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Abstract
Purpose: Seviteronel (INO-464) is a selective cytochrome
P450c17a (CYP17) 17,20-lyase (lyase) and androgen receptor
(AR) inhibitor with antitumor activity in vitro and in vivo. This
open-label phase I clinical study evaluated the safety, tolerability, pharmacokinetics and activity of once-daily seviteronel
in male chemotherapy-na€ve subjects with castration-resistant
prostate cancer (CRPC).
Patients and Methods: Seviteronel was administered at
600 mg once daily with dose titration (DT) and in modiﬁed
3 þ 3 dose escalation once-daily cohorts at 600, 750, and
900 mg without DT. The primary objectives of this study
were to establish safety, tolerability, and the MTD of seviteronel in chemotherapy-na€ve subjects with or without prior
treatment with FDA-approved CRPC treatments, abiraterone
acetate (AA), and enzalutamide. Secondary objectives were

Introduction
Abiraterone acetate (AA) þ prednisone and enzalutamide are
FDA-approved antihormonal therapies for the treatment of
castration-resistant prostate cancer (CRPC; refs. 1–4). AA is a
nonselective, irreversible, and potent inhibitor of cytochrome
P450c17a (CYP17; i.e., it inhibits both 17-a-hydroxylase
[hydroxylase] and 17,20-lyase [lyase]). Because of AA's potent
hydroxylase inhibition, prednisone is coadministered in an
attempt to abate the increased steroids upstream of CYP17,
cortisol suppression, and mineralocorticoid excess syndrome
(1, 2, 5–7). Enzalutamide is a second-generation AR antagonist (8).
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to assess pharmacokinetics, PSA, tumor response, and endocrine results.
Results: Twenty-one subjects were enrolled. No doselimiting toxicities (DLT) were observed through 750 mg once
daily. Most treatment-emergent adverse events (AE) reported
at grade 1–2. The most commonly reported AEs were fatigue
(71%), dizziness (52%), blurred vision (38%), and dysgeusia
(33%), with most AEs improving after dose reduction or dose
interruption.
Conclusions: Once-daily seviteronel was generally well
tolerated in this phase I study of men with CRPC, a majority
of which had progressed on prior AA or enzalutamide, or both.
Of the doses evaluated, 600 mg once daily was chosen as the
recommended phase II dose for future studies in subjects with
CRPC. Clin Cancer Res; 24(21); 5225–32. 2018 AACR.

Although a majority (62%–78%) of chemotherapy-na€ve
patients initially responded to AA/prednisone and enzalutamide (1, 4), acquired resistance occurs over time in greater than
90% of patients due to multiple resistance mechanisms. Over
50% of metastatic CRPCs display changes to the AR, which
include, but are not limited to, AR overexpression (9), AR
splices variants (AR-Vs; refs. 10–12), and AR point mutations.
The AR point mutations T878A and L702H cause AR agonism
by progesterone/pregnenolone (associated with AA/prednisone
use; ref. 5), and prednisone (used with AA), respectively
(13, 14). Similarly, the AR F876L point mutation confers
resistance to enzalutamide, where it becomes a strong agonist
of the AR variant (14, 15).
Currently, there are very limited options for patients progressing on AA/prednisone and or/enzalutamide, representing an
unmet clinical need for new AR-directed therapies that can
improve responses in this patient population. We hypothesize
that cotargeting the AR and CYP17 lyase with a single agent may
be a more effective strategy to improve responses in CRPC than
targeting either AR or CYP17 alone. Development of dual inhibitors of CYP17 lyase and AR represent an optimal strategy to
achieve increased responses in CRPC while limiting the toxicities
of two separate agents.
Seviteronel (INO-464) is an orally bioavailable, selective
CYP17 lyase and AR inhibitor that blocks androgen biosynthesis
and AR activation in multiple in vitro and/or in vivo models.
Seviteronel has an approximately 10-fold selectivity toward
CYP17 lyase over hydroxylase (16) and is a competitive antagonist of both wild-type and mutated forms of the AR (e.g., T877A
and F876L; ref. 17). With regards to enzalutamide-resistant

www.aacrjournals.org

Downloaded from clincancerres.aacrjournals.org on November 12, 2018. © 2018 American Association for Cancer Research.

