), organic layer dried in a SpeedVac
(Thermo Scientific, Waltham, MA), derivatized with 0.025-M hydroxylamine hydrochloride
for 24 hours at room temperature to form oximes, and quantified using liquid
chromatography electrospray-ionization tandem mass spectrometry.

Statistical Analyses

Results

A sample size of 25 was planned to detect appreciable toxicities and to compare androgen
blockade with the bicalutamide study. The safety of combined androgen blockade with
IMRT has been examined in prior studies. The incidence of grade 3 or greater acute (< 90
days from completion of radiation) is 0-7% [15,16]. The incidence of grade 3 or greater late
toxicity (> 90 days from completion of radiation) is 3-4% [17,18]. Taking into account the
potential for disproportionate effect of events in a small study, an unacceptable rate of
toxicity for the abiraterone-treated patients was set to that seen in heavily chemotherapy-
treated patients, or 25%. Per protocol, accrual to the study was to be suspended and analysis
of toxicity reported to the relevant IRB for reasonable evidence that the true rate for serious
toxicity (= grade 3) exceeded 0.25. Reasonable evidence was defined by a Clopper-Pearson
exact one-sided 80% confidence interval for the true rate of events excluding values of 0.25
or lower [19]. This stopping rule was to be triggered if 3 or more of 5 patients, 5 or more of
10 patients, 6 or more of 15 patients, or 8 or more of 20 patients experienced grade 3 or
greater toxicity. The study protocol was amended prior to first stopping threshold to exclude
transient grade 3 lymphopenia as a serious adverse event, based on the high lymphopenia
rates and subsequent recovery of patients undergoing radiation therapy to the pelvis for
gynecologic cancers [20]. The stopping threshold was not crossed prior to study completion.
Mann-Whitney U test was used to compare tissue and serum androgen levels.

Patient Characteristics

Twenty-four patients with intermediate to high-risk prostate adenocarcinoma were enrolled;
two patients are excluded from analyses as they withdrew from the study prior to receiving
any study treatments. The study was stopped prior to reaching accrual goal of 25 due to
interruption of funding. Three patients were intermediate-risk and 19 patients were high-risk
with median age of 61. Median PSA prior to therapy was 19 ng/mL (range 2.87-155.36).
Median dose of radiation delivered was 81 Gy (range: 48.60-81). Patient characteristics are
summarized in Table 1.
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Adverse events during the study were recorded and graded according to NCI-CTCAE v.4.0.
Table 2 outlines grade 1 and 2 toxicities > 10% and grade 3 toxicities that were either
possibly or probably related to radiation, abiraterone/prednisone or LHRHa. There were no
grade 4 toxicities, and the stopping rules were not triggered due to the exclusion of grade 3
lymphopenia or other toxicities as significant adverse events. Abiraterone was discontinued
early in 6 patients for the following reasons: grade 2 fatigue (1), grade 3 fatigue (1), grade 2
tinea pedis (1), grade 2 atrial fibrillation and grade 3 hypertension (1), and grade 3 elevated
liver function tests (2). Radiation therapy was stopped early in 3 patients for the following
reasons: cost (1), inconvenience (1), and grade 3 fatigue (1). No increased toxicity was seen
during the radiation portion that could be attributed to abiraterone, and there were no delays
or holds in administration of radiation related to abiraterone. No acute or late grade = 2
genitourinary or gastrointestinal toxicities were seen with radiation (median follow up 21
months). Late toxicities were defined as any toxicities occurring = 90 days after the start of
radiation. Grade 3 lymphopenia developed in 14 patients (64%) during radiation,
subsequently resolved in all patients and was not associated with any serious infections.. The
overall rate of grade 3 toxicities was 27%, which was at the acceptable limit of anticipated
grade 3 toxicity of 25%. All of the grade 3 toxicities were known adverse events related to
abiraterone or androgen deprivation such as chemical hepatitis, hypertension, hypokalemia
and fatigue.

