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Aims: Selexipag is a prostacyclin receptor agonist approved for the treatment of pul-

monary arterial hypertension. Cytochrome P450 (CYP) 2C8 is involved in the metab-

olism of selexipag and its active metabolite, ACT-333679. This study evaluated the

interaction of selexipag and clopidogrel, a CYP2C8 inhibitor.

Methods: The study had a 2-treatment, 1-sequence, crossover design. Pharmacoki-

netics (PK) and CYP2C8 genotype were assessed in healthy male subjects adminis-

tered selexipag (200 μg twice daily [b.i.d.]) alone or with clopidogrel (300 mg single

dose or 75 mg once daily [o.d.]). PK modelling and simulation were conducted to sup-

port dosing recommendations.

Results: Clopidogrel had a comparatively small effect on selexipag (<1.5-fold dif-

ference in any PK variable). For ACT-333679, the major contributor to the drug

effect, the area under the plasma concentration–time curve during a dose interval

and the maximum plasma concentration increased 2.25-fold (90% confidence

interval [CI] 2.06, 2.46) and 1.69-fold (90% CI 1.55, 1.84), respectively with

clopidogrel 300 mg and 2.70-fold (90% CI 2.45, 2.96) and 1.90-fold (90% CI

1.72, 2.11), respectively with clopidogrel 75 mg. The effect of clopidogrel on

selexipag and ACT-333679 exposure was comparable for all identified CYP2C8

genotypes. PK simulations predicted comparable exposure to ACT-333679 follow-

ing selexipag 400 μg b.i.d., 400 μg o.d. in combination with clopidogrel 75 mg o.d

and 200 μg b.i.d. with clopidogrel 75 mg o.d.

Conclusion: Results suggest that ACT-333679 exposure can be maintained within

the therapeutic range by reducing selexipag dosing frequency to o.d. or dose to half,

when selexipag is coadministered with clopidogrel.
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1 | INTRODUCTION

Pulmonary arterial hypertension (PAH) is a progressive disease of the

lungs, in which vasoconstriction and enhanced smooth muscle prolif-

eration lead to increased pulmonary arterial pressure, ultimately lead-

ing to right heart failure and death.1 Prostacyclin, a potent vasodilator

and inhibitor of smooth muscle cell proliferation, is markedly

decreased in the lungs of patients with PAH.2,3 The prostanoids

epoprostenol, treprostinil, iloprost and beraprost, have been

approved mainly based on short-term benefits (efficacy).4 However,

their administration is associated with substantial burden and/or

potential serious adverse events due to their short half-life, chemical

instability and the disadvantages associated with their delivery

systems.5

Selexipag is the first orally active, selective, nonprostanoid,

prostacyclin receptor agonist approved for the long-term treatment

of PAH.6 In a randomized, placebo-controlled study in 1156 patients

with PAH, selexipag significantly reduced the risk of the composite

endpoint of morbidity/mortality.7 The most commonly reported

adverse events in this study were those typically observed with pros-

tacyclin therapies, including headache, diarrhoea, nausea and jaw

pain.7

Selexipag is hydrolysed by carboxylesterases to its active metabo-

lite, ACT-333679.8,9 The structures of both selexipag and

ACT-333679 have previously been published.8 In vitro, ACT-333679

is 37-fold more potent than selexipag in activating the prostacyclin

receptor10 and exposure at steady state to ACT-333679 is approxi-

mately 4-fold higher than the parent drug following oral administra-

tion in healthy subjects.11 ACT-333679 is therefore considered to be

the major contributor to the pharmacological effect. Both selexipag

and ACT-333679 are mainly excreated via hepatic clearance and

metabolized by the cytochrome P450 (CYP) enzyme, CYP2C8, and to

a lesser extent by CYP3A4.8,10,12 In addition, ACT-333679 is also

metabolised by the uridine 50-diphospho-glucuronosyltransferase

(UGT) enzymes, UGT1A3 and UGT2B7.8 In vitro, organic anion-

transporting polypeptide (OATP) 1B1 and OATP1B3 are involved in

the disposition of selexipag and ACT-333679.8,10 The breast cancer

resistance protein is also involved in the disposition of ACT-333679,

whereas only selexipag is a substrate of P-glycoprotein.10 In a previ-

ous drug–drug interaction (DDI) study with gemfibrozil, a strong

CYP2C8 and moderate OATP1B1 inhibitor, an approximately 11-fold

increase in ACT-333679 exposure was observed.13 Concomitant

treatment with selexipag and strong CYP2C8 inhibitors are therefore

contraindicated. Based on these data, other CYP2C8 inhibitors such

as clopidogrel14 are also expected to cause a clinically relevant

increase the exposure to ACT-333679 and clinical data are needed to

guide appropriate dosing of selexipag when coadministered with

clopidogrel. In contrast, it has previously been shown that there is no

clinically relevant pharmacokinetic interaction between selexipag and

warfarin, a CYP2C9 substrate, nor does selexipag impact the exposure

to the CYP3A4 substrate midazolam.15,16

The present study investigates the effect of the CYP2C8 inhibitor,

clopidogrel,14 on the pharmacokinetics (PK) of selexipag and

ACT-333679 in healthy male subjects. In addition, the effect of the

CYP2C8 genotype on the interaction between selexipag and

clopidogrel is explored. Finally, the generated data are used to provide

a model-based recommendation for an appropriate selexipag dosing

with concomitant administration of moderate CYP2C8 inhibitors.

