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Abstract

Background and Objective Icosapent ethyl (IPE) is a

high-purity prescription form of eicosapentaenoic acid

(EPA) ethyl ester approved to reduce triglyceride levels in

patients with severe (C5.65 mmol/L) hypertriglyceridemia.

EPA, the active metabolite of IPE, is mainly metabolized

via b-oxidation, and studies suggest that omega-3 fatty

acids such as EPA may have antithrombotic effects. The

objective of this study was to evaluate the effect of IPE on

the pharmacokinetic and anticoagulation pharmacody-

namics of warfarin, a substrate of cytochrome P450 2C9-

mediated metabolism.

Methods Healthy adults received oral warfarin (25 mg)

on day 1, oral IPE (4 g/day) on days 8–35, and co-

administration on Day 29. Primary pharmacokinetic end

points were area under the concentration-versus-time curve

from zero to infinity (AUC0–?) and maximum plasma

concentration (Cmax) for R- and S-warfarin; pharmacody-

namic end points were area under the international nor-

malized ratio (INR) effect-time curve after the warfarin

dose (AUCINR) and maximum INR (INRmax).

Results Twenty-five subjects completed the study.

AUC0–? and Cmax ratios of geometric means for both R-

and S-warfarin following co-administration of warfarin

with versus without IPE were within the 90 % confidence

intervals of 0.80–1.25. AUCINR, INRmax, and ratios were

also similar.

Conclusions IPE 4 g/day did not significantly change the

single-dose AUC0–? or Cmax of R- and S-warfarin or the

anticoagulation pharmacodynamics of warfarin when co-

administered as racemic warfarin at 25 mg. Co-adminis-

tration of these drugs was safe and well tolerated in this

study of healthy adult subjects.

Key Points

Patients who are candidates for icosapent ethyl

therapy may also be receiving warfarin

anticoagulation therapy.

Icosapent ethyl 4 g/day did not have an effect on the

pharmacokinetics or anticoagulation

pharmacodynamics of warfarin.

Co-administration of icosapent ethyl and warfarin

was safe and well tolerated.

1 Introduction

Hypertriglyceridemia is common among adults in the

United States, yet only a small percentage receive specific

treatment [1]. Strategies to lower serum triglyceride levels

include lifestyle intervention, statins, fibrates, niacin, eze-

timibe, and long-chain omega-3 fatty acids such as eico-

sapentaenoic acid (EPA) and docosahexaenoic acid (DHA)

[2]. Icosapent ethyl (IPE; Vascepa� [formerly AMR101];
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purity prescription form of EPA ethyl ester approved by the

United States Food and Drug Administration (FDA) as an

adjunct to diet to reduce triglyceride levels in adults with

severe (C5.65 mmol/L) hypertriglyceridemia [3]. In two

randomized, placebo-controlled studies, IPE significantly

reduced triglyceride levels and improved other lipid

parameters without substantially increasing serum low-

density lipoprotein cholesterol levels [4, 5].

After oral administration, IPE is de-esterified during the

absorption process and the active metabolite EPA is

absorbed in the small intestine and enters the systemic

circulation mainly via the thoracic duct lymphatic system

[3]. EPA is metabolized predominantly by b-oxidation and

is not expected to interfere with cytochrome P450 (CYP)-

mediated pathways [3]. However, EPA is also known to be

metabolized by cyclooxygenases (COX), lipoxygenases,

and CYP enzymes, including CYP2C9 [6]. Warfarin, a

widely prescribed anticoagulant, is administered as a

racemic mixture of the R- and S-enantiomers [7]. Most of

the anticoagulant activity is attributable to S-warfarin,

which is metabolized by CYP2C9 [8]. Although there was

no a priori expectation that EPA would alter the metabo-

lism of warfarin, the possibility of a drug–drug interaction

was investigated due to the potential role of CYP2C9

metabolism.

Because warfarin has a narrow therapeutic window,

frequent monitoring of prothrombin time (PT), expressed

as the international normalized ratio (INR), is required [7].

Various drugs and substances are known to modify war-

farin anticoagulant activity, either through interference

with its metabolism, protein binding, or via pharmacody-

namic interactions wherein the interacting drug impairs

coagulation by mechanisms other than warfarin’s mecha-

nism (ie, inhibition of the synthesis of vitamin K-dependent

clotting factors) [7, 8]. EPA and DHA may affect coagu-

lation through inhibition of COX, inhibition of platelet

signaling and function, interactions of platelets with other

cell types, effects on inflammatory processes involved in

coagulation, and reduction in platelet-mediated thrombin

generation [9, 10].