5225

Published OnlineFirst July 16, 2018; DOI: 10.1158/1078-0432.CCR-18-0564

Gupta et al.

Translational Relevance
Seviteronel is a selective inhibitor of both cytochrome
P450c17a (CYP17) 17,20-lyase (lyase) and the androgen
receptor (AR) that has shown antitumor activity in models
of castration-resistant prostate cancer (CRPC) in vivo and
in vitro. Abiraterone acetate (AA), a CYP17 17-a-hydroxylase
(hydroxylase) inhibitor, and enzalutamide, an AR antagonist,
are FDA-approved treatments for CRPC that show initial
response in chemotherapy-na€ve patients with CRPC; however, resistance to these therapies develops over time. With
limited treatment options for patients progressing on AA
and/or enzalutamide, and potential side effects for drugs
targeting CYP17 hydroxylase, there is a need for novel therapies for this patient population. With its dual mechanism of
action and CYP17 lyase selectivity, seviteronel may provide a
new treatment option for men with CRPC who have progressed on other AR-targeted agents.

cell-line growth, C4-2, C4-2B, MR49C, and MR49F, seviteronel
was a more potent inhibitor than AA (18, 19). In vivo, seviteronel
inhibits the growth of multiple CRPC cell lines, including MR49F,
MDA-PCA-133, and LNCaP (17, 19, 20).
The preliminary safety, tolerability, pharmacokinetics, and
clinical activity of twice daily dosing in men with CRPC
was described previously (NCT02012920; ref. 21). Potent
androgen declines, accompanied by PSA reductions, were
observed in subjects following twice-daily seviteronel administration. However, frequent dose reductions and treatment
discontinuations, due to a lack of seviteronel tolerability, prevented adequate evaluation of its full clinical activity. It was
postulated that twice-daily dosing lead to seviteronel accumulation. Therefore, once-daily dosing with seviteronel in men
with CRPC was investigated in this study (NCT02361086), with
the initial safety, tolerability, pharmacokinetics, and initial
clinical activity reported here within.

