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Abstract: The effects of selexipag and its active metabolite ACT-333679 on cardiac
repolarization were assessed in a thorough QT study as per International Conference on
Harmonisation E14 guidance. In this randomized, double-blind, placebo/positive-controlled,
parallel-group study, healthy male and female subjects were randomized to receive escalating
doses of selexipag (n=91) or placebo/moxifloxacin (n=68). Ascending multiple doses of selexipag
in the range 0of 400—1,600 pg or placebo were administered twice daily for 21 days. Following a
nested crossover design, subjects in the moxifloxacin/placebo treatment group received a single
oral 400 mg dose of moxifloxacin on day 2 or 24. The primary endpoint (QT interval correc-
tion using individualized formula [QTcl]) was chosen based on a prospectively defined test
applied to on-treatment data. The mean baseline-adjusted placebo-corrected AQTcl (AAQTcI)
for selexipag was small at all time points and never exceeded 1.4 msec (upper bound of 90%
confidence interval [CI], 3.9 msec) on 800 pg or —0.7 msec (upper bound of 90% CI, 2.1 msec)
on 1,600 ng. The mean AAQTcI peak effect for moxifloxacin was 7.5 msec (lower bound of
90% CI, 4.8 msec). The exposure-response analysis did not demonstrate a relevant relationship
between plasma concentrations of selexipag or ACT-333679 and AAQTcI but, in contrast, a
positive slope within the expected range for moxifloxacin. In conclusion, selexipag does not
have an effect on cardiac repolarization.
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Introduction
Selexipag is a potent, orally available, selective prostacyclin (IP) receptor agonist
that is currently in clinical development for the treatment of pulmonary arterial
hypertension. The selectivity of selexipag for the IP receptor offers the potential to
overcome the limitations on tolerability (eg, nausea and vomiting) associated with
prostacyclin analog therapy.! Selexipag is rapidly absorbed and hydrolyzed in the
liver by carboxylesterase 1 to yield the active metabolite ACT-333679, which has
a 13-fold higher affinity than selexipag and a more than 130-fold higher affinity for
the IP receptor than for other prostaglandin receptors.>* The chemical structures of
selexipag and ACT-333679 are shown in Figure 1. The plasma protein binding is
above 99% for both selexipag and ACT-333679, with no saturation of binding in a
clinically relevant concentration range. High binding to human albumin and o-acid
glycoprotein was demonstrated for both compounds (data on file).

In the multiple-dose uptitration study in healthy subjects, maximum plasma concen-
trations of selexipag and ACT-333679 were achieved 2 hours and 4 hours, respectively,
following administration. In the same study, following a 1,800 png dose of selexipag,
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Figure | Chemical structures of selexipag and its metabolite ACT-333679.

a terminal half-life of 1.4 hours and 8.7 hours for selexipag
and ACT-333679, respectively, was obtained.* Thus, the
pharmacokinetics of selexipag and its active metabolite allow
for twice-daily dosing. A study in healthy male subjects
showed that selexipag at doses of up to 1,600 pg twice daily
(the highest dose tested in Phase III) can be tolerated when
using a gradual uptitration regimen.*

In a Phase II proof-of-concept study in 43 patients (sel-
exipag to placebo randomization, 3:1) with symptomatic
pulmonary arterial hypertension, selexipag administered for
17 weeks on top of a single and double pulmonary arterial
hypertension-specific background therapy showed a statisti-
cally significant reduction in pulmonary vascular resistance
compared with placebo.’

Drug-induced QT interval (time from electrocardiogram
[ECG] Q wave to the end of the T wave) prolongation is asso-
ciated with an increased risk for development of torsades de
pointes and sudden cardiac death. The International Conference
on Harmonisation (ICH) E14 document, and the subsequent
Q&A document, both recommend that all new drugs with
systemic exposure be evaluated for prolonging effects on the
heart rate-corrected QT (QTc) interval and provide guidance
on how to perform and analyze a thorough QT study.®’

In vitro studies in Chinese hamster ovary (CHO)-K1 cells
expressing recombinant human ether-a-go-go-related gene
(hERG) potassium channels showed no effects of selexipag
and ACT-333679 (highest concentration tested, 30 LM) on
hERG channel conductance at concentrations reached in
humans. In conscious dogs, selexipag had no effect on ECG
variables at doses up to 10 mg/kg.

The aim of this study was to assess whether selexipag
at steady-state for two therapeutic dose levels (800 pg and
1,600 pg) has an adverse effect on QT/QTc as per ICH E14
guidance in a thorough QT/QTc study. In the Phase I1I study
(GRIPHON, ClinicalTrials.gov ID NCT01106014), as for
other prostacyclin receptor agonists, selexipag was uptitrated
to the patient’s individual maximum tolerated dose. Thus,
testing of a supratherapeutic dose, as recommended, was
not feasible; instead, a gradual uptitration dosing schedule
was used to attain the highest therapeutic dose level tested
in Phase 111, and exposure-response analysis was applied to
the data to project QTc effects at plasma levels expected with
supratherapeutic doses. Two methods for heart rate correction
ofthe QT interval were used, ie, QT interval correction using
individualized formula (QTcl) and QT interval correction
with Fridericia’s formula (QTcF).

The primary endpoint was chosen based on a prospective
test on on-treatment data, which evaluates each method’s
ability to remove the heart rate dependence of QTc.? In line
with current guidelines, moxifloxacin 400 mg was used as a
positive control to show adequate sensitivity to detect small
changes in the QT interval.®” Due to the relatively long dosing
duration (21 days), a parallel-group study design was chosen.
By using a nested crossover design in a combined placebo/
moxifloxacin group to assess the effect of moxifloxacin,
it was possible to conduct the study more efficiently by reduc-
ing the number of treatment groups from three to two.

