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Abstract

OBEO022, a new orally active prostaglandin F,, receptor antagonist (OBE022) with myometrial selectivity is being de-
veloped to reduce uterine contractions during preterm labor. This first-in-human study evaluated the effect of OBE022
following multiple doses on the QT interval in 23 healthy postmenopausal women, using the effect of a meal on QTc to
demonstrate assay sensitivity. VWWe report the cardiac safety outcome performed during the multiple ascending part of this
trial. OBE022 was administered after a standardized breakfast on day | and in the fasted state from day 3 to day 9 wth a
standardized lunch 4 hours after administration. Concentration—effect modeling was used to assess the effect of prodrug
OBEO022 and parent OBE002 on QTc after a single dose (days | and 3) and multiple doses (day 9). The concentration—
response analysis showed the absence of QTc prolongation at all doses tested. Two-sided 90% confidence intervals of
the geometric mean C,,, for estimated QTc effects of OBE022 and OBE002 of all dose groups were consistently below
the threshold of regulatory concern. The sensitivity of this study to detect small changes in the QTc was confirmed by a
significant shortening of the QTc on days |, 3,and 9 after standardized meals. This study establishes that neither prodrug
OBEO022 nor parent OBE0O02 prolong the QTc interval. The observed food effect on the QT interval validated the assay
on all assessment days. Both the change from predose, premeal and the change from premeal, postdose demonstrated
the specificity of the method.
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The valine ester prodrug OBE022 (Figure 1A) and its
structural parent OBE002 (Figure 1B) are both po-
tent, novel, orally active and selective prostaglandin
Fy, (PGF»,) receptor (FP) antagonists. OBE022 is con-
verted in vivo to OBEO0O02 by cleavage of the ester bond
by enzymatic hydrolysis. OBE022 has been developed
by ObsEva SA, Switzerland, and selected for develop-
ment as a treatment for preterm labor.

Preterm labor is a major health issue. Premature de-
livery is the most important direct cause of mortality in
the first month of life and is a major cause of death in
children younger than 5 years old.> There is an urgent
need to develop drugs that would prolong pregnancy up
to a stage at which increased fetal maturation raises the
chances of survival and decreases morbidity associated
with preterm birth.

Thus, tocolytic drugs have an important role in the
management of preterm delivery. These include cal-
cium channel blockers, oxytocin-receptor antagonists,
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Figure 1. (A) Structural formula of OBE022. (B) Structural for-
mula of OBE002. OBE022 is the valine ester of OBE002, to which
it is hydrolyzed in vivo.

B: OBE002

B-mimetics, MgSO,, and prostaglandin synthesis in-
hibitors. B;-agonists show potentially serious mater-
nal adverse effects while being relatively innocuous for
the fetus. Conversely, pan-prostaglandin synthesis in-
hibitors are associated with potential harm to the fetus,
with milder gastrointestinal effects for the mother. The
current first-line tocolytic therapy consists of the L-type
calcium channel blocker nifedipine and the oxytocin-
receptor antagonist atosiban. A recent meta-analysis
showed that nifedipine maintenance tocolysis is not
associated with improved perinatal outcome or preg-
nancy prolongation.> Another meta-analysis showed
that atosiban is less effective than pan—prostaglandin
synthesis inhibitors, calcium channel blockers, MgSQO,,
or beta-mimetics in delaying labor.* Thus, a require-
ment for a new class of tocolytic persists.

OBEO022 is designed to control preterm labor
through specific antagonism of the FP, by reduc-
ing inflammation, decreasing uterine contractions, and
preventing cervical changes and membrane rupture.
OBEO022 has the potential, based on its pharmacoki-
netic (PK) profile and efficacy observed in animal
models, to become a first-in-class therapy to suppress
premature labor and delay or avoid preterm birth while
also being safe for the fetus.

Cardiac effects of administration of an FP antago-
nist to humans are a possibility, as the receptor is abun-
dantly expressed in the heart,>° and activity of the en-
dogenous ligand PGF,, on cardiac tissue in vitro has
been demonstrated. In cultured neonatal rat cardiac
myocytes, PGF,, promotes arrhythmias.”® This ligand
has been shown to modulate cardiac ion channels be-
cause PGF», can depress contractile recovery and in-
crease calcium accumulation of the globally ischemic
heart,” and administration of PGF,, induced pha-
sic contractions in murine myometrium through ATP-
sensitive potassium channels.'” In vivo studies have also
demonstrated the relevance of FP modulation for car-
diac function. Genetic deletion of FP protects against
inflammatory tachycardia in mice,’ and PGF,, antag-
onism partly blocks centrally administered arachidonic
acid—evoked pressor responses.!! A clinical study of an
FP allosteric inhibitory modulator recorded isolated
QT-interval prolongations that were probably not re-
lated to the investigational medical product.'?

The electrophysiological effects of OBE(022 and
OBEO002 on the human hERG potassium channel have
been evaluated in vitro in patch clamp studies using
HEK293 and CHO cell lines transfected with hERG
(ObsEva, data on file). Both OBE022 and OBE002 in-
hibited the hERG-mediated potassium current, with
ICsp values of 0.87 and 2.6 uM, respectively. A follow-
up in vitro Purkinje fiber assay at up to 5 ©M OBE022
showed that OBE022 does not cause any increase in
the duration of the action potential at 50% repolar-
ization (ObsEva, data on file). The results of an in
vitro reaction phenotyping study using human recom-
binant enzymes suggest that OBE002 is primarily me-
tabolized by cytochrome P450 (CYP) enzyme CYP3A4,
with lesser metabolism by CYP2C19 and CYP2D6.
Uridine 5’ diphosphate glucuronosyltransferase (UGT)
reaction phenotyping only identified UGT1A9 as a me-
tabolizing enzyme (ObsEva, data on file).

