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Abstract

Purpose To assess the safety and pharmacokinetics and determine the recommended phase 2 dose (RP2D) of niraparib with
apalutamide or abiraterone acetate plus prednisone (AAP) in patients with metastatic castration-resistant prostate cancer
(mCRPC).

Methods BEDIVERE was a multicenter, open-label, phase 1b study of niraparib 200 or 300 mg/day with apalutamide 240 mg
or AAP (abiraterone acetate 1000 mg; prednisone 10 mg). Patients with mCRPC were previously treated with >2 lines of
systemic therapy, including > 1 androgen receptor-axis-targeted therapy for prostate cancer.

Results Thirty-three patients were enrolled (niraparib-apalutamide, 6; niraparib-AAP, 27). No dose-limiting toxicities (DLTs)
were reported when combinations included niraparib 200 mg; five patients receiving niraparib 300 mg experienced DLTs
[niraparib-apalutamide, 2/3 patients (66.7%); niraparib-AAP, 3/8 patients (37.5%)]. Although data are limited, niraparib
exposures were lower when given with apalutamide compared with historical niraparib monotherapy exposures in patients
with solid tumors. Because of the higher incidence of DLTSs, the niraparib—apalutamide combination and niraparib 300 mg
combination with AAP were not further evaluated. Niraparib 200 mg was selected as the RP2D with AAP. Of 19 patients
receiving niraparib 200 mg with AAP, 12 (63.2%) had grade 3/4 treatment-emergent adverse events, the most common
being thrombocytopenia (26.3%) and hypertension (21.1%). Five patients (26.3%) had adverse events leading to treatment
discontinuation.

Conclusions These results support the choice of niraparib 200 mg as the RP2D with AAP. The niraparib—~AAP combina-
tion was tolerable in patients with mCRPC, with no new safety signals. An ongoing phase 3 study is further assessing this
combination in patients with mCRPC.

Trial registration no. NCT02924766 (ClinicalTrials.gov).
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Introduction

Recent advances in androgen-receptor-axis-targeted thera-
pies (ARAT) for the treatment of metastatic castration-
resistant prostate cancer (mCRPC) have led to improved
overall survival of up to approximately 35 months in
chemotherapy-naive patients and approximately 18 months
in patients previously treated with chemotherapy [1-3].
Abiraterone acetate—a prodrug of abiraterone, an andro-
gen biosynthesis inhibitor—in combination with pred-
nisone (AAP), as well as enzalutamide—an androgen
receptor inhibitor—showed significant improvements in
overall survival and radiographic progression-free survival
(rPES) in patients with mCRPC [2-6]. However, patients
who initially respond to ARAT typically develop acquired
resistance and eventually undergo relapse [7, 8], indicating
a need to develop alternative therapies.

Patients with mCRPC that harbors mutations in homol-
ogous recombination repair (HRR) genes (e.g., BRCA1/2)
are sensitive to poly(ADP-ribose) polymerase (PARP)
inhibitors [9—11]. The PARP inhibitors niraparib, olapa-
rib, and rucaparib are approved by the US Food and Drug
Administration (FDA) for the treatment and maintenance
treatment of select patients with ovarian, fallopian tube,
and primary peritoneal cancers [12-14]. Another PARP
inhibitor, talazoparib, and olaparib are approved by the
FDA for the treatment of select patients with breast can-
cer [13, 15]. Monotherapy with the PARP inhibitors nira-
parib, olaparib, rucaparib, and talazoparib has recently
been shown to improve clinical outcomes in patients
with mCRPC and alterations in HRR genes, particularly
BRCA?2 [16-21]. Currently, olaparib is approved by the
FDA for the treatment of adults with mCRPC and deleteri-
ous HRR mutations who progressed after receiving treat-
ment with enzalutamide or abiraterone; recently, rucaparib
received accelerated approval for the treatment of adults
with mCRPC and deleterious BRCA mutation who previ-
ously received ARAT and a taxane-based chemotherapy
[13, 14]. Although the results of monotherapy with PARP
inhibitors are promising, mCRPC continues to be incur-
able, and additional drugs and drug combinations are
needed to expand the existing treatment armamentarium.

In animal studies, HRR genes are shown to interact with
androgen receptor signaling, which regulates DNA repair
in prostate cancer [22, 23], suggesting that a combination
of PARP inhibitors and ARAT may be more effective in
patients with HRR mutations. In a randomized phase 2
study that did not select patients based on HRR mutations,
the combination of veliparib, a PARP inhibitor, and AAP
did not improve the efficacy in patients with mCRPC com-
pared with AAP alone; however, an exploratory analysis
revealed a significant association between HRR status and
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PFS [24]. In another randomized phase 2 trial, the com-
bination of olaparib and AAP was associated with longer
median rPFS in patients with mCRPC compared with AAP
alone in patients with or without HRR defects [25]; this
combination is under further assessment in an ongoing
placebo-controlled, randomized, double-blind, phase 3
trial [26]. In another ongoing phase 3 study, the combina-
tion of talazoparib and enzalutamide is being investigated
as a first-line treatment in patients with mCRPC [27].

As DNA repair is regulated via androgen receptor sign-
aling [22] and that the combination of olaparib and AAP
resulted in improved survival in patients with mCRPC
[25], we began investigating the combination of niraparib,
a potent inhibitor of PARP enzymatic activity and PARP1
trapping, and ARAT (apalutamide or AAP) for the treatment
of patients with mCRPC. This phase 1b study was a first step
in that direction. The primary objective of the study was to
evaluate safety and to establish the recommended phase 2
dose (RP2D) of niraparib when administered with apaluta-
mide or AAP. The secondary objective was to evaluate the
pharmacokinetics of niraparib, apalutamide, and abirater-
one acetate when administered in the respective combination
regimens.

Methods
Study population

The BEDIVERE study (ClinicalTrials.gov identifier,
NCT02924766) was conducted at five sites in the United
States and Canada (see Supplementary Appendix for the
list of sites and investigators). Eligible patients were men
aged > 18 years with mCRPC with or without HRR muta-
tions. Other inclusion criteria included at least 1 line of
prior taxane-based chemotherapy and at least 1 line of prior
ARAT for prostate cancer. Exclusion criteria included East-
ern Cooperative Oncology Group performance status of > 2,
presence of brain metastasis, prior treatment with a PARP
inhibitor, and radiotherapy during <15 days prior to start-
ing treatment. In addition, patients could not have received
platelet or red blood cell transfusion, any chemotherapy,
hematopoietic growth factors, major surgery, or an investi-
gational product for prostate cancer during 30 days prior to
cycle 1 day 1 (C1D1). Patients were required to be castrate
via either bilateral orchiectomy or concurrent treatment with
a gonadotropin-releasing hormone analog. The full list of
inclusion and exclusion criteria is available in the Supple-
mentary Appendix.
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Key eligibility criteria

* Men with mCRPC with or without
DNA-repair anomalies

» Received 2 1 line of prior
chemotherapy and ARAT

» Surgical or medical castration
(testosterone levels < 50 ng/dL)

» Prostate cancer progression by PSA
progression (PCWGS3 criteria) or
radiographic progression
(RECIST v1.1)

+ ECOGPS<1

* No prior treatment with a PARPI

Fig.1 Study design. All patients continued to receive the study
treatment until disease progression, unacceptable toxicity, or death.
AAP abiraterone acetate plus prednisone, APA apalutamide, ARAT
androgen receptor-axis-targeted therapy, DDI drug—drug interac-
tion, ECOG PS Eastern Cooperative Oncology Group Performance

Study design and treatment

BEDIVERE was a 2-part, multicenter, open-label, phase 1b
study (Fig. 1). The study was originally designed to assess
niraparib in combination with apalutamide to establish
niraparib RP2D. However, due to considerable reduction in
niraparib exposures due to drug—drug interactions (DDIs)
observed with this combination (see below), the study pro-
tocol was amended to add the combination of niraparib with
AAP, and no further attempts were made to determine a
RP2D for the niraparib—apalutamide combination. Part 1
(dose escalation) was a standard 3 + 3 design to determine
the RP2D of niraparib when administered with apalutamide
or AAP. Part 2 (dose expansion) further assessed safety and
pharmacokinetics in up to 15 additional patients for each
ARAT. Patients received the combination of niraparib (200
or 300 mg) with either apalutamide (240 mg) or AAP (abi-
raterone acetate 1000 mg plus prednisone 10 mg); niraparib
and apalutamide or AAP were dosed together. All drugs
were taken orally once daily, except for prednisone, which
was administered 5 mg twice daily. The combination of nira-
parib and apalutamide was to be taken in the morning with
or without food, except on the pharmacokinetics sampling
days (see below) when the drugs were taken at the study
site after an overnight fast starting at midnight. Niraparib
with abiraterone acetate plus the initial daily dose of 5 mg
prednisone was to be taken on empty stomach; no food or
liquids were to be consumed for at least 2 h before and at
least 1 h after dosing.