2 | METHODS

2.1 | Subjects

Subjects were eligible to participate in the study if they were male,

aged ≥18 to ≤45 years with a body mass index of ≥18 to ≤28 kg m−2.

All subjects were healthy based on a physical examination performed

at the screening visit. They had normal systolic and diastolic blood

pressure and a normal 12-lead electrocardiogram. None of the sub-

jects received any concomitant treatments at enrolment. Exclusion

criteria included, but were not limited to, known allergic reactions to

the study treatment; previous exposure to the study treatment

3 months prior to screening; and a history of any disease or condition

What is already known about this subject

• Selexipag and its active metabolite, ACT-333679, are

selective, nonprostanoid, prostacyclin receptor agonists.

ACT-333679 is 37-fold more potent than selexipag and

considered to be the major contributor to the pharmaco-

logical effect.

• Based on in vitro data, both selexipag and ACT-333679

are substrates of the cytochrome P450 enzyme, CYP2C8.

• Concomitant administration of selexipag and gemfibrozil,

a strong CYP2C8 inhibitor, resulted in a marked increase

in ACT-333679 exposure. Concomitant treatment with

selexipag and strong CYP2C8 inhibitors are therefore

contraindicated.

What this study adds

• Concomitant administration of selexipag and clopidogrel

resulted in a clinically relevant increase in ACT-333679

exposure.

• There were no unexpected safety findings following

administration of selexipag in combination with

clopidogrel.

• Reducing the dosing frequency of selexipag to once daily

or reducing the dose to half when administered

concomitantly with clopidogrel is expected to maintain

ACT-333679 exposure within the therapeutic range and

should therefore be considered.
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that could interfere with the absorption, distribution, metabolism or

excretion of the study treatment. Subjects with an increased risk of

bleeding or a history of bleeding disorders were also excluded. Prior

to any study-related procedures, all subjects signed the informed con-

sent form after receiving a full explanation of the study. During the

study, safety was assessed as described in the supplementary

information.

2.2 | Study design

The study was an open-label, 2-treatment, 1-sequence, crossover

study, conducted at Janssen Clinical Pharmacology Unit, Merksem,

Belgium from 5 March 2018 to 19 May 2018. An independent ethics

committee (Ethics Committee, Universitair Ziekenhuis Antwerpen)

and the national health authority of Belgium approved the study pro-

tocol. The study was conducted in accordance with the Declaration of

Helsinki principles, International Council for Harmonisation and Good

Clinical Practice guidelines and applicable regulations and laws.

Subjects received treatment with selexipag alone (treatment A)

followed by coadministration of selexipag and clopidogrel

(treatment B), as shown in Figure 1. During treatment A, subjects

received selexipag 200 μg twice daily (b.i.d.; selexipag, 1 × 200 μg

film-coated tablet, Actelion Pharmaceuticals Ltd.), administered in

the morning and evening of Days 1 to 3. During treatment B1,

subjects received a single loading dose of clopidogrel 300 mg

(PLAVIX, 4 × 75 mg film-coated tablets, Sanofi S.A.) and selexipag

200 μg in the morning of Day 4 and selexipag 200 μg in the eve-

ning of Day 4. During treatment B2, subjects received a mainte-

nance dose of clopidogrel 75 mg (PLAVIX, 1 × 75 mg film-coated

tablet, Sanofi S.A.) and selexipag 200 μg in the morning of Days

5–10 and selexipag 200 μg in the evening of Days 5–9. Study

treatment was administered with water between 07:00 and 09:30

after a light breakfast in the morning and between 19:00 and

21:30 after a light meal in the evening. Clopidogrel 300 mg or

75 mg was always administered 1 hour before the morning

selexipag administration. All drug intakes were confirmed by a

mouth check.

A sample size of 22 healthy subjects was chosen based on empiri-

cal considerations. However, a precision estimate was done based on

intrasubject coefficient of variations for the area under the plasma

concentration–time curve during a dose interval (AUCτ) and the maxi-

mum plasma concentration (Cmax) from a previous study17 and assum-

ing a sample size of 16 and a geometric mean ratio of 1.00 (i.e. the

assumption that no drug–drug interaction would occur). It was esti-

mated that the 90% confidence interval (CI) of the geometric mean

ratio (treatment B/treatment A) would be 0.86–1.16 and 0.83–1.21

for AUCτ and Cmax, respectively, of selexipag and 0.89–1.12 and

0.87–1.15 for the AUCτ and Cmax, respectively, of ACT-333679.