Materials and methods

Subjects

Eligible subjects had to be healthy (assessed by physical
examination and standard laboratory tests), nonsmokers, aged
18-45 years, and with a body mass index of 18.5-32 kg/m?.
Subjects with a personal or family history of long QT syn-
drome or hypokalemia, as well as female subjects with a QTc
value >470 msec or male subjects with a value >450 msec
at screening were excluded. Consumption of grapefruit or
grapefruit juice and food containing poppy seeds was not
permitted during the course of the study. Concomitant medica-
tions were not allowed during this study, except for hormonal
contraceptives and the treatment of adverse events.

Written informed consent was obtained from all subjects.
The study was conducted in accordance with good clinical
practice, ICH E14 guidance, and the Declaration of Helsinki
at a single center in the USA (Covance Clinical Research
Unit, Evansville, IN, USA). The study was approved by an
independent ethics committee (Independent Investigational
Review Board Inc., Plantation, FL, USA).
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Study design

This study used a double-blind, randomized, placebo/positive-
controlled (moxifloxacin), double-dummy, parallel-group,
multiple-dose, uptitration study design. Subjects were ran-
domized to two treatment groups, ie, selexipag in escalating
doses or placebo/moxifloxacin in a nested crossover design for
moxifloxacin (ClinicalTrials.gov ID NCT02206204). Treat-
ment randomization was done in a 4:3 fashion to selexipag
or placebo/moxifloxacin. A maximum of 160 subjects was
planned to be enrolled to have at least 56 evaluable subjects
per treatment group completing the study.

All subjects received a single dose of placebo for selexipag
on day 1. Subjects in the selexipag treatment group received
selexipag on days 3 to 23 (400-1,600 pg twice daily as 200 pg
tablets) and placebo for moxifloxacin on days 2 and 24.
Subjects in the placebo/moxifloxacin treatment group received
placebo for selexipag on days 3 to 23 and one single 400 mg
dose of moxifloxacin or placebo for moxifloxacin either on
day 2 or 24 (Figure 2). The dose for each subject was uptitrated
after every 3 days (ie, after six dose administrations, which
is thought to be sufficient to attain steady-state conditions)
in steps of 200 pg up to a dose of 1,600 g twice daily (with
the exception of day 23 [only morning administration]). The
study drugs were orally administered 1 hour after a meal
(morning and evening) with approximately 240 mL of water.

For a particular subject, the dosing interval between selexipag
administrations was kept as close as possible to 12 hours.
Moxifloxacin 400 mg was administered as over-encapsulated
tablets (Avelox®™; Bayer, Ziirich, Switzerland).

Safety and tolerability

Safety and tolerability were evaluated by monitoring of adverse
events, assessing standard blood chemistry and hematology
laboratory variables, urinalysis, body weight, safety 12-lead
ECG recordings, and supine and orthostatic vital signs.

Cardiodynamics/QTcl derivation

A continuous ECG (Holter) was recorded on days 1,2, 11, 23,
and 24 (12-lead, Mortara Surveyor; Mortara Instrument, Inc.,
Milwaukee, WI, USA). Triplicate ECGs were extracted by a
central ECG laboratory (eResearch Technology, Philadelphia,
PA, USA) from the continuous recordings at the following
time points: prior to respective morning dose and at 0.5, 1,
1.5,2,3,4,5,6,7,8, 10, and 12 hours after morning drug
administration (time-matched with respect to clock time
[actual time elapsed] and the individual dose schedule).
Extractions were approximately 1 minute apart but did not
exceed 5 minutes, so did not conflict with the pharmacoki-
netic sampling time. The ECGs were extracted using manual
adjudication and interpreted by an experienced cardiologist.
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Figure 2 Study design.

A Placebo for moxifloxacin ,J,,_ Holter ECG assessments
A Moxifloxacin

Notes: Treatment A, selexipag treatment group; treatment B, placebo/moxifloxacin treatment group; n, number of subjects enrolled. *Given twice a day with the exception

of day 23 (only morning administration).
Abbreviations: ECG, electrocardiogram; EOS, end-of-study.
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The technicians and the cardiologist were blinded with respect
to time point and treatment. The same reader was assigned for
all ECGs of a given subject. From at least 10 minutes before
until 5 minutes after each predefined ECG extraction time
point, subjects were resting in a supine position.

The QTclI correction factor was derived from linear mixed-
effects modeling on the log scale log(QT) =log(a) + b, log(R
wave to R wave [RR] interval) with sex-specific slope and
intercept included as fixed effects, and subject included as
a random effect for both slope and intercept. This was done
for all subjects on baseline data (ie, nominal time points)
derived from day 1. The QTecl correction factor (ie, log[RR]
coefficient) for each subject, b, was then used to calculate
the individually corrected QT for each subject as follows:
QTcl = QT/RRY. QTcF was derived using Fridericia’s
formula: QTcF = QT/(RR)"3. Categorical QTcl outliers
(defined as QTcl values >450, >480, or 500 msec, respec-
tively) were analyzed descriptively. Cardiodynamic analysis
of the raw Holter data was performed by iCardiac Technolo-
gies Inc., (Rochester, NY, USA).