The RP2D of niraparib was defined separately for the
two combinations. The RP2D was determined from safety
data as the dose at which fewer than one-third of patients
experienced a dose-limiting toxicity (DLT). Additionally,
the RP2D could be the same as the clinical dose of niraparib

PART 1
(Dose Selection)

PART 2
(Dose Expansion)

Not further assessed
due to safety concerns
and potential DDI

ﬁ-

Score, PARPi poly(ADP-ribose) polymerase inhibitor, PCWG3 Pros-
tate Cancer Working Group 3, PSA prostate-specific antigen, RECIST
Response Evaluation Criteria in Solid Tumors, RP2D recommended
phase 2 dose

monotherapy (i.e., 300 mg once daily) [12] or, if significant
DDIs were observed, a dose with an exposure comparable
to or lower than that of historical niraparib 300 mg mono-
therapy data (i.e., mean maximum plasma concentration
[C,4] ranging from 582 to 2230 ng/mL or mean area under
the concentration—time curve over the dosing interval [AUC
] ranging from 14,659 to 46,900 ng h/mL [12, 28-30]).

All patients continued to receive the study drugs in
28-day cycles until disease progression, unacceptable toxic-
ity, death, or study termination by the sponsor. Safety moni-
toring and decisions regarding dose escalation/de-escalation
and DLTs were made by a safety-evaluation team that was
established by the sponsor and comprised at least one each
of medical expert, statistician, and clinical pharmacologist.

tau

Safety assessments and dose-limiting toxicity

Safety assessments were based on the reported adverse
events (AEs) and the results of vital sign measurements,
12-lead electrocardiograms, physical examinations, and
clinical laboratory tests. Hypertension, neutropenia, leuko-
penia, lymphopenia, anemia, and thrombocytopenia were
considered AEs of special interest in this study. The DLT
assessments were performed during the first treatment cycle
(28 days) in Part 1; patients who discontinued treatment
during this period due to reasons other than DLT could be
replaced. Dose modifications for toxicities were allowed
during the DLT-evaluation period. Patients who missed
doses for reasons other than toxicities were included in the
pharmacokinetics analysis if no more than two consecutive
doses were missed, no more than four doses were missed in a
cycle, and the last three doses before serial pharmacokinetics
sampling were not missed.
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The criteria for DLTs were treatment-related grade 4
thrombocytopenia or grade >3 thrombocytopenia requir-
ing platelet transfusion; treatment-related grade 4 ane-
mia or grade >3 anemia requiring blood transfusion;
treatment-related grade 4 neutropeniafor >7 days or
grade > 3 neutropenia with infection or fever > 38.5°C;
concurrent elevation of alanine aminotransferase or aspar-
tate aminotransferase > 3 X upper limit of normal and bili-
rubin > 2 X upper limit of normal (unless the concurrent
elevation was related to biliary obstruction or other causes
unrelated to study treatment); seizures of any grade, grade
3 fatigue lasting for>5 days, grade 3 nausea persisting
for >3 days despite treatment, or grade >3 vomiting or
diarrhea persisting for >3 days despite treatment; grade > 3
hypertension despite >2 weeks of treatment; any other
grade >3 nonhematologic toxicity except grade 3 rash; or
any treatment-related toxicity requiring a dose interruption.

Pharmacokinetics assessments

Plasma samples were analyzed to determine concentrations
and pharmacokinetic properties of niraparib and its major
metabolite M1, apalutamide and its metabolite M3 (JNJ-
56142060), and abiraterone using validated liquid chroma-
tography with tandem mass spectrometry, with concentra-
tions of 5.0 ng/mL, 25 ng/mL, and 0.2 ng/mL, respectively,
as the lower limits of quantification. Additional details of the
bioanalytical methods are available in the Supplementary
Appendix. Serial blood samples were collected in Parts 1
and 2 on day 1 of cycles 1, 2, and 3, and every 3 cycles there-
after (Supplementary Table 1). The assessed pharmacoki-
netic parameters included C,,,,, time to reach C,
AUC over 24 h (AUC,,_,,), and trough plasma concentration
(Cyrougn)- Concentration—time profiles were plotted for each
analyte, and individual and mean plasma concentration—time
data and pharmacokinetic parameters were summarized
using descriptive statistics.

max (tmax)’

Statistical analyses

This phase 1b study comprised a standard 3 + 3 dose selec-
tion (Part 1), followed by a dose expansion at RP2D (Part
2), and the sample size was not formally determined. The
sample size of Part 1 was determined by the maximum num-
ber of patients required to establish the RP2D of niraparib
in combination with ARAT. For Part 2, a sample size of
15 patients was selected based on expected AE rates. The
safety population comprised all patients who received > 1
dose of study drug; the pharmacokinetics-evaluable popu-
lation included all patients who received > 1 dose of study
drug and had sufficient and interpretable pharmacokinetic
assessments.

@ Springer

All AEs reported during the treatment and follow-up
period (30 days after the last dose of study drug) were
considered as treatment-emergent AEs (TEAEs), which
were summarized by incidence, intensity, type, and rela-
tionship to study drug, coded using the Medical Diction-
ary for Regulatory Activities v21.1, and graded using
National Cancer Institute Common Terminology Criteria
for Adverse Events v4.03 or higher. Deaths that occurred
during treatment or within 30 days after the last dose of
study drug were defined as on-treatment deaths.

Pharmacokinetic analyses were performed using the
validated Phoenix™ WinNonlin® software (v6.2.1; Tripos
LP, USA). Noncompartmental analysis (model, Plasma
[200-202]; dose, extravascular) was applied for the phar-
macokinetic analysis. The pharmacokinetics outputs were
created using SAS v9.3 (SAS Institute Inc., Cary, NC,
USA). Summary statistics, including N, mean, SD, % coef-
ficient of variation, geometric mean, median, minimum,
and maximum, were calculated for plasma concentration
of each analyte at each time point and for the derived phar-
macokinetic parameters.

Results

Patient disposition and demographic and baseline
clinical characteristics

The study was conducted from October 24, 2016, to July
16, 2019. A total of 33 patients were enrolled and treated:
6 in the niraparib—apalutamide group and 27 in the nira-
parib—AAP group (Supplementary Fig. 1).

In the niraparib—apalutamide group, three patients each
received niraparib 200 and 300 mg in Part 1; the median
(range) follow-up duration was 15.8 (10.6-22.4) months.
Three patients (50%) each discontinued treatment because
of progressive disease or AEs. The niraparib—apalutamide
group did not advance to Part 2 (see more below).

In the niraparib—AAP group, 4 and 8 patients, respec-
tively, received niraparib 200 and 300 mg in Part 1; an
additional 15 patients received niraparib 200 mg in Part 2.
The median (range) follow-up duration was 9.0 (0.6-23.9)
months. Patients discontinued treatment because of pro-
gressive disease (15 patients [55.6%]), AEs (5 [18.5%])),
patient withdrawal (4 [14.8%]), physician decision (2
[7.4%]), or death (1 [3.7%]) (Supplementary Fig. 1).