In vivo safety pharmacology studies conducted in
telemetered beagle dogs aimed to verify any possi-
ble changes to cardiovascular parameters arising from
single oral administration of OBE(022 or single in-
travenous exposure to OBE002. No effects were ob-
served up to the highest administered oral dose of
720 mg/kg of OBE022 or an intravenous dose of
15 mg/kg OBEO002 (ObsEva, data on file).

Here we describe the results of a phase 1 study in-
vestigating the safety, tolerability, pharmacokinetics,
and pharmacodynamics of rising doses of OBE022 in
healthy postmenopausal women, including the applica-
tion of a concentration—effect analysis on cardiac re-
polarization validated by meal effects. A preliminary
report of OBE022’s cardiac safety was presented as a
poster at the ACCP meeting, September 17, 2017.3

Methods
Study Design

The present study was a single-center, randomized,
placebo-controlled study conducted at Richmond
Pharmacology, St George’s, University of London,
London, UK. The study aimed to assess the safety, tol-
erability, food effect, and pharmacokinetics of single-
ascending (SAD) and multiple-ascending (MAD) oral
doses of OBE022 in healthy postmenopausal women
and pharmacodynamic effects in women of childbear-
ing potential during menstruation. In this report the
cardiac assessments conducted in the MAD part of the
study will be described.

The MAD part of the study comprised a screening
period within 20 days (days —21 to —2) before entering
the study, an in-house period of 12 days and 11 nights
(days —1 to 11), followed by 4 outpatient visits (days
12, 13, 14, and 15) and a follow-up visit (14 + 3 days
post-last dose). Eighteen subjects were planned to be
randomized to receive daily oral doses of 100, 300, and
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1000 mg OBE022 (6 per dose level) and 6 subjects to re-
ceive matching placebo (2 per dose level). A single dose
was planned to be given on day 1 under fed conditions
and on days 3-9 under fasted conditions. No treatment
was administered on day 2, which served as washout.

Study Subjects

In total 46 women were enrolled in this study. In the
MAD part, we included 23 postmenopausal women
who participated in the cardiac safety study and are
reported here. We targeted healthy postmenopausal
women aged 50 to 65 years inclusive with a body mass
index between 18.0 and 32 kg/m?; the actual demo-
graphics are shown in Table 1. Natural (spontaneous)
postmenopausal was defined as being amenorrheic for
at least 12 months without an alternative medical cause
with a screening follicle-stimulating hormone level >
25.8 TU/L and/or 17B-estradiol serum level < 49.8 ng/L.

Postmenopausal subjects were excluded if they had:
(1) known structural cardiac abnormalities; (2) family
history of long QT syndrome; (3) cardiac syncope or
recurrent, idiopathic syncope; (4) exercise-related clin-
ically significant cardiac events; or (5) any clinically
important abnormalities in rhythm, conduction, or
morphology of resting electrocardiogram (ECG) that
might have interfered with the interpretation of QTc in-
terval changes. These included but were not limited to
sinus node dysfunction, clinically significant PR (PQ)
interval prolongation, intermittent second- or third-
degree atrioventricular block, complete bundle branch
block, abnormal T-wave morphology, and QT interval
corrected using the Fridericia’s formula (QTcF)'* > 450
milliseconds. Written and signed informed consent was
obtained from each subject before taking part in the
study.

The study protocol (EudraCT 2016-001957-42) was
reviewed and approved by a National Health Service
Research Ethics Committee (South Central-Berkshire
B, UK) and the Medicines and Healthcare Products
Regulatory Authority. The study was conducted ac-
cording to the ethical principles enshrined in UK law,
the Declaration of Helsinki, and Good Clinical Prac-
tice guidelines.

Breakfast served on day 1, composed according
to the US Food and Drug Administration (FDA)
standard,!’ contained 784.8 kcal with a ratio of 31.6%
carbohydrate to 51.8% fat to 16.6% protein. The refer-
ence meal for the assessment of assay sensitivity on days
3 and 9 was lunch, which contained 606.6 kcal in a ratio
of 75.8% carbohydrate to 3.3% fat to 20.9% protein.

Pharmacokinetic Assessments

Blood samples for plasma pharmacokinetics were col-
lected ondays 1, 3, and 9 at-0.5,0.25,0.5,0.75, 1, 1.5, 2,
2.5,3,3.5,4,6,7,8,12, 16, and 24 hours, at predose on

days 5,6, 7,and 8,and 48, 72, 96, 120, and 144 hours fol-
lowing the last dose on day 9. Plasma samples for deter-
mination of OBE(022 and OBE002 concentrations were
analyzed by SGS CEPHAC (Saint Benoit, France),
which employed a validated liquid chromatography—
tandem mass spectrometry method with liquid-liquid
extraction. This was developed and satisfactorily val-
idated for the measurement of both analytes in hu-
man plasma over the calibration range 0.1-100 ng/mL.
Plasma concentrations of OBE022 and OBE002 were
determined with OBE022-D5s and OBE002-Dj as inter-
nal standards.

Chromatographic separation was performed
through an Ascentis Express C8 column (2.7 um, 2.1 x
50 mm; Millipore Sigma, Lyon, France) analytical col-
umn, with a linear gradient mobile phase consisting of
acetonitrile/water, with acetonitrile varying from 30%
to 80%. Both mobile phases contained 0.1% formic
acid. The flow rate was 600 pL/min, and the total run
time was 6 minutes. Detection and quantification were
performed by mass spectrometry using an API 4000
mass spectrometer fitted with Turbo Ion Spray ion
optics (AB Sciex, Villebon sur Yvette, France). Ions
were monitored at transitions m/z 600.3 — 483.1 and
501.3 — 349.1 for OBE022 and OBEO002, respectively.
For the internal standards, transitions were monitored
at 605.4 — 488.1 for OBE022-D5 and at 506.3 — 354.1
for OBE002. The retention time for OBE022 was 1.53
minutes, whereas for OBE002 it was 2.05 minutes.