Pharmacokinetics

Blood samples (approximately 3 mL) for measurement of sel-
exipag and its active metabolite ACT-333679 were collected
in lithium heparin tubes at the following time points: within
30 minutes prior to dosing and then at 0.5, 1, 1.5, 2, 3,4, 5, 6,
7,8, 10, and 12 hours post-dose on days 11 and 23. In addition,
trough (predose) samples for the measurement of selexipag
and its active metabolite ACT-333679 were taken on days 5, 8,
10, 11, 14,17, 20, and 22. To prevent degradation of selexipag
and of a metabolite of ACT-333679, the plasma samples were
acidified with 10% of plasma volume of 1.0 M HCI. Exposure
of plasma samples to light was minimized and opaque tubes
were used. Moxifloxacin blood samples (approximately 3 mL)
were collected on days 2 and 24 in ethylenediaminetetra-
acetic acid tubes at the same time points as for selexipag and
ACT-333679 on days 11 and 23. Plasma samples were stored
at —80°Cx10°C pending analysis. Plasma concentrations were
determined using validated liquid chromatography coupled to
tandem mass spectrometry assays. The lower limit of quanti-
fication for selexipag and ACT-333679 was 0.01 ng/mL. For
moxifloxacin the lower limit of quantification was 5 ng/mL.
The inter-assay accuracy for selexipag was 98.6%—100.7%
and the inter-assay precision was 5.7%—10.6%. The inter-assay
accuracy for ACT-333679 was 100.7%—103.3% and the inter-
assay precision was 4.4%—13.3%. The inter-assay accuracy for
moxifloxacin was 99.6%—-102.7% and the inter-assay preci-
sion was 4.0%—6.8%. The pharmacokinetic parameters were

calculated by noncompartmental analysis from the plasma
concentration—time data using Phoenix WinNonlin software
version 6.1 (Pharsight Corp., Mountain View, CA, USA).

Statistical analysis

Sample size

The sample size was calculated for a noninferiority margin
of 10 msec. A standard deviation of 8 msec was assumed for
AQTec, and a AAQTc difference between selexipag 1,600 g
and placebo of =5 msec at five time points (1, 2, 3, 4, and
5 hours post-dose). Fifty-six evaluable subjects per treatment
arm at study end were calculated to be sufficient to ensure
with a probability of at least 85% (power) that the upper
bound of the 95% one-sided confidence interval (CI) for the
difference between AQTc for the highest dose group of sel-
exipag (1,600 LLg) and the placebo group would be <10 msec
at all five time points.

Evaluation of optimal QT-RR correction method

To determine which QT correction (either QTcF or QTcl)
corrected best for the effect of heart rate, graphical assess-
ment and statistical analysis for regression between QTc
values and RR data were used. As a next step, the relation-
ship between QTc (QTcF and QTcI) and RR interval was
investigated using on-treatment data (selexipag 800 g and
1,600 pg, moxifloxacin, and placebo) by linear regression
modeling: QTc =a + b, X RR. The RR coefficient for each
subject, b,, was then used to calculate the average sum of
squared slopes for each of the different QT-RR correction
methods, as proposed by Tornoe et al.® The correction method
that resulted in the average on-treatment slope closest to zero
(on placebo, selexipag 800 ng, and selexipag 1,600 pg) was
deemed the most appropriate heart rate correction method
and was therefore used as the primary endpoint.

Primary analysis

The primary analysis for each of the two doses of selexipag
was based on a linear mixed effects model with the change
from time-matched baseline QTc as a dependent variable,
treatment, time (categorical), and treatment-by-time as fac-
tors. “Subject” was included in the model as a random effect
for the intercept. A two-sided 90% CI was calculated for
the contrast “treatment (selexipag) — placebo”. This model
was fitted across all time points on day 11 (800 pg) and on
day 23 (1,600 ug) separately. The study was judged nega-
tive if the upper one-sided 95% ClI (ie, the upper bound of
the two-sided 90% CI) was below 10 msec for the largest
time-matched mean effect, ie, time-matched mean difference
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from placebo, AAQTec. For heart rate, PR interval, and QRS
interval, descriptive statistics including mean, standard error,
and 90% two-sided CI from the Student’s #-test are given.

Concentration-QTc analysis

The relationship between plasma concentrations (of sel-
exipag, its metabolite ACT-333679, and moxifloxacin) and
AAQTecI (primary endpoint) was quantified using a linear
mixed effects modeling approach. Three different models
were to be considered, ie, a linear model with an intercept,
a linear model with the mean intercept fixed to 0, and a linear
model with no intercept. The time-matched concentration
was included in the model as a covariate and subject as a
random effect for both intercept and slope, whenever appli-
cable. The model that fitted the data best (ie, had the smallest
Akaike information criterion and predicted Cls similar to the
observed ones) was used for predicting population average
AAQTcl and the corresponding 90% two-sided CI intervals
at the geometric mean peak plasma concentration (C_ ) of
selexipag, its metabolite ACT-333679, and moxifloxacin.

Assay sensitivity

The assay sensitivity hypothesis was that the study design
enabled detection of QT prolongation of the active control
(moxifloxacin) compared with placebo. Estimates of time-
matched, baseline-adjusted mean differences from placebo
and their 90% CIs for the primary endpoint (AAQTcI) were
derived at each time point of 2, 3, and 4 hours post-dose.
A linear mixed model was fitted with sequence, period, time
(categorical), treatment, and time-by-treatment interaction
as fixed effects, and subject as a random effect for the inter-
cept. For the time points of 2, 3, and 4 hours, the contrast in
treatment AAQTcI = “moxifloxacin — placebo” was tested
against the one-sided null hypothesis AAQTcl =5 msec at
the 5% level. Multiplicity was controlled using a Hochberg
procedure.’ If the lower bound of the 90% CI of the placebo-
corrected AQTcl exceeded 5 msec at any of the predefined
time points, assay sensitivity was considered to be shown.