Patient demographics and baseline characteristics were
generally similar between the two groups (Table 1). All
patients had received > 2 lines of systemic therapy, includ-
ing > 1 line of ARAT and taxane therapy.
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Table.1 D-.sn}ographic a“q . Characteristic Niraparib + APA Niraparib+ AAP
baseline clinical characteristics:
Enrolled population Total (N=06) Total (N=27)
Age, median (range), years 72 (53-81) 68 (49-82)
Race, n (%)
White 6 (100.0) 22 (81.5)
Black 0 3(11.1)
Other 0 1(3.7)
Not reported 0 1 (3.7
ECOG PS, n (%)
0 2(33.3) 15 (55.6)
1 4 (66.7) 12 (44.4)

Treatment exposure and dose adjustments

In the niraparib—apalutamide group (N=6), the median

PSA, median (range), ng/mL

Extent of disease progression, n (%)
Bone
Lymph node
Liver
Lung

Gleason score at initial diagnosis, n (%)
>8

Prior radiotherapy, n (%)

Prior lines of systemic therapies, n (%)°
2
3
>4

Prior lines of ARAT, n (%)
1
2
3

Prior ARAT, n (%)
Enzalutamide
Abiraterone
Investigational
Other®

Prior taxanes, n (%)
Docetaxel
Cabazitaxel

45.1 (21-1395)

6 (100.0)
2(33.3)
0
1(16.7)

6 (100.0)
6 (100.0)
6 (100.0)
2(33.3)
2(33.3)
2(33.3)

3(50.0)
2(33.3)
1(16.7)

4 (66.7)
3(50.0)
3(50.0)
5(83.3)
6 (100.0)
6 (100.0)
2(33.3)

67.1 (3-1230)

20 (74.1)
13 (48.1)
6(22.2)
4(14.8)

17 (70.8)?
27 (100.0)
27 (100.0)
16 (59.3)
8 (29.6)
3(11.1)

21 (80.8)°
5(19.2)°
0

19 (70.4)
11 (40.7)
13.7)

25 (92.6)
27 (100.0)
25 (92.6)
5(18.5)

AAP abiraterone acetate plus prednisone, APA apalutamide, ECOG PS Eastern Cooperative Oncology

Group performance status, PSA prostate-specific antigen

IN=24

P ARAT, taxane, cytotoxic chemotherapy, or other therapy for prostate cancer

‘N=26

Includes abiraterone and abiraterone acetate

“Includes bicalutamide, flutamide, nilutamide, degarelix, and cyproterone acetate

treatment for > 6 months) and 0.9 months in the 300-mg

cohort; the median relative dose intensity was 99.3% and

number of treatment cycles administered was 6.0 and 1.0

in the niraparib 200-mg and 300-mg cohorts, respectively
(Table 2). The median duration of treatment was 4.7 months
in the 200-mg cohort (one patient [33.3%] received

85.8%, respectively.

In the niraparib—AAP group (N=27), the median number
of treatment cycles administered was 4.0 and 4.5 in the nira-
parib 200-mg and 300-mg cohorts, respectively. The median
duration of treatment was 3.7 months in both cohorts; four

@ Springer
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Table 2 Treatment exposure and dose adjustments for niraparib. Safety population

Parameter Niraparib+ APA (Part 1) Niraparib+ AAP (Parts 1+2)
200 mg (N=3) 300 mg (N=3) 200 mg (N=19) 300 mg (N=38)
Treatment exposure
No. of cycles started, median (range), n 6.0 (4.0-7.0) 1.0 (1.0-5.0) 4.0 (1.0-24.0) 4.5 (1.0-12.0)
Treatment duration, median (range), months 4.7 (3.0-6.5) 0.9 (0.9-4.0) 3.7 (0.5-22.0) 3.7(0.4-11.1)
Relative dose intensity, median (range), % 99.3 (99-100) 85.8 (62-100) 94.6 (31-100) 63.8 (28-100)
Dose reduction, n (%) 0 1(33.3) 4 (21.1) 3(37.5)
Dose reduced due to TEAE 0 1(33.3)* 4 (21.1) 3(37.5)
Dose reduced to 200 mgb N/A 1(33.3) N/A 2 (25.0)
Dose reduced to 100 mgb 0 0 4(21.1) 1(12.5)
Dose interruption, n (%) 2 (66.7) 2 (66.7) 12 (63.2) 6 (75.0)
Dose interrupted due to TEAE 0° 2 (66.7) 12 (63.2)¢ 6 (75.0)
No. of dose interruptions due to TEAE
1 0 2 (66.7) 6 (31.6) 3(37.5)
2 0 0 3 (15.8) 2 (25.0)
>3 0 0 3 (15.8) 1(12.5)
Duration of interruption, median (range), days 1.0 (1-1) 7.5 (7-8) 12.0 (3-48) 9.0 (6-26)

AAP abiraterone acetate plus prednisone, APA apalutamide, N/A not applicable, TEAE treatment-emergent adverse event

This patient also had reasons other than TEAE for dose reduction

bPatients with > 1 dose reduction are counted only once according to the largest change in the dose level

“Both patients in this cohort had reasons other than TEAE for dose interruption

dFour patients in this cohort also had reasons other than TEAE for dose interruption

patients each in the 200-mg and 300-mg cohorts (21.1%
and 50.0%, respectively) received treatment for > 6 months,
including one patient each in the 200-mg and 300-mg
cohorts who received treatment for >21 and > 11 months,
respectively. Additional data on dose reductions and inter-
ruptions in each cohort are shown in Table 2.

Safety assessments

In the niraparib—apalutamide group, no DLTs were reported
in the niraparib 200-mg cohort; in the 300-mg cohort, two
patients (66.7%) experienced DLTs: one patient (33.3%) had
grade 4 thrombocytopenia, and another (33.3%) had grade 3
fatigue and grade 3 hypertension. This combination was not
further assessed in Part 2 (see below).

In the niraparib—AAP group, no DLTs were reported in
the niraparib 200-mg cohort. In the niraparib 300-mg cohort,
one patient (12.5%) had 2 DLTs: grade 4 elevated gamma-
glutamyl transferase and grade 3 fatigue; two additional
patients (25.0%) had grade 4 neutropenia at C2D1 (after
the DLT-evaluation period), which were also considered as
DLTs. Considering that 37.5% of patients (3 of 8) in this
cohort had DLTs, which is above the acceptable DLT limit
of 33% further assess a drug or combination, the niraparib
300 mg in combination with AAP was not further assessed.
Niraparib 200 mg was selected as the RP2D in combination
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with AAP and was further evaluated in 15 additional patients
in Part 2.

In the niraparib—apalutamide group, grade 3/4 TEAEs
were reported in two (66.7%) and three patients (100.0%)
in the 200-mg and 300-mg cohorts, respectively (Table 3).
At least one TEAE leading to study drug discontinuation
was reported in one patient (33.3%) in the 200-mg cohort
(ventricular dyskinesia and ventricular extrasystole) and two
patients (66.7%) in the 300-mg cohort [thrombocytopenia
and hypertension (one patient each)]. All six patients in this
group died due to progressive disease; however, none of the
deaths occurred during treatment, and no deaths were attrib-
uted to TEAEs.

In the niraparib—AAP group, grade 3/4 TEAEs were
reported in 12 (63.1%) and 7 patients (87.5%) in the 200-
mg and 300-mg cohorts, respectively. At least one TEAE
leading to study drug discontinuation was reported in five
patients (26.3%) in the 200-mg cohort (nausea and vomiting
[two patients], elevated gamma-glutamyl transferase, throm-
bocytopenia, and congestive heart failure [one patient each])
and two patients (25.0%) in the 300-mg cohort (fatigue and
back pain [one patient each]). In the 200-mg cohort, 12
patients (63.2%) died during the study—11 due to progres-
sive disease and 1 due to TEAE (general physical health
deterioration)—and 1 patient died due to disease progres-
sion 192 days after discontinuing the study. In the 300-mg
cohort, two patients (25.0%) died during treatment or within
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Table 3 Safety results. Safety population

n (%) Niraparib+ APA (Part 1) Niraparib+ AAP (Parts 1+2)

200 mg (N=3) 300 mg (N=3) 200 mg (N=19) 300 mg (N=38)

Safety summary

>1TEAE 3 (100.0) 3 (100.0) 19 (100.0) 8 (100.0)
Related TEAE? 3 (100.0) 3 (100.0) 19 (100.0) 6 (75.0)
> 1 serious TEAE 1(33.3) 1(33.3) 4(21.1) 4 (50.0)
Related serious TEAE 1(33.3) 1(33.3) 2 (10.5) 0

Dose-limiting toxicities 0 2 (66.7) 0 3(37.5)
>1 grade 3/4 TEAE 2 (66.7) 3 (100.0) 12 (63.2) 7 (87.5)
> 1 TEAE leading to study drug discontinuation® 1(33.3) 2 (66.7) 5(26.3) 2 (25.0)
>1 TEAEs leading to death® 0 0 1 (5.3)° 2 (25.0)¢

Most common grade 3/4 TEAEs®
Fatigue 1(33.3) 2 (66.7) 1(5.3) 1(12.5)
Arthralgia 2 (66.7) 0 1(5.3) 0
Thrombocytopenia 0 1(33.3) 5(26.3) 0
Hypertension 0 1(33.3) 4 (21.1) 1(12.5)
Anemia 0 0 2 (10.5) 2 (25.0)
Neutropenia 0 0 1(5.3) 2 (25.0)
General physical health deterioration 0 0 1(5.3) 2 (25.0)
Back pain 0 0 0 2 (25.0)
Sepsis 0 0 0 2 (25.0)
Nausea 0 0 3(15.8) 1(12.5)
Vomiting 0 0 3(15.8) 0
Blood phosphorus decreased 0 0 2 (10.5) 0

