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Abstract

Introduction Antiprogestins have demonstrated promising activity against breast and gynecological cancers, but liver-related
safety concerns limited the advancement of this therapeutic class. Onapristone is a full progesterone receptor antagonist
originally developed as an oral contraceptive and later evaluated in phase II studies for metastatic breast cancer. Because
of liver enzyme elevations identified during clinical studies, further development was halted. Evaluation of antiprogestin
pharmacology and pharmacokinetic data suggested that liver enzyme elevations might be related to off-target or metabolic
effects associated with clinical drug exposure.

Objective We explored whether the use of a pharmaceutic strategy targeting efficacious systemic dose concentrations, but
with diminished peak serum concentrations and/or total drug exposure would mitigate hepatotoxicity. Twice-daily dosing of an
extended-release formulation of onapristone was developed and clinically evaluated in light of renewed interest in antiprogestin
therapy for treating progesterone receptor-positive breast and gynecologic cancers. The hepatotoxic potential of extended-release
onapristone was assessed from two phase I-1II studies involving patients with breast, ovarian, endometrial, and prostate cancer.
Results Among the 88 patients in two phase I-II studies in progesterone receptor-positive malignancies treated with
extended-release onapristone, elevated alanine aminotransferase/aspartate aminotransferase levels were found in 20% of
patients with liver metastases compared with 6.3% without metastases. Of five patients with grade 3 or higher alanine ami-
notransferase elevations with or without bilirubin elevations (four with breast cancer and one with endometrial cancer), four
were assessed as unrelated to extended-release onapristone by the safety data review committee. Furthermore, while the fifth
patient’s liver enzyme elevations were considered possibly drug related by the study investigator, they were adjudicated as
unlikely to be related (< 25% likelihood) by a subsequent independent hepatologist.

Conclusions These results suggest that the extended-release formulation by reducing drug exposure may be associated with
a reduced risk of hepatotoxicity, and supports the continued clinical evaluation of extended-release onapristone for treating
progesterone receptor-positive cancers.

1 Introduction

Antiprogestins were first developed in the 1980s as oral
contraceptives to block the maturation of the endometrium
and subsequent ovulation [1]. Development expanded into
oncology after it was learned that tamoxifen, an antiestrogen,
stimulated progesterone synthesis in patients with breast
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cancer [2]. Five antiprogestins (mifepristone, ulipristal, tela-
pristone, lonaprisan, and onapristone) were clinically evalu-
ated in gynecological and breast cancers [3-9]. In breast
cancer, clinical trials with mifepristone, lonapristone, and
onapristone demonstrated partial responses, with onapris-
tone showing the most robust clinical benefit [3—7, 9]. In
two phase I-II studies, onapristone exhibited a 56% overall
response rate and a 67% clinical benefit rate in patients with
locally advanced, hormone therapy-naive metastatic breast
cancer [4], and a 10% overall response rate and a 49% clini-
cal benefit rate [6] in metastatic tamoxifen-resistant patients.
The Robertson et al. and Jonat et al. studies indicated that
onapristone could have a clinically meaningful impact on
endocrine treatment of breast cancer. However, liver test
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Onapristone is a full progesterone receptor antagonist
that was originally developed as an oral contraceptive
and shown to have efficacy in breast cancer and other
malignancies.

Liver enzyme elevations led to a halt in its original
development program.

A review of antiprogestin pharmacology and pharma-
cokinetic data suggests that liver enzyme elevations
observed in clinical trials with onapristone might be
related to off-target effects associated with serum maxi-
mum plasma concentrations, which are mitigated by the
extended-release formulation.

abnormalities were seen in one-third of patients with hor-
mone therapy-naive metastatic breast cancer and, according
to Robertson et al., “One or more LFT [liver function test]
was elevated in the first 6 weeks of treatment and usually
declined thereafter at a steady rate” [4]. Schering stopped
development of onapristone, as well as recruitment into
Robertson et al.’s study after the 19th patient in 1995, even
though “Two-thirds of patients obtained a clinically relevant
tumour remission ...” [4].