The precision (the coefficient of variation, OBE(022
< 7%, OBE002 < 10%) and accuracy (relative error,
OBE022, -4.5% to 2.0%; OBE002, -2.7% to 0.0%) of
the method were found to be within the target limits.
The selectivity of the method was found to be satisfac-
tory, with no endogenous interference that may have ad-
versely affected the analysis.

Pharmacokinetic analyses were performed using
noncompartmental methods with SAS software, ver-
sion 9.3 (SAS Institute Inc., Marlow, Buckinghamshire,
UK).

Cardiac Assessments

Intensive cardiac assessments were performed on days
1, 3, and 9 of the multiple-ascending-oral-dose study.
The purpose of the cardiac assessments was to evaluate
the proarrhythmic risk posed by exposure to OBE022
and OBE002. All ECG recordings were obtained in
triplicate from each time.

Analysis of drug-related QT/QTc-interval changes
relative to plasma PK concentrations were conducted
on all dose regimens in this part of the study. The
ECGs used for this analysis required adjudication
by qualified cardiologists in accordance with prin-
ciples set out in the International Conference on
Harmonisation (ICH) E14 guideline and subsequent
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Table I. Summary of Subjects’ Characteristics

100 mg OBE022 300 mg OBE022 1000 mg OBE022 Overall

n 8 8 7 23

Age (years) Mean + SD 59.0 + 3.4 56.8 + 4.0 534 +26 56.5 + 4.0
Range 56.0-64.0 53.0-64.0 50.0-57.0 50.0-64.0

Height (cm) Mean 4 SD 162.8 + 3.6 161.1 +£53 165.0 4 5.4 162.9 + 48
Range 156-168 154-168 157174 154.00—174.00

Weight (kg) Mean 4 SD 70.20 + 9.86 64.06 = 8.78 66.7 £ 9.3 67.0 £ 9.3
Range 57.0-84.6 55.2-80.4 54.1-83.1 54.1-84.6

BMI (kg.cm?) Mean + SD 26.5 £ 2.9 247 + 3.6 245 + 3.8 25.3 + 3.4
Range 22.2-31.1 20.1-29.3 20.6-30.9 20.1-31.1

Race, n (%) Asian I (12.5) 0 (0.0) | (143) 2 (8.7)
Black African 1 (12.5) 1 (12.5) 2 (28.6) 4(17.4)
Caucasian 6 (75.0) 6 (75.0) 4(57.1) 16 (69.6)
Other 0 (0.0) | (12.5) 0 (0.0) | (43)

SD, standard deviation; BMI, body mass index.

question-and-answer documents.'® >3 The principles of
this analysis follow the statistical methods described by
Garnett et al.>* The effects of a meal on the ECG were
used to establish assay sensitivity, that is, the ability of
the study to detect small changes in the QTc.?>>

ECG Assessments and QTc Evaluation

Twelve-lead ECGs were recorded using a GE Mar-
quette MAC1200 and stored electronically on the Med-
ical MUSE information system (GE Healthcare). Only
ECGs recorded electronically at a stable heart rate (HR)
were valid for QT-interval measurements. ECG record-
ings were collected on days 1, 3, and 9 at 2, 1, and
0.5 hours predose and 0.5, 1, 1.5,2, 2.5, 3,3.5,4,6,7, 8,
12, and 24 hours postdose. All ECGs were recorded af-
ter the subjects had been resting in a supine position for
at least 10 minutes. To obtain consistent ECG record-
ings, the clinical staff ensured that the subjects were
awake and avoided any postural changes. At each point,
the ECGs were recorded in triplicate to confirm the ac-
curacy and precision of the measurements. Each ECG
lasted 10 seconds. The triplicates were performed at
I-minute intervals over 3 minutes.

Each electronic ECG data file contained the ECG
data as well as the result of the automated ECG analysis
performed by the Marquette 12 SLTM ECG Analysis
Program. All ECGs and their associated automated
interval measurements were subsequently blinded and
reviewed by one qualified cardiologist in accordance
with the ICH guidance'® before any of the ECGs were
used for the subsequent statistical analysis. The uncor-
rected QT interval, the RR interval from which the HR
was derived according to the formula HR = 60 000/RR,
the PR interval and QRS duration, the presence or
absence of U waves, and quantitative and qualitative
ECG variations were assessed by the cardiologist,

who has extensive experience with manual on-screen
overreading using electronic calipers in MUSE, for cor-
rection of any implausible readings presented by the au-
tomated process. All ECGs were overread by the same
cardiologist, who was blinded to the treatment and
the timing of the recording being evaluated. If manual
adjustments of the automated measurement became
necessary and the first overreader requested adjudica-
tion, then a second cardiologist performed overreading
and assessment. Similarly, if the second cardiologist
requested further adjudication, then a third most
senior cardiologist performed the assessment. Com-
pensation for heart rate of the QT interval (QTcF)'
was used. A total of 212 ECGs (19.2%) were corrected
after adjudication from a total of 1104. Predose
baseline values were obtained from 3 predose points
(2, 1, and 0.5 hours before drug administration). The
mean of the values obtained at these points was used
as baseline.

Statistical Analysis

The analysis was based on QTcF and on all data from
days 1, 3, and 9. On day 1 the subjects received a dose of
OBEO022 after a meal. On day 3 subjects received a dose
in fasting condition after a day of washout, whereas on
day 9 subjects received doses in the fasting condition for
7 days without interruption. All subjects who received
study medication and who had valid ECG data for pre-
dose baseline and the times during days 1, 3, and 9 were
included in the QTcF analysis set.

