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Influence of Laropiprant, a Selective Prostaglandin
D, Receptor 1 Antagonist, on the Pharmacokinetics

and Pharmacodynamics of Warfarin

Jules I. Schwartz, PharmD, MPH,! Fang Liu, PhD,! Mark Stroh, PhD,?
Adrianna Gipson, MS,! Amy O. Johnson-Levonas, PhD,! Kenneth C. Lasseter, MD,>
Eseng Lai, MD, PhD,'* and John A. Wagner, MD, PhD!

Laropiprant (LRPT), a prostaglandin D, receptor 1 antagonist shown to reduce niacin-induced flushing
symptoms, is being developed in combination with niacin for the treatment of dyslipidemia. This study
assessed the pharmacokinetics/pharmacodynamics of single-dose warfarin in the presence/absence of
multiple-dose LRPT. Thirteen subjects received 2 treatments in random order separated by =10-day
washout: (1) multiple-dose LRPT 40 mg/d for 12 days (days —5 to 7) with coadministered single-dose
warfarin 30 mg (day 6) and (2) single-dose warfarin 30 mg (day 1). R(+)- and S(—)-warfarin and
international normalized ratio (INR) were assayed predose and up to 168 hours postdose. Comparability
was declared if the 90% confidence intervals (CIs) for the geometric mean ratio (GMR; warfarin + LRPT/
warfarin alone) of area under the plasma concentration curve from zero to infinity (AUCy_o.) for R(+)-
and S(—)-warfarin were contained within (0.80, 1.25). The estimated GMRs of AUC_., (90% CIs) were
1.02 (0.96, 1.09) and 1.04 (0.98, 1.09) for R(+)- and S(—)-warfarin, respectively. The estimated GMRs of
maximum plasma concentration (Cinax) (90% Cls) were 1.13 (1.02, 1.26) and 1.11 (0.99, 1.24) for R(+)- and
S(—)-warfarin, respectively. The estimated GMRs of area under the prothrombin time INR curve from
0 to 168 hours on day 21 (INR AUC 16sn) and average maximum observed prothrombin time INR
(INRpax) were 1.02 (0.99, 1.05) and 1.04 (0.98, 1.10), respectively. There was no evidence of clinically
meaningful alterations in the pharmacokinetics and pharmacodynamics (ie, INR) of R(+)- or S(—)-

warfarin after coadministration of multiple-dose LRPT and single-dose warfarin.
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INTRODUCTION

Niacin (nicotinic acid) has broad beneficial effects on
the overall plasma lipid profile, including raising high-
density lipoprotein cholesterol and lowering low-
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density lipoprotein cholesterol, triglycerides, and lipo-
protein (a) levels." Long-term administration of niacin
has been shown to improve cardiovascular outcomes
when administered as monotherapy or in combination
with other lipid-altering agents.”™* However, wide-
spread use of niacin in clinical practice is limited due
to flushing symptoms experienced by many patients
taking niacin therapy.”® These bothersome side effects
limit niacin dose escalation and patient acceptance and
often lead to discontinuation of therapy.
Niacin-induced flushing is mediated primarily by
prostaglandin D, (PGD,), which activates prostaglan-
din D, receptors-1 (DP1 receptors) in the skin, resulting
in cutaneous flushing of the face, neck, and trunk.*~*>
Laropiprant (LRPT, previously known as MK-0524) is
a potent, orally active, once-daily, highly selective DP1
receptor antagonist, being developed in combination
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with niacin for the treatment of dyslipidemia.”>™"* In
patients with dyslipidemia, concomitant administra-
tion of LRPT with extended release niacin was shown
to reduce the incidence and intensity of niacin-induced
flushing symptoms without diminishing the lipid-
altering benefits of niacin therapy.® These findings
suggest that LRPT could significantly improve the
tolerability and optimal therapeutic dosing of niacin,
thereby improving the clinical effectiveness of niacin
therapy.

Prior human pharmacokinetic studies indicate that
LRPT is rapidly absorbed after oral administration. The
major circulating metabolite is an inactive acyl
glucuronic acid conjugate which is likely formed via
uridine disphosphate-glucuronosyltransferases 1A1, 1A3,
1A9, and 2B7 and excreted into the bile and urine.?"*?
LRPT is also subject to oxidative metabolism via
cytochrome P450 (CYP) 3A4 isozyme with a minor
contribution from CYP2C9; however, the rate of oxidative
metabolism was minimal compared with that of
glucuronidation.”* In the in vitro CYP inhibition studies
using human liver microsomes, LRPT exhibited moderate
inhibition on CYP2C8-mediated reactions. Little or no
inhibition was observed on CYP1A2-, CYP2Bé6-,
CYB2C9-, CYP2C19-, CYP2D6-, CYP2El-, and CY-
P3A4-mediated reactions for ICsy values greater than
64 pM (data on file, Merck & Co, Inc). Previous studies
have demonstrated that LRPT administered in doses of
30-450 mg attain steady-state concentration by day 2 for
all dose levels.**