Antiestrogens are extensively used in oncology to inhibit
estrogen receptor (ER) signaling. However, there are efficacy
limits with these drugs, and findings that progesterone recep-
tor (PR) activity modulates estrogen signaling in PR-positive
(PR+), ER-positive (ER+) breast cancers has led to renewed
interest in antiprogestins as therapies for breast and gyneco-
logic cancers [10—15]. Another factor driving renewed inter-
est in antiprogestins has been biomarker advances enabling
patients to be identified whose tumor genetics and PR target
gene signatures make them most likely to benefit from anti-
progestin therapy [16, 17]. Since onapristone demonstrated,
in breast cancer trials, the most promising clinical benefit
among clinical-stage antiprogestins, it was selected for a
reformulation program—with the hypothesis that altering
onapristone pharmacokinetic (PK) properties might result
in levels of efficacy seen in earlier cancer trials, but with a
possibly reduced risk for hepatotoxicity.

While there are many mechanisms of drug-induced
liver injury (DILI) [19, 20], as the human liver does not
express appreciable levels of PR [21, 22], the etiology of
onapristone-associated DILI may reflect drug metabolism
toxicity or the modulation of other signaling pathways. To
evaluate potential drug metabolism toxicity and support
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the re-introduction of onapristone into the clinic, ARNO
Therapeutics (IND subsequently transferred to Context
Therapeutics) synthesized onapristone under good manu-
facturing practice conditions and carried out a pre-IND
toxicology program. ARNO further performed a non-clin-
ical hepatic profile involving two in vitro and one in vivo
liver-focused non-clinical safety studies: (a) Hepatopac™
models for murine and human primary hepatocytes; (b) a
sandwich-cultured hepatocyte-based in vitro assay com-
monly used to identify compounds that might cause chol-
estasis; and (c) an evaluation of onapristone dosing in
mice with humanized livers. These non-clinical, in vitro
and in vivo, liver-focused toxicology studies found no
significant hepatotoxicities and no lethalities associated
with onapristone or its primary metabolite at dosing up to
50 puM, in vitro or up to 30 mg/kg in study animals dosed
for 32 days (Context Therapeutics, data on file). Results
of the pre-IND toxicology and non-clinical hepatic pro-
file did not suggest a hepatic safety signal. However, as
non-clinical studies cannot exclude hepatotoxicity in the
clinic, careful liver test monitoring practices for ONA-ER
were followed in the NCT02052128 and NCT02049190
studies and continue to be used in the NCT03909152
study.

The concept behind reformulating onapristone was to
attempt to achieve the efficacy seen in the previous phase
II studies of breast cancer [4, 6] while reducing the risk of
DILI. Off-target effects on hepatic glucocorticoid receptors
(GRs) are a plausible cause for hepatotoxicity seen in clini-
cal trials. Several lines of evidence support this hypothesis,
including: onapristone cross-reactivity with GR in liver
cytosol [23]; onapristone cross-reactivity with GR and other
steroid receptors closely related to PR in non-hepatic tissues
[24-27]; and the recent demonstration that a closely related
antiprogestin, ulipristal, specifically inhibits GR signal-
ing in human liver cells [28]. As onapristone binds to GRs
less efficiently than to PRs [24, 26, 27, 29], one strategic
goal for reducing off-target effects was to reduce maximum
concentration (C,,,,). Even if a mechanism apart from GR
cross-reactivity underlies or contributes to onapristone-asso-
ciated hepatotoxicity, reducing C,,,, can potentially reduce
hepatotoxicity.

Another goal of onapristone reformulation is to achieve
therapeutic efficacy levels seen in prior breast cancer stud-
ies [4, 6]. In this regard, two factors affect a reformulation
strategy. First, PRs require sustained suppression because
PR transcriptional complexes undergo rapid turnover [30,
31]. Second, the promising clinical benefits reported in ear-
lier breast cancer studies suggest that onapristone 100 mg
once daily (QD) achieves a minimum plasma concentration
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(Cpin) sufficient to achieve sustained PR suppression in at
least some patients [4, 6]. It is therefore desirable to achieve
a C,;, approximating the steady-state C,;, with oral dosing
at 100 mg QD. Various formulation strategies were evalu-
ated, and a 50-mg, BID (twice-daily), extended-release tab-
let (onapristone extended release; ONA-ER) was selected to
be the dosage form for the clinical evaluation of onapristone
in PR+ cancers.