The objective of this study was to investigate the effects

of IPE on the pharmacokinetics and anticoagulation phar-

macodynamics of warfarin in healthy subjects.

2 Study Subjects and Methods

2.1 Study Population

Healthy men and women between the ages of 19 and

55 years were eligible to participate if they were non-

smokers, had a body mass index [18 and B35 kg/m2, and

were in good health as determined by medical history,

medical examination, and normal test results for serum

biochemistry, hematology, and urinalysis. Women who

were pregnant, nursing, or planning a pregnancy were

excluded; female subjects of childbearing potential were

required to use an acceptable method of birth control.

Individuals with known hypersensitivity to warfarin or a

history or presence of abnormal prolongation of bleeding

time or a significant bleeding disorder were ineligible.

Subjects were excluded if PT, INR, or plasma protein C

and protein S activity (functional) were outside the normal

reference range. Antidiabetic therapy, antihypertensive

therapy, tamoxifen, estrogen, and progestin were not per-

mitted within 4 weeks prior to screening if the medications

were not taken according to the same dose continuously or

if dose changes were expected during the study. Individuals

receiving thyroid replacement therapy had to be on the

same dose continuously for 6 or more weeks prior to

screening. Use of medications or dietary supplements with

known or potential lipid-altering effects (including statins,

niacin [200 mg/day, fibrates, ezetimibe, bile acid seques-

trants, or medications or foods enriched with omega-3 fatty

acids) was prohibited within 4 weeks prior to the first dose

of study medication and until after the end of the study.

2.2 Study Design

This phase I, single-center, open-label study used a cross-

over design to investigate potential pharmacokinetic and

pharmacodynamic drug–drug interactions between warfa-

rin and IPE in healthy subjects. The study consisted of a

28-day screening period to evaluate subject eligibility and a

36-day study period in which subjects received study drugs

during planned site visits or via self-administration while

away from the study site. Study procedures such as safety

evaluations and pharmacokinetic sampling were performed

during the planned site visits. Total duration of study

participation for each subject was approximately 64 days.

All subjects received the same treatment. Warfarin

(25 mg, two 10-mg and one 5-mg tablets, provided as

Coumadin�, Bristol-Myers Squibb, Princeton, NJ, USA),

was administered as a single dose one half hour prior to

breakfast on days 1 and 29. IPE (4 g/day) was administered

as twice-daily oral doses (2 liquid-filled, 1 g gelatin cap-

sules per dose) with or following the morning and evening

meals on days 8–35. Compliance to the IPE dosing regimen

was evaluated at visit 3 (day 28) by counting unused

capsules and reconciling the number against entries in the

subject’s diary. Mean compliance was calculated as actual

daily dose/planned daily dose 9 100.

Doses selected for the study were based on established

pharmacokinetic and safety profiles. For IPE capsules, 4 g/

day represents the FDA-approved dose [3]. A single dose

of 25 mg warfarin has been used previously to measure
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plasma concentrations and anticoagulation effects in drug

interaction studies, and is safe to use in healthy subjects

with normal INR [11–16]. Warfarin 25 mg typically results

in a maximum increase of the INR (INRmax) by 60–90 %

(INR range, 1.6–1.9) occurring 36–48 h after administra-

tion. For comparison, INR of 2.0–3.0 is used in patients for

basic anticoagulation therapy.

The study protocol was approved by an institutional

review board (IntegReview Ethics Review Board, Austin,

TX, USA) and was conducted between May 3, 2011 and

June 15, 2011 at Frontage Clinical Services (a wholly-

owned subsidiary of Frontage Laboratories, Inc., Hacken-

sack, NJ, USA). The study complied with the ethical

principles of Good Clinical Practice and in accordance with

the Declaration of Helsinki. All subjects provided written

informed consent prior to study entry.

2.2.1 Sampling and Bioanalytical Methods

Blood samples (6 mL) for the determination of R-warfarin

and S-warfarin plasma concentrations were obtained on

days 1 and 29 at time 0 (prior to dose) and at 0.5, 1, 1.5, 2,

4, 6, 9, 12, 24, 48, 72, 96, 144, and 168 h after the warfarin

dose. Given that the elimination half-life of R-warfarin

ranges from 37–89 h and that of S-warfarin ranges from

21–43 h, the 168-h sampling interval was required to

adequately characterize the area under the plasma con-

centration-versus-time curve (AUC). Venous blood sam-

ples for measurement of R- and S-warfarin were collected

into pre-chilled glass tubes containing dipotassium ethy-

lenediaminetetraacetic acid (K2EDTA). Plasma was sepa-

rated by centrifugation and concentrations of R- and S-

warfarin were measured using a validated liquid chroma-

tography with tandem mass spectrometry (LC–MS/MS)