A concentration—effect analysis was chosen as the
primary analysis.’*? Four linear statistical models were
investigated to correlate heart-rate-corrected QTinter-
val duration with exposure to OBE022 and/or the par-
ent OBE002. All the investigated models had a centered
baseline (ie, baseline minus mean of baseline across
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Figure 2. Scatterplots for models OBE022, model OBE002, and model molar sum. (A) Relationship between AQTcF and exposure
to OBE022. As this parent substance was rapidly converted to OBE002 the concentration range for OBE022 is lower than that
for OBE002 (B). Correspondingly, the range for the molar sum of OBE022 and OBE002 (C) is predominantly determined by the

concentration of OBE002.

Table 2. Slope and Treatment Effect Estimates of Models Considered With AIC and Residual Error

Model AIC Residual Error Parameter Estimate SE DF t 90%Cl

Both 5579.9 58 OBEO022 0.4484 0.6926 6.6 —0.86 —-0.0128 0.0064
OBE002 —0.0027 0.0046 3.1 0.0l —4.2647 4.3346
trt —0.3085 2.5394 19.7 0.34 —0.8600 1.2802

OBE002 5578.9 5.8 OBE002 —0.0032 0.0037 2.5 -0.22 —4.5965 3.5616
trt 0.0350 2.4901 19.5 —0.86 —0.0064 0.0032

OBE022 5574.9 5.8 OBEO022 0.2101 0.6098 14.8 0.0l —4.2649 4.3325
trt —-05174 2.3678 20.5 —0.86 —-0.0128 0.0064

Molar sum 5574.9 58 msum —0.0016 0.0018 2.5 0.0l —4.2647 4.3346
trt 0.0338 2.4895 19.5 0.34 —0.8600 1.2802

trt, Treatment effect (active - placebo); msum, molar sum of OBE022 and OBE002. Slope units are in milliseconds per ng/mL.

subjects) as covariate and time and treatment (active
or placebo) as discrete factors. In addition to mod-
els with concentrations of just one of the analytes in-
cluded (models OBE022 and OBE002), a model with
both concentrations of OBE(022 and OBE002 as co-
variates (model both), and one with the molar sum of
OBE022 and OBE002 concentrations as covariate (mo-
lar sum) were investigated (Figure 2). Each model in-
cluded random effects per subject for the intercept and
the concentrations included in the model (Table 2).

Based on these models, predictions of the effect at
the geometric mean of the individual C,,,x values for
OBEO022, OBE002, and the molar sum were made for
each dose group. For the model using both analytes,
predictions were made for the geometric mean of both
and OBE022 and OBEO002 separately. The geometric
mean Cp,, of OBE022 was combined with the arith-
metic mean of the concentrations of OBE(002 seen at
the Tpax With respect to OBE022 and vice versa. These
predictions were given together with 90% confidence
intervals.

The Absence of Hysteresis

The plot of the placebo-corrected change from mean
baseline (AAQTcF) compared with the mean plasma
OBEO022 and OBEO002 levels against time (Figure 3) was
used to judge the presence of a delay between change
in cardiac repolarization rate and rise in drug concen-
trations. The absence of hysteresis was confirmed by a
visual assessment of QTc changes over time versus the
pharmacokinetic time profile.

Assay Sensitivity

Tests for assay sensitivity were performed on the basis
of the estimates of the time course of AQTcF obtained
from the primary models described above. In these esti-
mates, the influence of drug plasma concentrations has
already been removed. On day 1 breakfast was served
30 minutes before dosing and was finished 10 minutes
before dosing, and change in AQTcF from the value
0.5 hours prior to drug administration to values 1.5 and
3.5 hours after drug administration was used. On days
3 and 9 the study drug was administered in the fasted
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Figure 3. Drug concentration of the dose groups and AAQTcF for each dose group, plotted against time. Each row represents |
dose group, and each column represents | day. A peak in AAQTcF would follow the peaks of the drug concentrations if the drug
effect on QTcF were delayed. This effect should be uniform across dose groups and most pronounced in the highest dose group. This
is not the case. *Top value of the concentration scale represents 3 ng/mL for OBE022 and 1000 ng/mL for OBE002.

state, and the first meal was lunch 4 hours postdose. On
these days, the effect of the meal was tested by com-
paring the time effects 2, 3, and 4 hours after lunch (6,
7, and 8 hours after drug administration, respectively)
with the average over the last 3 preprandial times (ie, 3,
3.5, and 4 hours after drug administration). The study
was declared to be adequately sensitive to show a small
change in mean QTc if a shortening significant on the
1-sided 5% level could be shown for all times separately
for each of the 3 study days.

Safety Assessments

Adverse events (AEs) were continuously monitored
throughout the study from the date of informed con-
sent until the end of each subject’s participation. The
intensity and potential relationship with the study drug
of each of the reported AEs were assessed. Subjects
underwent physical examinations and clinical labora-

tory tests (hematology, coagulation, biochemistry, and
urinalysis). Telemetry, 12-lead ECGs, vital signs, blood
pressure (systolic and diastolic), and heart rate were
regularly evaluated during the study. Any clinically
significant abnormalities were reported as AEs. All
AEs were graded using the National Cancer Institute-
Common Terminology Criteria for Adverse Events
version 4.0.

Results

Subject Disposition and Demographics

The multiple-ascending-dose (MAD) part of the study
that was carried out with postmenopausal women (aged
between 50 and 64 years) is reported here. Fifty-seven
subjects were screened in total, of whom 30 did not
meet the screening criteria and 4 withdrew consent
prior to enrollment. The most common criteria not
met by the 30 subjects who failed screening were urine
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Figure 4. Consort diagram.

and blood parameters, ECG, and Holter parameters.
Twenty-three subjects fulfilled the eligibility criteria and
were randomized to treatment. All 23 subjects enrolled
completed the study and were included in all the anal-
ysis sets. Demographic data and subject disposition are
summarized in Table 1 and Figure 4.