To date, ONA-ER has advanced into two, completed
phase 1-2 studies in female subjects with PR+ endome-
trial breast or ovarian cancer (NCT02052128, Cottu et al.,
2018) [8] and in male subjects with PR+, castrate-resistant
prostate cancer (NCT02049190; Jayaram et al., 2017) [18],
while a further phase II basket study has recently been ini-
tiated in women with PR+ recurrent gynecologic cancer
(NCT03909152). In view of hepatotoxicity concerns from
earlier clinical studies with onapristone and to better under-
stand whether ONA-ER offers a suitable safety profile for
continued evaluation in breast and gynecological cancers,
we undertook a review of ONA-ER safety based on pooled
data from a total of 88 subjects from NCT02052128 [8] and
NCT02049190. [18].

2 Methods

To assess the hepatotoxic potential for ONA-ER in
humans, this study evaluated two clinical studies in which
ONA-ER was dosed between 10 and 50 mg BID for up to
60 weeks (NCT02052128, published as Cottu et al., 2018;
NCT02049190; clinical study records) [8]. Pharmacokinetic
parameters were compared between onapristone 100 mg
QD (dosed as four times onapristone 25-mg capsules) and
ONA-ER 50 mg BID within a dose-escalation component of
a phase I-II clinical study in female subjects with endome-
trial carcinoma, breast cancer, or ovarian cancer [8]. Blood
samples were collected at 0, 1, 2, 3, 4, 6, 8, and 12 h (before
next ONA-ER BID dose), and at 24 h (before next 100-mg
dose in capsules) post-drug dosing, as well as at hour 0 on
days 8, 29, and 57 (just before drug intake). No dose-limit-
ing toxicity was observed with repeated liver biochemical
tests in the phase I component of NCT02052128, which
defined a recommended phase II dose level of ONA-ER of
50 mg BID.

The PK dataset from this clinical study enabled a direct
comparison between C,,, and steady-state trough concen-
trations (C,;,_.,) onapristone 100 mg QD (capsular form)
and ONA-ER 50 mg BID. Figure 1 presents this com-
parison of the PK results. Figure 1 shows that dosing with
ONA-ER 50 mg BID resulted in the day 1 median C,,,,
more than two times lower than the day 1 median C,,, for
onapristone 100 mg QD, while at steady state (days 8, 29,
57), the median C, for both formulations were similar:

min-ss

1504 ng/mL vs 1835 ng/mL for onapristone 100 mg QD
vs ONA-ER 50 mg BID, respectively. The reduced day 1
C.ax Observed for ONA-ER 50 mg BID was associated
with a delayed median time to C,, of 2.5 h vs 1 h for
onapristone 100 mg QD, indicating a reduced absorp-
tion rate for the ER formulation. The C,, and C;, , for
plasma concentrations for onapristone 100 mg also exhib-
ited greater variability compared with ONA-ER. While
steady-state C,,,, concentrations were not available for a
direct comparison, given the C,;, i concentrations were
similar it can be reasonably assumed that steady-state C,,,,
concentrations for onapristone 100 mg will greatly exceed
the concentrations observed following administration of
ONA-ER 50 mg BID. With respect to the C,, and C;;,
the findings shown in Fig. 1 support the reformulation
thesis.

max

2.1 Clinical Safety Review

The databases of clinical trials AR18-CT-101
(NCTO02052128, published as Cottu et al. 2018) and AR18-
CT-102 (NCT02049190; clinical study records) were
reviewed and all subjects with either a hepatobiliary system
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Fig. 1 Onapristone (simple oral tablet) vs onapristone extended-
release (ER) pharmacokinetics on dosing day 1 and at steady state.
Onapristone 100 mg once daily (QD) [capsule form] and onapristone-
ER 50 mg twice daily (BID); day 1 maximum concentration (C,,,,)
and steady-state trough concentrations (Cp;, ). Day 1 Cp,, for
onapristone-ER 50 mg BID and onapristone 100 mg QD and C, ;.
measured on days 8, 29, and 57. The midline on the bars represents
the median, while the whiskers represent the individual C,;, and C,,,,
observed within each group. The box below the median represents the
second quartile (Q2), while the box above the median represents the

third quartile (Q3)
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organ class adverse event (AE) or elevation of any liver-
related laboratory tests including alanine aminotransferase
(ALT), aspartate aminotransferase (AST), bilirubin, gamma-
glutamyl transpeptidase (GGT), alkaline phosphatase (ALP),
or lactic dehydrogenase were selected for additional evalu-
ation [8].

The cumulative exposure to ONA-ER for all subjects
included in the AR18-CT-101 and AR18-CT-102 studies
was estimated from the clinical databases. For crossover
and dose escalation studies, the number of subjects who
received a given treatment in any included study period was
counted. The safety cohort, if available, and assigned treat-
ment cohorts were used to determine exposure in ongoing
studies; if the safety population was not available, all sub-
jects were included.

