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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Inhibition of cholesteryl ester transfer

protein (CETP) is a potential new
mechanism for the treatment of
dyslipidaemia. Anacetrapib is a novel CETP
inhibitor in development. Warfarin is a
commonly prescribed anticoagulant that
has a narrow therapeutic index. A drug
interaction study for warfarin with a novel
CETP inhibitor is expected to be helpful in
defining dosing regimens.

WHAT THIS STUDY ADDS
• This is the first study to show that there is

no clinically meaningful pharmacokinetic
interaction between anacetrapib and
warfarin. The single dose pharmacokinetics
and pharmacodynamics of orally
administered warfarin were not
meaningfully affected by multiple dose
administration of anacetrapib, indicating
that anacetrapib does not affect CYP 2C9
clinically. Thus, no dosage adjustment for
warfarin is necessary when co-administered
with anacetrapib.

AIM
Anacetrapib is currently being developed for the treatment of dyslipidaemia. Since
warfarin, an anticoagulant with a narrow therapeutic index, is expected to be
commonly prescribed in this population, a drug interaction study was conducted.

METHODS
In a randomized, open-label, two-period fixed-sequence design, 12 healthy male
subjects received two different treatments (treatment A followed by treatment B). In
treatment A, a single oral dose of 30 mg warfarin (3 ¥ 10 mg CoumadinTM) was
administered on day 1. After a washout interval, subjects began treatment B, where
they were given daily 100 mg doses of anacetrapib (1 ¥ 100 mg) beginning on day
-14 and continuing through day 7, with concomitant administration of 30 mg
warfarin (3 ¥ 10 mg) on day 1. All anacetrapib and warfarin doses were administered
with a standard low fat breakfast. After warfarin concentrations and prothrombin
time were measured, standard pharmacokinetic, pharmacodynamic and statistical
(linear mixed effects model) analyses were applied.

RESULTS
Anacetrapib was generally well tolerated when co-administered with warfarin in the
healthy males in this study. The geometric mean ratios (GMRs) for
warfarin + anacetrapib : warfarin alone and 90% confidence interval (CIs) for warfarin
AUC(0–•) were 0.94 (0.90, 0.97) for the R(+) warfarin enantiomer and 0.93 (0.87, 0.98) for
the S(-) warfarin enantiomer, both being contained in the interval (0.80, 1.25),
supporting the primary hypothesis of the study. The GMRs warfarin +
anacetrapib : warfarin alone and 90% CIs for the statistical comparison of warfarin
Cmax were 1.01 (0.97, 1.05) for both the R(+) warfarin and the S(-) warfarin
enantiomers, and were also contained in the interval (0.80, 1.25). The GMR
(warfarin + anacetrapib : warfarin alone) and 90% CI for the statistical comparison of
INR AUC(0–168 h) was 0.93 (0.89, 0.96).

CONCLUSION
The single dose pharmacokinetics and pharmacodynamics of orally administered
warfarin were not meaningfully affected by multiple dose administration of
anacetrapib, indicating that anacetrapib does not affect CYP 2C9 clinically. Thus, no
dosage adjustment for warfarin is necessary when co-administered with anacetrapib.
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Introduction

The residual clinical event rate of cardiovascular risk,
despite the use of HMG-CoA reducase inhibitors, still
remains high and hence, the search continues for agents
that can yield both additional LDL-C lowering and benefi-
cial effects on other biomarkers or targets, such as high
density lipoprotein cholesterol (HDL-C) that also may
impact disease [1]. A pharmacologic lipid-altering agent
that can safely and effectively lower LDL-C concentrations
and raise HDL-C concentrations would answer a significant
unmet medical need. One such novel mechanism is the
cholesteryl ester transfer protein (CETP) target, which is
a plasma protein that catalyzes the heteroexchange of
cholesteryl esters from HDL and triglycerides to apo
B-containing lipoproteins [2]. Anacetrapib is an investiga-
tional orally active and potent CETP inhibitor that is
currently under development for the treatment of dyslipi-
daemias including primary hypercholesterolaemia and
mixed dyslipidaemia, which in clinical trials to date has
exhibited an acceptable safety, tolerability and lipid alter-
ing profile to warrant continued clinical investigation
[3–10].