method by Frontage Laboratories, Inc. (Malvern, PA,

USA). R-warfarin, S-warfarin, and the internal standards

were extracted from human plasma by solid-phase extrac-

tion and separated by reversed-phase high-performance

liquid chromatography (HPLC) with a Supelco Astec�

Chirobiotic� V column (100 9 4.6 mm, 5 lm; Sigma-

Aldrich Corporation, Saint Louis, MO, USA) and Shima-

dzu HPLC pump and autosampler (Shimadzu, Kyoto,

Japan), with a flow rate of 1.0 mL/min at room temperature

and elution times of 3.2 min and 4.1 min for R-warfarin

and S-warfarin, respectively. The mobile phase was iso-

cratic with 75 %/25 % A/B; phase A was 5.0 mM

ammonium acetate and phase B was 100 % acetonitrile).

Warfarin-d5 was the internal standard and the reference

standards were R-warfarin and S-warfarin. Ions were

monitored for R- and S-warfarin at m/z 307.1–161.0 and for

warfarin-d5 at 312.1–161.0 in negative ionization mode

using the API4000
TM

mass spectrometer with TurboIon-

Spray electrospray ion source (AB Sciex, Framingham,

MA, USA) at 550 �C and -2,800 V with N2. The dynamic

range was 5–1,500 ng/mL for R- and S-warfarin with a

lower limit of quantitation of 5 ng/mL. The assay accuracy

(mean determined concentration/nominal concentration)

ranged from 91.2–108.1 % (intra-run) and from

93.0–107.4 % (inter-run). The assay precision (coefficient

of variation of the mean determined concentration) ranged

from 1.5–6.0 % (intra-run) and from 3.5–4.6 % (inter-run).

For PT and INR assessment, blood samples (4.5 mL)

were obtained at screening and on days 1 and 29 at time 0

(prior to dose) and 6, 12, 24, 36, 48, 72, 96, 120, 144, and

168 h after warfarin administration. PT (in seconds) was

determined using a validated assay performed at BioRe-

ference Laboratories (Elmwood Park, NJ, USA). The INR

was calculated as the ratio of the subject’s PT test value

(PTtest) to the PT of a normal control sample (PTnormal),

raised to the power of the International Sensitivity Index

(ISI) assigned to the tissue factor reagent and analytical

system used, as follows: INR = (PTtest/PTnormal)
ISI. All

pre-dose samples were collected when subjects were in the

fasting state.

2.3 Statistical Methods

A sample size of 26 subjects, with at least 20 subjects

completing the study, was selected as one that would meet

study aims based on the number of subjects used in pub-

lished warfarin drug interaction studies [11–16]. The

intent-to-treat (ITT) population included all subjects who

signed the informed consent form and were included in the

study. The pharmacokinetic population included all sub-

jects who had the primary warfarin pharmacokinetic end

point parameters from days 1 and 29 available. The phar-

macodynamic population included all subjects who pro-

vided the blood samples for the PT/INR analyses required

to calculate the primary pharmacodynamic end point

parameters for days 1 and 29. Safety was evaluated for all

subjects who received at least one dose of study drug.

2.3.1 Pharmacokinetic Evaluations

The primary pharmacokinetic end points were the AUC

from time zero to infinity (AUC0–?) and the maximum

observed plasma concentration (Cmax) for R- and S-war-

farin on day 1 (without IPE) and day 29 (with IPE). Sec-

ondary and additional pharmacokinetic end points were the

AUC from time zero to the last sampling time with quan-

tifiable concentration (AUClast), time of observed Cmax

(tmax), apparent terminal elimination half-life (t�), and

apparent terminal elimination rate constant (kel) on days 1

and 29 for R- and S-warfarin. Pharmacokinetic parameters

for R- and S-warfarin were derived by noncompartmental

analysis using WinNonlin version 5.01 (Pharsight

Drug Interaction Study of Icosapent Ethyl and Warfarin



Corporation Inc., Mountain View, CA, USA), using actual

sampling times for each subject. AUC was calculated using

the linear trapezoidal method.

2.3.2 Pharmacodynamic Evaluations

Pharmacodynamic variables were calculated from PT and

INR following administration of warfarin without and with

IPE using actual sampling times for each subject by non-

compartmental methods using WinNonlin Professional

(version 5.0.1). Primary pharmacodynamic end points

(following warfarin administration without and with IPE on

days 1 and 29, respectively) were the area under the INR

effect-time curve from time zero to 168 h after the warfarin

dose (AUCINR) and the INRmax. The time of occurrence of

INRmax (TINRmax) was a secondary end point. Day 1 pre-

dose values were used for determination of change from

baseline during days 1–8, and day 29 pre-dose values were

used for determination of change from baseline during days

29–35.

