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AIMS
Preterm birth remains a significant risk for later disability. The selective inhibition of the prostaglandin F2α receptor has significant
advantages for a tocolytic. The prodrug OBE022 and its metabolite OBE002 are novel prostaglandin F2α receptor antagonists
under development for treating preterm labour.

METHODS
We performed a prospective, first in human, Phase I, dose escalation, placebo-controlled, randomized trial at a clinical trial site in
the UK. Placebo, single ascending doses of 10, 30, 100, 300, 1000 or 1300 mg, and multiple ascending doses over 7 days of 100,
300 or 1000 mg day–1; were administered to postmenopausal female volunteers. Food interaction was additionally evaluated.

RESULTS
Subjects tolerated OBE022 well at all single and multiple doses. No clinically relevant changes in safety parameters were shown
and there were no serious adverse events. Observations showed that prodrug OBE022 was readily absorbed and rapidly
converted into its equally active stable metabolite OBE002. The plasma level of OBE002 rose with increasing doses, reaching
exposure levels that were anticipated to be clinically relevant within 1 h following administration. There was no clinically
significant food interaction, with peak exposures reduced to 80% and area under the curve staying bioequivalent. The mean half-
life of OBE002 ranged between 8 and 11 h following administration of a single dose and 22–29 h after multiple doses.

CONCLUSIONS
Administration of OBE022 was safe and had favourable pharmacokinetic characteristics and no clinically relevant interaction with
food. Our results allow further investigation of OBE022 in preterm labour patients.
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Preterm birth remains the major cause of perinatal mortality and morbidity.
• OBE022 is a novel, oral prostaglandin F2α receptor antagonist under development for treating preterm labour. It acts by
specifically antagonizing myometrial prostaglandin F receptors.

• In human myometrial strips, OBE022 reduces the strength and duration of contractions induced by either prostaglandin
F2α or oxytocin.

• OBE022 is being developed to reduce uterine contractions without the risk of serious fetal complications observed with
nonspecific prostaglandin inhibitors.

WHAT THIS STUDY ADDS
• OBE022 was well tolerated in this first-in-human trial in healthy women at single (10–1300mg) andmultiple doses (100–
1000 mg day–1) allowing subsequent evaluation of OBE022 in preterm labour patients.

• Exposures to the prodrug OBE022 and its active stable metabolite OBE002 increased with dose and half-life was compat-
ible with once daily dosing.

Introduction
Preterm birth remains the major cause of perinatal mortality
and morbidity. Global figures indicate that 5.9 million chil-
dren aged <5 years died in 2015; 2.7 million of these deaths
occurred during the neonatal period, with preterm birth com-
plications being the leading cause [1]. Neonates who survive
have a high risk of immaturity of multiple organ systems
and neurodevelopmental disorders [2]. Overall, prematurity,
particularly birth before 28 weeks, places a heavy burden on
healthcare and society [3, 4].

Term and preterm labour are similar processes, sharing
common physiological endpoints characterized by uterine
contractions, cervical dilation and activation of the fetal
membranes, the differences being the gestational age at
which they occur and the mechanisms through which they
are initiated [5]. Prostaglandins appear to play a key role in
the initiation of parturition. In uterine tissues, prostaglan-
dins E2 and F2α (PGF2α) have been shown to exert cervical
changes and elicit uterine contractility, two key events in
the physiology of parturition [6, 7]. Prostaglandin F2α acts
via its receptor, FP, to promotemyometrial contractility. Acti-
vation of the FP receptor in the human myometrium by
PGF2α results in the elevation of intracellular calcium concen-
tration, which, in turn, leads to contraction of the uterine
smooth cell muscle. The FP receptor is upregulated in uterine
tissues towards term [8]. Inhibition of prostaglandin forma-
tion with cyclooxygenase inhibitors such as indomethacin
appear to suppress premature labour; however, the associated
safety concerns preclude use beyond short-term exposure or
use at all before 32 weeks [9]. Antagonism of the PGF2α recep-
tor reduces inflammation, decreases uterine contractions and
prevents membrane ruptures and cervical changes, which are
key features of preterm labour resulting in preterm birth.

OBE002 is a potent and selective, first-in-class, PGF2α re-
ceptor antagonist that is administered as the orally active,
small molecule prodrug OBE022, and is being developed for
the treatment of preterm labour and to prevent preterm deliv-
ery in pregnant women. Tocolytic activity has been con-
firmed previously with other PGF2α receptor antagonists in
rats, mice and sheep [10, 11]. This early phase trial investi-
gated the safety, tolerability and pharmacokinetics (PK) of
OBE022 in healthy postmenopausal female subjects

following the administration of single and multiple ascend-
ing doses.

Methods

Trial population
The trial enrolled healthy postmenopausal female subjects
aged 50–65 years, with a body mass index (BMI) of
18–32 kg m–2. Subjects were in good health based on physical
examination, vital signs, laboratory parameters and 12-lead
electrocardiography (ECG).

Subjects with a history of clinically significant physical or
psychiatric disease or with any abnormalities that may have
interfered the interpretation of trial data were excluded. Sub-
jects were also excluded if they had used prescription or over-
the-counter medicines or any potent inhibitors or inducers of
cytochrome P450 enzymes within 2 weeks of first trial drug
administration. Subjects who had been using hormone re-
placement therapy were eligible for the trial after a sufficient
wash-out period, and concomitant medications for the treat-
ment of common minor illnesses such as flu-like symptoms
were permitted within protocol-defined limits. Caffeine or to-
bacco consumption was not permitted within 48 h and
3 months prior to the first study drug administration
respectively.