Pharmacokinetics

Concentration—time curves of OBE022 and OBE002
after single and multiple dosing are presented in
Figure 5.

After single doses, OBE022 was well absorbed, and
OBE022 and OBE002 were both observed in plasma
but with markedly higher levels of OBE002 compared
with OBE022. In view of a rapid hydrolysis of OBE022
to OBE002, OBE022 reached T, within 0.3 to
1.0 hours, and t;, was below 1.6 hours. Maximum
plasma concentrations of OBE002 exceeded those of
OBEO022 by 100- to 200-fold, with up to 1000-fold
higher AUC values. The Tp,.x of OBE002 was reached
within 2.6 and 3.4 hours, and t;» was between 8.3 and
10.7 hours.

Following multiple doses of OBE022 there was no
accumulation of the prodrug OBE022, which is in line
with its short half-life. Dose accumulation ratios of
OBEO002 had a 2-fold increase in AUC 241, (2.1) at the
100-mg dose and a 1.3 increase at 300 and 1000 mg.
The terminal half-life of OBE002 showed a 2- to 3-fold
increase over time to 22.2-29.2 hours on day 9, which
may be because of half-life estimates after single dosing
being based on 24 hours, whereas after multiple dosing
this could be extended to 6 days of sampling. Peak con-

centrations of OBEO002 increased by 1.5 (100 mg) and
1.2 (300 and 1000 mg) over time.

Coadministration of food resulted in 20% and 84%
higher exposure (Cpax and AUC(_, respectively) to
OBE022. For OBE002, AUC, « was slightly increased
(+15%) following administration with food, but within
accepted bioequivalence limits, and C,x was reduced
by 20%.

Cardiac Assessments

The primary analysis was conducted following the
statistical methods described by Ferber et al’’ and
employed the change from average baseline of the
QT interval corrected by Fridericia’s formula'* for
changes because of heart rate (QTcF). In addition, the
time course of all ECG parameters was described by
summary statistics.

All the subjects in the safety data set who had valid
ECG data for at least 1 postdosing time were included
in the primary analysis set. A total of 24 values had to
be excluded because no valid concentration data were
available, and 2 values were exclude because the time
difference between the ECG and the blood sampling ex-
ceeded the predefined limit. To demonstrate the sensi-
tivity of the assay, a Hochberg procedure®® was applied
to the results of the 2-, 3-, and 4-hour times of the dif-
ference between food effect and fasting. The baseline
was calculated from the day -1 values of the respective
period. Two types of baseline were used: the mean base-
line for the primary analysis and a time-matched refer-
ence baseline for a secondary analysis.

The QTc values for placebo and the 3 treatment
groups tended to be similar on days 1, 3, and 9. The
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Figure 5. Arithmetic means and SEs of plasma concentrations of OBE022 and OBE002 at 3 different doses, on days | (single dose,
fed), 3 (single dose, fasted), and 9 (steady state, fasted). The red line indicates a 1000-mg dose, the green line a 300-mg dose, and the

blue line a 100-mg dose.

maximal mean values for 100-, 300-, and 1000-mg doses
and placebo were observed between 1 and 1.5 hours
postdose and the minimal values between 5 and 8 hours
postdose.

On day 1 RR intervals exhibited escalating fluctu-
ations at 4 and 8 hours. These increases in mean HR
correlate with the effect on HR that can be attributed
to food?* and are not related to OBE022 administra-
tion. The time courses of HR and QTcF exhibited no
systematic difference between the groups that had re-
ceived OBE022 and those that had received placebo;
thus, no drug-related changes in these parameters were
observed; explicitly, all HR changes were related to food
administration, and these changes were in line with pre-
viously published data.?*>>?

Model-Based Concentration—Effect Analyses

To identify any PK-pharmacodynamic (PD) hystere-
sis, that is, a delay between the effect of a drug on
the QTcF and the plasma concentrations of the 2 an-
alytes, the drug concentration of the respective dose
group as well as the AAQTCF for each dose group was
plotted against time (Figure 3). The plots do not show

any systematic relationship between PK and PD, and in
particular, there was no indication for a delayed effect
on QTcF; thus, hysteresis can be excluded.

In all models, a slight positive but nonsignificant re-
lationship between the concentration of OBE022 and
the change in QTcF was seen, whereas those of OBE(002
and of the molar sum were negative. All 7 values for the
estimates were in the range between -1 and 1, and there-
fore none of the 2-sided 90% confidence intervals ex-
cluded zero. The predictions derived from the primary
model are given in Table 2. Most predictions are slightly
negative, and all are in the range between -2.5 and 1 mil-
liseconds. All 90% confidence intervals are well below
the threshold of 10 milliseconds.

A graphical comparison of the results is displayed
in Figure 2, where the observed AQTcF values are
displayed as scatterplots over the concentration of
OBE022, OBE002, and the molar sum. In addition, the
regression line from the respective mixed-effects model
is displayed. This regression line has been adjusted to
the average of the time and treatment effects to match
the data displayed. The key results of the joint model
are shown in Table 2.
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The Sensitivity of the Assay

The sensitivity of the assessment to consistently detect
changes of QTcF was established by measuring the ef-
fect of ingesting a standardized meal in the MAD part
of the study. A high-fat breakfast, composed according
to FDA recommendations,'® was served prior to dosing
on day 1, whereas on days 3 and 9 lunch was served 4
hours after administering OBE022; thus, the study sub-
jects fasted prior to dosing on those latter 2 days, which
provides the opportunity to evaluate assay sensitivity
on each of the 3 ECG assessment days.