Warfarin is a vitamin K antagonist widely used for
the long-term prevention of thrombosis. Treatment
with warfarin reduces coagulation by interfering with
the vitamin K-dependent posttranslational modifica-
tion of several procoagulant clotting factors (factors II,
VII, and X).Z® Prothrombin time (PT) is the most
commonly used parameter to assess the therapeutic
anticoagulant effect of warfarin.® Standardization of
PT across studies is achieved by calculation of the
international normalized ratio (INR), which provides
a more reliable measure of blood coagulation com-
pared with the nonstandardized PT measurement.*’”
Warfarin has a narrow therapeutic index with large
inter- and intraindividual variations in dose response,
necessitating close monitoring of PT to minimize the
risk of excessive bleeding in overdose and risk of
thromboembolic events due to inadequate dosing.***’
Although a single therapeutic range for warfarin may
not be optimal for all indications, a moderate-intensity
INR (2.0-3.0) is effective for most indications.*

Warfarin is administered as a 1:1 racemic mixture of
2 enantiomers, R(+)- and S(—)-warfarin. The anticoag-
ulant potency of the S(—) enantiomer is approximately
5-6 times higher than that of the R(+) enantiomer.>
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Warfarin is largely metabolized by hepatic microsomal
enzymes, with CYP2C9 being primarily responsible for
the oxidative conversion of the S(—) enantiomer, with
minor contributions from CYP2C19 and CYP3A4.%'*
In contrast, no single CYP isoenzyme dominates the
metabolism of R(+)-warfarin, which occurs via CY-
P1A2, CYP3A4, and CYP2C19.>"*** In addition, both
enantiomers of warfarin are reduced to alcohols by
a ketoreductase.’*>® Warfarin has a high propensity for
drug interactions, which may occur by different
mechanisms, including inhibition or induction of
metabolism and altered protein binding.*** Sufficient
alterations in the pharmacokinetic profile of warfarin
can lead to clinically important changes in its
therapeutic anticoagulant effects, as measured by INR.

The current study assessed the potential influence of
multiple-dose LRPT on the pharmacokinetics of (S)-
and (R)-warfarin due to the likelihood that these 2
compounds will be concomitantly administered in
clinical practice. LRPT 40 mg was selected for use in
this study because it represented the highest dose tested
in the Phase III clinical program.>” The main objective of
this study was to evaluate the potential effects of LRPT
40 mg dosed to steady state on the pharmacokinetics
[primary endpoint: area under the plasma concentration
curve from zero to infinity (AUCy ..); secondary
endpoint: maximum plasma concentration (Cpn,,)] and
pharmacodynamics (INR) of single-dose warfarin in
healthy male and female subjects. The safety and
tolerability profile of the combined administration of
LRPT and warfarin also was examined in this study. The
primary study hypothesis stated that once-daily admin-
istration of LRPT 40 mg for 12 days would not
substantially alter the plasma pharmacokinetics of
single-dose warfarin 30 mg [ie, the geometric mean
ratios (GMR) for AUCy_,, of S(—)- and R(+)-warfarin
measured in the presence and absence of LRPT will be
entirely contained within the prespecified comparability
bounds of (0.80, 1.25)].

MATERIALS AND METHODS

Subjects

Eligible participants included healthy, nonsmoking male
subjects and female subjects of nonchildbearing poten-
tial (ie, hysterectomy, bilateral oophorectomy, tubal
ligation, or postmenopausal) between 18 and 50 years
of age with a body mass index between 18.5 and 32
kg/m? who agreed to comply with all study restrictions.
Additional entry criteria included normal prestudy
laboratory test results for PT, activated partial throm-
boplastin time, platelet count, and negative stool occult
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blood test. Subjects should not be involved in any
activities that would place them at high risk of
hemorrhage (eg, contact sports). Subjects also had to
agree to restrict their intake of alcohol, caffeinated
beverages, grapefruit and grapefruit juice, and quinine-
containing beverages. Subjects were excluded if they had
any relevant history of pulmonary, hepatic, gastrointes-
tinal, renal, cardiac, cerebrovascular, psychiatric, or
neurological disease; diabetes; hypertension; any condi-
tion predisposing them to immunodeficiency; or any
condition contraindicating use of warfarin (eg, hemor-
rhagic tendencies, recent or pending surgery, ulceration,
or overt bleeding of gastrointestinal system). Subjects
with an estimated creatinine clearance =60 mL/min or
serum creatinine >1.5 mg/dL were excluded. Addi-
tional exclusion criteria included a history of multiple
and/or severe allergies to drugs or foods.

Study design

This open-label, randomized crossover study consisted
of 2 treatments administered in random order.
Treatment A consisted of once-daily open-label dosing
of LRPT 40 mg (administered as 1 X 25 mg and 3 X
5 mg) for 12 days (day —5 to 7) with coadministration
of a single, open-label oral dose of warfarin 30 mg
(administered as 6 X 5 mg, COUMADIN; Bristol-
Myers Squibb Company) on day 1 (after 5 days of
dosing with LRPT). Treatment B consisted of a single,
open-label oral dose of warfarin 30 mg (administered
as 6 X 5mg) on day 1. Patients were allocated to receive
the 2 treatments in random order using a computer-
generated allocation schedule. The single doses of
warfarin administered in the 2 treatment periods were
separated by at least a 10-day washout interval. The
doses on day 1 for both treatment periods were
administered with 240 mL of water in the morning
after an overnight fast with water intake restricted 1
hour before and after study drug administration.