2.3 | Blood sampling for PK analysis

Serial blood samples were collected for selexipag and ACT-333679

PK analysis for 12 hours (predose, 30 min, 1, 2, 3, 4, 5, 6, 7, 8, 10 and

12 hours) after selexipag administration on Day 3 (treatment A), Day

4 (treatment B1) and Day 10 (treatment B2). Blood samples were col-

lected for selexipag and ACT-333679 trough plasma concentration

(Ctrough) analysis on each day of the study, prior to selexipag morning

and evening doses. Plasma exposure to light was minimized and sam-

ple preparation was conducted under yellow light in order to prevent

degradation of selexipag and ACT-333679.

2.4 | Analysis of selexipag and ACT-333679
concentrations in plasma

The concentrations of selexipag and ACT-333679 were measured in

plasma using a validated liquid chromatography method with tandem

mass spectrometry (LC–MS/MS). To 50 μL of plasma, 50 μL of an

internal standard solution (stable isotope-labelled selexipag and

ACT-333679) and 150 μL acetonitrile were added. After vortex mixing

and centrifugation, 75 μL of the supernatant was transferred into a

new tube containing 75 μL of water and vortex mixed. 20 μL of the

supernatant was injected onto the LC–MS/MS. The chromatographic

system consisted of a pump, autosampler, degasser and thermostat

(50�C) analytical column (Acquity UPLC BEH C18, 50 × 2.1 mm ID,

1.7 μm; Waters, Zellik, Belgium). The mobile phase consisted of a gra-

dient of water containing 0.01% ammonium carbonate (vol-

ume/volume) and acetonitrile (from 25 to 43% in 2.3 minutes) at a

F IGURE 1 Study design. During treatment A, subjects received selexipag 200 μg b.i.d. administered in the morning and evening of Days 1–3.
During treatment B1, subjects received a single loading dose of clopidogrel 300 mg and selexipag 200 μg in the morning of Day 4 and selexipag
200 μg in the evening of Day 4. During treatment B2, subjects received a maintenance dose of clopidogrel 75 mg and selexipag 200 μg in the
morning of Days 5–10 and selexipag 200 μg in the evening of Days 5–9. b.i.d. = twice daily; EOS = end of study; o.d. = once daily
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flow rate of 0.6 mL min−1. Mass spectrometric detection (API 5500,

AB Sciex, Nieuwerkerk a/d Ijssel, the Netherlands) was performed

with a turbo ion spray operating in positive-ion mode at 650�C. For

both analytes, the lower limit of quantification was 0.01 ng mL−1 and

the method was linear from 0.01 to 20.0 ng mL−1. The concentrations

of the analytes were calculated by the internal standardization

method, i.e. using the peak area ratio of analyte to internal standard.

The performance of the method was monitored using quality control

samples of known concentrations. Precision (% coefficient of varia-

tion) of the assay was ≤4.6% for selexipag and ≤6.7% for

ACT-333679. The interassay bias ranged from 1.3 to 4.0% for

selexipag and from 1.0 to 3.7% for ACT-333679.

2.5 | CYP2C8 genotyping

Genotyping of CYP2C8 alleles *1, *2, *3, *4, *5, *6, *7 and *8 was per-

formed by Eurofins Medigenomix GmbH, Ebersberg, Germany, by

sequencing the relevant regions of the CYP2C8 gene. The single

nucleotide variants and their respective rs number are provided in the

supplementary information (Table S1). Briefly, 10 mL of blood was

collected from each subject using BD vacutainer K2EDTA tubes and

genomic DNA was prepared according to standard protocols. Using

the extracted genomic DNA as a template, locus specific DNA frag-

ments were amplified by polymerase chain reaction and the purified

products used as templates for sequencing reactions. DNA sequence

analysis was performed as previously described.18 The resulting dye-

labelled sequence products were detected on an automated sequenc-

ing platform. The sequencing data were generated using ABI Software

and analysed using SEQPATIENT (JSI Medical Systems).19

2.6 | PK analysis

Noncompartmental analysis of selexipag and ACT-333679 plasma

concentration–time profiles was performed using WinNonlin version

6.4 (Certara, Princeton, NJ, USA). The individual plasma concentrations

of selexipag and ACT-333679 were used to directly obtain Cmax and the

time to reach Cmax (tmax) of selexipag and ACT-333679. The AUCτ was

calculated according to the linear trapezoidal rule using the measured

concentration–time values above the lower limit of quantification dur-

ing 1 dosing interval. The Ctrough values of selexipag and ACT-333679

were used to determine the attainment of steady state conditions.

2.7 | Statistical analysis

The geometric means and the corresponding 95% CI were calculated

for the AUCτ and Cmax noncompartmental analysis of selexipag and

ACT-333679 and the median and range were determined for tmax.

