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Abstract

Background Icosapent ethyl (IPE) is a high-purity pre-
scription form of eicosapentaenoic acid ethyl ester
approved by the US Food and Drug Administration as an
adjunct to diet to reduce triglyceride levels in adult patients
with severe hypertriglyceridemia. Patients with high serum
triglycerides may be taking concurrent medications for
associated conditions such as obesity and/or diabetes
mellitus.

Objective To evaluate the effect of IPE on the plasma
pharmacokinetics (PK) of omeprazole, a commonly used
proton pump inhibitor and a substrate of cytochrome P450
(CYP) 2C19.

Study design Omeprazole (40 mg/day for 7 days) was
administered orally without and with 4 g/day IPE at steady
state. The primary PK endpoint was area under the con-
centration-time curve from time 0 to 24 h (AUCy_»4);
secondary endpoints included maximum observed plasma
concentration (Cy,.x). Safety was monitored in all subjects
who received one or more dose(s) of the study drug.
Participants Thirty healthy adult subjects were enrolled
and 28 completed the study.

Results 1PE 4 g/day at steady state did not significantly
change the AUCj o4 or Cp.x of omeprazole when co-
administered at 40 mg/day to steady state. The ratios of
least squares geometric means (90 % confidence interval)
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for AUC( 54 and Cp,,x (omeprazole with IPE vs. omepra-
zole alone) were 0.84 (76.0-91.9) and 1.01 (87.4-116.3),
respectively. There were no clinically significant findings
from laboratory tests, vital signs, or physical examinations.
Conclusions At steady-state concentrations, IPE 4 g/day
did not inhibit the AUC(_4 or Cy,.x of omeprazole 40 mg/
day, a CYP2C19 substrate. Co-administration of IPE with
omeprazole was safe and well tolerated.

Key Points

Icosapent ethyl is a high-purity prescription form of
eicosapentaenoic acid ethyl ester approved by the US
Food and Drug Administration as an adjunct to diet
to reduce triglyceride levels in adult patients with
severe hypertriglyceridemia

Patients with high serum triglycerides may be taking
concurrent medications including omeprazole, a
widely used proton pump inhibitor and a competitive
substrate of cytochrome P450 2C19

In this evaluation in healthy subjects, icosapent ethyl
did not inhibit the plasma pharmacokinetics of
omeprazole, and co-administration of the two drugs
was safe and well tolerated

1 Introduction

Hypertriglyceridemia is common among adults in the USA,
mainly owing to the prevalence of obesity and diabetes
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mellitus [1-3]. Individuals with elevated serum triglycer-
ides (TG) often take multiple medications concomitantly
for associated medical conditions [1]. Therefore, it is
important for TG-lowering therapies to be well character-
ized with respect to possible drug—drug interactions to
avoid any clinically significant effects when co-adminis-
tered with other therapies.

Icosapent ethyl (IPE; Vascepa® [formerly AMRI101];
Amarin Pharma Inc., Bedminster, NJ, USA) is a high-purity
prescription form of eicosapentaenoic acid (EPA) ethyl
ester approved by the US Food and Drug Administration
(FDA) as an adjunct to diet to reduce TG levels in adult
patients with severe (>5.65 mmol/L) hypertriglyceridemia
[4]. The safety and efficacy of IPE were established in the
Multi-center, plAcebo-controlled, Randomized, double-
blINd, 12-week study with an open-label Extension
(MARINE) and ANCHOR studies, which investigated the
effects of IPE in patients with very high serum TG levels
(=5.65 mmol/L and <22.6 mmol/L) and in high-risk statin-
treated patients with high TG levels (>2.26 and
<5.65 mmol/L) despite having well-controlled low-density
lipoprotein cholesterol (LDL-C) levels (>1.04 and
<2.59 mmol/L), respectively [5, 6]. In both studies, IPE at
the approved dose of 4 g/day was found to significantly
reduce serum TG levels and improve other lipid parameters
without significantly increasing LDL-C levels [5, 6].