The time course of the food effect on QTcF was esti-
mated from the estimates of the time effect in the mod-
els. Compared with the value measured before the start
of breakfast, the QTc consistently dropped 2 to 4 hours
after this point on day 1, whereas it remained virtually
unchanged on both days 3 and 9. The estimated changes
based on the primary model using change from predose
baseline are shown in Table 2. All 95% confidence inter-
vals for the day 1 estimators were well below zero, and
therefore assay sensitivity could be considered attained.
Because of different meal times, the food effect was con-
firmed 6, 7, and 8 hours after dosing, corresponding to
2 to 4 hours after the start of the meal, and it showed
a similar reduction in QTcF (Table 3) and within the
prospectively determined range.

Discussion

The study established the cardiac safety of the pro-
drug OBE022 and its active metabolite and parent com-
pound, OBE002, in an older female postmenopausal
population during the MAD part of the study using a
10-fold increase in dose and a plasma exposure from
29 to 926 ng/mL. OBE022 is rapidly metabolized to the
equally pharmacologically active OBE002; therefore,
the analysis assessed both substances separately and
jointly. Neither exposure to OBE022 nor to OBE002
inhibited cardiac repolarization at these plasma levels.
The observed food effect validates the cardiac repolar-
ization assay on all days on which QTc effects were
tested and is within the range of QTc values reported
in the literature. Both the change from predose, pre-
meal and from premeal, postdose in the present study
demonstrated the sensitivity of the study to detect small
changes in the QTc.

The MAD arm of the study was chosen over the
SAD arm for investigation of the effect of OBE002 and
OBEO022 exposure on cardiac repolarization because
the cohort size of the MAD study arm is generally
greater than that for the SAD arm, thus providing a
greater sample size at doses considered relevant for
future clinical development. Further important advan-
tages are that the MAD arm showed less autonomic
interference arising from subjects’ anxieties, as eventful

study days often include many other assessments,
restricting the careful recording of ECG data. The
longer exposure is capable of revealing the effects of
known as well as unknown metabolites. Investigational
Medicinal Product (IMP) exposure to steady state
often results in higher exposures than those seen with
marginally higher single doses.

Modeling showed that there was no statistically sig-
nificant prolongation of QTcF (Table 3). Some of the
concentration—QTcF models for parent OBE002 (mod-
els both and OBE022; Table 2) tended to indicate a non-
significant negative slope. An effect on cardiac function
of exposure to the FP antagonists OBE002 or its parent
OBEO022 could be excluded despite the reported action
of FP agonists on cardiac function in vitro®®!1:30-32
and reports of blood pressure elevation in response to
topical application of FP agonists.>® This is consistent
with previous clinical studies of allosteric FP antag-
onists that showed no QTc prolongation attributable
to drug administration.'> The predicted Cpax values
from the concentration—response analysis model were
in close agreement with the empirical data gathered in
this study.

Moxifloxacin is widely employed as a pharmacolog-
ical positive control,'” whereas the present study used
the effect of a meal to demonstrate confidence that
the QT interval assay was capable of detecting a small
change, as mandated by the regulatory requirements.**
The effect of a meal shortens the QT interval, whereas
moxifloxacin administration lengthens it. This reduces
the length of the waveform. The influence of this short-
ening on assessment accuracy depends on the mea-
surement technique. We used a global beat analysis —
whereby the automatic algorithm determined a global
beat across all leads.> Although technical considera-
tions indicate a difference of 1-3 milliseconds in QT-
interval length, this small systematic variation is within
QT-interval measurement precision limits.»>° The T-
wave length is artificially extended when the T wave is
flattened compaed with a more peaked waveform, when
these are measured using the tangential method.*’ For
this reason we used the former approach.

The robust change in QT interval of 6-10 millisec-
onds produced by eating a meal”*!' ensures that the
assay possesses sufficient sensitivity to reveal an ef-
fect level close to the threshold of regulatory concern
(5 milliseconds).>* The rules we use to confirm assay
sensitivity are robust in that we use 2 or 3 times 2 to
4 hours after a meal and require all of those to be be-
tween 5 and 10 milliseconds and be significantly below
zero, shown by 2-sided 90% confidence intervals or a
single-sided 95% confidence interval.

The QT-interval reduction response to standardized
meals further demonstrated that this response is re-
producible, and employing lunch as the standard meal
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Table 3. QTcF Prolongation — Effect of a Meal
Hours After
Time of Start
Model Day of Breakfast Effect SE DF t 90%Cl
Both | 2 —10.9 1.78 69.1 —6.10 —13.9 -79
4 —10.1 1.81 71.1 —5.56 —13.1 -7.0
3 2 -1.0 1.74 808.0 —0.57 -3.8 1.9
4 —-2.6 1.75 801.4 —1.49 —55 0.3
9 2 -25 1.83 808.7 —1.38 —55 0.5
4 -3.0 1.82 802.6 —1.68 —6.0 —0.1
OBE002 | 2 —10.3 1.76 70.2 —5.86 —13.3 —74
4 —-9.8 1.79 723 —5.49 —12.8 —6.8
3 2 -0.7 1.74 804.9 —0.40 —-3.6 2.2
4 —24 1.76 786.6 —1.35 —53 0.5
9 2 —2.1 1.84 808.2 —1.15 —5.1 0.9
4 -29 1.82 803.2 —1.60 -59 0.1
OBE022 | 2 —11.0 1.72 81.7 —6.39 —13.8 —8.1
4 —10.4 1.71 79.9 —6.07 —13.2 -75
3 2 —1.2 1.73 807.7 —0.67 —4.0 1.7
4 -2.7 1.73 807.8 —1.55 —55 0.2
9 2 -2.7 1.83 808.6 —1.48 —-57 0.3
4 -32 1.81 807.9 —1.74 —6.1 -0.2
Molar sum | 2 —10.3 1.76 70.2 —5.86 —13.3 —74
4 -9.8 1.79 72.3 —5.49 —12.8 —6.8
3 2 -0.7 1.74 804.7 —0.40 —-3.6 2.2
4 —24 1.76 786.2 —1.35 —53 0.5
9 2 2.1 1.84 808.2 —1.15 —5.1 0.9
4 -29 1.82 803.3 —1.60 -59 0.1

further demonstrated that this can be used indepen-
dently of time of day. This offers a choice of fasted or
fed dosing, meaning that the method does not interfere
with the preferred mode of drug administration. This
study further confirms that application of the effect of
feeding is a viable nontoxic alternative to the use of a
pharmacological positive control to validate QTc assay
sensitivity. It allows multiple assessments on any rele-
vant study day, employing the data of all subjects.