Patients and Methods
Major eligibility criteria
Men with documented histologic or cytological evidence of
adenocarcinoma of the prostate with rising PSA [Prostate
Cancer Clinical Trials Working Group 2 (PCWG2); ref. 22],
despite castration testosterone concentrations [1.74 nmol/L
(<50 ng/dL)] were enrolled. Subjects must have undergone
orchiectomy, or have initiated LHRH agonists/antagonists at
least 3 months prior to study entry with the LHRH agonists/
antagonists continued for the duration of the study. PSA-only
progression was allowed as was previous use of AA and/or
enzalutamide, provided both agents were discontinued prior
to enrollment. Eligibility required an Eastern Cooperative
Oncology Group (ECOG) performance status of 0 or 1, white
blood cell count 3,000/mL, absolute neutrophil count
1,500/mL, platelet count 100,000/mL, hemoglobin 10 g/dL
and not transfusion dependent, aspartate transaminase and
alanine transaminase levels 3 the upper limit of normal,
bilirubin levels of 2.0 mg/dL, serum creatinine of 2.0 mg/dL,
and potassium levels >3.5 mEq/L. Use of ﬁrst-generation antiandrogens with a PSA reduction upon withdrawal, prior use of
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investigational products directed toward the AR or androgen
biosynthesis, and 5-a-reductase inhibitor use <3 months from
study drug initiation were exclusionary. Prior chemotherapy for
prostate cancer was not allowed, or the use of sipuleucel-T
treatment within 30 days of study drug initiation. Subjects who
required pharmacologic or replacement doses of systemic corticosteroids or were administered systemic corticosteroids within
30 days of study drug administration were ineligible.
Study design and treatment
The primary objective of this phase I study was to determine
the safety, tolerability, and MTD of once-daily oral seviteronel
in chemotherapy-na€ve subjects with CRPC. The pharmacokinetics of seviteronel and its effect on PSA, tumor response, and
endocrine laboratory correlates were secondary objectives. The
study was approved by the Institutional Review Board at each
site and was conducted in accordance with The World Medical
Association Declaration of Helsinki and Good Clinical Practice
guidelines of the International Conference on Harmonisation.
All subjects provided a written informed consent prior to study
participation.
Seviteronel was administered orally as 150 mg tablets at 600 mg
once daily with dose titration (DT; 150 mg once daily for 2 weeks
and 300 mg once daily for 2 weeks) and in escalating dose cohorts
of 600, 750, or 900 mg once daily without DT. Following DT or in
cohorts without DT, study drug was administered in 28-day
continuous dosing cycles. Study drug was discontinued if they
were no longer clinically beneﬁtting, had an adverse event (AE)
that precluded further participation in the study, or withdrawal of
consent.
The study followed a traditional modiﬁed "3 þ 3" Fibonacci
study design. Three subjects were enrolled in each dose cohort,
and with a single dose-limiting toxicity (DLT), the cohort was
expanded to 6 subjects. DLT was deﬁned as any grade 3 or
greater AE possibly/probably/deﬁnitely related to seviteronel
that occurred from the ﬁrst dose of study drug through the end
of the ﬁrst 28-day continuous dosing cycle (cycle 1). In the
presence of 0 or 1 DLT, the dose was escalated in the next higher
dose-level cohort. Two or more DLTs in a cohort resulted in
expansion of the lower dose-level cohort to 6 subjects. Expansion of open cohorts up to 12 subjects was allowed to further
investigate safety (non-DLT), endocrine, or efﬁcacy observations at that dose. MTD was deﬁned as the highest dose level in
which the incidence of DLTs was less than 33%. Toxicity was
graded using the NCI Common Terminology Criteria for
Adverse Events (NCI CTCAE), version 4.0.
Evaluations
Baseline evaluations were conducted within 28 days of study
drug initiation and included medical history, physical examination, vital signs, ECOG performance status, electrocardiogram,
complete blood counts and serum chemistries, urinalysis, PSA,
and imaging assessments.
Repeat evaluations were conducted on day 1 and 2 of the DT
stage (DT cohort only), biweekly for cycle 1 and then monthly
thereafter through the end of treatment visit. Holter monitoring
was only repeated the ﬁrst day of dosing and at cycle 2 day 1.
Efﬁcacy assessments by imaging were repeated at the end of each
even-numbered cycle and compared with baseline according to
PCWG2 criteria (22) in the subjects shown to have metastatic
disease at screening, or suspected of having developed metastatic
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disease. The evaluation included all appropriate radiographic or
scintigraphic procedures to document areas of metastatic disease,
including bone scans, CT scans, and/or MRI, dependent upon
what modality was utilized at baseline.
Endocrine analysis
A standard cortrosyn stimulation test was performed at
baseline and at cycle 1 day 14 baseline to assess the impact
of seviteronel on cortisol reserve. Blood samples were collected
for an endocrine panel (DHEA, testosterone, cortisol) at baseline and at each study visit through the end of treatment visit.
Endocrine samples were analyzed using a central lab (Quest
Diagnostics). The lower limit of quantitation (LLOQ) for serum
testosterone assessed using LC/MS-MS was 1.0 ng/dL (0.03
nmol/L).
Pharmacokinetic analysis
Blood samples for pharmacokinetic analysis were collected
prior to ﬁrst dose of seviteronel and 0.5, 1, 2, 4, 6, 8, and 24
hours after for dense pharmacokinetic analysis. Additional
samples were collected at cycle 1 day 14, cycle 2 day 1, and
then every even-numbered cycle for spot pharmacokinetics
analysis. The LLOQ of seviteronel plasma concentrations analyzed using LC/MS-MS was 20 ng/mL (0.05 mmol/L; Tandem
Laboratories). Dense pharmacokinetics parameters were analyzed by noncompartmental methods using WinNonlin
(Certara).