IPE is de-esterified during absorption, and peak plasma
concentrations of EPA (active metabolite) are reached
approximately 5 h following oral dosing [4]. Most of the
EPA in the plasma is incorporated in phospholipids, TGs,
and cholesteryl esters; <1 % of the total EPA is unesteri-
fied [4]. EPA is metabolized mainly by beta oxidation with
cytochrome P450 (CYP)-mediated metabolism as a minor
pathway of elimination [4]. No clinically significant phar-
macokinetic (PK) drug—drug interactions have been
observed with the CYP3A4, CYP2CS8, and CYP2C9 sub-
strates atorvastatin, rosiglitazone, and warfarin, respec-
tively [4].

Omeprazole is a proton pump inhibitor that is widely
used for the treatment of duodenal and gastric ulcers,
gastroesophageal reflux disease (GERD), and erosive
esophagitis [7, 8]. CYP2CI19 is the principal enzyme
involved in the metabolism of several proton pump inhib-
itors [9, 10]. There are differences in the activity of
CYP2C19 in different individuals, and omeprazole PK
profiles may be influenced by CYP2C19 polymorphisms
[10, 11]. Omeprazole is a highly sensitive competitive
substrate of CYP2C19, and is recommended in FDA
guidance for use as a probe in drug—drug interaction studies
in humans [12].

The objective of this study was to investigate the effect
of IPE 4 g/day on the plasma PK of orally administered
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omeprazole 40 mg/day and the potential for a drug—drug
interaction.

2 Methods
2.1 Study Population

Healthy non-smoking men and women >18 and <55 years
of age were eligible if they had a body mass index (BMI)
>18 and <35 kg/m2 and were in good health as deter-
mined by medical history and medical examination.
Women of childbearing potential were required to use an
acceptable method of birth control, and were excluded if
they were pregnant, nursing, or planning a pregnancy. All
medications or dietary supplements with known or poten-
tial lipid-altering effects (including statins, niacin
>200 mg/day, fibrates, ezetimibe, bile acid sequestrants, or
medications, supplements or foods enriched with omega-3
fatty acids) were prohibited within 4 weeks prior to the first
dose of study medication and until the end of the study.
Subjects were required to discontinue consumption of fish
or foods fortified with EPA and/or docosahexaenoic acid at
least 1 week prior to the first dose. Use of any medication
that could change plasma lipid fractions or affect EPA
concentrations in these fractions was disallowed. Subjects
who routinely used omeprazole or any other H+/K+
ATPase inhibitors or antacids within 4 weeks prior to the
beginning of the study were excluded.

2.2 Study Design

This single-center, open-label, phase I study used a cross-
over design to investigate possible drug—drug interactions
between IPE at steady state and two different drugs
metabolized by CYP2C class isozymes, omeprazole
(CYP2C19) and rosiglitazone (CYP2C8). During a 28-day
screening period, healthy adults were evaluated for eligi-
bility and clinical laboratory testing was completed. All
subjects then received the same treatment regimen, with
omeprazole and rosiglitazone being administered sequen-
tially and separated by 3-day washout periods. Omeprazole
was dosed on days 1-7, rosiglitazone on day 11, IPE on
days 12-29, omeprazole on days 19-25, and rosiglitazone
on day 29. Omeprazole PK parameters were determined on
days 7 and 25 (without and with IPE, respectively). This
report focuses only on the portion of the study that inves-
tigated omeprazole without and with IPE (days 1-7 and
12-25, respectively). The results of the rosiglitazone por-
tion of the study will be reported separately. Because of the
crossover design, the number of patients in the group that
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received omeprazole was the same as in the group that
received omeprazole and IPE.

In healthy subjects, the elimination half-life of ome-
prazole is 0.5-1 h [8]. Omeprazole PK are nonlinear, with
an increase in systemic availability after doses >40 mg or
prolonged administration because of the effects of ome-
prazole on gastric pH and a saturable gastrointestinal first-
pass effect [8, 13]. The bioavailability of omeprazole
increases slightly with repeated doses [8]. Therefore, to
decrease variability and to maximize systemic exposure
comparable to the clinical use of omeprazole, omeprazole
40 mg was dosed for 7 days in the current study. PK
sampling was conducted over a 24-h period because of the
short elimination half-life of omeprazole.