The effect of clopidogrel on the AUCτ and Cmax of selexipag and

ACT-333679 was determined by using the ratio of the geometric

means and the 90% CI of the test treatment (treatment B1 or B2) vs

the reference treatment (treatment A). The log-transformed values

were analysed by mixed-effect models with treatment as a fixed

effect and subject as a random effect. The difference in tmax between

treatments was determined by calculating the median differences and

corresponding 90% CIs.

The effect of the CYP2C8 genotype on the extent of the interac-

tion between clopidogrel and selexipag was determined by comparing

the ratio of geometric means of the test treatments (treatment B1 or

B2) vs the reference treatment (treatment A) for each identified geno-

type with the same mixed-effect approach as described above using

genotype as a fixed effect.

2.8 | Modelling and simulation analysis

Open 2-compartment disposition models, with first-order absorption,

lag time and first-order eliminations, were developed to describe the

plasma concentrations of ACT-333679 following administration of

selexipag 200 μg b.i.d. alone (treatment A) and in combination with

clopidogrel 75 mg once daily (o.d.; treatment B2) using NONMEM (ver-

sion 7.3) first-order conditional estimation with interaction algorithm

(additional details are provided in the supplementary information).

The modelling data of treatment A and treatment B2 in 22 subjects

were used to simulate the steady state plasma concentration–time pro-

files of ACT-333679 for the following dosing regimens as an example:

selexipag 400 μg b.i.d. alone (regimen A), selexipag 400 μg o.d. with

clopidogrel 75 mg o.d. (regimen B) and selexipag 200 μg b.i.d. with

clopidogrel 75 mg o.d. (regimen C). From the simulated profiles, the

maximum concentration at steady state (Cmax,ss) was estimated as the

maximal simulated concentration within the 24 hour period on Day

7 administration. The area under the plasma concentration–time curve

from 0 to 24 hours after dosing at steady state (AUC0-24h,ss) was esti-

mated using the linear trapezoidal rule on the Day 7 data.

The effect of the 3 simulated dosing regimens on the Cmax,ss and

AUC0-24h,ss of ACT-333679 was determined by calculating the ratio

of the geometric means and the 5th AND 95th percentiles of the simu-

lated values for regimen A vs regimens B and C.

2.9 | 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

3 | RESULTS

3.1 | Subjects

Twenty-two male subjects were enrolled, all of whom received at

least 1 dose of study treatment. The mean (standard deviation) age
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was 28.7 (6.8) years and body mass index was 24.5 (1.9) kg m−2.

Twenty-one subjects were Caucasian and 1 was Asian. Two subjects,

who developed haematoma (see safety section), discontinued the

study treatment on Day 2 and Day 4 as a precautionary measure due

to the increased risk of bleeding associated with clopidogrel. One of

these subjects was excluded from the PK analysis for missing all

planned 12-hour PK assessments, leaving 21 subjects for PK analysis

in treatments A and B1 and 20 subjects in treatment B2. Twenty sub-

jects received all study treatments and all 22 subjects attended the

end of study visit. No unexpected safety findings were observed dur-

ing the study (details for reported adverse events are presented in the

supplementary information).

3.2 | Effect of clopidogrel on selexipag and
ACT-333679 PK

Concomitant administration with clopidogrel increased selexipag expo-

sure slightly (Figure 2). A 1.44-fold (90% CI 1.32, 1.56) and 1.14-fold

(90% CI 1.04, 1.26) increase in AUCτ was observed in the presence of a

single loading dose of clopidogrel 300 mg and 75 mg o.d., respectively.

Cmax increased by 1.35-fold (90% CI 1.22, 1.50) in the presence of

clopidogrel 300 mg; clopidogrel 75 mg o.d. had no effect on Cmax. The

tmax was also unchanged in the presence of clopidogrel 300 mg single

dose and 75 mg o.d. (Table 1).

Concomitant administration with clopidogrel resulted in a more

pronounced increase in ACT-333679 exposure, when compared

with selexipag (Figure 2). A 2.25-fold (90% CI 2.06, 2.46) and

2.70-fold (90% CI 2.45, 2.96) increase in AUCτ was observed in the

presence of clopidogrel 300 mg single dose and 75 mg o.d.,

respectively. Cmax increased by 1.69-fold (90% CI 1.55, 1.84) and

1.90-fold (90% CI 1.72, 2.11) in the presence of clopidogrel 300 mg

single dose and 75 mg o.d., respectively. Coadministration of a

single loading dose of clopidogrel 300 mg delayed attainment of

Cmax by 0.51 hours, whereas clopidogrel 75 mg o.d. had no effect

on tmax (Table 1).

Graphical assessment of the Ctrough values showed that selexipag

and ACT-333679 concentrations were at steady state on Day 3 (treat-

ment A) and Day 10 (treatment B; Figure S5). There was no relevant

difference between the morning Ctrough of selexipag at steady state in

the presence (mean 0.07 ng mL−1 [95% CI 0.01, 0.13]) or absence

(mean 0.02 ng mL−1 [95% CI 0.02, 0.03]) of clopidogrel (treatment B

compared to A). The morning Ctrough of ACT-333679 at steady state

was 3-fold higher in the presence of clopidogrel (mean 2.02 ng mL−1

[95% CI 1.64, 2.40]) than in the absence (mean 0.66 ng mL−1 [95% CI

0.50, 0.82]) of clopidogrel.