Warfarin is a coumarin-based anticoagulant that is
commonly prescribed to patients at risk of thrombotic and
embolic disorders [11–13]. It is a racemic mixture of R(+)
and S(-) warfarin enantiomers, with the anticoagulant
potency of the S(-) enantiomer being up to ~6 times
greater than the R(+) enantiomer [11]. The efficacy of war-
farin therapy is commonly monitored by the measurement
of prothrombin time (PT) converted to the standardized
parameter of the International Normalized Ratio (INR) [14,
15]. Changes in PT/INR, a commonly used measure of phar-
macodynamics, are correlated with the clinical conse-
quences of excessive bleeding and thrombosis, and thus,
this parameter is monitored closely [14, 15]. Additionally,
warfarin has a narrow therapeutic index and alterations in
its pharmacokinetics can often lead to clinically important
changes in warfarin pharmacodynamics [11]. Warfarin is
primarily metabolized by the cytochrome P-450 (CYP) 2C9
pathway which is responsible for the oxidative conversion
of the (S)-enantiomer to (S)-7-hydroxywarfarin and, to a
more limited extent, (S)-6-hydroxywarfarin [16–19]. The
oxidative metabolism of (R)-warfarin is more balanced and
known to be mediated by CYP 3A4, 2C19 and 1A2 [16–19].

The metabolic and drug interaction profile of anace-
trapib has been characterized [8, 20]. Anacetrapib is a mod-
erately sensitive CYP3A substrate [8, 9]. Therefore, CYP3A4
metabolism is a major pathway of elimination of anace-
trapib in humans. A probe study using midazolam in
healthy subjects indicated that anacetrapib does not
inhibit or induce CYP3A4 activity [8]. There was also no
clinically meaningful interaction with simvastatin or
digoxin [10, 21]. Since the CYP2C9 pathway is not affected
by anacetrapib based on information to date, no CYP2C9-
mediated interaction was a priori expected for this combi-

nation. However, the purpose of this study was to exclude
the potential for a drug–drug interaction by examining the
potential of multiple dose anacetrapib to influence single
dose warfarin pharmacodynamics (i.e. INR values) in addi-
tion to its pharmacokinetics. To ensure that plasma con-
centrations of anacetrapib reached apparent steady-state
prior to the administration of single dose warfarin in this
study, a single dose of warfarin was co-administered fol-
lowing multiple once daily dosing of anacetrapib. A
100 mg dose of anacetrapib was chosen in this study
because it represented the highest dose being used in the
phase III programme [3]. The main objective of this study
was to evaluate the potential effects of anacetrapib
100 mg dosed once daily on the pharmacokinetics
(primary endpoint: AUC(0–•), secondary endpoint Cmax) and
the pharmacodynamics (PT/INR) of single dose warfarin in
healthy male and female subjects.The safety and tolerabil-
ity profile of the combined administration of anacetrapib
and warfarin was also examined in this study.

Methods

The study protocol and informed consent documents were
approved by the Celerion Pharma Services Institutional
Review Board, which is fully independent from the MDS
Pharma Services clinical site (now Celerion) where the
study was conducted. The study was conducted in accor-
dance with the guidelines established by the Declaration
of Helsinki and in compliance with Good Clinical Practice.

Subjects
Healthy, non-smoking, male subjects and non-pregnant
female subjects of non-childbearing potential (i.e. hyster-
ectomy, bilateral oophorectomy, tubal ligation postmeno-
pausal) between the ages of 18 to 50 years with a body
mass index between 18 and 33 kg m-2 who agreed to
comply with all study restrictions were eligible to partici-
pate in this study. The ranges in age and BMI above were
selected based on available information for the study
drugs. For example, as there was no meaningful effect of
age or BMI on the pharmacokinetics of anacetrapib, a
wider BMI range was considered [6]. Similarly, the study
was open to a healthy subject of any ethnicity. Although
the protocol specified that both male and female subjects
were eligible to participate in the study and accordingly, it
did not specify that a specific number of a particular
gender needed to be recruited. After screening per proto-
col, healthy male subjects participated in this study.As only
male subjects participated, no serum pregnancy tests were
performed.