2.3.3 Statistical Comparisons

Subjects who had the protocol-defined primary pharma-

cokinetic parameters available from both pharmacokinetic

days were included in statistical comparisons. Evaluations

of drug–drug interaction were based on values for AUC0–?

(primary analysis) and Cmax of R- and S-warfarin. Mixed

effects analysis of variance (ANOVA) modeling under the

crossover design was based on natural log-transformed

values with treatment as a fixed effect and subject as a

random effect. The estimate of the ratio between the two

treatments (warfarin with IPE divided by warfarin alone)

and the corresponding 90 % confidence intervals (CI) for

the ratio were obtained by exponentiating the mean dif-

ference in logarithms. A pharmacokinetic drug–drug

interaction was ruled out if the ratios were within the 90 %

CI equivalence limits of 0.80–1.25 [17].

R- and S-warfarin tmax was analyzed without log trans-

formation using nonparametric Wilcoxon signed-rank test.

Corresponding 95 % CIs for the difference in medians was

reported using the Walsh average and appropriate quantile

of the Wilcoxon signed-rank test statistic. Significant dif-

ferences for the treatment comparison were concluded if

the resulting p value was \0.05.

2.4 Safety Assessment

Safety evaluations consisted of monitoring adverse events

(AEs), clinical laboratory measurements (chemistry,

hematology, urinalysis), vital signs (systolic and diastolic

blood pressure, heart rate, respiratory rate, oral body tem-

perature), and physical examination findings.

3 Results

3.1 Study Subjects

Twenty-six subjects were enrolled and one withdrew con-

sent on day 6 of the study. A total of 25 (96 %) subjects

completed the study and were included in pharmacokinetic

and pharmacodynamic analysis populations. All 26 enrol-

led subjects received at least one dose of study drug and

were included in the safety analysis population (Table 1).

Mean compliance for IPE dosing (days 8–35) based on

capsule counts was 97 %.

3.2 Pharmacokinetic Parameters

Mean plasma concentration-versus-time curves for R- and

S-warfarin were comparable for subjects administered

racemic warfarin alone or with concomitant IPE at steady

state (Fig. 1). Pharmacokinetic parameters obtained for R-

and S-warfarin were similar when subjects received war-

farin alone versus co-administration of warfarin and IPE

(Table 2). Based on p values of 0.209 and 0.195 for R-

and S-warfarin, respectively, there was no significant

difference in tmax of warfarin when administered without

or with IPE.

3.3 Pharmacodynamic Parameters

Mean INR following warfarin administration without and

with IPE throughout the 168-h sampling period is shown

in Fig. 2. Corresponding median values for AUCINR and

Table 1 Subject demographics and baseline characteristics (safety

population)

Characteristic Value

Number of patients 26

Age, years 37.7 ± 10.6

Sex, n (%)

Men 20 (77)

Women 6 (23)

Race, n (%)

Black/African American 17 (65)

White 6 (23)

Other 3 (12)

Ethnicity, n (%)

Hispanic or Latino 9 (35)

Weight, kg 80.6 ± 16.6

Body mass index, kg/m2 26.7 ± 4.1

Values are expressed as mean ± SD unless specified otherwise

SD standard deviation

R. A. Braeckman et al.



INRmax were similar when warfarin was given alone or

with IPE (Table 3). Based on a p value of 0.026, there

was a significant reduction in the median time to TINRmax

with concomitant administration of warfarin and IPE

compared with warfarin alone. However, this difference

(a reduction from 48 to 36 h) may have been influenced

by the sparse sampling. No differences were observed in

the change from baseline (pre-dose) in the INR or PT

values when warfarin was administered without or with

IPE.

3.4 Statistical Analyses of Pharmacokinetic

and Pharmacodynamic Drug–Drug Interaction

In the primary pharmacokinetic analysis, the 90 % CIs for

the least squares geometric mean (LSGM) ratios for R- and

S-warfarin AUC0–? and Cmax were found to lie within the

0.80–1.25 bounds (Table 4). The 90 % CIs obtained for the

LSGM ratios for the pharmacodynamic parameters

AUCINR and INRmax were also contained within the

0.80–1.25 bounds (Table 4).