3.3 | Effect of CYP2C8 genotype on the
interaction between selexipag and clopidogrel

Of the 21 subjects included in the PK evaluation of the study, 13 sub-

jects were identified with the *1/*1 with-type, 6 subjects with the *1/

*3 and 2 with *1/*4 genotype (Table 2). Both the selexipag exposure

in the absence of clopidogrel and the increase in selexipag exposure,

in the presence of clopidogrel (300 mg single dose or 75 mg o.d.),

were comparable in all identified genotypes (Table 2, Figure 3). For

ACT-333679, the exposure in the absence of clopidogrel was slightly

higher in the wild-type subjects as compared to *1/*3 carriers and the

variability in AUCτ,ss also seemed slightly higher in the wild-type

F IGURE 2 Arithmetic mean
(+ standard deviation) plasma
concentration–time profile of
selexipag and ACT-333679 after
administration with selexipag
200 μg b.i.d. (treatment A,
n = 21), a single loading dose of
clopidogrel 300 mg and selexipag
200 μg b.i.d. (treatment B1,
n = 21) and clopidogrel 75 mg
o.d. and selexipag 200 μg
b.i.d. (treatment B2, n = 20). Data
are presented on both linear
(upper graphs) and
semilogarithmic (lower graphs)
scales. b.i.d. = twice daily;
o.d. = once daily;
SD = standard deviation
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subjects. The increase in ACT-333679 exposure, in the presence of

clopidogrel, was more pronounced compared with selexipag in all

identified genotypes but the observed increase in exposure appeared

higher in subjects with the *1/*3 genotype (3.4-fold) compared to car-

riers of the wild-type (2.4-fold) and at the same time the intersubject

variability in the DDI effect seems slightly higher in the *1/*3 geno-

type subjects as compared to the other genotypes. The mean

ACT-333679 exposure in the presence of 75 mg clopidogrel is, how-

ever, comparable between all identified CYP2C8 genotypes (Table 2,

Figure 3).

3.4 | Selexipag dosing regimen in the presence of
clopidogrel

Model-based simulation found that the geometric means of

AUC0-24h,ss and Cmax,ss for ACT-333679 were comparable for

selexipag administered as b.i.d. alone, at the same dose o.d. with

clopidogrel 75 mg o.d. or at half a dose b.i.d. with clopidogrel 75 mg

o.d. (Table 3). The estimated concentration–time profiles of

ACT-333679 for the 3 dosing regimens spanned a comparable con-

centration range during the day (Figure 4).

TABLE 1 Summary of the pharmacokinetic variables of selexipag and its active metabolite, ACT-333679, after administration of selexipag
200 μg b.i.d. alone (treatment A) and with a single loading dose of clopidogrel 300 mg (treatment B1) or clopidogrel 75 mg o.d. (treatment B2),
and the geometric mean ratios for the comparison of treatments

Arithmetic mean (SD)

Geometric mean (95% CI)a Geometric mean ratio (90% CI)b [% CV]

Treatment Ac

(n = 21)
Treatment B1d

(n = 21)
Treatment B2e

(n = 20)
Treatment B1/A
(n = 21)

Treatment B2/A
(n = 20)

Selexipag

Cmax [ng mL−1] 3.35 (1.60) 4.50 (2.04) 3.18 (1.00) 1.35 (1.22, 1.50) [35.63] 0.98 (0.89, 1.08) [32.82]

3.08 (2.56, 3.70) 4.16 (3.48, 4.97) 3.03 (2.60, 3.53)

AUCτ [h*ng mL−1] 7.98 (3.37) 11.45 (4.49) 8.87 (2.60) 1.44 (1.32, 1.56) [32.96] 1.14 (1.04, 1.26) [29.03]

7.47 (6.35, 8.79) 10.73 (9.11, 12.65) 8.48 (7.33, 9.82)

tmax [h] 2.00 (1.0, 3.0) 2.01 (2.0, 3.0) 2.01 (2.0, 3.0) 0.00 (0.0, 0.0) 0.00 (−0.5, 0.0)

ACT-333679

Cmax [ng mL−1] 3.88 (2.03) 6.28 (2.42) 6.91 (2.16) 1.69 (1.55, 1.84) [37.03] 1.90 (1.72, 2.11) [33.83]

3.51 (2.87, 4.28) 5.92 (5.06, 6.92) 6.62 (5.76, 7.61)

AUCτ [h*ng mL−1] 19.81 (9.45) 42.64 (13.59) 50.19 (13.60) 2.25 (2.06, 2.46) [31.96] 2.70 (2.45, 2.96) [30.91]

18.18 (15.11, 21.88) 40.87 (35.80, 46.67) 48.48 (42.69, 55.06)

tmax [h] 3.00 (2.0, 5.0) 3.01 (2.0, 8.0) 3.00 (2.0, 7.0) 0.51 (0.0, 1.0) 0.00 (−0.5, 1.0)

aFor tmax, median and range is shown.
bFor tmax, median difference and 90% CI is shown.
cTreatment A: selexipag 200 μg b.i.d.
dTreatment B1: selexipag 200 μg b.i.d. and clopidogrel 300 mg single dose.
eTreatment B2: selexipag 200 μg b.i.d. and clopidogrel 75 mg o.d.