The use of prescription and nonprescription medi-
cations was not allowed within 14 days of study start
and throughout the entire study period. Subjects could
be discontinued from the study for the following
predefined reasons: any adverse experience that jeop-
ardized the subject’s safety and /or well-being, deviation
from dosing regimen, use of excluded concomitant
medications, and positive or borderline pregnancy test.

This study was conducted at a single study center in
the United States (SFBC International, Miami, FL). Each
subject provided written informed consent before the
administration of study procedures. The study protocol
was approved by an independent ethics committee
(Independent Investigational Review Board, Inc, Planta-
tion, FL) and was conducted in accordance with the
guidelines established by the Declaration of Helsinki.
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Pharmacokinetic assessments

Blood (4 mL) was drawn in sodium heparin—-containing
tubes predose and 0.5, 1, 2, 4, 12, 24, 48,72, 96, 120, 144,
and 168 hours after the administration of study drug on
day 1 in both treatment periods for measurement of
S(—) and R(+) enantiomers of warfarin. Plasma was
prepared and stored at —20°C until assayed and
shipped on dry ice to the central laboratory (Advion
BioScience, Inc, Ithaca, NY) for assay.
Pharmacokinetic parameters were calculated via
noncompartmental analysis using WinNonlin software
version 5.0.1 (Pharsight Corporation, Mountain View,
CA). Apparent terminal rate constant (\) was estimated
from the terminal portion of the log-transformed
plasma concentration-time profile using linear regres-
sion. Terminal half-life (t;,,) was calculated as the
quotient of In(2) and N\. The AUC to the last time point
with a detectable plasma concentration (AUCg_j,st) was
calculated using the linear trapezoidal method for
ascending concentrations and the log trapezoidal
method for descending concentrations. AUC_«)
(ng-h/mL) was estimated as the sum of AUC to the
last measured concentration and the extrapolated area
given by the quotient of the last measured concentra-
tion and A. Peak plasma concentration (Cyyay, ng/mL)
and its time of occurrence (T, hours) were obtained
by inspection of the plasma concentration-time profile.

Pharmacodynamic assessments

The effect of LRPT on the anticoagulant effect of
warfarin was evaluated through measurement of PT
and calculation of INR using a single lot of thrombo-
plastin with a known international sensitivity index at
various time points throughout the study. All measure-
ments of PT and calculations of INR were done at the
site’s local laboratory. Blood samples (3 mL) for
PT/INR measurement were collected predose on days
1and 1,2, 4,12, 24, 48, 72, 96, 120, 144, and 168 hours
postdose on day 1 of both treatments A and B. Plasma
was prepared and used for PT determination in
duplicate within 2 hours of collection. PT values were
reported both as raw data in absolute time (seconds)
and as INR calculations. Standardization of PT across
studies is achieved by calculation of the INR, which
provides a more reliable measure of blood coagulation
compared with the nonstandardized PT ratio.”’

Analytical methods

Plasma samples were analyzed for S(—)- and R(+)-
warfarin concentrations using a dilution procedure,
turbo ion spray liquid chromatography—tandem mass
spectrometry (LC/MS/MS) assay by a central labora-
tory (Advion BioScience, Inc). The lower limit of
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quantification was 10 ng/mL and the linear calibration
range was 10-2500 ng/mL for both enantiomers of
warfarin.

Safety measurements

The safety and tolerability of study medication were
assessed by clinical evaluation of adverse experiences
and inspection of other safety parameters including
physical examinations, vital signs, routine laboratory
safety measurements (hematology, blood chemistry,
and urinalysis), serum B-human chorionic gonadotro-
pin, and 12-lead electrocardiograms (12-lead ECG).
Adverse experiences were monitored throughout the
study and evaluated in terms of intensity (mild,
moderate, or severe), duration, severity, outcome,
and relationship to study drug. All patients who took
at least 1 dose of study medication (treatment A or B)
were included in the safety/tolerability analyses.

Statistical analysis

Primary and secondary pharmacokinetic endpoints in
this study included the AUCj . and Cp.x values,
respectively, for S(—)- and R(+)-warfarin. The primary
study hypothesis stated that multiple-dose LRPT 40 mg
(12 days) would not substantially alter the plasma
pharmacokinetics of single-dose warfarin 30 mg as
assessed by measurement of S(—)- and R(+)-warfarin
AUC_., in the absence and presence of LRPT [ie, the
true GMRs (warfarin + LRPT/warfarin) for the plasma
AUCy_, of warfarin enantiomers, S(—) and R(+),
would be contained within the prespecified compara-
bility bounds of (0.80, 1.25)]. The secondary study
hypothesis stated that multiple-dose LRPT 40 mg
(12 days) would not substantially alter the plasma Cpax
of S(—)- and R(+)-warfarin [ie, the true GMRs for the
plasma Cpax of warfarin enantiomers, S(—) and R(+),
would be contained within the prespecified compara-
bility bounds of (0.80, 1.25)].