Omeprazole was provided as Prilosec® 40-mg delayed-
release capsules (AstraZeneca Pharmaceuticals LP, Wil-
mington, DE, USA), which were dispensed in two separate
bottles for dosing on days 1-7 and days 19-25. Omepra-
zole was taken once daily 1 h prior to the start of breakfast.
IPE 4 g/day, the FDA-approved daily dose [4], was
administered as two liquid-filled, 1-g gelatin capsules twice
daily with or following the morning and evening meals on
days 12-29. Treatments were self-administered when
subjects were away from the study site, and administered
by study personnel during scheduled visits. Compliance for
at-home dosing was determined by study personnel by
counting unused capsules and reconciling against subject
diaries. Compliance was calculated as 100 x the number
of used capsules/total dosing days x 1 for omeprazole (one
capsule once daily) and x 4 for IPE (two capsules twice
daily).

The protocol was approved by an institutional review
board (IntegReview Ethics Review Board, Austin, TX,
USA) and the study was conducted between February 3,
2011 and March 21, 2011 at Frontage Clinical Services (a
wholly owned subsidiary of Frontage Laboratories, Hack-
ensack, NJ, USA). The study complied with the ethical
principles of Good Clinical Practice and was conducted in
accordance with the Declaration of Helsinki. All partici-
pants provided written informed consent prior to study
entry.

2.3 Pharmacokinetic Sampling and Bioanalytical
Methods

For determination of omeprazole plasma concentrations,
blood samples (6 mL) were collected prior to the day 1
dose and on days 7 and 25 at time O (prior to dosing) and at
0.33, 0.67, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 14, and 24 h
post-dose. Plasma was separated by centrifugation fol-
lowing collection of blood samples in prechilled glass
tubes containing dipotassium ethylenediaminetetraacetic
acid. Plasma concentrations of omeprazole were measured

using a validated liquid chromatography with tandem mass
spectrometry method by Frontage Laboratories, Inc.
(Malvern, PA, USA). Omeprazole and omeprazole-d; were
extracted from human plasma by protein precipitation
using acetonitrile and separated by reversed-phase high-
performance liquid chromatography with a Gemini® C6-
Phenyl column (50x 2 mm, 5 pm; Phenomenex, Torrance,
CA, USA) and Shimadzu HPLC pump and autosampler
(Shimadzu, Kyoto, Japan), with a flow rate of 0.4 mL/min
at room temperature and an elution time of 1.4 min. Mobile
phase A was 2 mM ammonium formate in H,O and mobile
phase B was 2 mm ammonium formate in MeOH. Ome-
prazole-d; was used as the internal standard and the ref-
erence standard was omeprazole. Ions were monitored for
omeprazole at m/z 346.3-198.1 and for omeprazole-d; at
mlz 349.1-198.1 in positive ionization mode using the
API4000™ mass spectrometer with TurbolonSpray elec-
trospray ion source (AB Sciex, Framingham, MA, USA) at
575 °C and 5,500 V with N,. The dynamic range was
1-1,000 ng/mL with a lower limit of quantitation of 1 ng/
mL. The assay accuracy (mean determined concentration/
nominal concentration) had a range of 93.0-99.8 % (intra-
run) and 96.1-98.5 % (inter-run). The assay precision
(coefficient of variation of the mean determined concen-
tration) had a range of 0.6-3.7 % (intra-run) and 1.5-4.0 %
(inter-run).