A review of pooled safety data of AR18-CT-101 and
AR18-CT-102 studies was also conducted to evaluate poten-
tial correlations between: the presentation of liver metas-
tases and liver enzyme abnormalities; the presentation of
bone metastases and liver enzyme abnormalities; and the
use of ONA-ER alone or in combination with abiraterone
(abiraterone acetate plus prednisone). The Common Termi-
nology Criteria for Adverse Events (version 5.0) was used to
grade the aminotransferase elevations that occurred during
the studies (Table 1).

3 Results

3.1 Evaluation of Liver Test Abnormalities Observed
in Phase | and Phase I-Il Studies

A total of 88 subjects have been dosed with ONA-ER
in two oncology studies: (a) in AR18-CT-101 (phase
[-1I; NCT02052128) and (b) AR18-CT-102 (phase I-II;
NCT02049190) (Table 2) [8, 18]. Drug-induced liver injury
remains a diagnosis of exclusion after evaluating for vari-
ous toxic, infectious, metabolic, and autoimmune causes of
liver injury [32]. The lack of a definitive laboratory or radio-
logic test and the presence of non-specific histopathological
findings can make DILI a challenging diagnosis [33]. For
this reason, and to monitor safety and tolerability, a safety
data review committee (DRC) was established, involving
five independent members (two oncologists, one pharma-
covigilance specialist [chair], one statistician, one clinical
pharmacologist), as well as the lead principal investigator.
Adverse events (AEs), including abnormal laboratory test
results, were collected until 30 days after the last onapristone
dose. Liver biochemical tests were monitored weekly for
the first 8 weeks, then every 2 weeks. The study protocols
and investigator brochure clearly stated that onapristone had
been associated with liver test abnormalities and provided

Table 1 Common Terminology

o Grade 1 Grade 2 Grade 3 Grade 4
Criteria for Adverse Events
version 5.0 grading system Bilirubin 0-1.5x ULN 1.5-3.0xX ULN 3.0-10x ULN >10xULN
AST/ALT 0-3.0x ULN 3.0-5.0xULN 5.0-20x ULN >20x ULN

ALT alanine aminotransferase, AST aspartate aminotransferase, ULN upper limit of normal

Table 2 Clinical trials in which

. . . Study
subjects received onapristone

Study title

Dosage and dosage subjects (1)

extended release (ONA-ER) NCT02052128 (AR18-CT-

101)?

NCT02049190 (AR18-CT-
102)°

Phase 1-2 Study of Onapristone in Patients
with Progesterone Receptor Expressing
Cancers

Phase 1-2 Study of Onapristone in Patients
with Advanced Castration-resistant Pros-
tate Cancer

Phase I

(a) ONA-ER BID: 10, 20, 30,
40, 50 mg (n=46)

(b) ONA 100 mg QD (n=6)

Phase 11

(a) ONA-ER BID 50 mg
(n=6)

(a) ONA-ER BID: 10, 20, 30,
40, 50 mg (n=21)

(b) ONA-ER 30 mg BID + abi-
raterone 1000 mg (n=5)°

(c) ONA-ER 50 mg BID + abi-
raterone 1000 mg (n=10)¢

BID twice daily, OD once daily

“Phase I of NCT02052128 (AR18-CT-101) was published as Cottu et al. [9]

®All subjects had histologically confirmed adenocarcinoma of the prostate that had progressed on abirater-
one or enzalutamide. NCT02049190 was published as Jayaram et al. [18]

¢ Abiraterone acetate 1000 mg QD was dosed with prednisone 5 mg BID

A\ Adis



Onapristone Extended Release: Hepatic Safety Evaluation

1049

extensive dose-limiting toxicity rules, DRC decision-making
instructions, and dose interruption and reduction guidelines
in the case of significant liver test elevations.

3.2 Demographics and Other Characteristics
of the Pooled Study Population

A total of 88 subjects were included in the ONA-ER for-
mulation pooled safety analysis. Subject demographics are
given in Table 3.

3.3 Adverse Events in the Pooled Study Population

3.3.1 Overall Onapristone Extended Release
(ONA-ER)-Related Treatment-Associated Adverse
Events

Fifty-four subjects (61.4%) of the total ONA-ER safety set
(n=288) experienced any drug-related AE. Adverse events
were generally consistent across all defined groups. Higher
incidences of AEs were observed in subjects who received
abiraterone (66.7%), and those with liver metastases from
breast cancer (76.2%).