A mixed linear effects model appropriate for a 2-
period crossover study design was used to compare
the pharmacokinetic parameters of S(—)- and R(+)-
warfarin in the absence and presence of LRPT. The
model included terms for sequence, period, and
treatment as fixed effects and subject within sequence
as a random effect. The AUC_., and C,,., values were
analyzed after transformation to the natural log scale.
Ninety percent confidence intervals (CIs) were con-
structed for the GMRs (warfarin + LRPT/warfarin) for
both warfarin S(—) and R(+) AUCy_., and C,,., from
the model after back transformation. If the 90% ClIs for
both the GMRs of warfarin S(—) and R(+) AUCj_.
were contained within the prespecified bounds of (0.80,
1.25), then the primary study hypothesis was
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supported. Similarly, if the 90% ClIs for both the GMRs
of warfarin S(—) and R(+) C,.x were contained within
the prespecified bounds of (0.80, 1.25), then the
secondary study hypothesis was supported. Non-
parametric methods were used to analyze Tinax, and
the results were summarized by providing the
estimates for median differences and the associated
90% CI using the Hodges-Lehmann estimator. Har-
monic mean was provided for apparent terminal ¢; /.

The influence of multiple-dose LRPT on the phar-
macodynamics of single-dose warfarin was assessed
through the measurement of area under the pro-
thrombin time INR curve from 0 to 168 hours on day 21
(INR AUCp 16sn) and average maximum observed
prothrombin time INR (INR;,,x) and analyzed using
the same mixed model as described above for the
pharmacokinetic analyses. The natural log transforma-
tion was applied to both of these parameters before
analysis.

RESULTS

Study population

Thirteen healthy subjects (8 males and 5 females) with
a mean age of 40.0 years (range 21-50 years), a mean
height of 168.4 cm (range 157.5-180.3 cm), and a mean
weight of 76.6 kg (range 60.0-90.0 kg) were enrolled in
the study. A total of 8 (62%) Hispanic, 3 (23%) white
and 2 (15%) black subjects participated in this study.
Twelve subjects (92%) completed the study per pro-
tocol. One subject withdrew from the study due to
a family emergency after finishing period 1 and before
starting period 2. This subject was included in the
safety analyses but was not included in the pharma-
cokinetic and pharmacodynamic analyses.

Plasma pharmacokinetics

The mean plasma concentration-time curves for S(—)-
and R(+)-warfarin after treatment with single-dose
warfarin 30 mg administered in the absence and
presence of multiple-dose LRPT 40 mg/d (12 days)
are shown in Figure 1. The plasma concentration-time
curves showed that the pharmacokinetic profiles of
5(—)- and R(+)-warfarin were comparable during both
treatments. Summary statistics for AUCy_w, Cmaxs
Tmax, and apparent terminal t,,, as well as the
associated GMRs (90% CI) for S(—)- and R(+)-warfarin
are provided in Table 1. The model-based geometric
mean AUC,_, values measured in the absence and
presence of LRPT, respectively, were 59.0 and 61.1
pg-h/mL for S(—)-warfarin and 101.3 and 103.5
pg-h/mL  for R(+)-warfarin. The model-based
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FIGURE 1. Mean plasma concentration profiles for (A)
R(+)-warfarin and (B) S(—)-warfarin after a single oral dose
of warfarin 30 mg administered in the absence (treatment
B) and presence (treatment A) of steady-state LRPT 40 mg.
Data are plotted as mean (ng/mL) plasma levels up to 168
hours postdose (inset: semi-log plot).

geometric average Cpa.x values measured in the
absence and presence of LRPT, respectively, were
1946 and 2154 ng/mL for S(—)-warfarin and 1868
and 2118 ng/mL for R(+)-warfarin. There were no
statistically significant differences in Tpax for S(2)- and
R(+)-warfarin between the 2 treatments. The apparent
terminal f;,, of S(2)- and R(+)-warfarin were also
comparable.

The AUC,_.. (primary endpoint) and C,,.x (second-
ary endpoint) of S(—)- and R(+)-warfarin were used to
evaluate the pharmacokinetics of warfarin in the
presence and absence of LRPT 40 mg. The estimated
GMRs (warfarin + LRPT /warfarin; 90% CI) for AUC(_..
of S(—)- and R(+)-warfarin were 1.04 (90% CI: 0.98, 1.09)
and 1.02 (90% CI: 0.96, 1.09), respectively (Table 1). The
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90% ClIs for GMRs AUC,_., of S(—)- and R(+)-warfarin
all fell within the predetermined comparability bounds
of (0.80, 1.25), thus supporting the primary study
hypothesis.

The C.x values of S(—)- and R(+)-warfarin were
slightly elevated in the presence of LRPT 40 mg. The
GMRs (warfarin + LRPT/warfarin) for C.x of S(—)-
and R(+)-warfarin were 1.11 (90% CI: 0.99, 1.24) and
1.13 (90% CI: 1.02, 1.26), respectively (Table 1). The 90%
CI for the GMR C,,,.« of S(—)-warfarin was contained
entirely within the predetermined comparability
bounds, indicating that the S(—) enantiomer showed
comparable pharmacokinetics in the absence and
presence of LRPT. The upper bound (1.26) of the 90%
CI for R(+)-warfarin was slightly greater than the
predetermined upper comparability bound (1.25)

Pharmacodynamics

Table 2 shows summary statistics for the INR
pharmacodynamic endpoints after the administration
of single-dose warfarin 30 mg with and without
multiple-dose LRPT 40 mg. Coadministration of
warfarin with LRPT did not seem to alter the
anticoagulant efficacy of warfarin as measured by
INR AUCg_168n and INRp,.x (Figure 2). The estimated
GMR (warfarin + LRPT /warfarin) for the INR AUCg_16sn
was 1.02 with a corresponding 90% CI of (0.99, 1.05).
The estimated GMR (warfarin + LRPT/warfarin) for
the INR,,.x was 1.04 with a corresponding 90% CI of
(0.98, 1.10). These results demonstrate no pharmaco-
dynamic alterations, specifically that the INR level was
not meaningfully changed after coadministration of
LRPT and warfarin.