All subjects provided written informed consent and the
trial was approved by the Medicines and Healthcare products
Regulatory Agency and a Research Ethics Committee (South
Central-Berkshire B, UK) and performed in accordance with
the guidelines established by the Declaration of Helsinki
and the International Conference on Harmonization Good
Clinical Practice guidelines.

Trial design
This was a Phase 1, randomized, double-blind, placebo-
controlled trial, which included the assessment of safety,
tolerability and the PK of single (SAD) andmultiple (MAD) as-
cending doses of OBE022 (prodrug), with and without food,
in healthy postmenopausal women. The trial was conducted
at Richmond Pharmacology Ltd. (London, UK). The trial
parts discussed in this manuscript were performed between
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July and November 2016. The trial used an adaptive inte-
grated design where various aspects of the trial could be
adapted within protocol-defined boundaries, and consecu-
tive trial parts could be triggered once the relevant emerging
data became available.

The starting dose of the SAD part and a PK plasma expo-
sure limit for the trial were set in the protocol, based on non-
clinical data. All other dosing regimens were adaptive and
selected during the study, using emerging human data. The
protocols contained rules stating the minimum safety, tolera-
bility and PK data required to make decisions to escalate
within the SAD and MAD parts and to progress from the
SAD to the MAD part of the trial.

A decision to escalate doses in the SAD required a mini-
mum of 48 h postdose safety and 24 h PK data from a mini-
mum of three (of four) subjects who had received the
prodrug from the cohort with the next lower exposure level.
Similar rules applied to dose escalation in the MAD part.

To decide on the first MAD – when progressing from SAD
to MAD – the safety review committee needed to review min-
imum data from a SAD level that was determined as relevant
for this decision. The relevant dose level was defined as a dose
that demonstrated acceptable safety/tolerability at a mean
exposure that was not anticipated to be exceeded by the first
dosing regimen in the combined MAD/food effect part, tak-
ing into account dose proportionality, potential accumula-
tion and a potential food effect increasing exposures up to
3-fold.

The PK exposure limits for maximum plasma concentra-
tion (Cmax) of 818 ng ml–1 and area under the curve (AUC)
of 9329 ng h ml–1 were based on the no observed adverse
event level of 180 mg kg–1 day–1 in the dog.

An SRC meeting occurred after each cohort. The SRC en-
sured that the minimum data requirements had been met
and that the data had been reviewed prior to selecting the
next dosing regimen(s). It also decided whether any other
adaptive options were to be implemented.

The publication of this trial adheres to the Consoli-
dated Standards of Reporting Trials (CONSORT) 2010 state-
ment [12].

Determination of the starting dose and PK
plasma exposure limit
The Investigational Medicinal Product’s (IMP) maximum rec-
ommended human starting dose (MRSD) and the PK expo-
sure limit for this first-in-human trial were set based on
nonclinical data, applying the recommendations of the Euro-
pean Medicines Agency guidelines [13], the US Food and
Drug Administration (FDA) algorithm [14] and using the
IMP’s anticipated therapeutic dose (ATD) range.

The MRSD of the prodrug and OBE002 were based on the
no observed adverse-event level of 180 mg kg–1 day–1 in the
dog – the most sensitive and relevant species – and its human
equivalent dose of 100mg kg–1 day–1. A standard safety factor
of 10 was then applied and the calculation also accounted for
potential differences in bioavailability and saturation of ab-
sorption between dogs and humans by applying additional
safety factors, leading to an overall safety factor of 60. In com-
bination with an assumed standard weight of 60 kg for
healthy women, the MRSD arrived at 100 mg.

The human ATD was estimated to be between 23 and
240 mg OBE022 (prodrug). The estimation accounted for dif-
ferences in receptor affinity between rats and humans when
applying the pharmacology model in rats to the calculation
of effective doses in humans. It also accounted for differences
between nonpregnant and pregnant status, estimated human
clearance and assumed once daily oral dosing with a bioavail-
ability of 20%.

It is recommended that starting doses in first-in-human
trials should have minimal or no pharmacological activity.
Therefore, based on the ATD range and supported by the
MRSD, a starting dose of 10 mg was selected.

Part A: SADs
An alternate cohort design was used. Testing of six dose levels
in two cohorts was planned, enrolling a total of 12 postmen-
opausal females. Each cohort was scheduled to participate in
three ascending dose treatment periods separated by a wash-
out, during which the alternate cohort received their doses.
In each cohort subjects were randomly assigned to receive
single, ascending doses of the IMP in two of the treatment pe-
riods and placebo in the remaining period. An adaptive de-
sign option was implemented introducing a fourth
(separately randomized) period for Cohort 1 to gather more
PK data on a dose level previously tested in Cohort 2.