2.4 Pharmacokinetic Evaluations and Statistical
Methods

WinNonlin version 5.0.1 or higher (Pharsight Corporation
Inc., Mountain View, CA, USA) was used to derive PK
parameters using standard non-compartmental analysis
and actual sampling times. The primary PK endpoint for
analysis of drug—drug interaction was the area under the
plasma concentration-time curve from time 0 to 24 h
(AUCq_»4) after multiple doses of omeprazole without
(day 7) or with IPE at steady-state concentrations (day
25). Secondary PK endpoints included the maximum
observed plasma concentration (Cp,.x) and the time of
occurrence Of Cpax (Thax) for omeprazole. Additional
endpoints included elimination half-life (#,,,) and apparent
terminal elimination rate constant (K). Comparisons of
the PK parameters for omeprazole without and with IPE
included only subjects with values for the primary PK
parameters available for omeprazole from both PK sam-
pling days.

The intent-to-treat population included all subjects who
signed the informed consent form and were included in the
study. The PK population included all subjects who had
available values for the primary omeprazole PK endpoint
parameters from days 7 and 25. The safety population
included all subjects who received at least one dose of the
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study drug. A sample size of 30 subjects was planned to
meet the aims of the study, allowing for up to six dropouts.

PK parameters were calculated by noncompartmental
analysis using WinNonlin version 5.0.1 (Pharsight Corpo-
ration Inc., Mountain View, CA, USA). For each PK
parameter, parametric and/or nonparametric descriptive
statistics were calculated. Parametric statistics included
mean, standard deviation (SD), geometric means, and
percent coefficient of variation. Nonparametric statistics
included median and range (minimum-maximum). Drug—
drug interaction was based on the AUC_,4 of omeprazole.
Analysis of variance models were used for analyzing AUC
and C,x parameters based on natural log-transformed
values. This included the effects for treatment (without or
with IPE) as a random effect. The estimate of the ratio
between the two treatments for these parameters and the
corresponding 90 % confidence intervals (CI) for the ratio
were obtained by exponentiating the difference in loga-
rithms, and were used to determine whether a drug—drug
interaction of the two treatments (without or with IPE)
occurred.

2.5 Safety Assessments

Safety evaluations consisted of monitoring adverse events
(AEs), clinical laboratory measurements (chemistry,
hematology, and urinalysis), vital signs (systolic and dia-
stolic blood pressure, heart rate, respiratory rate, and oral
body temperature), and physical examinations.

3 Results
3.1 Study Participants

Thirty healthy subjects were enrolled, all of whom were
given at least one dose of the study drug and were included
in the safety analysis. The mean age (SD) was 38.5 (10.2)
years, and mean weight and BMI (SD) were 78.5 (13.9) kg
and 27.5 (3.6) kg/m?, respectively. Subjects were primarily
white (n = 21; 70.0 %) and black/African American
(n=17; 23.3 %). Twenty-eight subjects completed the
study and were included in the PK analyses. Two subjects
discontinued the study; one was unable to comply with
study requirements and one did not present to the clinic on
day 7. Mean (SD) treatment compliance based on capsule
counts was 100.3 % (3.5) for the 30 subjects who received
omeprazole and 98.4 (4.2) for the 28 who received IPE.

3.2 Pharmacokinetics

Omeprazole plasma concentration-time profiles were
comparable whether the drug was administered alone or
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with IPE 4 g/day at steady-state concentrations (Fig. 1).
Mean exposure (AUCy_,4) was slightly higher and mean
Crax Was slightly lower when omeprazole was adminis-
tered without IPE than when administered with IPE
(Table 1). Median T,,,, and mean t,,, were similar for the
two treatments (Table 1). Results from statistical analyses
of drug—drug interaction are summarized in Table 2.

3.3 Safety

There were no clinically significant findings from laboratory
test results or following physical examination and vital sign
assessments. All reported AEs were mild or moderate in
severity and there were no discontinuations because of an AE.