Results
Subject characteristics
A total of 21 subjects with CRPC were enrolled from June 2014
to July 2015 with data presented as of November 18, 2016.
Baseline characteristics, including disease status and prior exposure to AA or enzalutamide, are presented in Table 1. Over half
(57%) of the subjects enrolled across cohorts had prior AA,
enzalutamide or AA þ enzalutamide, and most (73%) also had
prior exposure to ﬁrst-generation antiandrogens, such as bicaluTable 1. Demographics and baseline characteristics
600 mg þ DT
Category
n¼3
Age (y)b
74 (72–77)
Racec
White
3 (100)
Black
0 (0)
Other
0 (0)
BMI (kg/m2)b
28.1 (23.6–29.1)
Disease status
PSA (ng/mL)b
18.5 (2.1–140.5)
Bone diseasec,e
2 (67)
2 (67)
Lymph nodec,e
Visceral diseasec,e
1 (33)
Prior treatments
c
AA- and ENZA-Na€ve
3 (100)
0 (0)
Prior ENZAc
Prior AAc
0 (0)
Prior ENZA þ AAc
0 (0)

tamide and ﬂutamide. All subjects enrolled had either bone or soft
tissue involvement, with approximately one third (29%) with
visceral disease.
Dose escalation
No DLTs (grade 3 or greater drug-related AE in the ﬁrst 28-day
dosing cycle) were reported through 750 mg once daily. The 600
and 750 mg once-daily cohorts were expanded to gain a better
understanding of the tolerability and activity of seviteronel at
those dose levels. In the 900 mg once-daily cohort, one DLT was
reported in the ﬁrst subject enrolled (grade 3 muscular weakness
considered related to seviteronel); further subjects were not
enrolled at that dose level. Although MTD was not achieved in
the dose cohorts evaluated, 750 mg once daily was the highest
dose that was fully explored.
Tolerability
Treatment with seviteronel was generally well tolerated with
the majority of AEs grade 1 or 2 and the most common
AEs were fatigue, dizziness, blurred vision, and dysgeusia,
independent of relationship (Table 2). Fourteen grade 3 AEs
were reported in 9 subjects, of which 5 were deemed per
investigator possibly related to seviteronel [syncope (600 mg
QD þ DT), hyponatremia (600 mg QD þ DT), fatigue (600 mg
once daily), atrial ﬁbrillation (750 mg once daily), and muscle
weakness (900 mg once daily)]. One grade 4 AE was reported
[sepsis (750 mg once daily)] and it was not deemed per the
investigator related to seviteronel. No deaths were reported.
Nine serious AEs (SAE) were reported in 8 subjects with 4
considered at least possibly related to seviteronel [syncope
(600 mg QD þ DT), deep vein thrombosis (750 mg once
daily), atrial ﬁbrillation (750 mg once daily), and muscular
weakness (900 mg once daily)]. No cases of overt adrenal
insufﬁciency were reported.
Overall median treatment duration was 65 days (11, 565)
and with the longest median duration observed in the 750 mg
once daily cohort [107 days (11, 262); Supplementary

600 mg
n¼8
68 (44–83)

750 mg
n¼9
68 (57–79)

900 mg
n¼1
81 (81–81)

Total
N ¼ 21a
68 (44–83)

7 (88)
0 (0)
1 (12)d
30.5 (26.3–42.9)

7 (78)
2 (22)
0 (0)
29.7 (25.8–42.5)

1 (100)
0 (0)
0 (0)
25.2 (25.2–25.2)

18 (86)
2 (10)
1 (5)
29.1 (23.6–42.9)

27.8 (5.4–186.8)
5 (63)
5 (63)
4 (50)

22.4 (3.5–145.5)
7 (78)
5 (56)
1 (11)

20.3
1 (100)
0 (0)
0 (0)

22.5 (2.1–186.8)
15 (71)
12 (57)
6 (29)

4 (50)
2 (25)
2 (25)
0 (0)

2 (22)
1 (11)
4 (44)
2 (22)a

0 (0)
1 (100)
0 (0)
0 (0)

9 (43)
4 (19)
6 (29)
2 (10)