Results
Demographics and baseline

characteristics

A total of 159 subjects were enrolled in this study; of these,
91 subjects (60 males, 31 females) were randomized to
the selexipag treatment group and 68 subjects (43 males,
25 females) to the placebo/moxifloxacin treatment group. In
total, 122 subjects (77%) completed the study, with 56 sub-
jects (62%; 40 males, 16 females) completing in the selexipag

treatment group and 66 subjects (97%; 43 males, 23 females)
completing in the placebo/moxifloxacin treatment group.
The two treatment groups were balanced with regard to
age, weight, height, body mass index, and sex (Table 1).
In the selexipag group, 47.3% of subjects were Black/African
American, 40.7% were White/Caucasian, 2.2% were
American Indian or Alaska Native, 3.3% were Asian, one
subject (1.1%) was Native Hawaiian or other Pacific Islander,
and 5.5% were of other races. In the placebo/moxifloxacin
group, 60.3% of subjects were White/Caucasian, 35.3% were
Black/African American, one subject (1.5%) was American
Indian or Alaska Native, and 2.9% were of other races.

Safety and tolerability

The most frequently reported adverse events following mul-
tiple dosing with selexipag (days 3 to 23), which occurred at
a higher frequency than following placebo/moxifloxacin were
headache, dizziness, myalgia, jaw pain, nausea, diarrhea,
and vomiting. In total, 26 subjects (14 males, 12 females)
discontinued due to adverse events following multiple doses
of selexipag (days 3 to 23) and two following multiple doses
of placebo/moxifloxacin. The most frequent adverse event
leading to premature discontinuation in the selexipag treat-
ment group was headache (16 subjects), followed by myalgia
(eight subjects), nausea (eight subjects), and jaw pain (six
subjects). Study discontinuations due to adverse events

Table | Baseline demographics

Variable Selexipag Placebo/ Overall
(n=91) moxifloxacin (n=159)
(n=68)

Age at screening (years)

Mean (SD) 31.8(7.2) 324 (6.7) 32.0 (6.9)

Median 31.0 31.0 31.0

Min, Max 19, 45 20, 45 19, 45
Weight (kg)

Mean (SD) 7991 (12.81) 79.04 (12.45) 79.54 (12.62)

Median 80.30 79.10 80.00

Min, Max 55.5, 105.4 51.2, 107.1 51.2, 107.1
Height (cm)

Mean (SD) 174.0 (9.2) 172.7 (9.6) 173.4 (9.4)

Median 175.0 173.5 174.0

Min, Max 155, 197 148, 194 148, 197
BMI at screening (kg/m?)

Mean (SD) 26.32 (3.10) 26.42 (3.00) 26.36 (3.05)

Median 26.80 26.25 26.40

Min, Max 18.6,31.5 19.7, 31.5 18.6,31.5
Sex (n, %)

Male 60 (66%) 43 (63%) 103 (65%)

Female 31 (34%) 25 (37%) 56 (35%)

Abbreviations: BMI, body mass index; Max, maximum; Min, minimum; SD, standard
deviation.
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Table 2 Average sum of squared slopes for different QT-RR
correction methods across treatments

Treatment Slope estimates

Mean of squared individual slopes

QTcF QTcl
Selexipag 800 ug 0.0018 0.0016
Selexipag 1,600 pg 0.0014 0.0010
Moxifloxacin 0.0017 0.0019
Placebo for selexipag 800 ug 0.0013 0.0013
Placebo for selexipag 1,600 ug ~ 0.0011 0.0009
Placebo for moxifloxacin 0.0013 0.0007

Abbreviations: QTcF, QT interval corrected with Fridericia’s formula; QTcl, QT
interval corrected using the individualized formula; RR, R wave to R wave.

occurred at all selexipag dose levels. None of the adverse
events leading to discontinuation were related to ECG abnor-
malities or could be attributed to QT-prolonging effects.
There was one serious adverse event reported by a female
subject in the selexipag group (symptomatic hypotension

Table 3 Electrocardiographic parameters at baseline

following administration of selexipag 1,200 ug). Three
other female subjects discontinued from the study due to
hypotensive events following multiple doses of selexipag
(at 800—1,000 pg). These events were moderate in intensity
and considered to be related to the study treatment by the
investigator. No clinically relevant changes in clinical labora-
tory variables or safety ECGs were observed.

Cardiodynamics
QTcl was shown to remove the heart rate dependence some-
what better than QTcF, with a consistently smaller mean
sum of squared individual slopes than for QTcF, and was
therefore chosen for the primary endpoint analysis (Table 2).
The mean slope of the correction factor for QTcl was 0.3076
(90% C10.3027-0.3124), as compared with the fixed slope
of 0.33 for QTcF.