TEAE:S of special interest’ 1(33.3) 2 (66.7) 13 (68.4) 3(37.5)
Anemia 0 1(33.3) 5(26.3) 3(37.5)
Leukopenia 1(33.3) 1(33.3) 2 (10.5) 0
Hypertension 1(33.3) 1(33.3) 6 (31.6) 2(25.0)
Thrombocytopenia 0 1(33.3) 6 (31.6) 1(12.5)
Neutropenia 0 1(33.3) 2 (10.5) 2(25.0)
Lymphopenia 0 0 1(5.3) 0

AAP abiraterone acetate plus prednisone, APA apalutamide, TEAE treatment-emergent adverse event

?Assessed by investigator as possibly, probably, or likely related to study treatment

®Included grade 5 events

“Patient had serious grade 3 deterioration in general physical health, which was considered by the investigator as unrelated to niraparib or AAP;

see Supplementary Appendix for additional details

4One patient had serious grade 3 TEAE of deterioration in general physical health (considered by the investigator as unrelated to niraparib or
AAP) and progressive disease; another patient had serious grade 3 deterioration in general physical health (considered by the investigator as
unrelated to niraparib or AAP); see Supplementary Appendix for additional details

®Occurring in> 1 patient in any cohort; arranged by descending incidence in any cohort

fAny grade; 1 patient each had grade 3 congestive heart failure and myocardial infarction, but they were not deemed to be TEAEs of special

interest

30 days after the last dose of any study drug: one due to pro-
gressive disease and TEAE (deterioration of general physi-
cal health) and one due to TEAE (deterioration of general
physical health). None of the three deaths due to TEAEs that
occurred during the study were considered related to any
study drug by the investigators; the detailed narratives of
these patients are provided in the Supplementary Appendix.

At the RP2D of niraparib (200 mg) with AAP (N=19),
the most common grade 3/4 AEs were thrombocytopenia
(26.3%), hypertension (21.1%), nausea (15.8%), vomiting
(15.8%), anemia (10.5%), and hypophosphatemia (10.5%)
(Table 3). The most common any-grade TEAEs of spe-
cial interest were thrombocytopenia (31.6%), hyperten-
sion (31.6%), anemia (26.3%), leukopenia (10.5%), and
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neutropenia (10.5%). The incidence of TEAEs of special
interest is reported in Table 3.

Pharmacokinetics of niraparib and its metabolite
M1 (niraparib-apalutamide group)

The mean C,,,, (315 ng/mL) of niraparib 200 mg when
administered with apalutamide was achieved in a median
of 3.0 h postdose at C1D28, with a biphasic decline there-
after; the mean AUC,,_,, was 4388 ng h/mL (Supplemen-
tary Fig. 2; Supplementary Table 2). The pharmacokinet-
ics results for niraparib 300 mg were available for only two
patients in this group and, therefore, summary statistics were
not calculated. At C1D28, the C,,,, values for these two
patients were 842 and 820 ng/mL and AUC,,_,, values were
15,097 and 13,607 ng h/mL (Supplementary Table 2), which
were below or at the lower end of the range for the historical
monotherapy data for niraparib in solid tumors (C,,,, range,
582-2230 ng/mL; AUC,,_,,, range, 14,659-46,900 ng h/mL
[12, 28-30]). This could suggest a potential DDI resulting
in reduced exposures of niraparib when administered with
apalutamide (see more below). Because niraparib 300 mg in
combination with apalutamide resulted in DLTs in 66.7% of
patients and grade 3/4 TEAEs despite a reduced niraparib
exposure, this combination was not further assessed in Part
2.

The mean C,,, (702 ng/mL) of M1 in patients who
received niraparib 200 mg with apalutamide was achieved
in a median of 6.0 h postdose at C1D28 and declined steadily
thereafter (Supplementary Fig. 2; Supplementary Table 2).
The M1 concentrations were markedly greater than those of
niraparib, with the metabolite-to-parent ratio of 3.25. The
pharmacokinetics results of M1 in 2 patients who received
niraparib 300 mg with apalutamide are reported in Supple-
mentary Table 2.

Pharmacokinetics of niraparib and its metabolite
M1 (niraparib—AAP group)

When niraparib was administered with AAP, the shape
of the niraparib concentration—time profiles was similar
between C1D1 and C2D1 with expected accumulation at
C2D1 compared to C1D1 (Fig. 2). The niraparib C,,,, was
achieved at a median of approximately 3 h postdose at C1D1
and at 4 h postdose at C2D1 (Table 4). The mean C,,,, values
at C2D1 were approximately twofold greater compared with
C1D1; as expected, the values were greater with niraparib
300 mg vs 200 mg dose. The trends for mean AUC,, ,, were
generally similar, with greater values for C2D1 vs C1DI1
and for niraparib 300 mg vs 200 mg, although the differ-
ence between mean AUC,,_,, with niraparib 200 and 300 mg
was relatively small at C2D1. The mean Ci,,, values at

C2D1 for niraparib 200 and 300 mg were comparable. The
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niraparib C,, (1141 ng/mL) and AUC,_,, (18,536 ng h/
mL) values at C2D1 with niraparib 300 mg coadministered
with AAP were comparable to the historical niraparib mono-
therapy data (C,,,, range 582-2230 ng/mL; AUC,_,,, range
14,659-46,900 ng h/mL [12, 28-30]).

The concentration—time profiles of M1 were also gener-
ally similar in shape at both 200-mg and 300-mg doses at
C1D1 and C2D1 (Fig. 2). The M1 C,,, was achieved at
a median of 10 h postdose at C1D1 and at approximately
4-6 h postdose at C2D1 (Table 4). The mean C,,,, values of
M1 were markedly greater at C2D1 vs C1D1; as expected,
the values were greater with niraparib 300 mg vs 200 mg.
The trends for mean AUC,_,, were generally similar, with
greater values at C2D1 vs C1D1 (due to accumulation) and
with niraparib 300 mg vs 200 mg. The C;,,, values at C2D1
for niraparib 200-mg and 300-mg doses were comparable.

The metabolite-to-parent ratios were below 1 in all cohorts.

Pharmacokinetics of apalutamide and its
metabolite M3 (niraparib-apalutamide group)
The mean C,,,, of apalutamide (5.15 pg/mL) in patients who
received niraparib 200 mg with apalutamide was achieved
in a median of 3.0 h postdose at C1D28, declined slightly,
and remained nearly constant thereafter; the mean AUC ,,
was 92.4 ug h/mL (Supplementary Fig. 3; Supplementary
Table 3). The concentration of the apalutamide metabolite
M3 remained nearly constant through 24 h postdose; the
mean C,,, (5.29 pg/mL) was achieved at 24.0 h postdose
at C1D28. The mean AUC_,, of M3 was 112 pug h/mL,
and the metabolite-to-parent AUC_,, ratio was 1.26. The
pharmacokinetic characteristics of apalutamide and M3 in
patients who received niraparib 300 mg with apalutamide
were not summarized, because data were available for only
two patients (Supplementary Table 3). These results were
consistent with apalutamide monotherapy exposures in
patients with prostate cancer [31].

Pharmacokinetics of abiraterone (niraparib—AAP
group)

The abiraterone C,,,, in patients who received niraparib
200 mg with AAP was achieved in a median of 1.35 h post-
dose at C2D1 and declined steadily thereafter; the mean
AUC,_,, was 712 ng h/mL (Table 4; Supplementary Fig. 4).
The mean Cy,q, levels of abiraterone at C2D1 were slightly
lower for niraparib 300 mg vs niraparib 200 mg. The sum-
mary statistics for abiraterone C,,,, #,,, and AUC_,, in
patients who received niraparib 300 mg with AAP could
not be calculated, because data were available for only two
patients (Table 4).
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Discussion

BEDIVERE, a 2-part, open-label, phase 1b study was
designed primarily to assess safety of niraparib 200 and
300 mg in combination with apalutamide or AAP and to
determine the RP2D of niraparib in patients with mCRPC
who had been previously treated for prostate cancer. The
secondary objective of the study was to assess pharma-
cokinetics of niraparib, apalutamide, and abiraterone
acetate. No patient experienced DLTs in Part 1 with
niraparib 200 mg in combination with either apaluta-
mide or AAP; however, treatment with niraparib 300 mg
led to DLTs in 66.7% and 37.5% of patients when com-
bined with apalutamide and AAP, respectively. Grade
3/4 fatigue occurred in a greater proportion of patients