Subjects were screened within 21 days before dosing. Sub-
jects attended the clinical pharmacology unit (CPU) the day
before dosing (Day –1). In each treatment period, dosing took
place on Day 1 and subjects remained in the CPU until Day 3.
Subjects attended outpatient visits on Days 4–7 and a follow-
up visit 14 ± 3 days after the last dose. During each period,
four subjects in Cohorts 1 and 2 were randomized to receive
a single dose of prodrug OBE022 (Cohort 1: 10, 100, 1000,
1300 mg; Cohort 2: 30, 300, 1300 mg), and two subjects re-
ceived a single dose of matching placebo. All subjects fasted
for at least 10 h predose and 4 h postdose. Venous blood sam-
ples were collected for PK analysis predose and 0.25, 0.5, 0.75,
1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 7, 8, 12, 16, 24, 36, 48, 72, 96, 120
and 144 h postdose.

Part B: MADs
Three ascending dose levels of prodrug in three cohorts of
eight subjects were planned (six randomized to receive active
and two to matching placebo). An assessment of the effect of
food on the PK properties of the prodrug and OBE002 was in-
tegrated. Six subjects in Cohorts 1 and 2 and five subjects in
Cohort 3 received multiple doses of prodrug (100, 300 or
1000 mg respectively); two subjects in each cohort received
matching placebo. Doses were administered once daily: in
the fed condition on Day 1, and in the fasted condition from
Day 3 to Day 9.

Subjects were screened within 21 days and attended the
CPU on the day before the first dosing (Day –1) where they
remained until Day 11. They returned for outpatient visits
on Days 12–15 and attended a follow-up visit 14 ± 3 days after
their last dose.

The PK profile of the prodrug and OBE002 under fed
condition was investigated on Day 1, when subjects ate a US
FDA-recommended high-fat breakfast [15] starting 30 mi-
nutes before dosing. The PK profile of the prodrug and
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OBE002 under fasting conditions was investigated on Days 3
and 9, when subjects had been fasting for at least 10 h predose
to 4 h postdose. On Days 4–8, breakfast was served 1 h after
dosing. Blood samples were collected for PK analysis predose
on Day 1 and Days 3–9. Samples were also collected at 0.25,
0.5, 0.75, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 7, 8, 12, 16 and 24 h
postdose on Day 1 (fed) and Days 3 and 9 (fasted), with addi-
tional samples taken at 48, 72, 96, 120 and 144 h post-last
dose (Day 9) on Days 10 to 15.

PK analysis
Blood samples for PK analysis were collected at each time
point into NaF tubes and centrifuged for 10 minutes
(≤1300 g, +5–10°C). The plasma supernatant was transferred
to microtubes and snap-frozen on dry ice. Samples were
stored at –80°C until analysis.

Concentrations of prodrug and OBE002 in plasma were
measured by SGS Cephac (Saint-Benoît, France) using a vali-
dated liquid chromatography/tandem mass spectrometry
method with a liquid–liquid extraction. The assay’s lowest
quantifiable concentration was 0.1 ng ml–1 for both OBE002
and prodrug and the method was validated on 0.1 ml of
plasma samples for OBE002 and prodrug over the range
0.100 to 100 ng ml–1. Samples below the lower limit of quan-
tification (LLOQ) prior to the first quantifiable concentration
were set to zero. Samples with concentrations below LLOQ in
the terminal phase (after the last quantifiable sample) were
omitted from the analysis. Samples with concentrations
above the limit of quantification were diluted and reanalysed.
A dilution factor of 1/20 has been validated. Validation proce-
dures were based on those outlined in the Guideline on
Bioanalytical Method Validation (European Medicines Agency)
[16] and Bioanalytical Method Validation (FDA) [17].

Chromatographic separation was performed through an
Ascentis Express C8 (2.1 × 50 mm, 2.7 μm; Sigma–Aldrich,
France) analytical column at 50°C at a flow rate of
0.6 ml min–1. The mobile phases were formic acid (0.1%) in
water (A) and formic acid (0.1%) in acetonitrile (B) for which
the elution gradient varied between 30% and 70%. Detection
and quantitation were performed using a triple quadrupole
mass spectrometer detector (ABSciex, Toronto, Canada).
Quantitation was performed using the following transitions
m/z 600.3 → 483.1 and m/z 501.3 → 349.1 for prodrug and
OBE002, respectively.

The assay provided accurate and reproducible results
within the defined limits of accuracy (standard deviation
<10%) and precision (coefficient of variation <10%). Actual
time points for blood sampling were used in the analysis.
Noncompartmental analysis was used for estimation of PK
parameters. PK modelling was also employed to assess poten-
tial time-dependent PK.

The primary PK parameters for prodrug and OBE002 fol-
lowing single doses with prodrug in Part A of the trial were:
peak plasma concentration (Cmax), time to Cmax (tmax), termi-
nal elimination half-time (t½), apparent total plasma clear-
ance (CL/F) and volume of distribution (Vd/F). Area under
the plasma concentration–time curve from administration
to 24 h after dosing (AUC0–24h), to last sampling point
(AUC0–t) and to infinite time (AUC0–inf) were calculated using
the linear/log trapezoidal method, applying the linear

trapezoidal rule up to Cmax and the log trapezoidal rule for
the remainder of the curve.

The primary PK parameters for prodrug and OBE002 for
each dose group were the same following multiple doses in
Part B of the trial as these in Part A with the addition of min-
imal plasma concentration/pre-dose values on multiple dos-
ing days (Cmin). Plasma PK profiles of prodrug and OBE002
in the fasted state were evaluated in all cohorts; PK profiles
of prodrug and OBE002 following single administration in
the fed state vs. fasted state were also evaluated.