Baseline ECG parameters were well balanced across
treatment groups, with only minor differences (Table 3). The

Treatment Mean SE n 90% CI Mean SE n 90% CI
Lower Upper Lower Upper
QTcF, msec QTcl, msec
Selexipag 800 ug 397.2 1.7 84 3945 400.0 396.7 1.7 84 393.9 399.6
Placebo for selexipag 800 Lig 3983 1.8 67 3953 401.3 398.1 1.8 67 395.0 401.1
Selexipag 1,600 ug 398.1 2.1 58 394.6 401.6 397.6 22 58 394.0 401.2
Placebo for selexipag 1,600 ug 398.5 1.8 66 3954 401.5 398.2 1.9 66 395.1 401.3
Moxifloxacin 396.7 1.8 66 3937 399.7 395.9 1.8 66 392.8 399.0
Placebo for moxifloxacin 397.3 1.8 66 394.3 400.4 396.5 1.9 66 3933 399.7
Heart rate, beats per minute QTcB, msec
Selexipag 800 ug 64.1 0.7 84 629 65.3 401.3 1.9 84 398.1 404.4
Placebo for selexipag 800 ug 63.8 1.0 67 622 65.4 401.9 20 67 398.5 405.3
Selexipag 1,600 ug 63.3 0.8 58 61.9 64.6 401.3 24 58 3974 405.2
Placebo for selexipag 1,600 Lig 63.8 1.0 66 62.2 65.4 402.0 2.1 66 398.6 405.5
Moxifloxacin 64.7 1.0 66 63.1 66.3 401.1 20 66 397.8 404.4
Placebo for moxifloxacin 65.5 1.0 66 63.9 67.1 402.6 2.1 66 399.1 406.1
QT, msec PR, msec
Selexipag 800 ug 389.9 2.1 84 386.4 3933 162.7 1.9 84 159.5 165.9
Placebo for selexipag 800 ug 392.1 2.7 67 387.6 396.6 161.2 22 67 157.5 164.9
Selexipag 1,600 ug 3923 2.6 58 388.0 396.6 164.2 23 58 160.4 168.1
Placebo for selexipag 1,600 ug 3923 27 66 387.7 396.9 161.4 23 66 157.7 165.2
Moxifloxacin 388.8 2.8 66 384.1 3934 163.3 23 66 159.5 167.2
Placebo for moxifloxacin 387.6 2.6 66 383.3 391.9 163.0 22 66 159.4 166.7
QRS, msec
Selexipag 800 ug 95.2 0.7 84 94.1 96.4
Placebo for selexipag 800 Lig 95.4 0.8 67 94.1 96.6
Selexipag 1,600 g 95.4 0.7 58 94.2 96.6
Placebo for selexipag 1,600 Lig 95.4 0.8 66 94.2 96.7
Moxifloxacin 95.6 0.8 66 94.3 96.9
Placebo for moxifloxacin 95.7 0.8 66 94.4 97.0

Abbreviations: Cl, confidence interval; n, number of subjects; PR, PR interval; QRS, QRS interval; QTcF, QT interval corrected with Fridericia’s formula; QTcB, QT interval
corrected with Bazett’s formula; QTcl, QT interval corrected using the individualized formula; SE, standard error.
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largest difference in mean heart rate and QTcl was 2.2 beats
per minute and 2.3 msec, respectively. The results of the
placebo-corrected change from baseline-adjusted mean ECG
parameters for selexipag and moxifloxacin by time point are
summarized in Tables 4-7.

Selexipag caused a mild increase in heart rate. The
placebo-corrected heart rate reached 6—7 beats per minute
1.5-3 hours after dosing with selexipag 800 pg (day 11) and
9-10 beats per minute at the same time points on selexipag
1,600 ug (day 23). This effect on heart rate was slightly
greater in females as compared with males after both selexi-
pag doses (7-9 beats per minute in males and 12—-16 beats
per minute in females at the 1,600 pg dose).

A small dose-independent PR interval shortening of
approximately 5 msec was observed on selexipag treatment,
which is consistent with the observed effect of the drug on
heart rate. No relevant effect was observed on the QRS
interval, with the mean AAQRS ranging between —1.1 msec

Table 4 Placebo-corrected change from baseline-adjusted mean
heart rate (AAHR, beats per minute) for selexipag and moxifloxacin

by time point

Time Mean SE 90% CI Mean SE 90% CI

(hours) Lower Upper Lower Upper
Selexipag 800 ug Selexipag 1,600 ug

0 32 1.1 1.4 5.0 2.4 1.3 03 4.5

0.5 3.6 12 I.5 5.6 4.0 1.5 1.5 6.4

| 4.7 12 28 6.6 6.1 14 39 8.4

1.5 6.6 1.1 47 8.5 10.0 13 79 12.2

2 6.9 I.I 5.1 8.7 9.8 12 78 1.9

3 7.3 13 52 9.4 8.5 14 63 10.8

4 5.5 1.0 38 72 6.5 1.3 43 8.6

5 4.6 1.0 29 6.3 4.5 1.1 27 6.4

6 4.5 12 26 6.4 4.9 14 26 72

7 3.4 13 1.3 5.6 3.5 14 12 5.8

8 4.1 1.3 20 6.1 3.6 1.3 14 5.8

10 4.6 1.3 25 6.6 3.6 13 14 5.8

12 2.5 1.3 03 47 1.9 1.5 -0.5 4.4
Moxifloxacin

0 2.9 1.8 0.1 5.8

0.5 4.6 16 1.8 7.3

| 2.5 1.6 —0.1 5.0

1.5 3.8 13 1.6 6.0

2 4.7 14 23 7.0

3 2.5 14 0.1 4.9

4 37 15 1.2 6.3

5 2.6 1.5 0.1 5.1

6 2.1 14 -03 4.5

7 37 1.6 1.0 6.4

8 3.5 1.6 09 6.1

10 4.0 1.6 1.3 6.7

12 3.1 1.8 0.1 6.1

Abbreviations: Cl, confidence interval; SE, standard error.