Median pre-radiation PSA at 12 weeks was 0.05 ng/mL (range: undetectable — 0.81 ng/mL).
All patients had nadirs < 0.3 ng/mL except one patient who was not compliant with
abiraterone (PSA = 0.81 ng/mL). Four men had an undetectable PSA at this time point. Post
radiation PSA was undetectable in 19/22 patients and in all patients who completed the
neoadjuvant and concurrent portions of the study (N=16).

At median follow-up of 21 months (range 3-37), 21/22 patients had not experienced
biochemical relapse. Nine patients remain on adjuvant ADT with LHRHa. The median
duration of LHRHa use in high-risk patients was 20 months. The one patient with
biochemical relapse did not complete the initial three months of neoadjuvant abiraterone and
received only 9 total months of LHRHa therapy for high-risk disease (due to
noncompliance).

Serum hormone effects of LHRHa plus abiraterone at 12 weeks

Serum pregnenolone and progesterone, hormones that are upstream of CYP17, had a 486%
increase and 2772% increase after treatment, respectively. Serum androgens downstream of
CYP17A (DHEA, testosterone, DHT, and androstenedione) are significantly decreased with
changes of —91%, —99.9%, —97%, and —99%, respectively. Median serum hormone levels
prior to therapy and following 12 weeks of treatment with LHRHa and abiraterone are
shown in Table 3. Serum hormone levels from a prior trial of LHRHa and bicalutamide
(given for 12 weeks prior to prostatectomy in men with localized prostate cancer) are
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included for comparison [21]. In that study, the percent difference in mean serum
testosterone, DHT, DHEA, and androstenedione levels in patients who received 12 weeks of
LHRHa and bicalutamide compared to those who received no treatment were —92%
(p<0.001), -68% (p<0.001), +16% (p not significant), and +16% (p not significant),
respectively. The top row of Figure 1 shows the differences in DHEA, testosterone, and
DHT between untreated patients, those receiving 12 weeks of LHRHa and bicalutamide
(from the previously published study), or 12 weeks of LHRHa and abiraterone (current
study).

Tissue hormone effects of LHRHa plus abiraterone at 12 weeks

Abiraterone

Similar to the changes seen in serum levels, pregnenolone and progesterone are significantly
increased in intraprostatic tissue after abiraterone treatment, with 670% and 1265%
increases, respectively. Tissue androgens downstream of CYP17A (DHEA, testosterone,
DHT, and androstenedione) are significantly decreased following therapy, with changes of
—98%, —94%, —99%, and —97%, respectively. Median tissue hormone levels prior to and
following 12 weeks of treatment are shown in Table 4. Again, for comparison, tissue
hormone data from a prior trial following 12 weeks of LHRHa and bicalutamide are
included in the table [21]. In that study, the percent difference in mean tissue testosterone,
DHT, DHEA, and androstenedione levels in patients who received 12 weeks of LHRHa and
bicalutamide compared to those who received no treatment were —73% (p<0.001), —78%
(p<0.001), +18% (p not significant), and +169% (p not significant) respectively. The bottom
row of Figure 1 shows differences in DHEA, testosterone, and DHT between untreated
patients, patients receiving 12 weeks of LHRHa and bicalutamide (from the previously
published study), and patients receiving 12 weeks of LHRHa and abiraterone (current
study).

levels

Abiraterone was detectable in serum and prostate tissue for all men compliant with therapy
at 12 weeks, as shown in Figure 2 (N=21; 95%). Serum and tissue abiraterone levels were
strongly correlated (Spearman r=0.838, p<0.001). Serum abiraterone levels also showed a
positive correlation with serum progesterone levels at the 12-week time point (Spearman
r=0.631, p=0.002) although significant correlations at 12 weeks between abiraterone and
other hormone levels in the tissue and serum, or with serum PSA were not observed.