Safety assessments
Safety assessments included clinical laboratory parameters
(clinical chemistry, coagulation, haematology and urinaly-
sis), 12-lead bedside ECG and telemetry, vital signs, physical
examination and adverse event monitoring from screening
until the final visit, coded in accordance with appropriate
guidance [18, 19]. Safety findings are summarized by treat-
ment group.

Statistical analysis
Statistical analyses were performed using Statistical Analysis
Software version 9.3 (SAS Institute Inc, USA). The safety set
included all randomized subjects who received at least one
dose of the trial drug and the PK set included those in the
safety set who had sufficient blood samples taken for at least
one of the PK parameters to be calculated. Data for subjects
who withdrew before the last planned observation in a trial
period were included up to the time of discontinuation.
Safety data and PK parameters were summarized by treatment
group using descriptive statistics.

Exposure ratios were calculated to evaluate parameters
such as dose proportionality and accumulation. Dose accu-
mulation ratio was calculated as AUC0–24h (Day 9)/AUC0–24h

(Day 3) and steady state accumulation ratio was calculated
as AUC0–24h (Day 9)/AUC0–inf (Day 3). To test dose propor-
tionality, Cmax and all AUCs were normalized by dose. An es-
timate of the slope of the regression line of ‘1’ in a power
model for repeated measurement corresponded to dose
proportionality.

Food effect was analysed with a mixed effect model using
a logarithm of the PK parameter as response variable and the
logarithm of the dose and food status (fasted and fed) as fixed
effects and subject as random effect. The model was applied
to the following PK parameters: AUC0–t, AUC0–inf and Cmax.
Based on the mixed effect model, the ratio between fasted
and fed conditions and its two-sided 90% confidence interval
(CI) was estimated. Bioequivalence/absence of a food effect
was concluded, if the linear scale 90%CI of this ratio was fully
contained within the acceptance range for Cmax and AUCs
(0.8, 1.25).

Nomenclature of targets and ligands
Key protein targets and ligands in this article are
hyperlinked to corresponding entries in http://www.
guidetopharmacology.org, the common portal for data from
the IUPHAR/BPS Guide to PHARMACOLOGY [20], and are
permanently archived in the Concise Guide to PHARMA-
COLOGY 2017/18 [21, 22].
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Results

Patient disposition and baseline characteristics
Part A: Thirteen postmenopausal female subjects were en-
rolled in two cohorts, in which six SAD doses levels were
tested over seven treatment periods. The mean age of the sub-
jects was 56.92 years and their mean BMI was 26.50 kg m–2

(Table 1). Seven subjects were enrolled in Cohort 1, as one
subject received 10mg of the prodrug in Period 1 before being
withdrawn from the trial because of a urinary tract infection
(unrelated to treatment). A replacement subject was included
for Periods 2–4. Consequently, six subjects participated in
each of the four treatment periods, during which 10, 100,
1000 and 1300 mg of the prodrug or placebo were adminis-
tered. Six subjects were enrolled in Cohort 2 and received
30, 300 and 1300 mg of the prodrug or placebo. All 13 sub-
jects were included in the safety, ECG and PK analysis sets.
(Figure 1A).

Part B: MADs were investigated in three cohorts totalling
23 subjects. Their mean age was 56.52 years and their mean
BMI was 25.27 kg m–2 (Table 1). Prodrug doses of 100
(n = 6), 300 (n = 6) and 1000 mg (n = 5), were used for the full
PK analysis of prodrug and OBE002 on Days 1, 3 and 9, while
only Cmin was determined on Days 4 to 8 and following the
final dose on Day 9 on all days up to Day 15. Two subjects
in each cohort received matching placebo. All doses were
given in the fed state on Day 1 and in the fasted state on Days
3 to 9. All 23 subjects were included in the safety and ECG
analysis sets. All 17 subjects who received prodrug were in-
cluded in the PK analysis set (Figure 1B).

Single dose PK
The prodrug was rapidly absorbed and converted into the
OBE002 metabolite. No quantifiable levels of prodrug were
observed in the 10 mg dose group and only one subject in
the 30 mg cohort showed any prodrug concentrations. Suffi-
cient plasma concentrations permitted PK evaluations of

prodrug in all subjects at ≥300 mg doses. Maximum prodrug
concentrations tended to occur within 1 h at doses below
1300 mg and only slightly exceeded 1 h at the 1300 mg dose
(Table 2). Quantifiable OBE002 levels were shown in all four
subjects receiving prodrug from 0.25 h up to 24 h, starting
at the lowest dose (10 mg). Variable plasma concentration
results were observed after the first 1300 mg dose (Cohort
2 Period 3) and led its repetition (Cohort 1 Period 4). Most
subjects showed bi-exponential elimination of OBE002 and
tmax was reached within 0.7 h at 10 mg of prodrug and 4 h
at 1300 mg (Figure 2A). Values of Cmax for OBE002 exceeded
that of the prodrug by 100- to 200-fold and AUC values were
up to 1000-fold higher (Table 2). Both CL/F and Vd/F of
prodrug were high, which was in line with the low AUC,
the short t½ and the fact that neither the fraction of
absorbed prodrug nor the total metabolic activity was
known. AUC0–24h was often considerably lower than
AUC0–inf for both prodrug and OBE002, which may have
contributed to an over estimation of CL/F and Vd/F.