AUCτ = area under the plasma concentration–time curve during a dose interval; b.i.d. = twice daily; CI = confidence interval; Cmax = maximum plasma

concentration; CV = intersubject coefficient of variation; o.d. = once daily; SD = standard deviation; tmax = time to reach maximum plasma concentration.

TABLE 2 Effect of CYP2C8 genotype on the geometric mean ratio of AUCτ for selexipag and its active metabolite, ACT-333679

AUCτ geometric mean ratio (90% CI)

CYP2C8 genotype *1/*1 CYP2C8 genotype *1/*3 CYP2C8 genotype *1/*4

Treatment B1/A a (n = 13) (n = 6) (n = 2)

Selexipag 1.41 (1.29, 1.54) 1.68 (1.47, 1.92) 1.02 (0.81, 1.29)

ACT-333679 2.06 (1.89, 2.25) 2.88 (2.54, 3.27) 1.86 (1.49, 2.32)

Treatment B2/A b (n = 12) (n = 6) (n = 2)

Selexipag 1.08 (0.95, 1.23) 1.27 (1.06, 1.53) 1.19 (0.86, 1.63)

ACT-333679 2.42 (2.19, 2.68) 3.36 (2.91, 3.89) 2.70 (2.11, 3.47)

aTreatment B1/A: clopidogrel 300 mg single dose and selexipag 200 μg b.i.d./selexipag 200 μg b.i.d.
bTreatment B2/A: clopidogrel 75 mg o.d. and selexipag 200 μg b.i.d./selexipag 200 μg b.i.d.

AUCτ = area under the plasma concentration–time curve during a dose interval; b.i.d. = twice daily; CI = confidence interval; CYP = cytochrome P450

enzyme; o.d. = once daily.
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4 | DISCUSSION

Both gemfibrozil and clopidogrel are mechanism-based, model

CYP2C8 inhibitors, recommended for DDI studies with CYP2C8 sub-

strates.21 Both compounds have also been shown to inhibit OATP1B1

in vitro but when the clinical effect of clopidogrel was tested on

simvastatin (an OATP1B1 and CYP3A4 substrate) and pitavastatin

(an OATP1B1 substrate), no clinically relevant interaction was

observed.22,23 In contrast, gemfibrozil has been found to cause an

increase in the AUC of simvastatin and simvastatin acid of 1.35-fold

and 2.85-fold, respectively.24 Selexipag and its active metabolite,

ACT-333679, are substrates of CYP2C88 and OATP1B1/OATP1B310

in vitro. In 1 of our previous DDI studies, gemfibrozil increased the

AUC of selexipag and ACT-333679 by 2-fold and 11-fold, respec-

tively.13 Based on these data, concomitant treatment with selexipag

and strong inhibitors of CYP2C8 is contraindicated in patients with

PAH. By contrast, the DDI study with selexipag and lopinavir/

ritonavir, a strong inhibitor of OATP1B1 and OATP1B3 showed no

clinically significant effect on the exposure to selexipag and

ACT-333679.25

The aim of the present study was to investigate the effect of

clopidogrel on the PK of selexipag and ACT-333679 and to provide

guidance to prescribers on selexipag dosing. Clopidogrel is an inhibitor

of platelet aggregation approved for the treatment of acute coronary

syndrome, recent myocardial infarction, recent stroke and peripheral

arterial disease.26 A subgroup of PAH patients may therefore receive

concomitant treatment with clopidogrel and selexipag. For patients

with non-ST segment elevation acute coronary syndrome, the

approved dosing regimen for clopidogrel is a single 300mg loading

dose followed by a 75mg maintenance dose o.d.,26 corresponding to

the dosing regimen applied in this study. The results showed that the

AUCτ and Cmax of ACT-333679, the active metabolite responsible for

the majority of the pharmacological effect, increased by 2.25- and

1.69-fold, respectively, after the loading dose of clopidogrel and the

effect reached its maximum of 2.70- and 1.90-fold increase at steady

state, after the maintenance dose of clopidogrel. Clopidogrel had a

F IGURE 3 Individual and mean ± standard deviation of area under the plasma concentration–time curve during a dose interval at steady state
(AUCτ,ss) of selexipag and ACT-333679 after administration with selexipag 200 μg b.i.d. (treatment A, n = 21), and clopidogrel 75 mg o.d. and
selexipag 200 μg b.i.d. (treatment B2, n = 20) presented by CYP2C8 genotype (*1/*1 n = 13, *1/*3 n = 6, *1/*4 n = 2). The AUCτ,ss ratio between

treatment B2 (clopidogrel 75 mg o.d. and selexipag 200 μg b.i.d.) and treatment a (selexipag 200 μg b.i.d.), as well as geometric mean ratio with
95% confidence interval per CYP2C8 genotype (*1/*1 n = 12, *1/*3 n = 6, *1/*4 n = 2). Individual values are included as black circles.
b.i.d. = twice daily; o.d. = once daily