Each subject provided written informed consent prior
to the administration of study procedures.Additional entry
criteria included normal pre-study laboratory test results
for PT, activated partial thromboplastin time (aPTT), plate-
let count and negative stool occult blood test. Subjects

Anacetrapib does not affect warfarin pharmacokinetics and pharmacodynamics

Br J Clin Pharmacol / 74:1 / 117



could not be involved with any activities that would place
them at high risk of haemorrhage (e.g.contact sports).Sub-
jects 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, gas-
trointestinal, psychiatric or neurological disease, diabetes,
any condition predisposing them to immunodeficiency
and any condition contraindicating use of warfarin (e.g.
haemorrhagic tendencies, recent or pending surgery,
ulceration or overt bleeding of the gastrointestinal
system). Subjects with an estimated creatinine clearance
�60 ml min-1 or serum creatinine >1.5 mg dl–1 were
excluded.Additional exclusion criteria included a history of
multiple and/or severe allergies to drugs or foods. The use
of prescription and non-prescription medications was not
allowed within 14 days of study start and throughout the
entire study period.

Study design
A randomized, open-label, two-period fixed-sequence
design was used. Twelve healthy male subjects received
two different treatments (treatment A followed by treat-
ment B). In treatment A, a single oral dose of 30 mg war-
farin (3 ¥ 10 mg CoumadinTM) was administered on day 1.
After a washout interval comprising at least 10 days, sub-
jects began treatment B, where they were given daily
100 mg doses of anacetrapib (1 ¥ 100 mg) beginning on
day -14 and continuing through day 7, with concomitant
administration of 30 mg warfarin (3 ¥ 10 mg) on day 1. All
anacetrapib and warfarin doses were administered with
240 ml of water, following consumption of a standard low
fat breakfast.Blood samples for characterizing the pharma-
cokinetics (warfarin R(+) and S(-) enantiomers) and phar-
macodynamics (prothrombin time measured as PT and
INR) were collected at pre-dose and at selected time points
over the 168 h interval following warfarin administration in
both treatment periods.

Bioanalytical and pharmacokinetic assessments
Blood (4 ml) for measurement of S(-) and R(+) enantiomers
of warfarin was collected in sodium heparin containing
tubes at pre dose on day 1 of each treatment and post
dose at 0.5, 1, 2, 4, 12, 24, 48, 72, 96, 120, 144 and 168 h. The
samples were immediately centrifuged (within 30 min) at
3000 rev min–1 for 10 min at 4°C. The plasma was then
separated into polypropylene crytubes and stored at
-20°C until assayed and shipped on dry ice for analysis. A
sensitive, specific, accurate and reproducible analytical
method was developed by Advion BioSciences (Advion),
Inc., Ithaca, New York to quantitate total (R)-warfarin and
(S)-warfarin in heparinized human plasma samples. Plasma
samples were diluted with citric acid, centrifuged and
injected onto a column switching system where the two
enantiomers were separated chromatographically using a
chiral column following clean up on an SPS-Ph trapping

column.Samples were analyzed by turbo ion spray, column
switching, liquid chromatography/tandem mass spec-
trometry (LC/LC/MS/MS) in the negative ion mode. The
assay demonstrated a lower limit of quantitation (LLQ) of
10 ng ml-1 using 0.1 ml plasma sample aliquots. The cali-
bration curves were linear from 10 ng ml-1 to 2500 ng ml-1

for (R)- and (S)-warfarin. Plasma concentrations above the
lower limit of quantification (LLOQ) of 10 ng ml-1 were
determined with a precision of �7.5% for (R)-warfarin,
�6.7% for (S)-warfarin and accuracies of -3.3 to 2.0% for
(R)-warfarin and -5.5 to –0.8% for (S)-warfarin.