Multiple dose PK
Plasma concentration profiles after multiple dosing are pre-
sented in Figure 2B. Values of prodrug Cmin were below LLOQ
for all doses, which was in line with the short half-life (1–4 h)
and indicated that there was no accumulation. Neither Cmax

nor AUC showed increased prodrug exposure between Day
3 and Day 9 (Table 3A). OBE002 showed a 2.5–3-fold increase
in half-life from 8.27–10.66 h on Day 3 to 22.20–29.17 h on
Day 9. Increases in Cmin from Day 3 to Day 9 became smaller
with increasing doses: 6-fold at 100mg of prodrug, 3.5-fold at
300 mg and 1000 mg of prodrug (Figure 2B). Similarly, in-
creases in both Cmax and AUC for OBE002 from Day 3 to
Day 9 were greatest at the 100 mg dose (Table 3B). Apparent
total plasma clearance CL/F was variable and much higher
for the prodrug in line with its rapid metabolism to
OBE002. Both CL/F and Vd/F of the prodrug decreased sub-
stantially with time for the 300 and 1000mg doses and in par-
ticular between Day 3 and Day 9 for OBE002.

Dose accumulation ratio was 1.35 for 100 mg of prodrug,
but exposure decreased at the 300 mg and 1000 mg doses
with ratios of 0.92 and 0.89, respectively. In contrast, dose ac-
cumulation ratios of OBE002 were >1 at all dose levels with
ratios of 2.14, 1.34 and 1.25 at the 100 mg, 300 mg and
1000 mg dose levels, respectively. Steady-state accumulation
ratios were <1, indicating a decrease in exposure for prodrug
and OBE002 at the 300 mg and 1000 mg dose levels. Mean-
while, a ratio of 1.56 for OBE002 at the 100mg dose indicated
steady state accumulation.

Dose proportionality
In the SAD part of the trial, all concentration-dependent PK
parameters of prodrug showed marked variability. None of
the 90% CIs of the estimates (slopes) were contained in the
acceptance range (0.80; 1.25) for dose proportionality
(Table 4). Even the AUC0–inf with a value of 0.953, which
was closest to 1, showed a 90% CI of 0.684–1.221, exceeding
the lower limit of the acceptance range. Thus, dose propor-
tionality could not be demonstrated for the prodrug. In con-
trast, for OBE002, although dose-normalized Cmax and AUC
values also showed some variability across the dose range

Table 1
Demographic and baseline characteristics

Parameter
SAD Part A MAD Part B
(n = 13) (n = 23)

Age, years; mean (SD) 56.9 (3.9) 56.5 (4.0)

Race; n (%)

Asian 2 (15.4) 2 (8.7)

Black African 2 (15.4) 4 (17.4)

Caucasian 6 (46.2) 16 (69.6)

Other 3 (23.1) 1 (4.3)

Body Height, cm; mean (SD) 163.5 (8.0) 162.9 (4.8)

Body Weight, kg; mean (SD) 70.8 (9.4) 67.00 (9.3)

BMI, kg m–2; mean (SD) 26.5 (3.1`) 25.3 (3.4)

SAD = single ascending dose; MAD = multiple ascending dose;
BMI = body mass index; SD = standard deviation

Pharmacokinetics and safety of OBE022
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from 10 to 1300 mg, all estimates were close to 1 and none of
the 90% CIs exceeded the upper or lower limit (0.80; 1.25).
Thus, dose proportionality could be claimed for OBE002.

In the MAD part of the trial, dose proportionality could
not be claimed for Day 1, either due to significant over-

proportional increases in AUC0–24h of the prodrug and in all
evaluated PK parameters of OBE002, or to variability in Cmax

of the prodrug. For similar reasons, dose proportionality
could not be concluded for AUC0–24 and Cmax of the prodrug
and OBE002 on Day 9.

Figure 1
Patient CONSORT flow diagram. Part A – single ascending doses; Part B – multiple ascending doses
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Food effect
The evaluation of the food effect on the prodrug and OBE002
PK was performed across all three MAD dose levels and all 17
subjects. The relevant PK parameters of prodrug (as far as
available) and OBE002 determined from plasma concentra-
tions in the fed and in the fasted state are summarised in
Table 5A. The geometric mean of the prodrug AUC0–inf was
not available for the 100mg dose group on Day 3 because this
parameter could be determined in one subject only. The anal-
ysis of the effects of food on the PK properties of OBE002 and
the prodrug is summarized in Table 5B.

The estimate for AUC0–inf of the prodrug was 1.836-fold
(90% CI: 1.552, 2.172) higher in the fed state than fasted
(Table 5B). Evaluation of the effects of food on the other
prodrug PK parameters was inconclusive due to high levels
of variability. A food effect was observed for OBE002 in
AUC0–inf, although less distinct than that seen with the
prodrug and within bioequivalence limits: point estimate of
1.151 (90% CI: 1.067, 1.242) (Figure 3). The OBE002 Cmax

was lower with food than fasting and was estimated as
0.796 (90% CI: 0.677, 0.937). No food effect was confirmed
for OBE002 AUC0–24h or AUC0–t with their point estimates
close to unity and the 90% CIs fully contained in the accep-
tance range.

The food effect was not considered clinically relevant.