and 0.0 msec and with the highest upper bound of the 90%
CI being 1.1 msec on selexipag 1,600 ug.
Change-from-baseline QTcl (AQTcl) was small
at all time points and the mean placebo-corrected
change-from-baseline QTcl (AAQTcI) did not exceed
1.4 msec (upper bound of 90% CI, 3.9 msec) on selexipag
800 ng and —0.7 msec (upper bound of 90% CI, 2.1 msec)
on selexipag 1,600 g (Figure 3). Following moxifloxacin
400 mg, a peak effect on AAQTcI of 7.5 msec at 3 hours
post-dose, with a lower bound of the 90% CI of 4.8 msec
was observed. Effects on QTcF were consistent with the
QTeclI results, with a largest mean AAQTCcF of 2.3 msec
(upper bound of 90% CI, 4.8 msec) at 0.5 hours on sel-
exipag 800 pg and 0.6 msec (upper bound of 90% CI,
3.5 msec) at 2 hours on selexipag 1,600 wg. There were
no subjects with a QTcl exceeding 480 msec (Table 8)
or change from baseline QTcl >30 msec on selexipag.
The number of time points at which T-wave morphology

Table 5 Placebo-corrected change from baseline-adjusted mean
QTcl (AAQTcl, msec) for selexipag and moxifloxacin by time point

Time Mean SE 90% CI Mean SE 90% CI

(hours) Lower Upper Lower Upper
Selexipag 800 ug Selexipag 1,600 ug

0 -19 1.5 43 0.6 -23 1.7 —5.1 0.5

0.5 1.4 1.5 —1.0 3.9 -1.3 1.7 —40 1.5

| 09 15 34 1.5 28 1.7 56 -0.1

1.5 -0.7 1.5 3.1 1.8 09 1.7 37 1.9

2 0.0 1.5 24 2.5 -0.7 1.7 =35 2.1

3 29 1.5 53 -0.4 22 1.7 -49 0.6

4 26 1.5 50 —0.1 —43 1.7 -7.1 -1.5

5 24 1.5 48 0.1 32 1.7 —60 -0.4

[3 0.8 1.5 -1.7 32 -30 .7 58 -0.3

7 0.2 1.5 22 2.7 22 1.7 50 0.6

8 =11 1.5 3.6 1.3 34 1.7 —6.l -0.6

10 -1.6 1.5 —40 0.9 5.5 1.7 -83 =27

12 -32 |5 56 -0.7 -3.5 1.7 6.3 -0.7
Moxifloxacin

0 —I.1 1.6 -3.8 1.6

0.5 -1.6 1.6 —43 1.1

| 0.4 1.6 -23 3.1

1.5 5.7 1.6 3.0 8.4

2 5.6 1.6 29 8.3

3 7.5 1.6 4.8 10.2

4 5.9 1.6 32 8.6

5 6.5 1.6 3.9 9.2

6 4.1 1.7 1.4 6.8

7 5.0 1.6 23 7.7

8 5.2 1.6 25 79

10 5.4 1.6 27 8.1

12 4.0 1.6 1.3 6.7

Abbreviations: Cl, confidence interval; QTcl, QT interval corrected using the
individualized formula; SE, standard error.
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Table 6 Placebo-corrected change from baseline-adjusted mean
PR (AAPR, msec) for selexipag and moxifloxacin by time point

Time Mean SE 90% CI Mean SE 90% CI
(hours)
Lower Upper Lower Upper
Selexipag 800 ug Selexipag 1,600 ug
0 =5.1 1.6 -7.8 -24 -5.0 1.7 -78 =21
0.5 -46 1.8 -75 -1.7 -2.0 1.9 —5.1 1.0
| -52 1.8 -8l -23 5.1 1.8 -82 =21
1.5 -53 1.6 -79 -2.6 —6.1 1.7 -89 -3.3
2 -53 15 -78 -2.8 -5.3 1.7 -8.1 -2.5
3 -55 1.7 -83 -2.7 -7.2 1.7 —10.1 -43
4 -60 1.8 9. -3.0 —6.4 1.6 92 =37
5 5.1 1.6 -7.7 -24 —7.1 1.6 9.8 —4.4
6 -63 1.7 9. -35 5.6 1.5 -82 =3.1
7 -38 1.5 -63 -1.3 -5.0 1.6 -7.6 24
8 -28 1.7 56 —0.1 -53 1.5 -77 -29
10 -34 1.5 59 -0.9 -3.7 1.5 -62 -1.2
12 -34 1.6 —6.0 —0.8 —4.9 1.6 -7.5 22
Moxifloxacin
0 0.4 23 -35 43
0.5 04 23 42 34
| 2.1 22 -58 1.7
1.5 -02 22 -39 35
2 28 21 -64 0.8
3 -12 23 -50 2.5
4 -3.1 20 -64 0.2
5 27 19 -6.0 0.5
6 —-14 1.8 43 1.6
7 -1.6 19 -49 1.6
8 -1.5 1.8 —45 1.5
10 -07 19 -38 2.4
12 -25 1.8 55 0.5

Abbreviations: Cl, confidence interval; PR, PR interval; SE, standard error.

changes were observed was small and similar across all
treatment groups.

For the concentration-QTc analysis, a linear model with
an intercept was identified to best fit the data obtained. No
concentration-dependent effect of selexipag and ACT-333679
on QTcl was identified. The estimated population intercept for
selexipag was —1.72 msec with a slope of 0.0520 msec per
ng/mL (90% CI —0.0357, 0.1396; P=0.3259). The estimated
population intercept for ACT-333679 was —1.22 msec with a
slope of —0.0374 msec per ng/mL (90% CI —0.102, 0.0276;
P=0.3410). A strong concentration-dependent effect of moxi-
floxacin on QTcl was identified with an estimated slope of
0.005 msec per ng/mL (90% CI 0.0037-0.0063; P<<0.0001).