All liver-related treatment-emergent AEs are summarized
in Table 4. Among subjects with known liver metastases,
20% had raised ALT and AST, compared with 6.3% of sub-
jects without liver metastases, as shown in Table 4.

Increased total serum bilirubin levels were seen in
three subjects, two of whom had liver metastases, and in
a third subject who had Gilbert syndrome. Increased blood
ALP was observed in 20% of subjects with known liver

Table 3 Subject demographics of the onapristone extended release
(ONA-ER) pooled safety analysis (n=88)

Demographic n (%)
Female 52 (59.1)
Male 36 (40.9)
Age, median (range) 68.0 (36-89)
> 65 years 61 (69.3)
Ethnicity
African ancestry 0 (0)
Asian 0 (0)
Caucasian 87 (98.9)
Unknown 1(0.9)
Tumor type
Endometrial/uterine 19 (21.5)
Ovarian 12 (13.6)
Breast 21 (23.9)
Prostate 36 (41.0)
Metastases
Liver 25 (28.4)
Bone 42 (47.7)
Treatment
ONA-ER 73 (83.0)
ONA-ER+ abiraterone 15 (17.0)

metastases, compared with 1.6% of subjects not known to
have liver metastases. Alkaline phosphatase may also be a
byproduct of bone metastases [34, 35]. Gamma-glutamyl
transferase was increased relative to baseline in 32.0% of
subjects with liver metastases and in 23.8% of subjects with

Table 4 Liver-related onapristone extended-release treatment-emergent adverse events (TEAEs) [all grades] in the safety dataset (n=_88)

Overall (AR18- Without With abira- Without With liver  Without With bone
CT-101+AR18- abiraterone/ terone/pred-  liver metas- metastases bone metas- metastases
CT-102) prednisone nisone tases tases
TEAE (N=88) (N=173) (N=15) (N=63) (N=25) (N=46) (N=42)
n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Hepatobiliary disorders 1(1.1) 1(1.4) 0(0.0) 1(1.6) 0(0.0) 0(0.0) 124
Hepatocellular injury 1(1.1) 1(1.4) 0(0.0) 1(1.6) 0(0.0) 0(0.0) 1(24)
ALT increased 9(10.2) 8 (11.0) 1(6.7) 4(6.3) 5(20.0) 3(6.5) 6 (14.3)
AST increased 11 (12.5) 11 (15.1) 0(0.0) 6(9.5) 5 (20.0) 3(6.5) 8 (19.0)
Blood bilirubin increased 334 34.0) 0(0.0) 1(1.6) 2 (8.0) 1(2.2) 2 (4.8)
Conjugated bilirubin increased 2 (2.3) 1(1.4) 1(6.7) 2(3.2) 0(0.0) 2(4.3) 0(0.0)
Blood ALP increased 6 (6.8) 5(6.8) 1(6.7) 1(1.6) 5 (20.0) 1(2.2) 5(11.9)
GGT increased 14 (15.9) 13 (17.8) 1(6.7) 6(9.5) 8(32.0) 4 (8.7) 10 (23.8)

Safety population=all subjects who receive at least one dose of onapristone. N=number of subjects in the safety population and subgroup.
n=number of subjects with an event. Related adverse events=related to onapristone for AR18-CT-101 and AR18-CT-102 or abiraterone/pred-

nisone for AR18-CT-102. Studies: AR18-CT-101 and AR18-CT-102

ALP alkaline phosphatase, ALT alanine aminotransferase, AST aspartate aminotransferase, GGT gamma-glutamyl transpeptidase
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bone metastases, compared with approximately 9.0% of sub-
jects without bone or liver metastases. It is hypothesized that
GGT may be overexpressed in certain tumor cells, and may
play a role in tumor progression [36, 37]. Gamma-glutamyl
transferase and ALP were increased relative to baseline in
five subjects (7.9%) with liver and bone metastases and one
subject (4.0%) who had no liver or bone metastases. Concur-
rent GGT and ALP elevations were low grade and mainly
associated with metastases.