Discussion

This study is the first to report abiraterone acetate with LHRHa as neoadjuvant and
concurrent ADT in patients undergoing radiation for localized prostate cancer. Overall, the
study treatment was well tolerated, with the toxicities observed generally reflecting those
expected with ADT and radiation. Safety data from two randomized controlled trials of
abiraterone in metastatic castration resistant patients reported grade = 3 hypertension in 2%,
grade = 3 hypokalemia in 4%, grade = 3 edema in 1%, grade = 3 transaminase elevations in
4%, and grade = 3 fatigue in 2% [22,23]. Our numbers are similar when accounting for
small sample size. With regards to radiation-related toxicities, no patients had CTCAE grade
> 2 genitourinary or gastrointestinal events during or after radiation. Although hematologic
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toxicities are not routinely assessed during standard radiation for localized prostate cancer,
complete blood count assessments were performed every 4 weeks as part of our protocol.
We found grade 3 lymphopenia in 64% of patients, which is similar to a previously reported
rate of 73% for patients undergoing pelvic irradiation to 50.4 Gy for gynecologic neoplasms
[20].

Twelve weeks of treatment with abiraterone plus LHRHa led to significant increases in both
serum and tissue hormones that are upstream of CYP17A (progesterone and pregnenolone)
and significant decreases in both serum and tissue hormones that are downstream of
CYP17A (DHEA-S, DHEA, androstenedione, testosterone, and DHT). Compared to 12
weeks of treatment with LHRHa plus bicalutamide [21], treatment with LHRHa plus
abiraterone resulted in significantly greater suppression of all downstream steroids. Our
results in serum and tissue are similar in range and magnitude to those recently reported in a
neoadjuvant study of LHRHa plus abiraterone for 12 or 24 weeks prior to prostatectomy
[21], but our study is the first to report measurements of intraprostatic DHEA-S and tissue
abiraterone.

The suppression of tissue DHEA-S, DHEA and androstenedione (which are not affected by
LHRHa and bicalutamide) is significant as these androgens can be converted to testosterone
and DHT by prostate basal epithelial cells and may provide a potential source of continued
androgen receptor activation under castrate conditions [24]. While the suppression of serum
DHEA-S to 10-15% of baseline levels is consistent with findings in the recent study of
abiraterone prior to prostatectomy [25], it was previously unknown whether there remained
a similar reservoir of DHEA-S in prostate tissue after abiraterone. Our data now show that
although serum DHEA-S levels are three orders of magnitude higher than DHEA (consistent
with DHEA-S serving as a reservoir in serum), levels of intraprostatic DHEA-S in
abiraterone-treated tissues are much lower than levels of intraprostatic DHEA. This finding
suggests that DHEA-S is not a major reservoir of androgens in tissue, likely due to
sulfatases in prostate tissue which rapidly convert DHEA-S to DHEA [26]. However, serum
DHEA-S may still serve as a reservoir for prostate androgens in abiraterone-treated tissue as
correlation between serum DHEA-S and tissue DHEA-S/DHEA levels are strong after
abiraterone treatment (Spearman r=0.79 and 0.63 respectively, p<0.01 for both).

Abiraterone was detectable in serum and prostate tissue for all men compliant with therapy
at the time of their 12-week biopsy. Strong correlation between serum and tissue abiraterone
levels is consistent with data from a recent study using neoadjuvant abiraterone prior to
prostatectomy [25]. The positive correlation between serum abiraterone and serum
progesterone, which is a hormone that is upstream of CYP17A, is also consistent with data
from the neoadjuvant prostatectomy study (presented in abstract form — Mostaghel, et al.
ASCO 2014 abstract 5015), although significant positive correlations with pregnenolone and
negative correlations with DHEA noted in that report were not seen in our patients.
Differences in the results may be related to small sample size or differences in sampling
technique (hormone levels were measured from core biopsy samples for our patients
whereas hormone levels were measured from prostatectomy specimens in the other study).
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The impact of abiraterone with LHRHa in the neoadjuvant setting was reflected in
significant PSA declines. All men who were compliant with therapy (n=21; 95%) had a
nadir < 0.3 ng/mL, which is in contrast to published data for men on LHRHa without
abiraterone where pre-radiation PSA nadir < 0.3 ng/mL was achieved in only 60% of
patients [27]. Analysis of men in that study showed that pre-radiation PSA nadir of <0.3
ng/mL was associated with improved long-term biochemical tumor control (hazard ratio =
0.546, p < 0.001), reduction in distant metastases (hazard ratio = 0.62, p=0.003), and
prostate cancer-related death (hazard ratio =0.595, p=0.01). [28] Post-radiation PSA-nadir in
men treated with LHRHa and radiation has also been demonstrated to be a strong prognostic
indicator of post-treatment outcomes including prostate cancer-specific mortality [29,30]All
compliant men in our study had a post-radiation nadir of 0.2 or less, and 19 men had
undetectable nadirs. Although it is too early to determine whether post-radiation PSA-nadir
can serve as a valid surrogate endpoint in patients receiving neoadjuvant/concurrent
abiraterone, it is promising that among our group of intermediate and high-risk patients, only
one patient (5%) has had biochemical relapse at a median follow-up of 21 months, and no
patient who completed full intended course of therapy has had a biochemical relapse.
Continued follow-up will allow for better assessment of the long-term impact of abiraterone
in our study population.