Safety
Following single doses, 10 (76.9%) subjects reported 19 treat-
ment emergent adverse events (TEAE) following prodrug ad-
ministration; eight (66.7%) subjects reported 11 TEAE
following placebo (Table 6A). Two TEAEs (headache, ventric-
ular extra-systoles) in two subjects (15.4%) and four TEAEs
(headache, constipation) in two subjects (16.7%) following
placebo administration were judged – in blinded condition
– to be related to IMP. These events were considered Grade 1
(mild) according to the Common Terminology Criteria for
Adverse Events [23].

Among subjects treated with the prodrug, TEAEs were less
frequent with increasing doses. No serious adverse events
were reported. One subject experienced urinary tract infec-
tion after receiving 10mg of the prodrug, leading to her with-
drawal from the trial but this was not considered to be related
to prodrug exposure. Headache was the most frequently re-
ported TEAE (prodrug: n = 3; placebo: n = 5).

Following multiple doses, 16 (94.1%) subjects reported 40
TEAE following the prodrug doses and six (100%) subjects re-
ported 16 TEAE following placebo (Table 6B). Headache
(prodrug: n = 9; placebo: n = 2) and constipation (prodrug:
n = 8; placebo: n = 5) were the most frequently reported ad-
verse events. Three TEAEs (constipation) in two subjects
(11.8%) following prodrug administration and two TEAEs
(headache, constipation) in one subject (16.7%) following
placebo administration were judged – in blinded condition
– to be related to IMP. These events were considered CTCAE
Grade 1. Among subjects treated with the prodrug, TEAEs
were less frequent with increasing doses.

No serious adverse events were reported in the trial. No
clinically significant changes were detected in the laboratory
parameters or vital signs. The effects on ECGs were reported
elsewhere [24].

Discussion
Preterm birth remains a significant risk for later disability.
Current treatment strategies attempt to delay delivery as long
as possible when indicated. A delay of 1 week in extremely
preterm infants results in a decrease in neonatal morbidity
in the region of 30% [25]. A delay of 48 h allows administra-
tion of antenatal corticosteroids to accelerate fetal lung mat-
uration and magnesium sulfate for fetal neuroprotection. It

Figure 2
Mean (standard deviation) OBE002 plasma concentrations vs. nom-
inal time – all cohorts and periods overlaid (log-linear scale). Part A –

single ascending doses; Part B – multiple ascending doses
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Table 5
Geometric mean pharmacokinetic parameters (A) and evaluation of food effect (B) for the prodrug and OBE002 in plasma

A. Geometric mean pharmacokinetic parameters

Geometric means of Prodrug Geometric means of OBE002

Parameter (unit)

Prodrug Prodrug Prodrug Prodrug Prodrug Prodrug
100 mg 300 mg 1000 mg 100 mg 300 mg 1000 mg
N = 6 N = 6 N = 6 N = 6 N = 6 N = 6

Cmax (ng ml–1) Fed / Fasted 0.69 0.59 4.53 26.8 100.5 567.2

0.20 0.85 3.10 31.3 142.2 671.6

AUC0–24h (h × ng ml–1) Fed / Fasted 0.36a 1.53 9.83 313.0 1079.1 6411.2

0.13b 1.43 6.06 232.8 1052.7 5267.1

AUC0–t (h × ng ml–1) Fed / Fasted 0.36a 1.53 9.83 335.9 1201.7 6874

0.13b 1.43 6.06 232.8 1052.7 5267.1

AUC0–inf (h × ng ml–1) Fed / Fasted 1.47c 2.38d 10.67 402.5d 1579.5d 8059.3

- 1.56b 6.39 316.3 1559.1 7177.7

B. Evaluation of food effect

Prodrug (fed vs. fasted) OBE002 (fed vs. fasted)

Parameter No. of subjects/observations Estimate 90% CI No. of subjects/ observations Estimate 90% CI

Cmax 17/28 1.20 0.75–1.92 17/34 0.80 0.68–0.94

AUC0–24h 17/28 1.55 0.98–2.44 17/34 1.06 0.95–1.18

AUC0–t 17/28 1.55 0.98–2.44 17/34 1.06 0.95–1.18

AUC0–inf 17/20 1.84 1.55–2.17 17/32 1.15 1.07–1.24

N = number of subjects in cohort;
aFour missing values;
bTwo missing values;
cFive missing values;
dOne missing value;
CI = confidence interval

Table 4
Evaluation of dose proportionality for prodrug and OBE002 in plasma (SAD and MAD) – power model analysis

Prodrug OBE002

Parameter
No. of subjects/
observations Estimates 90% CI

No. of subjects/
observations Estimates 90% CI

SAD

Cmax 12/20 1.09 0.91–1.26 13/28 1.01 0.90–1.12

AUC0–24h 12/20 1.40 1.23–1.57 13/28 1.11 1.05–1.17

AUC0–t 12/20 1.40 1.23–1.57 13/28 1.11 1.05–1.17

AUC0–inf 12/16 0.95 0.68–1.22 13/28 1.05 0.99–1.12

MAD– Day 1

Cmax 17/13 1.04 0.46–1.61 17/17 1.32 1.09–1.56

AUC0–24h 17/13 1.46 1.17–1.76 17/17 1.31 1.07–1.54

AUC0–t 17/13 1.46 1.17–1.76 17/17 1.31 1.10–1.52

AUC0–inf 17/11 1.03 0.71–1.34 17/15 1.30 1.09–1.51

MAD– Day 9

Cmax 17/16 1.15 0.90–1.41 17/17 1.30 1.05–1.55

AUC0–24h 17/16 1.62 1.32–1.92 17/17 1.13 0.89–1.37

SAD = single ascending dose; MAD = multiple ascending dose; CI = confidence interval
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gives time to transfer the mother to a centre with neonatal in-
tensive care facilities. Both measures reduce neonatal mortal-
ity and morbidity [26].