Time (h)

in the niraparib—apalutamide group (niraparib 200 mg,
33.3%; niraparib 300 mg, 66.7%) compared with those
in niraparib—AAP group (5.3% and 12.5%, respectively),
suggesting that apalutamide was the probable cause of
fatigue in patients in those cohorts. Furthermore, because
coadministration of apalutamide with niraparib 300 mg
was associated with greater toxicity and reduced niraparib
exposure (hypothesized to be caused by DDI; see below),
niraparib 200 mg with apalutamide was not assessed
further. Niraparib 200 mg was selected as the RP2D in
combination with AAP. Because no DLTs were reported
with niraparib 200 plus AAP in Part 1, the dose-expansion
cohort (Part 2) of 15 additional patients further assessed
and acquired additional pharmacokinetics and safety data
on this combination.
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Table 4 Pharmacokinetic parameters of niraparib and abiraterone when niraparib was administered with AAP. Pharmacokinetics-evaluable pop-

ulation
Pharmacokinetic Parameter Niraparib 200 mg+ AAP Niraparib 300 mg+ AAP
CID1 (N=4) C2D1 (N=11) CID1 (N=17) C2D1 (N=3)
Niraparib
Caxo Mean (SD), ng/mL 379 (194) 985 (409) 589 (232) 1141 (426)
Imax> Median (range), h 3.26 (3.00-4.00) 4.00 (2.00-6.35) 3.00 (2.98-6.00) 4.00 (4.00-4.02)
AUC,_,,, mean (SD), ng h/mL 5139 (1629)* 17,745 (9380)"¢ 7527 (2421)¢ 18,536 (6512)°
Cirough» mean (SD), ng/mL N/A 564 (299)° N/A 505 (188)
M1
Cax> mean (SD), ng/mL 143 (47.7) 625 (254) 283 (115) 830 (156)
Imax> Median (range), h 10.00 (5.98-10.52) 4.07 (1.92-10.35) 10.00 (6.08-24.00) 6.00 (2.02-8.00)
AUC,_,,, mean (SD), ng h/mL 3187 (505)* 13,549 (6141)°¢ 5551 (2080)¢ 17,728 (354)°
Clrough» mean (SD), ng/mL N/A 545 (265)° N/A 650 (148)
M1 :niraparib AUC ,, ratio, mean (SD) 0.64 (0.97)* 0.88 (0.42)° 0.75 (0.17)4 0.99 (0.16)
Abiraterone
Coar Mean (SD), ng/mL NA 137 (69.4)° NA 53.4;83.2
f > Median (range), h NA 1.35 (1.00-2.00)° NA 2.00; 3.00°
AUC,,_,,, mean (SD), ng h/mL NA 712 (140)°¢ NA 313; 363f
Cirough» mean (SD), ng/mL NA 9.67 (5.32)° NA 5.44 (0.95)

AAP abiraterone acetate plus prednisone, AUC,_,, area under concentration—time curve from 0 to 24 h, C cycle, C,,,, maximum plasma concen-
tration, C,,.,,,;, trough plasma concentration, D day, N/A not applicable, NA not available, 7, time to Cy,,,

IN=3

°N=10

“Predose concentration used for calculation at 24 h
IN=6

°N=13

"Data for one patient was not assessable; individual data for two patients are provided

The niraparib RP2D of 200 mg with AAP was well toler-
ated, with a safety profile consistent with the single agents.
The median relative dose intensity for niraparib was 94.6%
during a median treatment period of 3.7 months in this
cohort. Niraparib 200 mg in combination with AAP is cur-
rently being assessed in an ongoing randomized, placebo-
controlled, double-blind, phase 3 study (MAGNITUDE;
NCT03748641) in patients with mCRPC, regardless of an
alteration in a HRR gene.

Although the sample sizes in the present study were rela-
tively small, a few potential explanations were considered
for the reduced niraparib exposure when given in combina-
tion with apalutamide. Since apalutamide is a pregnane X
receptor (PXR) inducer, one potential explanation is that
apalutamide induces metabolism of niraparib, leading to its
reduced exposure. To evaluate whether apalutamide could
induce the carboxylesterase pathway, niraparib clearance
and M1 formation were compared in an in vitro metabo-
lism study in apalutamide-induced and non-induced human
hepatocytes. As niraparib clearance and M1 formation were
not increased in apalutamide-induced hepatocytes (unpub-
lished data), induction via the M1 pathway is unlikely to
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explain the reduced niraparib exposure when administered
with apalutamide. Another possibility is that niraparib expo-
sure was reduced due to induction of P-glycoprotein (P-gp)
by apalutamide, given that niraparib is a P-gp substrate [12].
Rifampin, which, like apalutamide, is a potent PXR inducer,
has shown up to a 67% decrease in exposure of various P-gp
substrates [32]. In a recent study, treatment with apalutamide
resulted in a 30% reduction in AUC_,,; of fexofenadine,
also a P-gp substrate, in patients with CRPC; the reduction
was considered to be related to PXR-mediated induction
of P-gp and inhibition of P-gp in the gut by apalutamide
[33]. Although P-gp induction by apalutamide may not com-
pletely explain the extent of observed interaction, a minor
contribution of this mechanism cannot be ruled out. It is
plausible that both variability in pharmacokinetics (limited
data; no niraparib-alone arm) and P-gp induction by apaluta-
mide contributed to the observed reduced niraparib exposure
when combined with apalutamide. The exposures of apalu-
tamide and its metabolite were consistent with apalutamide
monotherapy exposures in patients with prostate cancer [31].

The steady-state C,,,, and AUC, ,, values for niraparib
200 or 300 mg in combination with AAP at C2D1 were
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within the RP2D target exposure range, suggesting absence
of a DDI with this combination. Niraparib exposure, when
used in combination with AAP, was dose proportional, as
reported previously for niraparib monotherapy; the time to
maximum concentration was also similar (approximately
3—4 h) [29]. The abiraterone pharmacokinetics for the
combination were also comparable to abiraterone 1000 mg
monotherapy data [34].

Study limitations

This was a phase 1b study with a relatively small sample
size, and a larger phase 3 study is needed to further confirm
the findings of this signal-finding study. The exact mecha-
nism underlying the reduced niraparib exposure when it
is combined with apalutamide is not well understood and
will require further investigation. Although the combina-
tion of niraparib 200 mg and apalutamide was tolerable, the
combination was not further assessed in Part 2. Similarly, a
reduced dose of apalutamide with niraparib 300 mg, which
could possibly resolve the toxicity and potential DDI with
this combination, was not assessed.

Conclusions

In this multicenter, open-label, phase 1b study, patients with
mCRPC received treatment with niraparib 200 or 300 mg
in combination with either apalutamide or AAP. In both
groups, DLTs were observed in some patients who received
niraparib 300 mg. In addition, although sample size was
limited, pharmacokinetics data suggested a reduced nira-
parib exposure when niraparib 300 mg was administered
with apalutamide; no such change in niraparib exposure was
observed when niraparib was administered with AAP. There-
fore, the niraparib—apalutamide combination is not being
pursued for further evaluation. Based on an acceptable safety
profile and comparable exposure to the clinically effective
niraparib monotherapy dose, niraparib 200 mg was selected
as the RP2D in combination with AAP. The combination of
niraparib 200 mg with AAP was tolerable in patients with
mCRPC, with no new safety signals; the combination is cur-
rently being studied in a randomized, placebo-controlled,
phase 3 study in patients with mCRPC, regardless of HRR
mutations.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00280-021-04249-7.

Acknowledgements Authors thank Scott Adams and Jeffrey Tryon,
Janssen Research & Development, for their operational/clinical con-
tributions to this study. Writing assistance was provided by Narender
Dhingra, MBBS, PhD, CMPP, of System One, and funded by Janssen
Global Services.

Author contributions FS, BME, EZ, AY, and AH contributed to study
concept and design. All authors contributed to data acquisition and/or
data analysis and interpretation. All authors contributed to drafting and
critical revision of the manuscript for important intellectual content,
approved the final submission draft, and take responsibility for the
integrity of the data.

Funding This work was supported by Janssen Research & Develop-
ment, LLC.

Data availability The data sharing policy of Janssen Pharmaceutical
Companies of Johnson & Johnson is available at https://www.janss
en.com/clinical-trials/transparency. As noted on this site, requests for
access to the study data can be submitted through Yale Open Data
Access (YODA) Project site at http://yoda.yale.edu.