Safety and tolerability

A total of 4 subjects reported 7 clinical adverse
experiences in this study; all adverse experiences were
reported during coadministration of LRPT and warfa-
rin. The individual adverse experiences included loose
stools (2 subjects with 3 reports), headache (1 subject
with 2 reports), stomach ache (1 subject with 1 report),
and toothache (1 subject with 1 report). All clinical
adverse events were transient in duration and consid-
ered mild in intensity by the study investigator. Six
adverse experiences were rated possibly related to
study medication by the study investigator except
for the report of toothache, which was considered
probably not related to study medication. No serious
clinical adverse experiences and no laboratory
adverse experiences were reported in this study.
Additionally, there were no consistent treatment-
related changes in laboratory test results, ECG
parameters, or vital signs.
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Table 1. Pharmacokinetic parameters of R(+)- and S(—)-warfarin after administration of a single dose of warfarin 30 mg
alone (treatment B) or in combination (treatment A) with multiple-dose LRPT 40 mg in healthy subjects.

Least-squares
geometric mean

Pharmacokinetic

Coadministered warfarin +

Warfarin alone Estimated GMR

parameter n LRPT (treatment A) (treatment B) (90% Cl) Pt

R(+)-warfarin

AUCq_.. (ng-h/mL) 12 103.5 101.3 1.02 (0.96, 1.09) 0.539

Crnax{ng/mL) 12 2118 1868 1.13 (1.02, 1.26) 0.050

Tmaxth) 12 1.0 0.8 0.0 (—0.5, 0.8)* 0.999

Apparent terminal ty»(h) 12 45.7 49.0 — 0.046
S(—)-warfarin

AUCq_., (ng-h/mL) 12 61.1 59.0 1.04 (0.98, 1.09) 0.278

Cinax(ng/mL) 12 2154 1946 1.11 (0.99, 1.24) 0.141

Trnax(h) 12 1.0 0.8 0.0 (—0.5, 0.2)* 0.797

Apparent terminal t;5(h) 12 355 37.3 — 0.353

*Hodges-Lehmann estimate of median difference with distribution-free Cl for T ax.
tP value was from testing if the 2 treatments are different. P < 0.05 indicates that the treatments were statistically different at the

significance level of 0.05.

—, not calculated; apparent terminal t;,, apparent terminal half-life.

DISCUSSION

The effects of steady-state LRPT 40 mg (dosed for 12
consecutive days) on the pharmacokinetics and phar-
macodynamics of single-dose warfarin 30 mg was
evaluated in this study because of the narrow
therapeutic index of warfarin and the high likelihood
that patients requiring chronic warfarin therapy may
also require treatment with LRPT in combination with
niacin. In this study, the pharmacokinetic [AUC_,
Cmaxs T'max, and apparent plasma half-life of S(—)- and
R(+)-warfarin] and pharmacodynamic parameters
(OINR AUCy 16sn and INR,.) of warfarin were
monitored for up to 168 hours postdose to accommo-
date the long half-life of both warfarin enantiomers.
Previous in vitro studies have shown that LRPT is
primarily metabolized by glucuronidation in the gut

and liver, with minimal oxidative metabolism via
CYP3A4 and CYP2C9.2'** The metabolic pathways
suspected to be responsible for the biotransformation
of the less potent R(+) enantiomer include CYP3A4 (10-
hydroxywarfarin), CYP1A2 (6- and 8-hydroxywarfarin),
and CYP2C19 (8-hydroxywarfarin).>’**** In contrast,
the more potent S(—) enantiomer is oxidized primarily
to S-7-hyroxywarfarin and to a limited amount to
S-6-hydroxywarfarin, predominantly by CYP2C9.%'3*
Both enantiomers are further metabolized to alcohols
by reductases in endoplasmic reticulum and cyto-
s0l.>% Treatment with LRPT was not expected to
interfere with the metabolism of R(+)- or S(—)-warfarin
because prior in vitro human liver microsome experi-
ments conducted with LRPT demonstrated no signif-
icant inhibition of CYP1A2, CYP2C9, CYP2C19,
CYP2D6, CYP2E1, and CYP3A4 isoenzymes (ICsy >
64 uM) (data on file, Merck & Co, Inc).

Table 2. Pharmacodynamic parameters after administration of a single dose of warfarin 30 mg alone (treatment B) or in
combination (treatment A) with multiple-dose LRPT 40 mg in healthy subjects.

Least-squares geometric mean

Pharmacodynamic Coadministered warfarin + Warfarin alone Estimated

parameter n LRPT (treatment A) (treatment B) GMR (90% Cht Pt
INR AUCo_1egn 12 229.4 225.2 1.02 (0.99, 1.05) 0.336
INR max 12 2.1 2.0 1.04 (0.98, 1.10) 0.305

tGMR for (warfarin + LRPT)/(warfarin alone).