Conclusion

The study met the criteria for a negative QT study, with
the upper boundary of a 2-sided 90%CI falling below
10 milliseconds with respect to the full range of doses
tested.

OBEO022 was generally well tolerated. The most fre-
quent AEs were headache and constipation. A previous
study with an allosteric FP antagonist'? recorded 2 in-
stances of QT-interval prolongation that were not con-
sidered related to the IMP, which is concordant with the
findings of the present study.

In summary, the study shows that OBE022 and its
parent, OBE002, are well tolerated by postmenopausal
women in the dose range given and are not associated
with any QTcF prolongation of regulatory concern.

Declaration of Conflicting Interests

Jorg Taubel, Ulrike Lorch, Simon Coates, Sara Fernan-
des, and Paul Foley are employees of Richmond Phar-
macology Ltd. Georg Ferber is an employee of Statistik
Georg Ferber GmbH who has received honoraria for
consulting from Richmond Pharmacology. Jean-Pierre
Gotteland and Oliver Pohl are employees of ObsEva
SA. OBE022 is being developed by ObsEva SA.

Funding

ObsEva SA funded this clinical trial investigating
OBEO022.

References

1. Harrison MS, Goldenberg RL. Global burden of prema-

turity. Semin Fetal Neonatal Med. 2016;21(2):74-79.

. Chang HH, Larson J, Blencowe H, et al. Prevent-
ing preterm births: analysis of trends and potential
reductions with interventions in 39 countries with
very high human development
2013;381(9862):223-234.

. van Vliet EOG, Dijkema GH, Schuit E, et al. Nifedip-
ine maintenance tocolysis and perinatal outcome:

index. Lancet.



Tdubel et al

899

10.

11.

12.

13.

14.

15.

16.

. Jovanovi¢c N, Pavlovic M, Mircevski

an individual participant data meta-analysis. BJOG.
2016;123(11):1753-1760.

. Haas DM, Caldwell DM, Kirkpatrick P, McIntosh

JJ, Welton NJ. Tocolytic therapy for preterm deliv-
ery: systematic review and network meta-analysis. BMJ.
2012;345.

V, Du Q,
Jovanovic A. An unexpected negative inotropic ef-
fect of prostaglandin F,, in the rat heart. Prostaglandins
Other Lipid Mediat. 2006;80(1):110-119.

. Katsumata Y, Shinmura K, Sugiura Y, et al. Endogenous

prostaglandin D, and its metabolites protect the heart
against ischemia—reperfusion injury by activating Nrf2.
Hypertension. 2014;63(1):80-87.

. Kunapuli P, Lawson JA, Rokach J, FitzGerald GA.

Functional characterization of the ocular prostaglandin
F», (PGF,,) receptor: activation by the isoprostane, 12-
180-PGFy,. J Biol Chem. 1997;272(43):27147-27154.

. Li Y, Kang JX, Leaf A. Differential effects of var-

ious eicosanoids on the production or prevention of
arrhythmias in cultured neonatal rat cardiac myocytes.
Prostaglandins. 1997;54(2):511-530.

. Takayama K, Yuhki K-i, Ono K, et al. Thromboxane A,

and prostaglandin F,, mediate inflammatory tachycar-
dia. Nat Med. 2005;11(5):562-566.

Hong SH, Kyeong K-S, Kim CH, et al. Regulation of my-
ometrial contraction by ATP-sensitive potassium (Karp)
channel via activation of SUR2B and Kir 6.2 in mouse.
J Vet Med Sci. 2016;78(7):1153-1159.

Erkan LG, Altinbas B, Guvenc G, Aydin B, Niaz N, Yal-
cin M. The acute cardiorespiratory effects of centrally in-
jected arachidonic acid; the mediation of prostaglandin
E, D and F,,. Respir Physiol Neurobiol. 2017;242:117—
124.

Bottcher B, Laterza RM, Wildt L, et al. A first-in-human
study of PDC31 (prostaglandin F,, receptor inhibitor) in
primary dysmenorrhea. Hum Reprod. 2014;29(11):2465—
2473.

Téaubel J, Lorch U, Ferber G, Pohl O. Confirmation of
the cardiac safety of OBE022 in a phase 1 study in healthy
subjects using intensive ECG assessments and the effect
of a meal on QTc to show assay sensitivity. Poster: 019.
Presented at: ACCP meeting, September 17, 2017; San
Diego, California.

Fridericia LS. Die Systolendauer im Elektrokardio-
gramm bei normalen Menschen und bei Herzkranken.
Acta Med Scand. 1920;53(1):489-506.

Food & Drug Administration. Guidance for industry:
food-effect bioavailability and fed bioequivalence studies.
http://www.fda.gov/downloads/Drugs/GuidanceCompli

anceRegulatoryInformation/Guidance/ucm070241.pdf.

2002.

ICH. E14 Questions & Answers (R3) December 2015.
2015.  http://www.ich.org/fileadmin/Public_Web_Site/

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

ICH_Products/Guidelines/Efficacy/E14/E14_Q_As_
R3__Step4.pdf.%6202015.

Shah RR, Maison-Blanche P, Duvauchelle T, Robert
P, Denis E. Establishing assay sensitivity in QT stud-
ies: experience with the use of moxifloxacin in an early
phase clinical pharmacology study and comparison with
its effect in a thorough QT study. Eur J Clin Pharmacol.
2015;71(12):1451-1459.