Pharmacokinetics
The mean concentration-time profiles of selexipag following
the third day (fifth dose) of 800 g on day 11 and following

Table 7 Placebo-corrected change from baseline-adjusted mean
QRS (AAQRS, msec) for selexipag and moxifloxacin by time
point

Time Mean SE 90% CI Mean SE 90% CI
(hours) _ _
Lower Upper Lower Upper

Selexipag 800 ug Selexipag 1,600 ug

0 -04 06 -1.3 0.5 -05 06 -I5 0.4

0.5 -09 06 -19 0.0 -04 07 -16 0.7

| -03 05 -12 0.6 -03 07 -15 0.8

1.5 -09 05 -18 0.0 -0.7 07 -8 0.4

2 -08 05 -16 0.1 -1.1 06 -21 —0.1

3 -15 05 -24 -0.6 -09 06 -18 0.1

4 -1.0 06 -20 0.0 -1 06 -2.1 -0.1

5 -07 05 -16 0.1 -03 06 -13 0.7

6 -05 06 -I5 0.5 -0.1 07 -12 1.1

7 0.0 06 —1.0 0.9 0.0 06 -1.0 1.0

8 -1.I 05 -19 -0.2 -04 06 -14 0.6

10 -08 05 -16 0.0 -02 06 -12 0.9

12 -0.7 06 -6 0.3 -03 07 -14 0.8
Moxifloxacin

0 0.6 0.7 -0.6 1.7

0.5 0.5 0.7 -0.6 1.5

| 0.5 0.6 -0.6 1.5

1.5 0.3 0.6 -0.6 1.3

2 -0.I 05 -09 0.7

3 0.7 0.6 -0.3 1.7

4 0.1 0.6 -0.9 1.0

5 0.0 06 —1.0 1.0

6 -02 06 -13 0.8

7 -05 06 -4 0.5

8 0.0 06 —1.0 1.0

10 -07 06 -1.7 0.4

12 0.1 06 —1.0 1.1

Abbreviations: Cl, confidence interval; QRS, QRS interval; SE, standard error.

the third day (fifth dose) of 1,600 ug on day 23 are shown

in Figure 4. The predose trough (C_ ) concentrations

trough
of selexipag and ACT-333679 were 10\i/, indicating very
little accumulation. Visual inspection of the mean Ctmugh
concentrations for selexipag and ACT-333679 showed that
approximate steady-state conditions were reached on day 11
and on day 23, ie, following 2 days of 800 Lg twice daily and
1,600 pg twice daily dosing, respectively (data on file).
The pharmacokinetic parameters for selexipag and ACT-
333679 are summarized in Table 9. Maximum plasma con-
centrations were reached at 2 and 4 hours post-dose (median)
for selexipag and ACT-333679, respectively, on both day 11
and day 23. Selexipag and ACT-333679 mean C___and area
under the plasma concentration-time curve during a dose
interval (AUC) (0—12 hour) values increased roughly two-fold
between days 11 and 23, which corresponded to a two-fold

increase in selexipag dose. Relative to selexipag on days 11
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Figure 3 Effects of selexipag and moxifloxacin on AAQTcl.

Notes: Data are shown as the mean +90% Cl of the placebo-corrected change from
time-matched baseline QTcl (AAQTcl, msec) across treatment groups and time
points. QTcl is the QT interval corrected using the individualized formula. Selexipag
800 g, day |1; selexipag 1,600 pg, day 23; moxifloxacin, day 2 or day 24.
Abbreviation: QTcl, QT interval correction using individualized formula.

and 23, ACT-333679 exposure was approximately 3.1-fold to
3.5-fold higher. Maximum plasma concentrations of moxifloxa-
cin were reached at 2 hours post-dose. Mean C___and AUC
(0-12 hour) values for moxifloxacin were 1,987 ng/mL and
13,340 ng-hour/mL, respectively. There was a trend for higher
exposures to selexipag and ACT-333679 in females compared
with males (selexipag AUC : +10% on day 11, +21% on day
23; ACT-333679 AUC: +18% on day 11, +32% on day 23).

Discussion

Repeat administration of selexipag, at oral doses uptitrated
from a starting dose of 400 pg (in 200 g steps) to a maximum
dose of 1,600 ug twice daily was tolerated by most healthy
male and female subjects. Frequently reported adverse events
were in accordance with the known adverse event profile of
selexipag.* In the selexipag treatment group, a higher per-
centage of females (12 of 31 [38.7%]) than males (14 of 60

[23.3%]) prematurely discontinued the study due to adverse
events. Study discontinuations due to adverse events occurred
at all selexipag dose levels. No adverse experiences that could
be attributed to QT-prolonging effects, such as torsades de
pointes, ventricular tachycardia, ventricular fibrillation or
flutter, seizures, or sudden death, were reported.

The pharmacokinetic results of selexipag and ACT-
333679 were comparable with previous data obtained in
Phase I studies in male subjects.*

Selexipag was associated with a mild but not clinically
relevant increase in heart rate, but did not show an effect on
cardiac repolarization. AQTcl was small at all time points,
and the placebo-corrected AQTcl (AAQTcI) did not exceed
1.4 msec (upper bound of 90% CI, 3.9 msec) on selexipag
800 ug or —0.7 msec (upper bound of 90% CI, 2.1 msec) on
selexipag 1,600 pg. Effects on QTcF were entirely consistent
with these results. There were no subjects with QT¢I exceed-
ing 480 msec or AQTcl >30 msec on selexipag. The study
was thereby negative, as defined by the ICH E14 guidance (ie,
the upper bound of the two-sided 90% CI of AAQTcI on both
tested doses of selexipag was below the threshold of concern,
ie, 10 msec). Concentration-effect modeling did not demon-
strate a relevant relationship between plasma concentrations
of selexipag or the main metabolite, ACT-333679, and the
effect on the QTc interval. It is very unlikely that any patient
on selexipag 1,600 pg will reach drug exposures potentially
leading to a relevant QTc effect. This exposure-response
analysis provided further evidence to support the conclusion
that selexipag does not have a clinically meaningful effect
on cardiac repolarization.