4 Discussion

This drug—drug interaction study examined the effects of
IPE on the PK of omeprazole. The ratio of least squares
means for AUCy_»4 and C,,,, (Without or with IPE) and the
resulting 90 % Cls indicated that a regimen of IPE 4 g/day
did not inhibit omeprazole PK. Administration of ome-
prazole alone or co-administered with IPE was well toler-
ated in healthy subjects. IPE is a prescription form of EPA
ethyl ester and has been studied for potential CYP-medi-
ated drug—drug interactions in healthy adults. In addition to
the effects described herein for omeprazole (CYP2C19
substrate), the administration of IPE 4 g/day did not dis-
play a significant effect on the AUC or C,,4 of atorvastatin
(CYP3A4 substrate), rosiglitazone (CYP2CS substrate), or
warfarin (CYP2C9 substrate) [4].

Patients with hypertriglyceridemia often have comor-
bidities including obesity, metabolic syndrome, and dia-
betes mellitus [1, 2]. Obesity and metabolic syndrome are
associated with erosive esophagitis [14—17], with obesity
being a very strong independent risk factor for GERD
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Fig. 1 Mean (SD) omeprazole 40 mg/day plasma concentration-time
curve when administered without or with icosapent ethyl 4 g/day
(pharmacokinetic analysis population, n = 28). SD standard deviation
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Table 1 Pharmacokinetic parameters for omeprazole 40 mg/day given without or with oral icosapent ethyl 4 g/day (pharmacokinetic analysis

population, n = 28)

PK Parameter (unit)® Treatment

Omeprazole 40 mg

Icosapent Ethyl 4 g + Omeprazole 40 mg

AUC&24 (ngh/mL)

3,607 (2,208)

3,142 (2,114)

Cnax (ng/mL) 1,156 (461) 1,222 (621)
Toax () 1.5 (1.0-6.0) 1.5 (0.7-8.0)
t12 (h) 1.5 (0.7) 1.4 (0.7)

K., (L/h) 0.56 (0.22) 0.62 (0.26)

AUC_,4 area under the plasma concentration-time curve from time O to 24 h, C,,,, maximum observed concentration, K,; apparent terminal
elimination rate constant, PK pharmacokinetic, #,,, apparent terminal elimination half-life, 7, time of maximum observed concentration

? Mean (standard deviation) displayed for all PK parameters except Tyax, Which is displayed as median (minimum-maximum)

Table 2 Statistical analysis of drug—drug interaction following omeprazole 40 mg/day without or with oral icosapent ethyl 4 g/day (pharma-

cokinetic analysis population, n = 28)

PK Parameter (unit) Statistic® Treatment
Omeprazole 40 mg Icosapent Ethyl 4 g + Omeprazole 40 mg

AUCp 24 (ng-h/mL) LSGM 2,973 2,484

Ratio 0.84

90 % CI 75.99-91.87
Chax (ng/mL) LSGM 1,051 1,059

Ratio 1.01

90 % CI 87.36-116.3

AUC,_»4 area under the plasma concentration-time curve from time 0 to 24 h, CI confidence interval, C,,,, maximum observed concentration,

LSGM least squares geometric means, PK pharmacokinetic

* LSGM derived from mixed models; LSGM ratios are provided for icosapent ethyl plus omeprazole/omeprazole alone

symptoms [14]. Consequently, many candidates for IPE
TG-lowering therapy may be taking a concomitant medi-
cation for GERD or erosive esophagitis, such as omepra-
zole. Other proton pump inhibitors, including lansoprazole
and esomeprazole, may also be involved in CYP2CI19-
mediated metabolism [18]. Given its lack of effect on the
PK of omeprazole, a CYP2C19 substrate, IPE may be a
potential option for TG lowering in patients receiving
proton pump inhibitor therapy.

A limitation of this study was that it did not investigate
the potential effects of omeprazole on IPE through
CYP2C19 inhibition or change in gastric pH, although this
is not expected. Another limitation was the relatively short
study duration, given the potentially long duration of use of
either one of the study drugs alone or when used con-
comitantly, although typically, drug—drug interaction
studies are relatively short in duration.

5 Conclusions

At steady state, IPE 4 g/day did not inhibit the AUC 4
and Cy,x of the CYP2C19 substrate omeprazole at 40 mg/

day. Coadministration of these two drugs was safe and well
tolerated in this PK study of healthy adult subjects.
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