The pharmacokinetic parameters were computed from
the individual plasma concentrations using actual blood
draw times for R(+) warfarin and S(-) warfarin enantiomers
employing a noncompartmental approach using WinNon-
lin® Professional Version 5.0.1. (Pharsight Corporation,
Mountain View, CA). The parameter values were then
imported into SAS® and all descriptive statistics were cal-
culated in SAS® Version 8.2. Plasma R(+) warfarin and S(-)
warfarin concentrations below the lower limit of quantita-
tion were set to 0 (BLLQ = 10 ng ml-1). The apparent termi-
nal rate constant (lz) was calculated by linear regression of
the terminal log-linear portion of the individual plasma
concentration–time profiles.The apparent first order termi-
nal elimination half-life (apparent terminal t1/2) was calcu-
lated as the quotient of ln(2) and lz. The area under the
concentration–time curve extrapolated through infinity
[AUC(0–•)], calculated using the linear trapezoidal method
for ascending concentrations and the log trapezoidal
method for descending concentrations (linear-up/log-
down), was estimated from the sum of AUC to last mea-
sured concentration and the extrapolated area given by
the quotient of the last measured concentration and lz.
Peak plasma concentration [Cmax (ng ml-1)] and its time of
occurrence [tmax (h)] were generated by WinNonlin from
the individual plasma concentration–time data for each
analyte. Individual lz values and the subsequently derived
pharmacokinetic parameters [apparent terminal t1/2 and
AUC(0–•)] were not reported in cases where the terminal
phase of the log concentration vs. time profile did not
exhibit an apparent linear decline with regression coeffi-
cient >0.8. At least three data points (excluding Cmax) in the
terminal phase were used for lz calculations.

Pharmacodynamic assessments
The pharmacodynamic parameters of warfarin were evalu-
ated at various time points throughout the study through
measurement of PT and calculation of INR using a single
lot of thromboplastin with international sensitivity index.
All measurements of PT and calculations of INR were done
at the site’s local laboratory.The LLOQ for PT was 9.0 s, and
there were control runs,with at least one set of controls run
each day of use; a normal control and an abnormal high
control. The same lot of control was used throughout this
study. The CVs for the controls were as follows: level 1
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(normal), the CV was 1.4 and level 2 (abnormal high), the CV
was 2.1.

Blood samples (4.5 ml) for the determination of PT/INR
were collected at pre dose and at 0.5, 1, 2, 4, 12, 24, 48, 72,
96, 120, 144 and 168 h post warfarin dose in each treat-
ment. Plasma was prepared and used for PT determination
in duplicate within 2 h of collection. PTs were reported
both as raw data in absolute time (s) and as INRs.The LLOQ
for PT was 9.0 s, and there were control runs, with at least
one set of controls run each day of use; a normal control
and an abnormal high control. The same lot of control was
used throughout this study. The CVs for the controls were
as follows: level 1 (normal), the CV was 1.4 and level 2
(abnormal high), the CV was 2.1.

Statistical analysis
Power The sample size for the study was rationalized as
follows.The probability that the overall primary hypothesis
will be supported [that both confidence intervals (CIs) for
R(+) warfarin and S(-) warfarin AUC(0–•) will fall within the
interval (0.80, 1.25)] was considered to be approximately
97%.This calculation assumed a sample size of 12 subjects
in a two-period, fixed-sequence design, a within-subject
standard deviation of 0.1018 and 0.1239 (ln ng ml-1 h),
respectively, for R(+) warfarin and S(-) warfarin, a type I
error rate of 0.05, the true geometric mean ratios (GMRs) of
1.00 (assumed to be 1.00 because a priori, an interaction
was not expected based on available data) and that war-
farin R(+) and S(-) AUC(0–•) are uncorrelated.

Analysis of warfarin pharmacokinetics The AUC(0–•) and
Cmax values were analyzed after transformation to the
natural log scale. A linear mixed-effects model with treat-
ment as a fixed effect and subject as a random effect was
applied on the natural log (ln)-transformed pharmacoki-
netic parameters AUC(0–•) and Cmax. Ninety percent (90%)
CIs were constructed for the difference in least-squares (LS)
means for ln-transformed AUC(0–•) and Cmax.Exponentiating
the log scale 90% CI provided the 90% CI for the GMR
(warfarin with anacetrapib/warfarin alone) of AUC(0–•) and
Cmax.

tmax was summarized by providing medians. Harmonic
mean was provided for apparent terminal t1/2. Terminal
half-lives were presented in this study for information pur-
poses only, and no statistical analysis was planned or
reported for this parameter since boundary effects for
bioequivalence are for rate and extent of absorption alone.

The primary hypothesis, that the co-administration of
warfarin with anacetrapib did not influence the pharma-
cokinetics of warfarin was to be considered satisfied if the
90% CIs for the AUC(0–•) GMRs for both enantiomers were
contained within the 0.80, 1.25 interval. The secondary
hypothesis was similar, but assessed comparability of war-
farin pharmacokinetics based on 90% CIs for the Cmax GMR
for both enantiomers being contained within the 0.80, 1.25
interval.