3.3.2 ONA-ER-Related Treatment-Emergent Adverse Events
and Liver Metastases

Subjects with known liver or bone metastases experi-
enced the majority of grade 3 or 4 liver test abnormalities
(Table 5). The clinical significance of GGT elevation in
the setting of advanced cancer is not clear, although as
noted above, there is a suggestion that certain tumor cells
may overexpress GGT, and that GGT may play a role in
tumor progression [36, 37]. There were no subjects who
had concurrent GGT and ALP grade 3 or higher treat-
ment-emergent AEs. Importantly, no patient developed
concurrent ALT more than three times the upper limit of
normal and total bilirubin more than two times the upper
limit of normal, with or without an elevation in alkaline
phosphatase.

3.4 Hepatic Safety Events in Clinical Trials
of ONA-ER

3.4.1 Phase |-l Study in Female Subjects
with Progesterone Receptor-Expressing Cancers
(Study AR18-CT-101; NCT02052128; Cottu et al. 2018;
Context Therapeutics, Study on File)

ARI18-CT-101 (NCT02052128) was a phase I-II study of
female subjects (n =58, n=52 received ONA-ER) with
PR-expressing cancers [8]. Five subjects, four with breast
cancer and one with endometrial cancer, developed signifi-
cant elevations in liver tests and serum bilirubin suggesting
cholestatic injury. All four subjects with breast cancer had
grade 3 liver test elevations in conjunction with rapid disease
progression (Table 6). Although site investigators reported
each case as possibly related to onapristone, a subsequent
DRC review judged them to be unrelated to onapristone and,
therefore, not dose-limiting toxicities.

Two subjects (0003-0002 and 0014-0005) underwent
a dose reduction or interruption because of elevated liver
enzymes. For subject 0003-0002, review of the pharma-
covigilance CIOMS I form for this subject revealed that the
liver disease was obstructing the biliary duct and was treated
with a biliary drain/stent 2 days after stopping ONA-ER.
This explains the causation and the immediate resolution
of liver enzyme events. For subject 0014-0005, at the day
29 visit, the subject complained of mild abdominal pain,

Table 5 Liver-related onapristone extended release (ONA-ER) grade 3-4 treatment-emergent adverse events (TEAEs) in the safety dataset

(n=288)
Overall (AR- Without abiraterone With abiraterone Without With liver Without With bone
18-CT101 + AR18- liver metas- metastases bone metas- metastases
CT102) tases tases
TEAE (N=838) (N=73) (N=15) (N=63) (N=25) (N=46) (N=42)
n (%) n (%) n (%) n (%) n (%) n (%) n (%)
ALT increased 1(1.1) 1(1.4) 0(0.0) 0(0.0) 1(4.0) 0(0.0) 1(24)
AST increased 4.(4.5) 4(5.5) 0(0.0) 1(1.6) 3(12.0) 2(4.3) 2(4.8)
Blood ALP increased 334 34.1) 0(0.0) 0(0.0) 3(12.0) 0(0.0) 3(7.1)
Blood bilirubin increased 2(2.3) 2(2.7) 0(0.0) 0(0.0) 2 (8.0) 0(0.0) 2(4.8)
GGT increased 9(10.2) 8 (11.0) 1(6.7) 3(4.8) 6 (24.0) 4(8.7) 5(11.9)
ALT > 3 x and biliru- 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
bin>2x ULN
ALT > 3 X and biliru- 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

bin>2 X with ALP>2 X

Safety population=all subjects who received at least one dose of ONA-ER in clinical studies: AR18-CT-101 and AR18-CT-102. ONA-ER
related adverse events=(a) related to ONA-ER for AR18-CT-101 and AR18-CT-102 or (b) ONA-ER plus abiraterone/prednisone for AR18-
CT-102. N=number of subjects in the safety population or the sub-group of the safety population (e.g., N=73 subjects who were not treated

with abiraterone). n number of subjects with an event

ALP alkaline phosphatase, ALT alanine aminotransferase, AST aspartate aminotransferase, GGT gamma-glutamyl transpeptidase, ULN upper

limit of normal
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Table 6 IND hepatic safety reports in subjects with breast cancer (AR18-CT-101)

Age, years Event CTCAE DRC causality determination Action taken Outcome®

grade

63 Bilirubin increase 3 Unrelated; due to bile duct obstruction from liver metastases Drug discontinued Improved
requiring biliary stenting

57 Bilirubin increased 3 Unrelated; due to progressive liver and bone metastases NA? Not resolved

60 AST/ALT increased 3 Unrelated; due to progression of disease with malignant ascites ~ NA?* Resolved
and pleural effusion that later improved with start of gemcit-
abine and eribulin