Short-term tocolytic therapy has been demonstrated to be
superior to placebo in prolonging pregnancy for at least 48 h
[27]. Currently available tocolytic therapies include
betamimetics, calcium channel blockers, magnesium sulfate,
oxytocin antagonists and prostaglandin synthesis inhibitors.
Tocolytics decrease uterine contractions by acting on the
uterine muscle through various mechanisms of action but
have limited efficacy and some have restrictive safety issues.
For example, betamimetics cause cardiac arrhythmias, hypo-
tension, hyperglycaemia and pulmonary oedema; calcium
channel blockers cause maternal hypotension and dizziness;
magnesium sulfate causes flushing, respiratory suppression
and cardiac arrest; oxytocin receptor blockers cause gastroin-
testinal disturbances; and prostaglandin inhibitors cause ma-
ternal gastrointestinal disturbances, oligohydramnios, fetal
kidney dysfunction and premature constriction of the ductus
arteriosus [28]. None of the currently available treatments is
recommended for dosing beyond 48 h.

A recent network meta-analysis indicated that prostaglan-
din inhibitors have the highest probability of being the best
therapy for preterm labour [27], which may be due to this
pathway’s potential not only to suppress uterine contractility
but also to prevent cervical changes resulting from preterm
labour and to inhibit inflammatory responses.

Prostaglandins have long been known to play amajor role
during pregnancy and parturition. Prostaglandins act directly
or through modulation of other endocrine or paracrine fac-
tors involved in the preparation, activation and stimulation
of uterine tissues that preclude the onset of labour [29–33].
In uterine tissues, the levels of prostaglandins vary greatly
and are under the control of their synthesis by
cyclooxygenases isozymes (COX-1 and COX-2) and specific

prostaglandin synthases and their breakdown by pros-
taglandin dehydrogenase enzymes. They exert their ef-
fects through a number of G protein-coupled receptor
subtypes. In vitro and in vivo studies have demonstrated that
prostaglandin F2α (PGF2α) causes contraction of the
myometrium through activation of FP. This is known to re-
sult in raised intracellular calcium concentrations, which, in
turn, leads to contraction of the uterine smooth cell muscle
[34]. Expression of the FP receptor has been shown to increase
in rat myometrium with gestational ageing, thus enhancing
myometrium sensitivity to the contractile actions PGF2α
[8]. Similarly, FP is expressed in term human myometrium
[34–36]. Upregulation of the matrix metalloproteinase
MMP1, an enzyme that breaks down collagen in cervical fi-
broblasts leading to cervical ripening, is also upregulated by
PGF2α [37]. Metalloproteinases can also downregulate their
naturally-occurring inhibitors in human term decidua, thus
accelerating the breakdown of collagen and the rupture of
membranes [38].

Tocolytic activity has been confirmed previously with
other prostaglandin F2α receptor antagonists in rats, mice
and sheep [10, 11]. The prostaglandin F2α receptor antago-
nist OBE022 (prodrug) was designed to safely delay preterm
birth. We confirmed that the prodrug markedly reduced
spontaneous uterine contractions in pregnant rats without
causing adverse effects on ductus arteriosus, kidneys or co-
agulation [39, 40].

The prodrug dosing regimens for this trial were selected
based on nonclinical and emerging human data and covered
the anticipated therapeutic dose range. The prodrug was safe
and well tolerated across all dosing regimens. Significant
changes in vital signs were not observed in this trial, despite
the previously reported blood pressure elevation in response
to topical application of FP agonists [41] and the association
of tocolytic medication with hypotensive effects [42, 43]. Af-
ter oral administration, the prodrug was readily transformed
into its metabolite OBE002. Plasma half-life of OBE002 was
compatible with once daily dosing. Dose proportionality for
the prodrug was not confirmed. OBE002 levels were dose-
proportional following single doses, but not following
multiple dosing. Comparison of dose accumulation ratios
may indicate a limitation in metabolite formation with in-
creasing prodrug doses. Due to the at least bi-exponential
elimination of OBE002, a rapid initial decline was followed
by a much longer period with low concentrations. This may
be explained by distribution-redistribution of OBE002 from
a small compartment.

The trial demonstrated no clinically relevant effect of
food. Whilst the analyses for the prodrug and OBE002 were
conducted across all three MAD levels, the number of possi-
ble comparisons for the prodrug was small due to plasma
levels being below the level of quantification at the 100 mg
dose level.