The statistical analysis was done with a mixed model in
SAS® version 8.2 using PROC MIXED.This statistical method
was considered to be the ‘best’ method to handle missing
data as the analysis uses standard ANOVA procedures and
hypothesis testing to estimate the LS means and the dif-
ferences between the LS means in the log scale.This differ-
ence was back transformed into the normal scale, which
was the mean ratio. It was ensured that the extrapolated
part of the AUC(0–•) was <20%. For S-warfarin the extrapo-
lated component of the AUC(0–•) was well below 20% in all
subjects. For R-warfarin, the extrapolated component was
also below 20% in all but one subject (one exception was
in a subject who discontinued early from the study, at
72 h).

Analysis of warfarin pharmacodynamics The influence of
multiple dose anacetrapib on the pharmacodynamics of
single dose warfarin was assessed through the measure-
ment of INR AUC(0–168 h) and INRmax for prothrombin time
and analyzed using the same linear mixed effects model as
described above for the pharmacokinetic analyses. The
natural log transformation was applied to both of these
parameters prior to analysis. Summary statistics and
90% CIs for INR AUC(0–168 h) and INRmax GMRs warfarin +
anacetrapib : warfarin were provided.

Safety measurements
The safety and tolerability of study drugs were assessed by
clinical evaluation of adverse experiences and by physical
examinations, vital signs, routine laboratory safety mea-
surements (haematology, blood chemistry and urinalysis),
serum b-human chorionic gonadotropin (b-hCG) and
12-lead electrocardiograms (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 sub-
jects who took at least one dose of study medication were
included in the safety and tolerability analyses.

Results

Study population
Twelve healthy male subjects were enrolled in the study
and 10 subjects completed the study. All 12 subjects com-
pleted treatment A and 11 subjects completed a sufficient
number of pharmacokinetic and pharmacodynamic
assessments to be included in the pharmacokinetic, phar-
macodynamic and statistical analyses. All 12 subjects were
included in the evaluation of safety.

One subject withdrew from the study prior to period 2
(treatment B) and hence his data were excluded from the
statistical analyses. Another subject withdrew from the
study after 72 h of period 2 (treatment B), and hence his
data were included in all the analyses, as appropriate.
Of the remaining 10 subjects, four had one missed blood
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collection time point in treatment B (three of which were
after 96 h). These missing data points had no meaningful
impact on the study.

Twelve subjects completed all assessments as specified
in the protocol for treatment A. While only 10 subjects
completed all assessments for treatment B, one of the two
subjects who discontinued did so after completing the
72 h assessments. Therefore, PK and PD data from this
subject were sufficiently complete to evaluate warfarin PK
and PD in treatment B for this subject. However, one
parameter, INR AUC(0–168 h), was not evaluable in this subject
since he did not have data through to 168 h.

The per protocol population on this study was speci-
fied in the protocol as the subset of subjects who complied
with the protocol sufficiently to ensure that their data were
likely to exhibit the effects of treatment, according to the
underlying scientific model. All subjects who were compli-
ant with the study procedure and had available data from
at least one treatment were to have been included in the
primary analysis dataset.This population was to have been
used for the PK and PD analyses. For this reason in the
statistical model data from all 12 subjects were included.
Furthermore,PK and PD data were calculated for treatment
B for one of the two subjects who discontinued the study
early, as the data were deemed sufficiently complete to
evaluate his PK and PD profiles in that treatment arm.

Pharmacokinetics
The arithmetic mean plasma R(+) warfarin and S(-) war-
farin concentration vs. time profiles following the single-
dose administration of 30 mg warfarin alone (treatment A)
and co-administered with multiple, once daily 100 mg
anacetrapib doses (treatment B) are presented in Figures 1
and 2, respectively. Mean R(+) warfarin and S(-) warfarin
concentrations following single doses of warfarin were
similar between administration of 30 mg warfarin alone
(treatment A) and co-administered with multiple, once
daily 100 mg anacetrapib doses (treatment B).

There were no apparent differences between the two
treatments in peak mean R(+) warfarin and S(-) warfarin
concentrations, the times to reach these peak mean con-
centrations or in the apparent post-peak rates of decline in
these mean concentrations.