42 AST increased 3 Unrelated; due to progressive liver metastases NA® Not resolved

ALT alanine aminotransferase, AST aspartate aminotransferase, CTCAE Common Terminology Criteria for Adverse Events, version 4.03, DRC
data review committee, NA not applicable, TESAE treatment-emergent serious adverse event

#No action taken because ONA-ER was already discontinued for progressive disease

®Outcome as per TESAE site report—does not necessarily represent final clinical study report
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Fig.2 Subject 0014-0005 graphical profile. Safety population=all
subjects who received at least one dose of onapristone. Collection
day is calculated relative to the date of randomization (day 1). Ala-
nine transaminase (ALT), aspartate transaminase (AST), alkaline
phosphatase (ALP), and gamma-glutamyl transpeptidase (GGT) are

and liver enzyme tests identified non-serious elevations of
GGT and ALP. Both ONA-ER and the only concomitant
medication, tranexamic acid, were stopped temporarily until
the values regressed. Gamma-glutamyl transpeptidase and
ALP levels returned to baseline by day 43; and then both
ONA-ER, at a one-level dose reduction (37.5 mg BID), and
tranexamic acid were restarted. All liver tests were within
the normal range by day 85 despite continuation of treatment
with ONA-ER and tranexamic acid. Figure 2 illustrates the

plotted relative to the left axis (IU/L) and total bilirubin (TBILI) and
direct bilirubin (DBILI) are plotted relative to the right axis (pmol/L).
For each parameter, reference lines for one times the upper limit of
normal are provided

time course of liver tests for subject 0014-0005. Although
the work-up for other causes was limited, an independent
assessment of this case by a hepatologist (J.H.L.) concluded
that this hepatic event was unlikely to be related to ONA-ER
(<25% probability based on the US Drug-Induced Liver
Injury Network scoring system) [38] largely due to the nega-
tive re-challenge response to ONA-ER that was continued
without further incident.
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3.4.2 Phase |-l Study in Male Subjects
with Castrate-Resistant Prostate Cancer (Study
AR18-CT-102; NCT02049190)

The clinical study AR18-CT-102 (NCT02049190) was a
phase I-II study in male subjects (n=36) with castration-
resistant prostate cancer, in which all subjects had histologi-
cally confirmed adenocarcinoma of the prostate that had pro-
gressed on abiraterone or enzalutamide [18]. Subjects were
divided among seven treatment cohorts who were dosed
with: ONA-ER BID: 10, 20, 30, 40, or 50 mg; ONA-ER
30 mg BID plus abiraterone (abiraterone acetate 1000 mg
plus prednisone 5 mg BID); or ONA-ER 50 mg BID plus
abiraterone. There were no serious AEs related to liver bio-
chemistry tests, including 15 subjects who received abirater-
one in combination with ONA-ER. This is a relevant obser-
vation because abiraterone has been reported to cause liver
toxicity in its own right [39, 40]. None of the subjects had
significant liver metastases. There were no deaths related
to ONA-ER or deaths due to liver-related AEs in this study.

4 Discussion

Onapristone is a unique full PR antagonist that prevents
PR activation and consequent PR-induced transcription
[41, 42]. The non-clinical efficacy of onapristone has been
documented in multiple preclinical tumor models as a single
agent, as well as in combination with anti-estrogens [43, 44].
The clinical efficacy of onapristone has been demonstrated
in multiple clinical trials in subjects with breast, ovarian,
or endometrial cancers [4, 6, 8]. Compared to subjects with
breast cancer treated with other antiprogestins (mifepristone,
lonapristone), onapristone showed the most robust clinical
benefit [3, 5, 7, 9]. These findings indicated that onapris-
tone could have a clinically meaningful impact on endocrine
treatment of breast cancer. However, concerns around DILI
led to onapristone development being discontinued by the
original sponsor [4].