A thorough QT study with iloprost, a stable prosta-
cyclin analog approved for the treatment of pulmonary
hypertension, scleroderma, Raynaud’s phenomenon, and
ischemia, showed results similar to selexipag.' Iloprost given
as an inhalation at the maximum tolerated dose (20 pg) was

Table 8 QT interval corrected using the individualized formula QTcl per absolute categories (450 msec, >480 msec, and >500 msec)

Treatment Subject Event
N >450 msec  >480 msec  >500 msec N >450 msec  >480 msec  >500 msec
n (%) n (%) n (%) n (%) n (%) n (%)
Selexipag 800 Lg 84 () 0 0 1,090 I (<) 0 0
Selexipag 1,600 [ig 58 0 0 0 752 0 0 0
Moxifloxacin 66 3(5) 0 0 855 4(<1) 0 0
Selexipag 67 0 0 0 870 0 0 0
Placebo for selexipag 800 Lig
Selexipag 66 0 0 0 856 0 0 0
Placebo for selexipag 1,600 g
Placebo for moxifloxacin 66 2 (3) 0 0 856 2 (<) 0 0
Notes: N, number of subjects/time points included in the set; n (%), number of subjects/time points (percentage of respective N).
Abbreviation: QTcl, QT interval correction using individualized formula.
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Figure 4 Mean (standard deviation) plasma concentration versus time profiles of selexipag and its metabolite ACT-333679 in healthy subjects.
Notes: (A) Following selexipag 800 Lig at steady state (morning dose of day | I; n=84). (B) Following selexipag 1,600 ig at steady state (morning dose of day 23; n=58).

shown to cause a small but clinically nonsignificant increase
in QTc of 3 msec. An exposure-QTc response relationship
could not be established.!®

Moxifloxacin was included as a positive control to validate
the sensitivity of the assay in detecting small increases from base-
line in QTc. In thorough QT studies, moxifloxacin 400 mg has
been demonstrated to increase AAQTc by 10-15 msec, gener-
ally between 1 and 6 hours post-dose.'"'? In this study, the QTc
effect of moxifloxacin 400 mg was lower than expected (mean
peak AAQTcI 7.5 msec with a lower bound of the 90% CI of
4.8 msec, just below the approximate threshold of 5 msec indi-
cated by the ICH E14 guidance). Due to these rather small QT¢

Table 9 Pharmacokinetic parameters of selexipag and ACT-333679

effects observed with moxifloxacin, it was decided to analyze
the moxifloxacin concentrations in plasma. The moxifloxacin
geometric mean C__ (1,987 ng/mL) was lower than expected
from similar studies in healthy subjects.!? This may be explained
by the over-encapsulation of moxifloxacin tablets (done for
blinding reasons), which may lead to altered absorption and
lower drug exposure. Food is also known to lower the exposure
to moxifloxacin.'? In this study, for tolerability reasons, all study
drugs were administered 1 hour after a meal. These factors
might explain the low plasma concentrations and consequently
the relatively small QTc effect of moxifloxacin by time point
observed in this study. Also of note, there was a slightly higher

Analyte Day n t__. (hours) C ., (ng/mL) AUC_ (ng-hour/mL)
Selexipag I 84 2.00 (0.500-4.00) 8.20 (7.45, 9.03) 20.1 (18.3, 22.1)

23 58 2.00 (0.500-4.00) 18.0 (16.0,20.2) 44.0 (39.7, 48.8)
ACT-333679 I 84 4.00 (1.50-6.00) 134 (123, 14.7) 69.3 (63.3,76.0)

23 58 4.00 (2.00-5.00) 26.9 (24.3,29.7) 138 (124, 154)

Notes: Data are geometric means (and 95% confidence interval) or for t__the median (and range).
Abbreviations: AUC,, area under plasma concentration-time curve during one dosing interval; C__, maximum measured plasma concentration; n, number of subjects; t__, time

to reach maximum plasma concentration.
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variability in QTc measurement. The sample size calculation
assumed a standard deviation of between-subject change-from-
baseline QTc of 8 msec, whereas the employed semi-automated
methodology resulted in a mean standard deviation of 9.7 msec
for moxifloxacin and placebo for moxifloxacin. However, the
concentration-QTc analysis for moxifloxacin showed that the
slope of the concentration/AAQTcI relationship was significantly
positive (0.005 msec per ng/mL) and was within, or even exceed-
ing, reported values.!>!* Using the concentration-QTc model
from the moxifloxacin data in this study, AAQTcl atC_ values
normally seen with moxifloxacin 400 mg (around 2,900 ng/mL)"
could be estimated to 13.1 msec with a lower bound 90% CI of
9.3 msec. This complementary analysis demonstrated that the
QTec effect observed after administration of moxifloxacin was
within expectations when related to the actual plasma levels.
Since the concentration-QTc analysis was clearly negative for
selexipag and its metabolite, it appears highly unlikely that the
study was not sufficiently sensitive to detect a small QTc effect
of selexipag, in case there had been an effect.

Conclusion
Selexipag does not prolong the QTc interval and does not
have any adverse effect on cardiac repolarization.
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