The GMRs warfarin + anacetrapib : warfarin alone and
90% CIs for the statistical comparison of warfarin AUC(0–•)

were 0.94 (0.90, 0.97) for the R(+) warfarin enantiomer and
0.93 (0.87, 0.98) for the S(-) warfarin enantiomer. Since the
90% CIs for the GMRs for the plasma AUC(0–•) of warfarin
[S(-) and R(+)] enantiomers were contained in the interval
(0.80, 1.25), the primary hypothesis was supported
(Table 1). The GMRs for warfarin + anacetrapib : warfarin
alone and 90% CIs for the statistical comparison of war-
farin Cmax were 1.01 (0.97, 1.05) for both the R(+) warfarin
and the S(-) warfarin enantiomers. Since the 90% CIs for
the GMRs for the plasma Cmax of warfarin [S(-) and R(+)]
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Figure 1
Arithmetic mean (SD) plasma concentration–time profiles of plasma R(+)
warfarin following the administration of a single oral dose of 30 mg war-
farin alone (day 1, treatment A, �) and co-administered with multiple
once daily doses of 100 mg anacetrapib (day 1, treatment B, �) in healthy
adult subjects (n = 12 for treatment A and n = 11 for treatment B)

2.0

1.8

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0
0 24 48 72

Time (h)

S
 (

−)
-w

ar
fa

ri
n 

pl
as

m
a 

co
nc

en
tr

at
io

n 
(m

g 
m

l−1
)

96 120 144 168

Figure 2
Arithmetic mean (SD) plasma concentration–time profiles of plasma S(-)
warfarin following the administration of a single oral dose of 30 mg war-
farin alone (day 1, treatment A, �) and co-administered with multiple
once daily doses of 100 mg anacetrapib (day 1, treatment B, �) in healthy
adult subjects (n = 12 for treatment A and n = 11 for treatment B)
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enantiomers were contained in the interval 0.80, 1.25, the
secondary hypothesis was supported.

Pharmacodynamics
The arithmetic mean prothrombin time INR vs. time pro-
files following the single dose administration of 30 mg
warfarin alone (treatment A) and co-administered with
multiple, once daily 100 mg anacetrapib doses (treatment
B) are presented in Figure 3.

The overall shapes of the mean prothrombin time INR
vs. time profiles were similar. Peak mean prothrombin time
INR, which occurred at 48 h post dose in both treatments,
was somewhat higher following single dose adminis-
tration of 30 mg warfarin alone (treatment A) relative to
when co-administered with multiple, once-daily 100 mg
anacetrapib doses (treatment B). The GMRs for
warfarin + anacetrapib : warfarin alone and 90% CIs for the
statistical comparison of INR AUC(0–168 h) and INRmax were
0.93 (0.89, 0.96) and 0.85 (0.76, 0.96), respectively (Table 2).

Safety
Anacetrapib was generally well tolerated when
co-administered with warfarin in the healthy subjects.
There were no serious adverse experiences reported and
no subjects discontinued due to an adverse experience.
There were no meaningful changes in laboratory safety,
vital signs or ECG parameters. Of the 12 subjects dosed in
this study, four (33%) reported a total of nine clinical
adverse experiences.The clinical adverse experiences were
each reported by only one (8%) subject. The investigator
considered all nine clinical adverse experiences to be mild
to moderate in intensity, and probably not or definitely not
related to study drug. One subject experienced presyn-
cope which was associated with venipuncture.

Discussion

As anacetrapib may be dosed in patients with cardiovas-
cular disease being treated with a narrow therapeutic
index drug such as warfarin, understanding the effect of
steady-state anacetrapib, a novel and potent CETP inhibi-
tor, on the pharmacokinetics and pharmacodynamics of
warfarin was considered essential in the programme. A

Table 1
Statistical comparison of plasma pharmacokinetics of warfarin [R(+) and S(-)] enantiomers following the administration of a single oral dose of 30 mg
warfarin alone (day 1, treatment A) and co-administered with multiple once daily doses of 100 mg anacetrapib (day 1, treatment B) in healthy adult subjects
(n = 12 for treatment A and n = 11 for treatment B)