A renewed interest in antiprogestin therapy for PR+
tumors stems from findings that PR activity governs estrogen
signaling in ER+, PR+ breast cancers by regulating chroma-
tin binding of ERalpha and modulating the bioavailability
of RNA polymerase III-transcribed transfer RNA molecules
needed for tumor growth [12-14, 45]. This is clinically
important because two-thirds, or more, of all ER+ breast
cancers are also positive for PR [10, 11]. While selective
ER modulators are routinely used in therapy for PR+ breast
cancer, a need for safe and effective antiprogestins remains a
therapeutic goal. [10, 11, 15] As off-target onapristone activ-
ity may contribute to clinically observed hepatotoxic AEs,
and because onapristone more efficiently binds to PRs than
GRs [24, 26, 27, 29], a strategy to attempt to minimize liver

A\ Adis

test elevations was developed based on reducing C, ., while
maintaining C,;, at a level approximating the C,; achieved
with onapristone 100 mg QD (see Fig. 1). An extended-
release tablet (ONA-ER) was selected for clinical evaluation.
As reported above, ONA-ER 50 mg BID appears to achieve
the PK goals of the re-formulation program. Typical pre-
IND toxicology studies preliminary to the IND review, as
well as a non-clinical hepatic profile found no hepatotoxicity
signals or lethalities, a result that enabled new clinical stud-
ies, AR18-CT-101 (NCT02052128) [8] and AR18-CT-102
(NCT02049190) [18], to be initiated.

Out of 88 subjects in clinical studies AR18-CT-101
(NCT02052128) and AR18-CT-102 (NCT02049190), five
subjects (four with breast cancer and one with endometrial
cancer) developed significant elevations in liver tests and
serum bilirubin suggesting cholestatic injury. However, the
role of progressive malignant disease with liver metastases
was considered, by the DRC, a more likely cause in all four
of the subjects with breast cancer. In the case of the acute
elevation of ALP and GGT from elevated baseline values in
a subject with endometrial cancer with lymph node metas-
tases (see Fig. 2), an independent causality assessment by a
hepatologist (J.H.L.), presented above, suggested that ONA-
ER was unlikely to be the cause (<25% likelihood), based,
especially, the fact that ONA-ER was resumed without inci-
dent at a lower dose, representing a negative re-challenge.
Even if the liver test elevations were due to ONA-ER, the
case suggests that such elevations can be managed by dose
interruption and reduction, as currently recommended in the
ONA-ER investigator brochure.

Overall, 54 subjects (61.0%) experienced any ONA-ER-
related AE. In terms of liver-related treatment-emergent
AEs, ALT and AST elevations occurred in 20.0% of subjects
with known liver metastases, compared with 6.0% (ALT)
and 9.5% (AST) of subjects without known liver metastases.
The only grade 3—4 ALT elevation, and three out of four
grade 3—4 AST elevations, occurred in subjects with liver
metastases. Gamma-glutamyl transpeptidase elevation has
low specificity for liver disease, thus the significance of 9.0%
of subjects with grade 3—4 elevations is not clear.

Although no clinical signal of significant hepatotoxicity
is manifest in the current liver safety database, it cannot be
ruled out because of the relatively small total number of
patients and the high prevalence of liver metastases. Thus,
careful liver test monitoring is proposed for the planned
larger phase II-III studies. It is recommended that grade
3 AST, ALT, or bilirubin elevation be managed by study
drug interruption, then re-starting at a lower dose once the
values resolve to grade 1 or less (ONA-ER investigator’s
brochure). This should be adequate to assure subject safety
and to characterize the hepatic safety profile of ONA-ER.
The risk/benefit assessment in oncology trials is substan-
tially different from many other therapeutic areas such as
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contraception, the original focus of onapristone discovery.
Thus, liver test elevations observed in the oncology devel-
opment program, if observed in future studies and managed
appropriately, should not preclude the continued develop-
ment of ONA-ER for patients with PR+ cancers.

5 Conclusions

Onapristone extended release is a newer formulation of this
unique PR antagonist that holds promise in the management
of PR+ breast and gynecological conditions. Onapristone
extended release 50 mg BID is projected to provide phar-
macologic suppression of the PR at doses that should result

in lower C,,,,, compared with previous clinical experience

with onapristone 100 mg QD. As larger numbers of trial sub-
jects are treated with ONA-ER, it can be better determined if
ONA-ER results in a diminished risk for toxicities, including
hepatotoxicity. To date, no clinical trial subject receiving
ONA-ER has developed liver test elevations meeting Hy’s
Law criteria [33] or other clinically significant hepatic injury
considered to be drug related. The risk/benefit assessment in
oncology is substantially different from many other thera-
peutic areas, and thus the elevated liver tests observed in
the oncology development program, if observed in future
studies but managed appropriately, should not preclude the
continued development of ONA-ER.
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