Shah RR, Maison-Blanche P, Robert P, Denis E, Du-
vauchelle T. Can an early phase clinical pharmacology
study replace a thorough QT study? Experience with a
novel H3-receptor antagonist/inverse agonist. Eur J Clin
Pharmacol. 2016;72(5):533-543.

Ferber G, Zhou M, Dota C, et al. Can bias evalua-
tion provide protection against false-negative results in
QT studies without a positive control using exposure-
response analysis? J Clin Pharmacol. 2017;57(1):85-95.
Téubel J, Ferber G, Lorch U, Wang D, Sust M, Camm
AlJ. Single doses up to 800 mg of E-52862 do not
prolong the QTc interval—a retrospective validation by
pharmacokinetic-pharmacodynamic modelling of elec-
trocardiography data utilising the effects of a meal on
QTc to demonstrate ECG assay sensitivity. PLoS One.
2015;10(8):¢0136369.

Téubel J, Ferber G, Izquierdo I. Confirmation of the car-
diac safety of rupatadine in a single ascending dose and
multiple ascending dose study in Japanese healthy sub-
jects using intensive ECG assessments. Clin Pharmacol
Drug Dev. 2015;4(S1):S30.

Téubel J, Fernandes S, Ferber G. Time of the day and
magnitude of the effect of a drug on the QTc inter-
val. CPT: Pharmacometrics & Systems Pharmacology.
2017;6(5):283-283.

Téubel J, Wong AH, Naseem A, Ferber G, Camm AlJ.
Shortening of the QT interval after food can be used to
demonstrate assay sensitivity in thorough QT studies. J
Clin Pharmacol. 2012;52(10):1558-1565.

Garnett C, Needleman K, Liu J, Brundage R, Wang
Y. Operational characteristics of linear concentration-
QT models for assessing QTc interval in the thorough
QT and phase I clinical studies. Clin Pharmacol Ther.
2016;100(2):170-178.

Cirincione B, Sager PT, Mager DE. Influence of meals
and glycemic changes on QT interval dynamics. J Clin
Pharmacol. 2017;57(8):966-976.

Garnett CE, Beasley N, Bhattaram VA,
Concentration-QT relationships play a key role in
the evaluation of proarrhythmic risk during regulatory
review. J Clin Pharmacol. 2008;48(1):13-18.

Ferber G, Wang D, Taubel J. Concentration—effect
modeling based on change from baseline to assess the
prolonging effect of drugs on QTc together with an es-
timate of the circadian time course. J Clin Pharmacol.
2014;54(12):1400-1406.

et al.



900

Clinical Pharmacology in Drug Development 2018, 7(8)

28.

29.

30.

31.

32.

33.

34.

Benjamini Y, Hochberg Y. Controlling the false discov-
ery rate: a practical and powerful approach to multiple
testing. J Roy Stat Soc Ser B (Meth). 1995;57(1):289—
300.

Garnett CE, Zhu H, Malik M, et al. Methodologies to
characterize the QT/corrected QT interval in the presence
of drug-induced heart rate changes or other autonomic
effects. Am Heart J. 2012;163(6):912-930.

Mechiche H, Grassin-Delyle S, Robinet A, Nazeyrollas
P, Devillier P. Prostanoid receptors involved in regulation
of the beating rate of neonatal rat cardiomyocytes. PLoS
One. 2012;7(9):e45273.

Narumiya S, Sugimoto Y, Ushikubi F. Prostanoid recep-
tors: structures, properties, and functions. Physiol Rev.
1999;79(4):1193-1226.

Zhang J, Gong Y, Yu Y. PG F,, receptor: a promising
therapeutic target for cardiovascular disease. Front Phar-
macol. 2010;1:116.

Ohyama K, Kawakami H, Inoue M. Blood pressure
elevation associated with topical prostaglandin F2e;
analogs: an analysis of the different spontaneous adverse
event report databases. Biol Pharm Bull. 2017;40(5):616—
620.

ICH Harmonized Tripartite Guideline. E14. The clinical
evaluation of QT/QTc interval prolongation and proar-
rhythmic potential for non-antiarrhythmic drugs. Inter-
national conference on harmonisation, E14 Implementa-
tion and working group, Question and Answers; 2012.

35.

36.

38.

39.

40.

41.

Baumert M, Porta A, Vos MA, et al. QT interval vari-
ability in body surface ECG: measurement, physiolog-
ical basis, and clinical value: position statement and
consensus guidance endorsed by the European Heart
Rhythm Association jointly with the ESC Working
Group on Cardiac Cellular Electrophysiology. EP Eu-
ropace. 2016;18(6):925-944.

Darpo B, Fossa AA, Couderc J-P, et al. Improv-
ing the precision of QT measurements. Cardiol J.
2011;18(4):401-410.

. Burke GM, Wang N, Blease S, Levy D, Magnani JW.

Assessment of reproducibility — automated and digi-
tal caliper ECG measurement in the Framingham Heart
Study. J Electrocardiol. 2014;47(3):288-293.

Kligfield P, Badilini F, Rowlandson I, et al. Com-
parison of automated measurements of electrocardio-
graphic intervals and durations by computer-based
algorithms of digital electrocardiographs. 4m Heart J.
2014;167(2):150-159.e151.

Rijnbeek PR, van den Berg ME, van Herpen G, Rit-
sema van Eck HJ, Kors JA. Validation of automatic
measurement of QT interval variability. PLoS One.
2017;12(4):¢0175087.

Xue Q, Reddy S. Algorithms for computerized QT anal-
ysis. J Electrocardiol. 1988;30(1):181-186.

Taubel J, Ferber G. The reproducibility of QTc changes
after meal intake. J Electrocardiol. 2015;48(2):274—
275.