Pharmacokinetic parameter
Warfarin + anacetrapib Warfarin alone Warfarin + anacetrapib : warfarin alone

n GM 95% CI n GM 95% CI GMR 90% CI rMSE†

R(+) enantiomer
AUC(0–•)‡ (mg ml-1 h) 11 95.55 (86.46, 105.61) 12 101.77 (92.16, 112.39) 0.94 (0.90, 0.97) 0.0480
Cmax‡ (mg ml-1) 11 1.54 (1.41, 1.68) 12 1.52 (1.39, 1.66) 1.01 (0.97, 1.05) 0.0520
tmax § (h) 11 4.0 (2.0, 4.1) 12 4.0 (1.0, 4.0)
Apparent terminal t1/2¶ (h) 11 46.7 8.5 12 53.3 6.8

S(-) enantiomer
AUC(0–•)‡ (mg ml-1 h) 11 58.14 (49.09, 68.85) 12 62.74 (53.04, 74.20) 0.93 (0.87, 0.98) 0.0781
Cmax‡ (mg ml-1) 11 1.51 (1.38, 1.65) 12 1.50 (1.37, 1.64) 1.01 (0.97, 1.05) 0.0513
tmax § (h) 11 4.0 (1.0, 4.1) 12 4.0 (1.0, 4.0)
Apparent terminal t1/2¶ (h) 11 32.2 4.4 12 38.2 7.1

†rMSE: Root mean square error on log scale. When multiplied by 100, provides estimate of the pooled within subject coefficient of variation. ‡Back-transformed least squares mean
and confidence interval from mixed effects model performed on natural log transformed values. §Median (min, max) reported for tmax. ¶Harmonic mean (pseudo SD) reported for
apparent terminal t1/2. GM geometric mean, GMR geometric mean ratio.
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Figure 3
Arithmetic mean (SD) prothrombin time INR -time profiles following the
administration of a single oral dose of 30 mg warfarin alone (day 1, treat-
ment A,�) and co-administered with multiple once daily doses of 100 mg
anacetrapib (day 1, treatment B, �) in healthy adult subjects (n = 12 for
treatment A and n = 11 for treatment B)
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100 mg dose of anacetrapib was used in this study,which is
the highest dose being used in phase III [3]. Since it is
anticipated that anacetrapib will be administered with a
meal, likely corresponding to the American Heart Associa-
tion’s therapeutic lifestyle diet, both warfarin and anace-
trapib were administered with a standard low fat breakfast.
Exposure to anacetrapib is increased in the presence of a
meal [6, 7]. Thus, in this study, the concentrations of anace-
trapib that were studied were higher than those expected
in the fasted state.

Available in vitro and clinical data have indicated that
anacetrapib is primarily metabolized by CYP3A and is neg-
ligibly eliminated in the urine [20]. Consistent with in vitro
human hepatocyte data, anacetrapib did not meaningfully
alter the pharmacokinetics of midazolam, a probe sub-
strate of CYP3A4, indicating that anacetrapib does not
induce or inhibit CYP3A activity in vivo [8]. The metabolic
pathways thought to be responsible for the metabolism of
the R(+) warfarin enantiomer include CYP3A4, CYP1A2 and
CYP2C19, whereas the more potent S(-) warfarin enanti-
omer is oxidized primarily by CYP2C9 [11].Anacetrapib was
not a potent reversible inhibitor of human CYP1A2, 2B6,
2C8, 2C9, 2C19, 2D6, 2E1 or 3A4 in human liver microsomal
incubations, given that the IC50 values in all cases were
greater than 100 mM [8]. Thus, based on the known dispo-
sition of anacetrapib and warfarin, co-administration of
anacetrapib dosed to apparent steady-state with a single
30 mg dose of warfarin was not expected to have a clini-
cally meaningful effect on the pharmacokinetics or phar-
macodynamics of warfarin.

Consistent with this hypothesis, the findings of this
study are that the pharmacokinetics [AUC(0–•), Cmax, tmax

and apparent terminal t1/2 of S(-) and R(+) warfarin] and
pharmacodynamics [INR AUC(0–168 h) and INRmax] of war-
farin were not meaningfully affected by anacetrapib. Spe-
cifically, the GMRs for warfarin + anacetrapib : warfarin
alone and 90% CIs for warfarin (both enantiomers)
AUC(0–•) (primary endpoint) and Cmax (secondary end-
point) were all contained within the interval 0.80, 1.25.
These results indicate that anacetrapib does not inhibit
CYP 2C9, the primary enzyme responsible for the dispo-
sition of S(-) warfarin.