Compliance with ethical standards

Conflict of interest Fred Saad has served as a consultant/advisor for
Astellas Pharma, AstraZeneca, Bayer, Janssen, Merck, Myovant, and
Sanofi and has received research funding from Astellas Pharma, As-
traZeneca, Bayer, Bristol Myers Squibb, Janssen, Merck, Myovant,
Pfizer, and Sanofi. Kim N. Chi has served as a consultant/advisor for
Amgen, Astellas Pharma, AstraZeneca, Bayer, Constellation Phar-
maceuticals, Daiichi Sankyo, ESSA, Janssen, Merck, Point Biophar-
ma Inc., Roche, and Sanofi and has received honoraria from Astel-
las Pharma, AstraZeneca, Bayer, Janssen, Merck, and Roche. Neal
D. Shore reports personal fees from AbbVie, Amgen, AstraZeneca,
Bayer, Bristol Myers Squibb, Dendreon, Ferring, Janssen, Merck,
Myovant, Pfizer, Sanofi-Genzyme, and Tolmar. Julie N. Graff reports
institutional research funding from Astellas, Janssen, Merck, and Sa-
nofi and has received travel grants from Clovis and Merck. Edwin M.
Posadas reports honoraria from Pfizer; has served as an expert advisor
for Breckenridge Pharmaceuticals; has received travel and accommo-
dations expenses from TRACON Pharma; has served as a consultant
for AstraZeneca, Bayer, Janssen, and Novartis; and has received insti-
tutional research support from Bristol Myers Squibb, Calithera, IMV,
Janssen, Merck, Peleton, and Pfizer. Jean-Baptiste Lattouf has served
as a consultant/advisor for Astellas, Bristol Myers Squibb, Merck, and
Sanofi and has conducted clinical research for Aragon Pharmaceutical,
Astellas, AstraZeneca, Bayer, Bristol Myers Squibb, Janssen, Merck,
Myovant, Pfizer, Progenics, and Tokai Pharmaceuticals. Byron M. Es-
pina, Eugene Zhu, Alex Yu, Anasuya Hazra, Marc De Meulder, Rao N.
V. S. Mamidi, Branislav Bradic, Peter Francis, and Vinny Hayreh are
employees of Janssen Research & Development, LLC, and may hold
stock and/or stock options. Arash Rezazadeh Kalebasty has served as a
consultant/advisor/review panel member for AstraZeneca, Bayer, Bris-
tol Myers Squibb, EMD Serono, Exelixis, Genentech, Janssen, Merck,
Novartis, Pfizer, and Sanofi; has received grant/institutional research
support from Astellas Pharma, AstraZeneca, Bavarian Nordic, Bayer,
BeyondSpring Pharma, BioClin Therapeutics, Bristol Myers Squibb,
Clovis Oncology, Eisai, Epizyme, Exelixis, Genentech, Immunomed-
ics, Janssen, Macrogenics, Novartis, Pfizer, and Seattle Genetics; has
participated in speakers’ bureau for Amgen, Astellas Medivation, As-
traZeneca, Bayer, Bristol Myers Squibb, Eisai, EMD Serono, Exelixis,
Genentech/Roche, Janssen, Merck, Novartis, Pfizer, Sanofi, and Se-
attle Genetics/Astellas; has received honorarium from AstraZeneca,
Bayer, Exelixis, Novartis, and Pfizer; has received travel, accommo-
dation, and expenses from Astellas Medivation, AstraZeneca, Bayer,
FEisai, Exelixis, Genentech, Janssen, Novartis, Pfizer, and Prometheus;
and reports stock and other ownership interest in ECOM Medical.

Ethics approval The study protocol and amendments were reviewed
and approved by an appropriate institutional review board or independ-

@ Springer


https://doi.org/10.1007/s00280-021-04249-7
https://www.janssen.com/clinical-trials/transparency
https://www.janssen.com/clinical-trials/transparency
http://yoda.yale.edu

36

Cancer Chemotherapy and Pharmacology (2021) 88:25-37

ent ethics committee. The study was conducted in accordance with the
ethical principles that have their origin in the Declaration of Helsinki
and that are consistent with Good Clinical Practices and applicable
regulatory requirements.

Consent to participate All patients provided written informed consent
to participate in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Teo MY, Rathkopf DE, Kantoft P (2019) Treatment of advanced
prostate cancer. Annu Rev Med 70:479-499. https://doi.org/10.
1146/annurev-med-051517-011947

2. Ryan CJ, Smith MR, Fizazi K, Saad F, Mulders PF, Sternberg
CN, Miller K, Logothetis CJ, Shore ND, Small EJ, Carles J, Flaig
TW, Taplin ME, Higano CS, de Souza P, de Bono JS, Griffin TW,
De Porre P, Yu MK, Park YC, Li J, Kheoh T, Naini V, Molina A,
Rathkopf DE, for the COU-AA-302 Investigators (2015) Abira-
terone acetate plus prednisone versus placebo plus prednisone
in chemotherapy-naive men with metastatic castration-resistant
prostate cancer (COU-AA-302): final overall survival analysis of a
randomised, double-blind, placebo-controlled phase 3 study. Lan-
cet Oncol 16(2):152-160. https://doi.org/10.1016/S1470-2045(14)
71205-7

3. Beer TM, Armstrong AJ, Rathkopf DE, Loriot Y, Sternberg CN,
Higano CS, Iversen P, Bhattacharya S, Carles J, Chowdhury S,
Davis ID, de Bono JS, Evans CP, Fizazi K, Joshua AM, Kim CS,
Kimura G, Mainwaring P, Mansbach H, Miller K, Noonberg SB,
Perabo F, Phung D, Saad F, Scher HI, Taplin ME, Venner PM,
Tombal B, for the PREVAIL Investigators (2014) Enzalutamide
in metastatic prostate cancer before chemotherapy. N Engl J Med
371(5):424-433. https://doi.org/10.1056/NEJMoa1405095

4. de Bono JS, Logothetis CJ, Molina A, Fizazi K, North S, Chu L,
Chi KN, Jones RJ, Goodman OB Jr, Saad F, Staffurth JN, Main-
waring P, Harland S, Flaig TW, Hutson TE, Cheng T, Patterson
H, Hainsworth JD, Ryan CJ, Sternberg CN, Ellard SL, Flechon
A, Saleh M, Scholz M, Efstathiou E, Zivi A, Bianchini D, Loriot
Y, Chieffo N, Kheoh T, Haqq CM, Scher HI, Investigators C-A-
(2011) Abiraterone and increased survival in metastatic prostate
cancer. N Engl J Med 364(21):1995-2005. https://doi.org/10.
1056/NEJMoal014618

5. Ryan CJ, Smith MR, de Bono JS, Molina A, Logothetis CJ, de
Souza P, Fizazi K, Mainwaring P, Piulats JM, Ng S, Carles J,
Mulders PF, Basch E, Small EJ, Saad F, Schrijvers D, Van Poppel
H, Mukherjee SD, Suttmann H, Gerritsen WR, Flaig TW, George
DJ, Yu EY, Efstathiou E, Pantuck A, Winquist E, Higano CS, Tap-
lin ME, Park Y, Kheoh T, Griffin T, Scher HI, Rathkopf DE, for
the COU-AA-302 Investigators (2013) Abiraterone in metastatic

@ Springer

10.

11.

12.

13.

14.

15.

16.

prostate cancer without previous chemotherapy. N Engl J] Med
368(2):138-148. https://doi.org/10.1056/NEIMo0a1209096
Scher HI, Fizazi K, Saad F, Taplin ME, Sternberg CN, Miller K,
de Wit R, Mulders P, Chi KN, Shore ND, Armstrong AJ, Flaig
TW, Flechon A, Mainwaring P, Fleming M, Hainsworth JD, Hir-
mand M, Selby B, Seely L, de Bono JS, for the AFFIRM Inves-
tigators (2012) Increased survival with enzalutamide in prostate
cancer after chemotherapy. N Engl J Med 367(13):1187-1197.
https://doi.org/10.1056/NEJMoal207506

Shore N, Heidenreich A, Saad F (2017) Predicting response and
recognizing resistance: improving outcomes in patients with cas-
tration-resistant prostate cancer. Urology 109:6-18. https://doi.
org/10.1016/j.urology.2017.04.062

Gul A, Garcia JA, Barata PC (2019) Treatment of non-metastatic
castration-resistant prostate cancer: focus on apalutamide. Cancer
Manag Res 11:7253-7262. https://doi.org/10.2147/CMAR.S1657
06