$Pvalue was from testing if the true GMR is different from 1.00. P < 0.05 indicates that the true GMR was statistically different from 1.00

at the significance level of 0.05.

American Journal of Therapeutics (2009) 16(3)

www.americantherapeutics.com



Effects of Laropiprant on Warfarin

25

—&— Warfarin + Laropiprant
- -®- - Warfarin

0 T T T T T T T T
0 20 40 60 80 100 120 140 160 180

Time, hrs

FIGURE 2. Time profile plot of prothrombin/INR mea-
sured over 168 hours after a single oral dose of warfarin
30 mg administered in the absence (treatment B) and
presence (treatment A) of steady-state LRPT 40 mg.

The results of this study showed that steady-state
administration of LRPT 40 mg does not alter the
pharmacokinetics of single-dose warfarin 30 mg as
measured by AUCy_. of R(+)- and S(—)-warfarin
enantiomers to any meaningful extent with respect to
clinical application. The 90% Cls for the AUC,_., GMRs
(warfarin + LRPT/warfarin) of R(+)- and S(—)-
warfarin fell entirely within the predetermined com-
parability bounds of (0.80, 1.25), thus supporting the
primary study hypothesis. With respect to the second-
ary hypothesis, the 90% CI for the Cyax GMR of S(—)-
warfarin fell within the prespecified bounds of (0.80,
1.25), whereas the calculated upper bound (ie, 1.26) of
the 90% CI for the C,,.x GMR of R(+)-warfarin was
slightly greater than 1.25. This minimal deviation in the
upper bound of the prespecified limit is not likely to be
clinically meaningful, considering the substantially
reduced potency of the R(+) enantiomer relative to
the S(—) enantiomer. Furthermore, there were no
statistically significant differences in Ty, for S(—)-
and R(+)-warfarin between the 2 treatments. The
apparent terminal f;,, values of S(—)- and R(+)-
warfarin were also comparable. Because the total
exposure to S(—)- and R(+)-warfarin was unchanged
during coadministration of LRPT and warfarin, no
clinically meaningful effects on blood coagulation were
expected. However, any change in a drug therapy
regimen where warfarin is being dosed warrants
appropriate laboratory monitoring.

The potential effects of steady-state LRPT on the
pharmacodynamics of single-dose warfarin was
assessed in this study through the measurement of
INR, a biomarker of the anticoagulant efficacy of
warfarin.?**” No statistically significant or clinically
important differences were detected in INR AUCq_16g1
and INR,.., between the 2 treatments. The estimated
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GMRs of INR AUCq_;6sn and INR,,. were 1.02 (0.99,
1.05) and 1.04 (0.98, 1.10), respectively. These findings
are consistent with the expectation that small changes
in plasma levels of warfarin based on the GMR and Cls
are not likely to be associated with clinically meaning-
ful effects associated with the pharmacodynamics
of warfarin.

Concomitant administration of LRPT and warfarin
was generally well tolerated in this population of
healthy subjects. There were no instances of clinically
significant bleeding or unusual changes in INR with
either treatment. No subjects discontinued from this
study due to adverse experiences. There were no
clinically significant effects of LRPT 40 mg on blood
chemistry tests (including alanine and aspartate amino-
transferases), hematology parameters, vital signs, and
ECG parameters. LRPT was associated with a greater
incidence of gastrointestinal-related adverse experien-
ces compared with warfarin alone. Overall, clinical
adverse experiences associated with LRPT were
generally mild, transient, and self-limited in nature.

This study demonstrated that LRPT 40 mg dosed to
steady state had no clinically meaningful effect on the
pharmacokinetics or pharmacodynamics of a 30-mg
dose of racemic warfarin. However, as this was
a single-dose study design, the potential pharmacoki-
netic and pharmacodynamic effects of chronic warfarin
and LRPT coadministration are unknown. Although
a single dose of warfarin 30 mg does not produce stable
anticoagulant effects in vivo, this treatment has been
shown to sufficiently elevate the INR value enabling
the detection of clinically meaningful pharmacody-
namic interactions.’®*? In the present study, the mean
INRpax value after single dose administration of
warfarin 30 mg alone was within the clinically relevant
range expected for anticoagulant therapy. Several
published studies have successfully employed a similar
single-dose warfarin/multiple-dose study paradigm to
evaluate possible warfarin-drug interactions.**0~*2
Furthermore, it has been demonstrated that the
single-dose warfarin study paradigm yields findings
similar to those obtained from a multiple-dose study
design.*> The single-dose study design has the
advantage of allowing for the investigation of possible
drug interactions while mitigating the safety risks
associated with exposing healthy subjects to multiple
doses of warfarin. Several studies have demonstrated
the predictive value of the single-dose study paradigm
in confirming the lack of pharmacokinetic/pharmaco-
dynamic interactions after chronic warfarin in clinical
practice.’®%**

The results of the present study show that multiple-
dose LRPT 40 mg, a potent and selective DP1 receptor
antagonist, does not affect systemic exposure (ie,
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AUC_.) to R(+)- or S(—)-warfarin or the anticoagulant
effect of warfarin. A small increase in C,, of the less
potent R(+) enantiomer was observed after coadmin-
istration of warfarin with LRPT, but this change is not
likely to be clinically meaningful considering the lack
of effect of LRPT on warfarin INR pharmacodynamics.
Coadministration of multiple doses of LRPT 40 mg
with a single oral dose of warfarin was generally well
tolerated in this population of healthy male and female
subjects. These results suggest that no dosage adjust-
ment of warfarin is required when these drugs are
concomitantly prescribed in clinical practice, but
standard monitoring of INR should continue.