Abbreviations: AA, abiraterone acetate; DT, dose titration; ENZA, enzalutamide.
a
One subject discontinued before Cycle 1 Day 14 and is only included in the safety population.
b
Median (range).
c
n (%).
d
Not reported.
e
Subjects may be counted more than once.
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Table 2. Incidence of most common (>20%) of treatment-emergent AEs independent of relationship
All grades
600 mg QD þ DT
600 mg QD
(n ¼ 21)
(n ¼ 3)
(n ¼ 8)
Adverse eventa
Gr 1–3
Gr 1–2
Gr 3
Gr 1–2
Gr 3
Fatigue
15 (71)
2 (67)
0 (0)
6 (75)
1 (13)
Dizziness
11 (52)
2 (67)
0 (0)
4 (50)
0 (0)
Blurred vision
8 (38)
1 (33)
0 (0)
2 (25)
0 (0)
Dysgeusia
7 (33)
2 (67)
0 (0)
1 (13)
0 (0)
Constipation
6 (29)
1 (33)
0 (0)
2 (25)
0 (0)
Disturbance in attention
6 (29)
2 (67)
0 (0)
2 (25)
0 (0)
Tremor
6 (29)
1 (33)
0 (0)
0 (0)
0 (0)
Memory impairment
5 (24)
2 (67)
0 (0)
0 (0)
0 (0)
Muscular weakness
5 (24)
1 (33)
0 (0)
1 (13)
0 (0)
Tachycardia
5 (24)
1 (33)
0 (0)
2 (25)
0 (0)
Nausea
5 (24)
2 (67)
0 (0)
2 (25)
0 (0)
Vomiting
5 (24)
0 (0)
0 (0)
3 (38)
0 (0)

750 mg QD
(n ¼ 9)
Gr 1–2
Gr 3
6 (67)
0 (0)
4 (44)
0 (0)
4 (44)
0 (0)
4 (44)
0 (0)
3 (33)
0 (0)
1 (11)
0 (0)
4 (44)
0 (0)
3 (33)
0 (0)
2 (22)
0 (0)
1 (11)
0 (0)
1 (11)
0 (0)
2 (22)
0 (0)

900 mg QD
(n ¼ 1)
Gr 1–2
Gr 3
1 (100)
0 (0)
1 (100)
0 (0)
1 (100)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
1 (100)
0 (0)
1 (100)
0 (0)
0 (0)
0 (0)
0 (0)
1 (100)
1 (100)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

Abbreviations: DT, dose titration; Gr, grade; QD, once daily.
a
n (%).

Table S1]. A majority of subjects discontinued treatment for
progressive disease or AEs. Approximately 33% of subjects
underwent a dose reduction or dose interruption due to
an AE, which typically resulted in an improvement in the AE
(Fig. 1).
Pharmacodynamic effects
All subjects were chemically or surgically castrated prior to
enrollment with serum testosterone concentrations <1.74 nmol/L
(50 ng/dL); mean testosterone at entry was 0.22  0.15 nmol/L
(mean  SD), almost 8-fold lower than the cutoff for castration.
Across dose-level cohorts, there was an 18.8% and 12.5% decline,
from baseline to cycle 2 day 1, in serum testosterone and DHEA
concentrations. Progesterone concentrations were unchanged
from baseline to cycle 2 day 1 and remained at or below the
LLOQ (0.30 nmol/L). Peak cortisol response to synthetic ACTH
(cortrosyn stimulation test) was 785.9 (491, 1,143) at baseline
and 861.3 (635, 1,217) at cycle 1 day 14 (>500 nmol/L considered
clinically normal). Baseline cortisol was 375.5  178.0 nmol/L,

with a 2% increase at cycle 1 day 14 and 6.4% decline at cycle 2 day
1. Baseline corticosterone was 13.6  26.7 nmol/L and did not
change signiﬁcantly by cycle 2 day 1, and remained within the
normal range.
Pharmacokinetics
A noncompartmental pharmacokinetics summary is presented in Table 3. Plasma concentrations from each cohort
after a single dose of seviteronel are presented in Supplementary Fig. S1. Half-life ranged from 8.1 to 9.2 hours at the 750
and 600 mg once-daily dose levels, which supports once-daily
dosing in men.
Efﬁcacy
Twenty of 21 subjects had postdosing PSA results available.
Although the main focus of this study was safety and tolerability, 11 of 20 subjects had a PSA decline of any magnitude
from baseline while on study, including all subjects na€ve to

Figure 1.
Duration of seviteronel therapy. DT, dose titration.
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Figure 2.
Maximum PSA response to
seviteronel. DT, dose titration; QD,
once daily.