Farmer H, McCabe N, Lord CJ, Tutt AN, Johnson DA, Richard-
son TB, Santarosa M, Dillon KJ, Hickson I, Knights C, Martin
NM, Jackson SP, Smith GC, Ashworth A (2005) Targeting the
DNA repair defect in BRCA mutant cells as a therapeutic strategy.
Nature 434(7035):917-921. https://doi.org/10.1038/nature03445
Robinson D, Van Allen EM, Wu YM, Schultz N, Lonigro RJ,
Mosquera JM, Montgomery B, Taplin ME, Pritchard CC, Attard
G, Beltran H, Abida W, Bradley RK, Vinson J, Cao X, Vats P,
Kunju LP, Hussain M, Feng FY, Tomlins SA, Cooney KA, Smith
DC, Brennan C, Siddiqui J, Mehra R, Chen Y, Rathkopf DE, Mor-
ris MJ, Solomon SB, Durack JC, Reuter VE, Gopalan A, Gao J,
Loda M, Lis RT, Bowden M, Balk SP, Gaviola G, Sougnez C,
Gupta M, Yu EY, Mostaghel EA, Cheng HH, Mulcahy H, True
LD, Plymate SR, Dvinge H, Ferraldeschi R, Flohr P, Miranda S,
Zafeiriou Z, Tunariu N, Mateo J, Perez-Lopez R, Demichelis F,
Robinson BD, Schiffman M, Nanus DM, Tagawa ST, Sigaras A,
Eng KW, Elemento O, Sboner A, Heath EI, Scher HI, Pienta KJ,
Kantoff P, de Bono JS, Rubin MA, Nelson PS, Garraway LA,
Sawyers CL, Chinnaiyan AM (2015) Integrative clinical genomics
of advanced prostate cancer. Cell 161(5):1215-1228. https://doi.
org/10.1016/j.cell.2015.05.001

Asim M, Tarish F, Zecchini HI, Sanjiv K, Gelali E, Massie CE,
Baridi A, Warren AY, Zhao W, Ogris C, McDuffus LA, Mascalchi
P, Shaw G, Dev H, Wadhwa K, Wijnhoven P, Forment JV, Lyons
SR, Lynch AG, O’Neill C, Zecchini VR, Rennie PS, Baniahmad
A, Tavare S, Mills IG, Galanty Y, Crosetto N, Schultz N, Neal D,
Helleday T (2017) Synthetic lethality between androgen receptor
signalling and the PARP pathway in prostate cancer. Nat Commun
8(1):374. https://doi.org/10.1038/s41467-017-00393-y

ZEJULA (niraparib) capsules, for oral use [Prescribing Informa-
tion]. GlaxoSmithKline. Research Triangle Park, NC (2020)
LYNPARZA® (olaparib) tablets, for oral use [Prescribing Infor-
mation]. AstraZeneca Pharmaceuticals LP. Wilmington, DE
(2020)

RUBRACA® (rucaparib) tablets, for oral use [Prescribing Infor-
mation]. Clovis Oncology, Inc. Boulder, CO (2020)
TALZENNA™ (talazoparib) capsules, for oral use [Prescribing
Information]. Pfizer, Inc. New York, NY (2018)

Mateo J, Carreira S, Sandhu S, Miranda S, Mossop H, Perez-
Lopez R, Nava Rodrigues D, Robinson D, Omlin A, Tunariu N,
Boysen G, Porta N, Flohr P, Gillman A, Figueiredo I, Paulding
C, Seed G, Jain S, Ralph C, Protheroe A, Hussain S, Jones R,
Elliott T, McGovern U, Bianchini D, Goodall J, Zafeiriou Z, Wil-
liamson CT, Ferraldeschi R, Riisnaes R, Ebbs B, Fowler G, Roda
D, Yuan W, Wu YM, Cao X, Brough R, Pemberton H, A’Hern
R, Swain A, Kunju LP, Eeles R, Attard G, Lord CJ, Ashworth A,
Rubin MA, Knudsen KE, Feng FY, Chinnaiyan AM, Hall E, de
Bono JS (2015) DNA-repair defects and olaparib in metastatic


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1146/annurev-med-051517-011947
https://doi.org/10.1146/annurev-med-051517-011947
https://doi.org/10.1016/S1470-2045(14)71205-7
https://doi.org/10.1016/S1470-2045(14)71205-7
https://doi.org/10.1056/NEJMoa1405095
https://doi.org/10.1056/NEJMoa1014618
https://doi.org/10.1056/NEJMoa1014618
https://doi.org/10.1056/NEJMoa1209096
https://doi.org/10.1056/NEJMoa1207506
https://doi.org/10.1016/j.urology.2017.04.062
https://doi.org/10.1016/j.urology.2017.04.062
https://doi.org/10.2147/CMAR.S165706
https://doi.org/10.2147/CMAR.S165706
https://doi.org/10.1038/nature03445
https://doi.org/10.1016/j.cell.2015.05.001
https://doi.org/10.1016/j.cell.2015.05.001
https://doi.org/10.1038/s41467-017-00393-y

Cancer Chemotherapy and Pharmacology (2021) 88:25-37

37

18.

19.

20.

21.

22.

23.

24.

25.

prostate cancer. N Engl J Med 373(18):1697-1708. https://doi.
org/10.1056/NEJMo0a1506859

. Smith MR, Sandhu SK, Kelly WK, Scher HI, Efstathiou E, Lara

P, Yu EY, George DJ, Chi KN, Summa J, Kothari N, Zhao X,
Espina BM, Ricci DS, Simon JS, Tran N, Fizazi K (2019) Phase
II study of niraparib in patients with metastatic castration-resistant
prostate cancer (nCRPC) and biallelic DNA-repair gene defects
(DRD): preliminary results of GALAHAD. J Clin Oncol 37(Suppl
7S):Abstract 202. https://doi.org/10.1200/JC0O.2019.37.7_suppl.
202

Smith MR, Sandhu SK, Kelly WK, Scher HI, Efstathiou E, Lara
PN, Yu EY, George DJ, Chi KN, Saad F, Summa J, Freedman JM,
Mason GE, Zhu E, Ricci D, Simon JS, Cheng S, Fizazi K (2019)
Pre-specified interim analysis of GALAHAD: a phase 2 study
of niraparib in patients (pts) with metastatic castration-resistant
prostate cancer (mCRPC) and biallelic DNA-repair gene defects
(DRD). Ann Oncol 30(Suppl 5):v851-v934. https://doi.org/10.
1093/annonc/mdz394

de Bono J, Mateo J, Fizazi K, Saad F, Shore N, Sandhu S, Chi KN,
Sartor O, Agarwal N, Olmos D, Thiery-Vuillemin A, Twardowski
P, Mehra N, Goessl C, Kang J, Burgents J, Wu W, Kohlmann A,
Adelman CA, Hussain M (2020) Olaparib for metastatic castra-
tion-resistant prostate cancer. N Engl J Med 382(22):2091-2102.
https://doi.org/10.1056/NEJMoal911440

Abida W, Patnaik A, Campbell D, Shapiro J, Bryce AH, McDer-
mott R, Sautois B, Vogelzang NJ, Bambury RM, Voog E, Zhang J,
Piulats JM, Ryan CJ, Merseburger AS, Daugaard G, Heidenreich
A, Fizazi K, Higano CS, Krieger LE, Sternberg CN, Watkins SP,
Despain D, Simmons AD, Loehr A, Dowson M, Golsorkhi T,
Chowdhury S, on behalf of the TRITON2 Investigators (2020)
Rucaparib in men with metastatic castration-resistant prostate can-
cer harboring a BRCA1 or BRCA2 gene alteration. J Clin Oncol.
https://doi.org/10.1200/JC0O.20.01035

De Bono JS, Mehra N, Higano CS, Saad F, Buttigliero C, van
Oort IM, Mata M, Chen H-C, Healy CG, Paccagnella ML, Czi-
bere A, Fizazi K (2020) TALAPRO-1: phase II study of tala-
zoparib (TALA) in patients (pts) with DNA damage repair
alterations (DDRm) and metastatic castration-resistant prostate
cancer (NCRPC)—updated interim analysis (IA). J Clin Oncol
38(Suppl):Abstract 5566. https://doi.org/10.1200/JC0O.2020.38.
15_suppl.5566

Polkinghorn WR, Parker JS, Lee MX, Kass EM, Spratt DE,
Taquinta PJ, Arora VK, Yen WF, Cai L, Zheng D, Carver BS,
Chen Y, Watson PA, Shah NP, Fujisawa S, Goglia AG, Gopalan
A, Hieronymus H, Wongvipat J, Scardino PT, Zelefsky MJ, Jasin
M, Chaudhuri J, Powell SN, Sawyers CL (2013) Androgen recep-
tor signaling regulates DNA repair in prostate cancers. Cancer
Discov 3(11):1245-1253. https://doi.org/10.1158/2159-8290.
CD-13-0172

Schiewer MJ, Goodwin JF, Han S, Brenner JC, Augello MA, Dean
JL, Liu F, Planck JL, Ravindranathan P, Chinnaiyan AM, McCue
P, Gomella LG, Raj GV, Dicker AP, Brody JR, Pascal JM, Cen-
tenera MM, Butler LM, Tilley WD, Feng FY, Knudsen KE (2012)
Dual roles of PARP-1 promote cancer growth and progression.
Cancer Discov 2(12):1134-1149. https://doi.org/10.1158/2159-
8290.CD-12-0120

Hussain M, Daignault-Newton S, Twardowski PW, Albany C,
Stein MN, Kunju LP, Siddiqui J, Wu YM, Robinson D, Lonigro
RJ, Cao X, Tomlins SA, Mehra R, Cooney KA, Montgomery B,
Antonarakis ES, Shevrin DH, Corn PG, Whang YE, Smith DC,
Caram MV, Knudsen KE, Stadler WM, Feng FY, Chinnaiyan AM
(2018) Targeting androgen receptor and DNA repair in metastatic
castration-resistant prostate cancer: results from NCI 9012. J Clin
Oncol 36(10):991-999. https://doi.org/10.1200/JC0O.2017.75.
7310

Clarke N, Wiechno P, Alekseev B, Sala N, Jones R, Kocak I,
Chiuri VE, Jassem J, Flechon A, Redfern C, Goessl C, Burgents

26.