3.5 Safety

A total of 26 subjects were exposed to at least one dose of

study drug. Nine (35 %) subjects reported at least one AE

during the study. Two (8 %) subjects reported at least one

AE during days 1–8 (i.e., during warfarin administration

without IPE), and 8 (32 %) subjects reported at least one
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Fig. 1 Mean (standard deviation [SD]) plasma concentrations of a R-

warfarin and b S-warfarin following oral administration of 25 mg

warfarin without and with 4 g/day icosapent ethyl (IPE) at steady

state (pharmacokinetic and pharmacodynamic population)

Table 2 Pharmacokinetic parameters for R- and S-warfarin in plasma following a single 25-mg dose of warfarin without and with icosapent

ethyl 4 g/day at steady state (pharmacokinetic and pharmacodynamic population)

Analyte Parameter (unit) Treatmenta

Warfarin 25 mg (n = 25) Warfarin 25 mg ? IPE 4 g (n = 25)

R-warfarin AUC0–?, ng�h/mL 82,620 (19,725) 82,460 (22,798)

Cmax, ng/mL 1,766 (673) 1,865 (592)

AUClast, ng�h/mL 77,539 (17,374) 77,117 (19,505)

tmax, h 1.0 (0.5–9.0) 1.0 (0.5–1.5)

t�, h 46.4 (8.4) 46.8 (8.3)

kel, 1/h 0.015 (0.005) 0.016 (0.005)

S-warfarin AUC0–?, ng�h/mL 60,216 (15,009) 60,253 (16,204)

Cmax, ng/mL 1,836 (729) 1,973 (616)

AUClast, ng�h/mL 59,253 (15,429) 59,134 (16,451)

tmax, h 1.0 (0.5–9.0) 1.0 (0.5–1.5)

t�, h 36.7 (8.2) 37.7 (9.1)

kel, 1/h 0.020 (0.005) 0.020 (0.005)

AUC0–? area under the plasma concentration-versus-time curve from time zero to infinity, AUClast area under the plasma concentration-versus-

time curve from time zero to the last sampling time with quantifiable concentration, Cmax maximum observed concentration, IPE icosapent ethyl,

kel apparent terminal rate constant, t� apparent terminal half-life, tmax time of observed Cmax

a Mean (SD) displayed for all pharmacokinetic parameters except tmax, which is displayed as median (range)

Drug Interaction Study of Icosapent Ethyl and Warfarin



AE on all other days. All AEs were mild or moderate in

intensity.

Somnolence occurred in 2 of the 25 subjects (8 %) who

received co-administration of warfarin and IPE; headache

was reported by 2 subjects (1 subject each in the groups

where warfarin was given alone or with IPE). Sinus

headache and insomnia were reported by 1 subject each in

the warfarin alone group, and palpitations, diarrhea, flatu-

lence, fatigue, arthralgia, depressed mood (considered

moderate in intensity), dysmenorrhea, and rash were

reported by 1 subject each in the warfarin plus IPE group.

There were no discontinuations due to an AE and no

serious AEs or bleeding events were reported. No clinically

significant changes in laboratory test results, vital sign

assessments, or physical examination findings were

observed in this study.

4 Discussion

Patients with elevated serum triglycerides who may be

candidates for IPE treatment may also have cardiovascular

and/or metabolic conditions and be receiving multiple

therapies, such as anticoagulation with warfarin. This study

in healthy adults demonstrated that IPE 4 g/day at steady

state did not significantly alter the exposure (AUC0–?),

peak plasma concentration (Cmax) or the anticoagulation

pharmacodynamics of R- and S-warfarin when co-admin-

istered at 25 mg. It is expected that steady state was

reached for plasma levels of IPE in the present study fol-

lowing 28 days of treatment with IPE because a previous

pharmacokinetic study of IPE found that steady state was

reached in plasma by 14 days [18]. The 90 % CIs for Cmax

and AUC0–? LSGM ratios for R- and S-warfarin were

within the 0.80–1.25 bounds, indicating no clinically rel-

evant pharmacokinetic effects with co-administration.

Anticoagulation parameters (AUCINR, INRmax, PT) of a

25-mg dose of warfarin were also unaffected by IPE at

steady state concentrations. IPE 4 g/day and the single dose

of warfarin were well tolerated in this group of healthy men

and women.

The active metabolite of IPE is EPA and although after

oral administration in humans, EPA is metabolized pre-

dominantly via b-oxidation rather than CYP-mediated

processes, a significant effect on CYP2C9-mediated

metabolism was not expected but was possible because

EPA is also known to be metabolized at least in part by

CYP enzymes, including CYP2C9 [6]. Evaluation of S-

warfarin is recommended by the United States FDA for use

as a sensitive CYP2C9 substrate for study of potential

drug–drug interactions in humans [17]. Comparisons of

pharmacokinetic parameters and LSGM ratio 90 % CIs for

S-warfarin without and with IPE support that IPE 4 g/day

does not alter the pharmacokinetics of this CYP2C9

substrate.