This early phase trial has some inherent limitations. Pre-
term labour is a critical situation that requires urgent medical
intervention. The efficacy of a new medicine for this indica-
tion can only be tested in the target population once data
supporting a positive benefit/risk are available. The data col-
lected in this trial therefore originate from nonpregnant
women. Postmenopausal women were chosen because at
the time of trial initiation, the reproduction toxicity studies

Figure 3
Mean (standard deviation) OBE002 plasma concentrations vs. nom-
inal time – fed vs. fasted administration (log-linear scale)

Pharmacokinetics and safety of OBE022

Br J Clin Pharmacol (2018) 84 1839–1855 1851

http://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=1375&familyId=269&familyType=ENZYME
http://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=1376&familyId=269&familyType=ENZYME
http://www.guidetopharmacology.org/GRAC/FamilyDisplayForward?familyId=270
http://www.guidetopharmacology.org/GRAC/FamilyIntroductionForward?familyId=58
http://www.guidetopharmacology.org/GRAC/FamilyIntroductionForward?familyId=58
http://www.guidetopharmacology.org/GRAC/FamilyDisplayForward?familyId=694
http://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=1628
http://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=1628


Table 6
Summary of adverse events

Part A. SAD

Pooled Pooled 10 mg 30 mg 100 mg 300 mg 1000 mg 1300 mg 1300 mg
Placebo Prodrug C1 P1 C2 P1 C1 P2 C2 P2 C1 P3 C2 P3 C1 P4

Adverse events (N = 12) (N = 13) (N = 4) (N = 4) (N = 4) (N = 4) (N = 4) (N = 4) (N = 4)

Total, n (%) E 8 (66.7) 11 10 (76.9) 19 2 (50.0) 6 2 (50.0) 2 3 (75.0) 5 2 (50.0) 4 1 (25.0) 1 1 (25.0) 1 0 (0.0) 0

Preferred term, n (%) E

Dizziness 0 1 (25.0) 1 0 1 (25.0) 1 0 0 0 0

Presyncope 0 0 1 (25.0) 1 0 0 0 0 0

Ventricular extra-systoles 0 0 0 0 1 (25.0) 1 0 0 0

Abdominal discomfort 1 (8.3) 1 0 0 0 0 0 0 0

Constipation 2 (16.7) 2 1 (25.0) 1 0 0 0 0 0 0

Dental discomfort 0 0 0 0 1 (25.0) 1 0 0 0

Nausea 0 0 0 1 (25.0) 1 0 0 0 0

Nasopharyngitis 1 (8.3) 1 0 0 0 0 0 0 0

Urinary tract infections 0 1 (25.0) 1 0 0 0 0 0 0

Back injury 0 0 1 (25.0) 1 0 0 0 0 0

Decreased appetite 0 1 (25.0) 1 0 0 0 0 0 0

Muscle spasms 0 0 0 0 1 (25.0) 1 0 0 0

Musculoskeletal pain 0 0 0 0 1 (25.0) 1 0 0 0

Headache 5 (41.7) 6 0 0 1 (25.0) 1 1 (25.0) 1 0 1 (25.0) 1 0

Endometrial hypertrophy 1 (8.3) 1 0 0 0 0 0 0 0

Postmenopausal
haemorrhage

0 0 0 1 (25.0) 1 0 0 0 0

Acne 0 0 0 0 0 1 (25.0) 1 0 0

Rash papular 0 1 (25.0) 1 0 0 0 0 0 0

Hot flush 0 1 (25.0) 1 0 0 0 0 0 0

Part B. MAD

Pooled Pooled 100 mg 300 mg 1000 mg
Placebo Prodrug Cohort 1 Cohort 2 Cohort 3

Adverse events (N = 6) (N = 17) (N = 6) (N = 6) (N = 5)

Total, n (%) E 6 (100.0) 16 16 (94.1) 40 6 (100.0) 24 6 (100.0) 8 4 (80.0) 8

Preferred Term, n (%) E

Vision blurred 0 1 (5.9) 1 0 0 1 (20.0) 1

Abdominal distension 0 1 (5.9) 1 1 (16.7) 1 0 0

Abdominal pain 0 1 (5.9) 2 1 (16.7) 2 0 0

Constipation 5 (83.3) 5 8 (47.1) 9 6 (100.0) 6 0 2 (40.0) 3

Diarrhoea 1 (16.7) 1 0 0 0 0

Dyspepsia 0 1 (5.9) 1 1 (16.7) 1 0 0

Nausea 1 (16.7) 2 1 (5.9) 1 0 1 (16.7) 1 0

Rectal haemorrhage 1 (16.7) 1 0 0 0 0

Vomiting 0 1 (5.9) 1 1 (16.7) 1 0 0

Chest discomfort 1 (16.7) 1 0 0 0 0

Gastroenteritis 1 (16.7) 1 0 0 0 0

(continues)
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required to characterize the inherent risk of the prodrug dur-
ing exposure of women of childbearing potential were not
available. While significant PK differences between postmen-
opausal and nonpregnant women of child bearing potential
are not expected, pregnancy-associated changes in PK may
occur. PK studies in pregnant women will be required to eluci-
date potential changes due to alterations in distribution and
metabolism. This trial enables future trials in pregnant
women.

Sample sizes of early phase trials are relatively small. Fur-
ther investigation of the PK of the prodrug/OBE002 may be
useful in light of the small sample size and the variability of
PK parameters seen in this trial.

In conclusion, the novel, orally active, selective FP recep-
tor antagonist OBE022 (prodrug) was safe and well tolerated
in healthy postmenopausal women following administration
for 7 days. Exposure to the prodrug and its active and stable
metabolite OBE002 increased with dose and was compatible
with once daily dosing, aiding administration in clinical
practice. The results of this trial have enabled evaluation of
this drug candidate in preterm labour patients and a clinical
trial to characterize its safety, efficacy and PK profile in preg-
nant women with spontaneous preterm labour is ongoing
(ClinicalTrials.gov Identifier: NCT03369262).
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