TABLE 3 Metrics of the simulated ACT-333679 systemic exposure for the dosing regimens selexipag 400 μg b.i.d. alone (regimen A),
selexipag 400 μg o.d. with clopidogrel 75 mg o.d. (regimen B) and selexipag 200 μg b.i.d. with clopidogrel 75 mg o.d. (regimen C)

ACT-333679

Geometric mean (5th–95th percentile) Geometric mean ratio (5th–95th percentile)

Regimen A a Regimen B b Regimen C c Regimen B/A Regimen C/A

Cmax,ss [ng mL−1] 7.66 (3.84– 15.74) 10.08 (5.40– 17.08) 6.30 (3.78– 9.88) 1.31 (0.87– 1.96) 0.82 (0.52– 1.23)

AUC0-24h,ss [h*ng mL−1] 72.2 (39.6– 131.2) 88.6 (59.2– 132.2) 88.6 (59.2– 132.2) 1.23 (1.01– 1.48) 1.23 (1.01– 1.48)

aRegimen A: selexipag 400 μg b.i.d.
bRegimen B: selexipag 400 μg o.d. with clopidogrel 75 mg o.d.
cRegimen C: selexipag 200 μg b.i.d. with clopidogrel 75 mg o.d.

AUC0-24h,ss = area under the plasma concentration–time curve from 0 to 24 hours after dosing at steady state; b.i.d. = twice daily; CI = confidence interval;

Cmax,ss = maximum plasma concentration at steady state; o.d. = once daily.
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comparatively small effect on the AUCτ and Cmax of selexipag (1.44-

and 1.35-fold increase, respectively, after the loading dose and only

1.14- and 0.98-fold increase, respectively, at steady state after the

maintenance dose). The observed, rather small and not clinically rele-

vant, increase in AUCτ and Cmax of selexipag after the loading dose

may be explained mainly by the inhibitory effect of clopidogrel on

OATP1B1 and this is consistent with previous data.13,25 In contrast,

the more pronounced inhibitory effect of clopidogrel on the AUCτ of

ACT-333679, especially at steady state of maintenance dose, suggests

that the effect is mainly due to the inhibitory effect of clopidogrel on

CYP2C8 and that CYP2C8 is mainly responsible for the metabolism of

ACT-333679.