AA and enzalutamide in the 600 or 750 mg once-daily cohorts
(Fig. 2). Six of 20 subjects had a signiﬁcant PSA decline [3 
30% (PSA30) and 3  50% (PSA50)], which included a PSA30
in 2 subjects at 600 mg once daily and PSA30 and PSA50 in 1
and 2 subjects, respectively, at 700 mg once daily. Across all
dose levels examined, 4 of 11 subjects (36%) with prior
exposure to AA, enzalutamide, or AA þ enzalutamide demonstrated a PSA decline of any magnitude while on study. This
included one subject at 750 mg once daily with prior exposure
to AA þ enzalutamide that had postdosing PSA results available. Nine subjects across all cohorts had 12-week PSA values
available, three of which were PSA30 or PSA50.
Seventeen of 21 subjects had at least one postdose scan. Time to
radiographic progression across all cohorts was a median of 106

days with a range of 55 to 449 days. This included subjects both
na€ve to or having had prior exposure to AA and/or enzalutamide.
A majority of subjects had stable disease as their best overall
response [10 of 17 (58%)]; 6 had progressive disease (35%), and 1
subject had a partial response (6%; Fig. 3). No complete responses
were reported.
Subject 05-016 (Fig. 3) enrolled in the 750 mg once-daily
cohort. His prior therapies included leuprolide and sipuleucelT. He had a maximum PSA decline from baseline of 64%,
which continued to cycle 8 day 1. Baseline scans included softtissue disease, including four target lesions: renal vasculature
left peri-aortic node, left external iliac adenopathy, left periaortic adenopathy above bifurcation of aorta and renal vasculature aortocaval node. On repeat scan at the end of cycle 6,

Figure 3.
Baseline and cycle 6 scans for 05-016.
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Table 3. Pharmacokinetic parameters after a single dose of seviteronel
Treatment
AUC0–24 (h/ng/mL)
AUCINF (h/ng/mL)
44,049  0
600 mg þ DT (n ¼ 2)
31,702  12,978a
600 mg QD (n ¼ 7)
30,410  7,126
37,668  6,267
750 mg QD (n ¼ 8)
34,445  13,432
44,422  8,369
NC
900 mg QD (n ¼ 1)
79,824b

CL/F (L/h)
13.6b
16.3  3.0
17.4  3.0
NC

Cmax (ng/mL)
4,515  1,704
4,403  1,817
3,809  2,238
5,600b

Tmax (h)
1.0  0.02
2.8  2.5
5.1  7.8
4.0b

Cmin (ng/mL)
370  43.41
376  148
562  364
2070b

T1/2 (h)
6.8b
9.2  2.1
8.1  2.4
NC

Abbreviations: AUC0–24, AUC from the time of dosing 0–24 hours; AUCINF, AUC from the time of dosing extrapolated to inﬁnity; CL/F, apparent clearance;
Cmax, maximum concentration; Cmin, minimum concentration; DT, dose titration; NC, not calculated; QD, once daily; Tmax, time of maximum observed
concentration; T1/2, terminal half-life.
a
Mean  SD.
b
n¼1

there was a 32% (25 mm) decline in the sum of target lesion
diameter (77–52 mm), which was accompanied by the 64%
PSA decline from baseline. The subject completed thirteen
28-day treatment cycles prior to withdrawing consent.