ACKNOWLEDGMENTS

The authors thank the subjects for their participa-
tion in this study. The authors also thank Adrian
Harewood, MD, for his expert assistance with pre-
paring the manuscript for publication.

REFERENCES

1. Carlson LA. Nicotinic acid: the broad-spectrum lipid
drug. A 50th anniversary review. | Intern Med. 2005;258:
94-114.

2. The Coronary Drug Project Research Group. Clofibrate
and niacin in coronary heart disease. JAMA. 1975;231:
360-381.

3. Brown BG, Zhao XQ, Chait A, et al. Simvastatin and
niacin, antioxidant vitamins, or the combination for the
prevention of coronary disease. N Engl | Med. 2001;345:
1583-1592.

4. Taylor AJ, Sullenberger LE, Lee HJ, et al. Arterial Biology
for the Investigation of the Treatment Effects of Reducing
Cholesterol (ARBITER) 2: a double-blind, placebo-
controlled study of extended-release niacin on athero-
sclerosis progression in secondary prevention patients
treated with statins. Circulation. 2004;110:3512-3517.

5. Capuzzi DM, Morgan JM, Brusco OA Jr, et al. Niacin
dosing: relationship to benefits and adverse effects. Curr
Atheroscler Rep. 2000;2:64-71.

6. Birjmohun RS, Hutten BA, Kastelein JJ, et al. Increasing
HDL cholesterol with extended-release nicotinic acid:
from promise to practice. Neth | Med. 2004;62:229-234.

7. Morgan JM, Capuzzi DM, Guyton JR. A new extended-
release niacin (Niaspan): efficacy, tolerability, and safety
in hypercholesterolemic patients. Am | Cardiol. 1998;82
(12A):29U-34U.

8. Mills E, Prousky J, Raskin G, et al. The safety of over-the-
counter niacin. A randomized placebo-controlled trial
[ISRCTN18054903]. BMC Clin Pharmacol. 2003;3:4.

9. Morrow JD, Parsons WG III, Roberts L]. Release of
markedly increased quantities of prostaglandin D2

American Journal of Therapeutics (2009) 16(3)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Schwartz et al

in vivo in humans following the administration of
nicotinic acid. Prostaglandins. 1989;38:263-274.

Morrow JD, Awad JA, Oates JA, et al. Identification of
skin as a major site of prostaglandin D2 release following
oral administration of niacin in humans. | Invest Dermatol.
1992,98:812-815.

Phillips WS, Lightman SL. Is cutaneous flushing prosta-
glandin mediated? Lancet. 1981;1:754-756.

Wilkin JK, Fortner G, Reinhardt LA, et al. Prostaglandins
and nicotinate-provoked increase in cutaneous blood
flow. Clin Pharmacol Ther. 1985;38:273-277.

Benyo Z, Gille A, Bennett CL, et al. Nicotinic acid-induced
flushing is mediated by activation of epidermal Langer-
hans cells. Mol Pharmacol. 2006;70:1844-1849.
Maciejewski-Lenoir D, Richman JG, Hakak Y,
et al. Langerhans cells release prostaglandin D2 in
response to nicotinic acid. | Invest Dermatol. 2006;126:
2637-2646.

Cheng K, Wu T], Wu KK, et al. Antagonism of the
prostaglandin D2 receptor 1 suppresses nicotinic acid-
induced vasodilation in mice and humans. Proc Natl Acad
Sci U S A. 2006;103:6682—6687.

Chang SW, Reddy V, Pereira T, et al. The pharmacoki-
netics and disposition of MK-0524, a prostaglandin D2
receptor 1 antagonist, in rats, dogs and monkeys.
Xenobiotica. 2007;37:514-533.

Lai E, De Lepeleire I, Crumley TM, et al. Suppression of
niacin-induced vasodilation with an antagonist to pros-
taglandin D-2 receptor subtype 1. Clin Pharmacol Ther.
2007,81:849-857.

Levesque JE, Day SH, Chauret N, et al. Metabolic
activation of indole-containing prostaglandin D2 receptor
1 antagonists: impacts of glutathione trapping and
glucuronide conjugation on covalent binding. Bioorg
Med Chem Lett. 2007;17:3038-3043.

Sturino CF, O'Neill G, Lachance N, et al. Discovery of
a potent and selective prostaglandin D2 receptor antag-
onist, [(3R)-4-(4-chloro-benzyl)-7-fluoro-5-(methylsulfonyl)-
1,2,3,4-tetrahydrocy clopenta[blindol-3-yl]-acetic ~acid
(MK-0524). ] Med Chem. 2007;50:794-806.

Paolini JF, Mitchel YB, Reyes R, et al. Effects of laropiprant
on nicotinic acid-induced flushing in patients with
dyslipidemia. Am | Cardiol. 2008;101:625-630.