Taking our gemfibrozil and clopidogrel DDI studies together, the

inhibitory effect of clopidogrel is markedly lower than that of gemfi-

brozil (2.7-fold and 11-fold increase in the AUC of ACT-333679 with

clopidogrel and gemfibrozil, respectively).13 A similar observation was

made in a recent study comparing the CYP2C8 inhibitory strength of

clopidogrel with gemfibrozil using the CYP2C8 probe substrate,

desloratadine.14 However, the relative increases in the AUC of

desloratadine with clopidogrel vs gemfibrozil were 2.8- vs 4.6-fold,

respectively. The mechanism behind the somewhat stronger effect of

gemfibrozil on the AUC of ACT-333679 as compared to most other

CYP2C8 substrates is unknown and remains to be further elucidated

with more data on gemfibrozil and new substrates of CYP2C8 becom-

ing available in the future. The clinically relevant, moderate inhibitory

effect of clopidogrel on ACT-333679 identified in the present study

(2.7-fold increase in AUC following its maintenance dose) is compara-

ble to what has previously been published for the CYP2C8 substrates

montelukast and pioglitazone (2.0 and 2.1-fold increase in AUC,

respectively).27,28 The loading dose of clopidogrel has, however, previ-

ously been found to cause a 5.1-fold increase in the exposure to

repaglinide, a substrate of CYP2C8, CYP3A4 and OATP1B1, whereas

the increase following continued administration of the maintenance

dose was 3.9-fold.29

Genetic variants of CYP2C8 may significantly alter the metabo-

lism of CYP2C8 substrate drugs in vitro.30 For example losartan has

a greater inhibitory effect on the CYP2C8 substrate, paclitaxel, in

human liver microsomes containing the CYP2C8*3 heterozygote

genotype compared with the CYP2C8*1 homozygote genotype31

and CYP2C8*3 is associated with decreased pioglitazone plasma

exposure and significantly influences the PK magnitude of the

gemfibrozil–pioglitazone DDI in humans.32 Therefore, genotyping

was conducted to explore the potential impact on the clopidogrel–

selexipag DDI. Our study population was reflective of the general

population with 3 of the most common CYP2C8 genotypes (*1/*1,

*1/*3 and *1/*4) identified.33 Based on our exploratory analysis, the

inhibitory effect of clopidogrel on the metabolism of ACT-333679

was slightly higher in heterozygous *3 carriers compared with the

wild-type CYP2C8*1 homozygote genotype following the mainte-

nance dose of clopidogrel (3.36- vs 2.42-fold, respectively). How-

ever, the mean exposure to ACT-333679 in combination with

clopidogrel was comparable between all the identified genotypes

and at the same time, a higher variability in the DDI effect was indi-

cated in the *1/*3 genotype compared to the wild-type CYP2C8*1

homozygote genotype (Figure 3). Overall, the observed differences

were considered not to be of clinical relevance. In accordance with

our exploratory observation, no apparent genotype differences were

observed in the recent study comparing the inhibitory strength of

clopidogrel and gemfibrozil,14 although both observations are based

on very small sample sizes. Finally, no data are available on the

magnitude of interaction between selexipag and CYP2C8 inhibitors

in patients with a homozygote *3/*3 genotype. The relatively low

frequency of the CYP2C8*3 allele in the population (ranging from

0.095 to 0.17 in Caucasians), however, makes the evaluation in a

clinical setting very challenging.34

Because of the observed DDI between clopidogrel and

selexipag, a dose adjustment is required for patients taking

selexipag in combination with clopidogrel or other moderate

CYP2C8 inhibitors. Based on the 2.70-fold increase in AUCτ of

ACT-333679 at steady state, in the presence of clopidogrel,

F IGURE 4 The steady-state pharmacokinetic profiles of
ACT-333679 following simulated dosing. (A) Selexipag 400 μg
o.d. with clopidogrel 75 mg o.d. (regimen B, dashed red lines) and
selexipag 400 μg b.i.d. (regimen A (reference dose), solid blue lines).
(B) Selexipag 200 μg b.i.d. with clopidogrel 75 mg o.d. (regimen C,
dashed red lines) and selexipag 400 μg b.i.d. (regimen A [reference
dose], solid blue lines). Thick and thin lines represent the median and
5th–95th percentiles of 500 model-based predictions, respectively.
b.i.d. = twice daily; o.d. = once daily
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reducing the dose to half or reducing the dosing frequency to

o.d. should keep the accumulation of ACT-333679 following

multiple-dose administration of selexipag to a minimum. To further

support the suggested changes in dosing regimen, a modelling and

simulation exercise was performed for ACT-333679, the major con-

tributor to the pharmacological effect. Based on the simulations,

AUC0-24h,ss and Cmax,ss for ACT-333679 are expected to increase

by approximately 23 and 31%, respectively, when selexipag is

administered o.d. in combination with the maintenance dose of

clopidogrel compared with selexipag administered b.i.d. alone. In

comparison, AUC0-24h,ss is also expected to increase by approxi-

mately 23% but Cmax,ss is expected to decrease by 18%, when

selexipag is administered at half the dose b.i.d. in combination with

the maintenance dose of clopidogrel compared with selexipag

administered b.i.d. alone. For both scenarios, the simulated changes

in AUC0-24h,ss and Cmax,ss are lower than the intersubject variabil-

ities (31 and 34%, respectively) observed in the clinical study and

are considered not to be clinically relevant. This supports reducing

the dosing frequency of selexipag to o.d. or reducing the dose to

half when it is given in combination with clopidogrel. With the

available dose strengths of selexipag (200, 400, 600, 800, 1000,

1200, 1400 and 1600 μg),10 reducing the dosing frequency to

o.d. is considered the best option in order to support a uniform

recommendation for all dose levels when concomitant treatment

with clopidogrel is initiated. The limited data available from the

genotypes identified in the clinical study further indicate that no

genotype specific dosing recommendations are needed.

As the observed 2.7-fold increase in selexipag exposure following

coadministration of clopidogrel is comparable to what is seen for

other known moderate CYP2C8 inhibitors (deferasirox and

teriflunomide) when coadministered with the CYP2C8 substrate

repaglinide (2.3 and 2.4-fold increase in exposure, respectively),35,36

the provided dosing recommendation for coadministration of

selexipag and clopidogrel may also be applied when coadministering

selexipag with other moderate CYP2C8 inhibitors.

In conclusion, there was no relevant change in selexipag expo-

sure following concomitant administration with the CYP2C8 inhibi-

tor, clopidogrel. Concomitant administration of selexipag and

clopidogrel resulted in a moderate increase in ACT-333679 expo-

sure, compared to the much larger effect seen with gemfibrozil.

There were no unexpected safety findings observed after exposure

to selexipag in combination with clopidogrel. Based on these find-

ings and supported by the outcome of the modelling and simula-

tion exercises, dosing adjustment of selexipag when administered

in combination with moderate CYP2C8 inhibitors can be done by

either reducing the dosing frequency of selexipag to o.d. or reduc-

ing the dose to half.
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