The results of our study demonstrate that combining LHRHa and abiraterone with radiation
is a feasible and well-tolerated approach to treating intermediate and high-risk localized
prostate cancer. We have also established a successful model for performing tissue-based
analyses in the context of a radiation therapy study. The addition of abiraterone to LHRHa
improves suppression of intraprostatic testosterone and DHT to levels considerably lower
than that which can be achieved with LHRHa and bicalutamide. Although preliminary, our
limited clinical outcomes are quite promising. Whether more potent suppression of
testosterone and DHT with abiraterone results in enhanced clinical efficacy when with
combined with radiation will be addressed by Radiation Therapy Oncology Group Protocol
1115 (Phase 111 trial of dose escalated radiation therapy and standard androgen deprivation
therapy (ADT) with a GnRH agonist vs. enhanced ADT with GnRH agonist and TAK-700
for high risk prostate cancer). Tissue determinants of sensitivity to abiraterone remain
unknown, and analysis of pretreatment tissue from this study and the Stand Up to Cancer
(SU2C) dream team efforts will provide further insights. These investigations may help
identify the patients who will benefit most from enhanced androgen suppression in localized
and advanced prostate cancer.
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A prospective phase 2 study of abiraterone in combination with LHRH agonist as
neoadjuvant and concurrent therapy with external-beam radiation was conducted in men
with intermediate and high-risk localized prostate cancer. The treatment was well-
tolerated and achieved significantly greater serum and intraprostatic androgen
suppression compared to changes seen with LHRH agonist with bicalutamide.
Preliminary analysis of the clinical data is also promising with excellent PSA nadir and
no relapse to date.
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Fig. 1.
Changes in serum and tissue DHEA, testosterone, and DHT following 12 weeks of LHRHa

plus abiraterone.
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Fig. 2.
Serum and tissue abiraterone levels following 12 weeks of LHRHa plus abiraterone.
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Table 1

Patient Characteristics

Characteristic N (%)
PSA (ng/mL)
<10 8 (36)
10-20 4 (18)
>20 10 (45)
Gleason sum
3+4 8 (36)
4+3 2(9
444 1(5)
445 10 (45)
5+4 1 (5)
Clinical T stage
T1 3(14)
T2 13 (59)
T3 6 (27)
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Adverse Events

Toxicity All Grades | Grade 3
N (%) N (%)
Lymphopenia 19 (86) 14 (64)
Hypertension 8 (36) 2(9)
Elevated liver function tests 7(32) 2(9)
Fatigue 15 (68) 1(5)
Hypokalemia 12 (55) 1(5)
Hot flashes 15 (68) 0 (0)
Hyperbilirubinemia 5(23) 0 (0)
Insomnia 3(14) 0 (0)
Decreased libido 7(32) 0 (0)
Mood swings 4 (18) 0 (0)
Sexual dysfunction 3(14) 0 (0)
Diarrhea 9 (41) 0 (0)
Dysuria 5(23) 0 (0)
Nocturia 5(23) 0 (0)
Urinary frequency 9 (41) 0 (0)
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