Dean BJ, Chang S, Silva Elipe MV, et al. Metabolism of
MK-0524, a prostaglandin D2 receptor 1 antagonist, in
microsomes and hepatocytes from preclinical species and
humans. Drug Metab Dispos. 2007;35:283-292.

Karanam B, Madeira M, Bradley S, et al. Absorption,
metabolism, and excretion of [(14)CIMK-0524, a prosta-
glandin D(2) receptor antagonist, in humans. Drug Metab
Dispos. 2007;35:1196-1202.

Nicoll-Griffith DA, Seto C, Aubin Y, et al. In vitro
biotransformations of the prostaglandin D2 (DP) antag-
onist MK-0524 and synthesis of metabolites. Bioorg Med
Chem Lett. 2007;17:301-304.

Lai E, Wenning LA, Crumley TM, et al. Pharmacokinetics,
pharmacodynamics, and safety of a prostaglandin D2
receptor antagonist. Clin Pharmacol Ther. 2008;83:840-847.

www.americantherapeutics.com



Effects of Laropiprant on Warfarin

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Hirsh J. Oral anticoagulant drugs. N Engl | Med. 1991;324:
1865-1875.

Kirkwood TB. Calibration of reference thromboplastins
and standardisation of the prothrombin time ratio.
Thromb Haemost. 1983;49:238-244.

Johnston M, Harrison L, Moffat K, et al. Reliability of the
international normalized ratio for monitoring the in-
duction phase of warfarin: comparison with the pro-
thrombin time ratio. | Lab Clin Med. 1996;128:214-217.
Serlin M]J, Breckenridge AM. Drug interactions with
warfarin. Drugs. 1983;25:610-620.

Freedman MD, Olatidoye AG. Clinically significant drug
interactions with the oral anticoagulants. Drug Saf. 1994;
10:381-394.

Ansell J, Hirsh J, Hylek E, et al. Pharmacology and
management of the vitamin K antagonists: American
College of Chest Physicians Evidence-Based Clinical
Practice Guidelines (8" Edition). Chest. 2008;133:160S-198S.
Herman D, Locatelli I, Grabnar I, et al. Influence of
CYP2C9 polymorphisms, demographic factors and con-
comitant drug therapy on warfarin metabolism and
maintenance dose. Pharmacogenomics J. 2005;5:193-202.
Black DJ, Kunze KL, Wienkers LC, et al. Warfarin-
fluconazole. II. A metabolically based drug interaction:
in vivo studies. Drug Metab Dispos. 1996;24:422-428.
Rettie AE, Korzekwa KR, Kunze KL, et al. Hydroxylation
of warfarin by human cDNA-expressed cytochrome
P-450: a role for P-4502C9 in the etiology of (S)-warfarin-
drug interactions. Chem Res Toxicol. 1992;5:54-59.
Kaminsky LS, Zhang ZY. Human P450 metabolism of
warfarin. Pharmacol Ther. 1997,73:67-74.

Trager WE, Lewis R], Garland WA. Mass spectral analysis
in the identification of human metabolites of warfarin.
J Med Chem. 1970;13:1196-1204.

www.americantherapeutics.com

36.

37.

38.

39.

40.

41.

42.

43.

44.

223

Ufer M. Comparative pharmacokinetics of vitamin K
antagonists: warfarin, phenprocoumon and acenocou-
marol. Clin Pharmacokinet. 2005;44:1227-1246.
Maccubbin DL, Sirah W, Betteridge A. Lipid-altering
efficacy and tolerability profile of extended release
niacin/laropiprant in patients with primary hypercho-
lesterolemia or mixed hyperlipidemia. Eur Heart J. 2007;
28:108.

Van Hecken A, Depre M, Verbesselt R, et al. Effect of
montelukast on the pharmacokinetics and pharmacody-
namics of warfarin in healthy volunteers. | Clin Pharmacol.
1999;39:495-500.

Anderson DM, Shelley S, Crick N, et al. No effect of the
novel antidiabetic agent nateglinide on the pharmacoki-
netics and anticoagulant properties of warfarin in healthy
volunteers. | Clin Pharmacol. 2002;42:1358-1365.

He YL, Sabo R, Riviere GJ, et al. Effect of the novel oral
dipeptidyl peptidase IV inhibitor vildagliptin on the
pharmacokinetics and pharmacodynamics of warfarin in
healthy subjects. Curr Med Res Opin. 2007;23:1131-1138.
Ouellet D, Bramson C, Carvajal-Gonzalez S, et al. Effects
of lasofoxifene on the pharmacokinetics and pharmaco-
dynamics of single-dose warfarin. Br | Clin Pharmacol.
2006;61:741-745.

Soon D, Kothare PA, Linnebjerg H, et al. Effect of
exenatide on the pharmacokinetics and pharmacody-
namics of warfarin in healthy Asian men. | Clin Pharmacol.
2006;46:1179-1187.

Schwartz JI, Bugianesi KJ, Ebel DL, et al. The effect
of rofecoxib on the pharmacodynamics and phar-
macokinetics of warfarin. Clin Pharmacol Ther. 2000;68:
626-636.

Zhou H, Patat A, Parks V, et al. Absence of a pharmaco-
kinetic interaction between etanercept and warfarin.
J Clin Pharmacol. 2004;44:543-550.

American Journal of Therapeutics (2009) 16(3)