The pharmacodynamic component of the present clini-

cal study adds important safety evidence regarding the

potential use of IPE in patients receiving warfarin as

antithrombotic therapy. Long-chain omega-3 fatty acid

products derived from fish oils have been reported to

decrease platelet aggregation and reduce production of

platelet-derived growth factor, which could potentially

contribute to a decrease in clinical atherothrombosis and

the possibility of increased bleeding risk [19–26]. How-

ever, clinical studies have demonstrated that omega-3 fatty

acid supplementation did not affect bleeding time [27] or

cause significant changes in INR or increased bleeding

episodes in patients receiving chronic anticoagulation

therapy [28]. An evidence-based review concluded that fish

oils rich in omega-3 fatty acids do not increase the risk of

bleeding and are not contraindicated in patients treated
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Fig. 2 Mean (standard deviation [SD]) international normalized ratio

(INR) following administration of racemic warfarin 25 mg without

and with icosapent ethyl (IPE) 4 g/day at steady state (pharmacoki-

netic and pharmacodynamic population)

Table 3 Pharmacodynamic parameters following a single 25-mg

dose of warfarin without and with icosapent ethyl 4 g/day at steady

state (pharmacokinetic and pharmacodynamic population)

Parameter Statistic Treatment

Warfarin 25 mg

(n = 25)

Warfarin 25 mg

? IPE 4 g (n = 25)

AUCINR Mean (SD) 217.8 (27.7) 204.8 (24.7)

Median 213.4 200.1

Range 177.5–275.4 172.4–267.3

INRmax Mean (SD) 1.86 (0.48) 1.60 (0.39)

Median 1.74 1.54

Range 1.25–2.90 1.12–2.64

TINRmax, h Median 48.0 36.0

Min, Max 24.0, 96.0 24.0, 48.0

AUCINR area under the effect-time curve from time zero to 168 h after

the warfarin dose, INRmax maximum observed international normal-

ized ratio (INR) value, IPE icosapent ethyl, TINRmax time of occur-

rence of INRmax

R. A. Braeckman et al.



with antiplatelet and anticoagulation therapies [9]. Fur-

thermore, a review of available studies in which patients

undergoing major vascular surgery also received omega-3

fatty acids at doses of 1–4 g/day and higher found that

omega-3 fatty acids do not increase the risk for clinically

significant bleeding, even in patients receiving antiplatelet

or antithrombotic medications [29]. A recent review

omega-3 fatty acids and bleeding spanning multiple clini-

cal settings (including randomized controlled studies, epi-

demiological studies, and evidence from investigations in

neurology, nephrology, critical care, surgery, cardiology,

hematology, obstetrics, and dentistry) found no increase in

the risk of clinically significant bleeding with omega-3

fatty acid monotherapy or combination therapy in nearly all

of the studies discussed [10]. In the present study, the lack

of effect of IPE on warfarin anticoagulation pharmacody-

namic parameters supports previous findings that omega-3

fatty acids do not increase bleeding risk. However, patients

receiving anticoagulation therapy and prescription omega-

3 fatty acid therapies such as IPE or omega-3 acid ethyl

esters should be monitored periodically [3, 30].

Limitations of this study include sparse sampling for

TINRmax and thus it is difficult to determine definitively

whether IPE affected this parameter. Although the use of a

single-dose design for warfarin may be considered a

potential limitation of this study, use of a large, single

loading dose of 25 mg warfarin is a typical approach to

investigating the effects of concomitant drug administra-

tion on the pharmacokinetics and anticoagulation phar-

macodynamics of warfarin [11–16].

5 Conclusions

At steady-state concentrations, IPE at the approved dose of

4 g/day did not have an effect on the single dose phar-

macokinetics or anticoagulation pharmacodynamics of

25-mg racemic warfarin in healthy adults. Co-administra-

tion of these drugs was safe and well-tolerated in this study

of healthy adult subjects.

Acknowledgments This study was designed and sponsored by

Amarin Pharma Inc., Bedminster, NJ, USA. Drs. Braeckman and Soni

are former employees of Amarin Pharma Inc., Bedminster, NJ, USA,

and were employed by Amarin Pharma Inc. during the planning,

execution, and manuscript preparation of this study. Medical writing

assistance was provided by Beth Daro-Kaftan, PhD, of Peloton

Advantage, LLC, Parsippany, NJ, USA, and funded by Amarin

Pharma Inc.