Discussion
Once-daily seviteronel was generally well tolerated in this
phase I study of men with CRPC, a majority of which had
progressed on prior AA or enzalutamide, or both. The most
frequent AEs seen with seviteronel (Table 2) are similar to the
approved AR-directed agents AA and enzalutamide (1, 3, 4, 23).
No seizures were reported in this study, even though subjects with
a prior history of seizures were not excluded from study participation. Similarly, signs and symptoms of mineralocorticoid
excess syndrome, abnormal liver function tests, hypertension,
headache, musculoskeletal pain, and urinary tract infections were
not frequently reported.
Syncope has been observed with early studies of both AA and
galeterone (24, 25). One subject in the 600 mg QD þ DT cohort
experienced an episode of syncope in the second dosing cycle, but
remained on study at a reduced dose for over 20 cycles. Overall,
the presence of syncope with seviteronel administration was
reduced with the once daily dosing regimen compared with the
prior BID þ DT dosing regimen (21). Preclinical syncope models
showed that seviteronel did not have any effect on ion channels,
and the modest MT-1 and GABA-1 activity was not predictive of
in vivo and clinical effects (26).
Although AEs such as dizziness, blurring of vision, memory
impairment/disturbance in attention, and tremors were reported
with seviteronel, they resolved or improved with dose interruptions or dose reductions. The frequency of tremors was reduced by
almost one half with once-daily dosing compared with twicedaily dosing (21). Typically, drug-related AEs resolved to baseline
within 2 to 3 weeks of dosing discontinuation.
One subject at 750 mg once daily experienced an SAE of atrial
ﬁbrillation. However, a detailed Holter monitor analysis of subjects treated with seviteronel did not show any proarrhythmogenic potential of seviteronel or general cardiotoxicity (26).
Across the full range of doses examined in this study, there was a
dose-proportional relationship for peak and trough plasma concentrations, and overall exposure (AUC), after a single dose of
seviteronel. With respect to the 600 and 750 mg dose levels, the
dose-proportional relationship is less evident, which may help
explain the relatively similar safety, tolerability, and initial activity
proﬁles between the two doses.
Although the initial dosing regimen in this study included DT,
it was not further explored, as it appeared to have an unfavorable
impact on tolerability. All subjects in the 600 mg QD þ DT cohort
had a dose reduction and CNS/neuromuscular AEs that were
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similar to subjects treated with BID þ DT dosing (21). In contrast,
in the 600 mg once daily cohort, only 13% experienced a dose
interruption or dose reduction. Although the subject numbers are
small, more subjects in the 750 mg once-daily cohort experienced
dose reductions or dose interruptions compared with 600 mg
once daily. However, AEs were similar between the two dosing
regimens. Overall median treatment duration was the longest in
the 750 mg once-daily cohort compared with 600 mg QD þ DT
and 600 mg once daily.
More than half of subjects had prior exposure to both AA plus
prednisone and enzalutamide and there did not appear to be
differences in endocrine responses between the 600 and 750 mg
once-daily cohorts. Given the relatively small sample size, all
subjects were combined for endocrine analysis. With the prevalence of prior antiandrogen use and continuous castration, plasma testosterone concentrations at baseline were relatively low.
Thus, the modest but consistent decline in testosterone seen with
seviteronel treatment was not unexpected. Although not evaluated in this study, CRPC men na€ve to AA and enzalutamide, who
received seviteronel at either 450 or 600 mg twice daily, had nadir
testosterone concentrations at or near 0.03 nmol/L (the assay
LLOQ) during the ﬁrst 28-day treatment cycle, which represented
an >80% decline from baseline (21).
CYP17 lyase selectivity was evident in subjects administered
seviteronel. Plasma progesterone concentrations remained at or
near the LLOQ, and corticosterone concentrations were predominantly below the upper limit of normal in this study. These
ﬁndings are consistent with what was previously demonstrated
with twice-daily seviteronel administration (21). However, this is
in contrast to nonselective CYP17 inhibition with single-agent AA,
which results in increased upstream steroids, including progesterone and corticosterone, along with cortisol suppression, all of
which is only partially ameliorated with steroid supplementation
(5). The changes in steroid concentrations are due to the potent