217.

28.

29.

30.

31.

32.

33.

34.

J, Kozarski R, Hodgson D, Learoyd M, Saad F (2018) Olaparib
combined with abiraterone in patients with metastatic castration-
resistant prostate cancer: a randomised, double-blind, placebo-
controlled, phase 2 trial. Lancet Oncol 19(7):975-986. https://
doi.org/10.1016/S1470-2045(18)30365-6

Clarke NW, Armstrong AJ, Thiery-Vuillemin A, Oya M, Ye D,
Mateo J, Goessl CD, Kang J, Liu S, Saad F (2019) PROPEL: A
randomized, phase Ill t rial evaluating the efficacy and safety of
olaparib combined with abiraterone as first-line therapy in patients
with metastatic castration-resistant prostate cancer (mCRPC). J
Clin Oncol 37(Suppl 7S):Abstract TPS340. https://doi.org/10.
1200/JC0.2019.37.7_suppl. TPS340

Agarwal N, Shore ND, Dunshee C, Karsh LI, Azad A, Fay AP,
Carles J, Paccagnella ML, Di Santo N, Elmeliegy M, Lin X, Quek
RGYV, Czibere A, Fizazi K (2020) TALAPRO-2: a placebo-con-
trolled phase Ill study of talazoparib (TALA) plus enzalutamide
(ENZA) for patients with first-line metastatic castration-resist-
ant prostate cancer (mCRPC). J Clin Oncol 38(Suppl):Abstract
TPS5598. https://doi.org/10.1200/JC0O.2020.38.15_suppl. TPS55
98

Moore K, Zhang ZY, Agarwal S, Burris H, Patel MR, Kansra V
(2018) The effect of food on the pharmacokinetics of niraparib,
a poly(ADP-ribose) polymerase (PARP) inhibitor, in patients
with recurrent ovarian cancer. Cancer Chemother Pharmacol
81(3):497-503. https://doi.org/10.1007/s00280-017-3512-5
Sandhu SK, Schelman WR, Wilding G, Moreno V, Baird RD,
Miranda S, Hylands L, Riisnaes R, Forster M, Omlin A, Kreis-
cher N, Thway K, Gevensleben H, Sun L, Loughney J, Chatterjee
M, Toniatti C, Carpenter CL, Iannone R, Kaye SB, de Bono JS,
Wenham RM (2013) The poly(ADP-ribose) polymerase inhibitor
niraparib (MK4827) in BRCA mutation carriers and patients with
sporadic cancer: a phase 1 dose-escalation trial. Lancet Oncol
14(9):882-892. https://doi.org/10.1016/S1470-2045(13)70240-7
van Andel L, Rosing H, Zhang Z, Hughes L, Kansra V, Sang-
hvi M, Tibben MM, Gebretensae A, Schellens JHM, Beijnen JH
(2018) Determination of the absolute oral bioavailability of nira-
parib by simultaneous administration of a (14)C-microtracer and
therapeutic dose in cancer patients. Cancer Chemother Pharmacol
81(1):39-46. https://doi.org/10.1007/s00280-017-3455-x
Belderbos B, de Wit R, Chien C, Mitselos A, Hellemans P, Jiao
J, Yu MK, Attard G, Bulat I, Edenfield WJ, Saad F (2018) An
open-label, multicenter, phase Ib study investigating the effect
of apalutamide on ventricular repolarization in men with cas-
tration-resistant prostate cancer. Cancer Chemother Pharmacol
82(3):457-468. https://doi.org/10.1007/s00280-018-3632-6
Elmeliegy M, Vourvahis M, Guo C, Wang DD (2020) Effect of
P-glycoprotein (P-gp) inducers on exposure of P-gp substrates:
review of clinical drug-drug interaction studies. Clin Pharmacoki-
net 59(6):699—-714. https://doi.org/10.1007/s40262-020-00867-1
Duran I, Carles J, Bulat I, Hellemans P, Mitselos A, Ward P, Jiao
J, Armas D, Chien C (2020) Pharmacokinetic drug-drug interac-
tion of apalutamide, part 1: clinical studies in healthy men and
patients with castration-resistant prostate cancer. Clin Pharma-
cokinet. https://doi.org/10.1007/s40262-020-00882-2
Lubberman FJE, Benoist GE, Gerritsen W, Burger DM, Mehra N,
Hamberg P, van Oort I, van Erp NP (2019) A prospective phase
I multicentre randomized cross-over pharmacokinetic study to
determine the effect of food on abiraterone pharmacokinetics.
Cancer Chemother Pharmacol 84(6):1179-1185. https://doi.org/
10.1007/s00280-019-03952-w

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1056/NEJMoa1506859
https://doi.org/10.1056/NEJMoa1506859
https://doi.org/10.1200/JCO.2019.37.7_suppl.202
https://doi.org/10.1200/JCO.2019.37.7_suppl.202
https://doi.org/10.1093/annonc/mdz394
https://doi.org/10.1093/annonc/mdz394
https://doi.org/10.1056/NEJMoa1911440
https://doi.org/10.1200/JCO.20.01035
https://doi.org/10.1200/JCO.2020.38.15_suppl.5566
https://doi.org/10.1200/JCO.2020.38.15_suppl.5566
https://doi.org/10.1158/2159-8290.CD-13-0172
https://doi.org/10.1158/2159-8290.CD-13-0172
https://doi.org/10.1158/2159-8290.CD-12-0120
https://doi.org/10.1158/2159-8290.CD-12-0120
https://doi.org/10.1200/JCO.2017.75.7310
https://doi.org/10.1200/JCO.2017.75.7310
https://doi.org/10.1016/S1470-2045(18)30365-6
https://doi.org/10.1016/S1470-2045(18)30365-6
https://doi.org/10.1200/JCO.2019.37.7_suppl.TPS340
https://doi.org/10.1200/JCO.2019.37.7_suppl.TPS340
https://doi.org/10.1200/JCO.2020.38.15_suppl.TPS5598
https://doi.org/10.1200/JCO.2020.38.15_suppl.TPS5598
https://doi.org/10.1007/s00280-017-3512-5
https://doi.org/10.1016/S1470-2045(13)70240-7
https://doi.org/10.1007/s00280-017-3455-x
https://doi.org/10.1007/s00280-018-3632-6
https://doi.org/10.1007/s40262-020-00867-1
https://doi.org/10.1007/s40262-020-00882-2
https://doi.org/10.1007/s00280-019-03952-w
https://doi.org/10.1007/s00280-019-03952-w

	Niraparib with androgen receptor-axis-targeted therapy in patients with metastatic castration-resistant prostate cancer: safety and pharmacokinetic results from a phase 1b study (BEDIVERE)
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 
	Trial registration no. 

	Introduction
	Methods
	Study population
	Study design and treatment
	Safety assessments and dose-limiting toxicity
	Pharmacokinetics assessments
	Statistical analyses

	Results
	Patient disposition and demographic and baseline clinical characteristics
	Treatment exposure and dose adjustments
	Safety assessments
	Pharmacokinetics of niraparib and its metabolite M1 (niraparib–apalutamide group)
	Pharmacokinetics of niraparib and its metabolite M1 (niraparib—AAP group)
	Pharmacokinetics of apalutamide and its metabolite M3 (niraparib–apalutamide group)
	Pharmacokinetics of abiraterone (niraparib–AAP group)

	Discussion
	Study limitations

	Conclusions
	Acknowledgements 
	References