References

1. Ford ES, Li C, Zhao G, et al. Hypertriglyceridemia and its

pharmacologic treatment among US adults. Arch Intern Med.

2009;169:572–8.

2. Miller M, Stone NJ, Ballantyne C, et al. Triglycerides and car-

diovascular disease: a scientific statement from the American

Heart Association. Circulation. 2011;123:2292–333.

3. Vascepa [package insert]. Bedminster, NJ: Amarin Pharma Inc.;

2013.

4. Bays HE, Ballantyne CM, Kastelein JJ, et al. Eicosapentaenoic

acid ethyl ester (AMR101) therapy in patients with very high

triglyceride levels (from the Multi-center, plAcebo-controlled,

Randomized, double-blINd, 12-week study with an open-label

Extension [MARINE] trial). Am J Cardiol. 2011;108:682–90.

Table 4 Statistical analysis of drug–drug interaction (pharmacokinetic and pharmacodynamic population; n = 25)

Parameter Statistica R-warfarin S-warfarin

Warfarin 25 mg Warfarin 25 mg

? IPE 4 g

Warfarin 25 mg Warfarin 25 mg

? IPE 4 g

Pharmacokinetic parameters

AUC0–? (ng�h/mL) LSGM 80,486 79,873 58,344 58,236

LSGM ratio (90 % CI) 0.99 (0.96–1.03) 1.00 (0.97–1.03)

Cmax, ng/mL LSGM 1,659.6 1,789.6 1,715.9 1,897.0

LSGM ratio (90 % CI) 1.08 (0.99–1.17) 1.11 (1.01–1.21)

Warfarin 25 mg Warfarin 25 mg ? IPE 4 g

Pharmacodynamic parameters

AUCINR LSGM 216.2 203.4

LSGM ratio (90 % CI) 0.94 (0.93–0.96)

INRmax LSGM 1.80 1.56

LSGM ratio (90 % CI) 0.87 (0.84–0.90)

AUC0–? area under the plasma concentration-versus-time curve from time zero to infinity, AUCINR area under the effect-time curve from time

zero to 168 h after the warfarin dose, Cmax maximum observed concentration, INRmax maximum observed international normalized ratio (INR)

value, IPE icosapent ethyl, LSGM least squares geometric means
a LSGM derived from mixed models; LSGM ratios are provided for IPE plus warfarin/warfarin alone

Drug Interaction Study of Icosapent Ethyl and Warfarin

guy
Highlight



5. Ballantyne CM, Bays HE, Kastelein JJ, et al. Efficacy and safety

of eicosapentaenoic acid ethyl ester (AMR101) therapy in statin-

treated patients with persistent high triglycerides (from the

ANCHOR study). Am J Cardiol. 2012;110:984–92.

6. Arnold C, Konkel A, Fischer R, et al. Cytochrome P450-depen-

dent metabolism of omega-6 and omega-3 long-chain polyun-

saturated fatty acids. Pharmacol Rep. 2010;62:536–47.

7. Coumadin [package insert]. Princeton, NJ: Bristol-Myers Squibb;

2011.

8. Greenblatt DJ, von Moltke LL. Interaction of warfarin with drugs,

natural substances, and foods. J Clin Pharmacol. 2005;45:127–32.

9. Bays HE. Safety considerations with omega-3 fatty acid therapy.

Am J Cardiol. 2007;99:35C–43C.

10. Wachira JK, Larson MK, Harris WS. n-3 Fatty acids affect

haemostasis but do not increase the risk of bleeding: clinical

observations and mechanistic insights. Br J Nutr.

2014;111:1652–62.

11. Yates RA, Wong J, Seiberling M, et al. The effect of anastrozole

on the single-dose pharmacokinetics and anticoagulant activity of

warfarin in healthy volunteers. Br J Clin Pharmacol.

2001;51:429–35.

12. Rahimy M, Hallen B, Narang P. Effect of tolterodine on the anti-

coagulant actions and pharmacokinetics of single-dose warfarin in

healthy volunteers. Arzneimittelforschung. 2002;52:890–5.

13. Almeida L, Falcao A, Vaz-da-Silva M, et al. Effect of nebicapone

on the pharmacokinetics and pharmacodynamics of warfarin in

healthy subjects. Eur J Clin Pharmacol. 2008;64:961–6.

14. Zimmerman JJ, Raible DG, Harper DM, et al. Evaluation of a

potential tigecycline-warfarin drug interaction. Pharmacotherapy.

2008;28:895–905.