activity of AA on CYP17 hydroxylase, instead of CYP17 lyase.
Preclinically, this was demonstrated in castrated male nonhuman
primate model. Administration of a single dose of either seviteronel or AA resulted in similar testosterone reductions, but AA
caused signiﬁcant increases in progesterone and corticosterone. In
contrast, changes to these upstream steroids with seviteronel were
no different than vehicle control (27). A potential resistance
mechanism of AA is progesterone-dependent stimulation of AR
with T878A point mutation (14). Given seviteronel's lack of effect
on progesterone levels, this resistance mechanism may be avoided
with seviteronel treatment.
Human genetic mutations that lead to isolated CYP17 lyase
deﬁciency, or combined CYP17 hydroxylase/lyase deﬁciency,
result in potent androgen decreases. However, only the latter
results in signiﬁcant progesterone increases and signiﬁcant cortisol decreases (28, 29). Although, seviteronel is a potent and
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selective CYP17 lyase inhibitor, its lyase activity is not completely
isolated from hydroxylase, and it still harbors some activity
against CYP17 hydroxylase. Signiﬁcant CYP17 hydroxylase inhibition results in cortisol suppression and an increase in ACTH,
which can drive upstream steroid accumulation, including corticosterone and the associated mineralocorticoid excess syndrome
(MES; ref. 5). Baseline and cycle 1 day 14 cortisol response to
cortrosyn stimulation were similar in this study, and in the prior
investigation of twice-daily dosing of seviteronel (21). Increases
in corticosterone concentrations were also not observed. Also,
signiﬁcant CYP17 hydroxylase inhibition does not appear to be
occurring in men or women treated with seviteronel as the
common signs and symptoms of MES, which include hypertension, hypokalemia, and ﬂuid overload, were not observed in this
study or in women with breast cancer treated with seviteronel
(Bardia and colleagues, submitted). However, the most common
AEs observed with seviteronel, including those that appear to have
a CNS origin, are also found in patients experiencing adrenal
glucocorticoid insufﬁciency (30–32), suggesting a minor CYP17
hydroxylase inhibition. Accordingly, to ameliorate associated
AEs, the addition of the glucocorticoid mimetic dexamethasone
to seviteronel is currently being investigated in ongoing prostate
and breast cancer studies.
Even though this was primarily a safety and tolerability study,
preliminary activity of oral, once-daily, seviteronel was demonstrated in this study with most subjects experiencing a PSA decline
and demonstrating radiographic stable disease. Although a formal MTD was not reached in this phase I study, it did appear that
the maximum effect of seviteronel on PSA decline was at 750 mg
once daily, but signiﬁcant PSA declines (PSA decline  30%) were
also observed in subjects enrolled at 600 mg once daily.
Combined time to radiographic progression across all
cohorts was 106 days, with over half of the subjects enrolled
having prior exposure to AA and/or enzalutamide. Overall
duration of treatment, as a surrogate of PFS, was 107 days in
the 750 mg once-daily cohort where approximately 80%
enrolled had prior exposure to AA, enzalutamide, or both. This
is favorable to the treatment duration observed with sequential
AA/enzalutamide or enzalutamide/AA where the second intervention is typically shorter than seen with seviteronel (33–36).
A limitation of this study is that duration of use and best
response to prior AA and/or enzalutamide were not collected.
These data should be collected in future studies to better
understand impact on response to seviteronel.
In conclusion, once-daily seviteronel is generally well tolerated
and has activity in men with CRPC, regardless of prior exposure to

AA and/or enzalutamide. Although both 600 mg and 750 mg
once daily were considered acceptable as phase II doses for men,
ultimately, 600 mg once daily was chosen as the recommended
phase II dose for future studies in subjects with CRPC based upon
fewer AE-related dose modiﬁcations compared with 750 mg once
daily. Given that doses below 600 mg once daily were not
explored in this study, future examination of lower doses may
be warranted. With its dual mechanism of action and CYP17 lyase
selectivity, seviteronel may provide a new treatment option for
men with CRPC who have progressed on other AR-targeted
agents. Seviteronel is currently being explored in several phase
II clinical studies of men with CRPC who are resistant to current
antihormonal therapies (NCT02130700, NCT02445976, and
NCT02012920), as well as for women and men with breast cancer
(NCT02580448).
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