15. Walker G, Mandagere A, Dufton C, et al. The pharmacokinetics

and pharmacodynamics of warfarin in combination with am-

brisentan in healthy volunteers. Br J Clin Pharmacol.

2009;67:527–34.

16. Frey R, Muck W, Kirschbaum N, et al. Riociguat (BAY 63-2521)

and warfarin: a pharmacodynamic and pharmacokinetic interac-

tion study. J Clin Pharmacol. 2011;51:1051–60.

17. Guidance for industry. Drug interaction studies—study design,

data analysis, and implications for dosing and labeling. U.S.

Department of Health and Human Services; Food and Drug

Administration. http://www.fda.gov/OHRMS/DOCKETS/98fr/

06d-0344-gdl0001.pdf. Accessed 25 March 2014.

18. Braeckman RA, Stirtan WG, Soni PN. Pharmacokinetics of ei-

cosapentaenoic acid in plasma and red blood cells after multiple

oral dosing with icosapent ethyl in healthy subjects. Clin Phar-

macol Drug Devel. 2013 (Epub ahead of print). doi:10.1002/

cpdd.84/abstract.

19. Agren JJ, Vaisanen S, Hanninen O, et al. Hemostatic factors and

platelet aggregation after a fish-enriched diet or fish oil or

docosahexaenoic acid supplementation. Prostaglandins Leukot

Essent Fatty Acids. 1997;57:419–21.

20. Kaminski WE, Jendraschak E, Kiefl R, et al. Dietary omega-3

fatty acids lower levels of platelet-derived growth factor mRNA

in human mononuclear cells. Blood. 1993;81:1871–9.

21. Thorwest M, Balling E, Kristensen SD, et al. Dietary fish oil

reduces microvascular thrombosis in a porcine experimental

model. Thromb Res. 2000;99:203–8.

22. von Schacky C, Baumann K, Angerer P. The effect of n-3 fatty

acids on coronary atherosclerosis: results from SCIMO, an

angiographic study, background and implications. Lipids.

2001;36(Suppl):S99–102.

23. Schmitz PG, McCloud LK, Reikes ST, et al. Prophylaxis of he-

modialysis graft thrombosis with fish oil: double-blind, random-

ized, prospective trial. J Am Soc Nephrol. 2002;13:184–90.

24. Eritsland J, Arnesen H, Gronseth K, et al. Effect of dietary sup-

plementation with n-3 fatty acids on coronary artery bypass graft

patency. Am J Cardiol. 1996;77:31–6.

25. Carroll DN, Roth MT. Evidence for the cardioprotective effects

of omega-3 Fatty acids. Ann Pharmacother. 2002;36:1950–6.

26. Knapp HR. Dietary fatty acids in human thrombosis and

hemostasis. Am J Clin Nutr. 1997;65:1687S–98S.

27. Eritsland J, Arnesen H, Seljeflot I, et al. Long-term effects of n-3

polyunsaturated fatty acids on haemostatic variables and bleeding

episodes in patients with coronary artery disease. Blood Coagul

Fibrinolysis. 1995;6:17–22.

28. Bender NK, Kraynak MA, Chiquette E, et al. Effects of marine

fish oils on the anticoagulation status of patients receiving

chronic warfarin therapy. J Thromb Thrombolysis.

1998;5:257–61.

29. Harris WS. Expert opinion: omega-3 fatty acids and bleeding-

cause for concern? Am J Cardiol. 2007;99:44C–6C.

30. Lovaza [package insert]. Research Triangle Park, NC: Glaxo-

SmithKline; 2013.

R. A. Braeckman et al.

http://www.fda.gov/OHRMS/DOCKETS/98fr/06d-0344-gdl0001.pdf
http://www.fda.gov/OHRMS/DOCKETS/98fr/06d-0344-gdl0001.pdf
http://dx.doi.org/10.1002/cpdd.84/abstract
http://dx.doi.org/10.1002/cpdd.84/abstract

	Phase 1 Study of the Effect of Icosapent Ethyl on Warfarin Pharmacokinetic and Anticoagulation Parameters
	Abstract
	Background and Objective
	Methods
	Results
	Conclusions

	Introduction
	Study Subjects and Methods
	Study Population
	Study Design
	Sampling and Bioanalytical Methods

	Statistical Methods
	Pharmacokinetic Evaluations
	Pharmacodynamic Evaluations
	Statistical Comparisons

	Safety Assessment

	Results
	Study Subjects
	Pharmacokinetic Parameters
	Pharmacodynamic Parameters
	Statistical Analyses of Pharmacokinetic and Pharmacodynamic Drug--Drug Interaction
	Safety

	Discussion
	Conclusions
	Acknowledgments
	References