In addition,there were no meaningful differences in tmax

and apparent terminal t1/2 observed between the two
treatments.These findings indicate that no clinically mean-
ingful effects on blood coagulation are expected. This is
consistent with the observation that the GMR for
warfarin + anacetrapib : warfarin alone and 90% CI for the
statistical comparison of INR AUC(0–168 h) were close to unity,
specifically, 0.93 (0.89, 0.96). Therefore, the dose
of warfarin does not need to be adjusted when
co-administered with anacetrapib. Concomitant adminis-
tration of anacetrapib and warfarin was generally well tol-
erated in this population of healthy subjects.There were no
instances of clinically significant bleeding or unusual
changes in INR with either treatment and no subjects dis-
continued from this study due to adverse experiences.

Multiple doses of anacetrapib were administered in this
study. One potential consideration would be whether the
given study design would distinguish between potential
inducing and inhibiting effects of anacetrapib. While it is
theoretically possible to have simultaneous inducing and
inhibiting effects of anacetrapib on warfarin, there are
three reasons that would argue against it:1) available infor-
mation with anacetrapib indicate that while it is a sub-
strate for CYP3A4 it is not an inhibitor or inducer of
CYP1A2, 2B6, 2C8, 2C9, 2C19, 2D6 2E1 and 3A4. Further, a
midazolam probe clinical study revealed anacetrapib was
not an inducer or inhibitor of CYP3A [8]. This was the
reason why the study design did not include tracking sur-
rogates for enzyme induction, 2) given the overall PK pro-
files of R- and S-warfarin between the two treatments as
well as relative profiles of the two enantiomers to each
other, it is unlikely to see induction perfectly matched by
inhibition, and for both enantiomers and 3) in addition to
the absence of an effect on warfarin exposure (i.e. PK),
INR efficacy endpoint did not seem to be affected to
any notable extent by multiple dose administration of
anacetrapib.

One assumption in this study was that the single 30 mg
dose of warfarin was sufficiently representative of the clini-
cal situation, i.e. producing a stable anticoagulant effect
in vivo. However, due to the healthy subjects being
exposed to warfarin in this study, the approach was to use

Table 2
Statistical comparison of prothrombin time INR endpoints following the administration of a single oral dose of 30 mg warfarin alone (day 1, treatment A) and
co-administered with multiple once daily doses of 100 mg anacetrapib (day 1, treatment B) in healthy adult subjects (n = 12 for treatment A, n = 11 for INRmax

in treatment B and n = 10 for INR AUC(0–168 h) in treatment B)

Parameter
Warfarin + anacetrapib Warfarin alone Warfarin + anacetrapib : warfarin alone

n GM 95% CI n GM 95% CI GMR 90% CI rMSE†

INR AUC(0–168 h)‡ 10 206.77 (190.44, 224.50) 12 223.25 (206.05, 241.89) 0.93 (0.89, 0.96) 0.0464
INRmax‡ 11 1.63 (1.38, 1.93) 12 1.92 (1.63, 2.26) 0.85 (0.76, 0.96) 0.1497

†rMSE: Root mean square error on log scale. When multiplied by 100, provides estimate of the pooled within-subject coefficient of variation. ‡Back-transformed least squares mean
and confidence interval from mixed effects model performed on natural log transformed values. INR AUC(0–168 h) value was not calculable for subject AN 0002, Treatment B, as subject
withdrew consent after 72 h. GM geometric mean, GMR geometric mean ratio.
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a representative dose of warfarin that would result in
adequate drug concentrations for pharmacokinetic analy-
sis but one at which there was minimal anticoagulation.
Some authors have used a single dose of warfarin as low as
7.5 mg [22, 23]. Because warfarin pharmacodynamics are
also of interest in the study and because it has been shown
that a single 30 mg dose of warfarin sufficiently increases
the INR value to be able to detect a clinically meaningful
pharmacodynamic interaction [24], we chose to study a
single 30 mg dose of warfarin under carefully monitored
study conditions. In warfarin drug interaction studies per-
formed at Merck, we have adequately established the sen-
sitivity of a single 30 mg dose of warfarin [24–26]. The
single dose study design is favoured because of the
advantage of allowing for the investigation of possible
drug interactions while reducing the safety risks associ-
ated with exposing healthy participants to multiple doses
of warfarin.

In conclusion, administration of multiple 100 mg doses
of anacetrapib concomitantly with a 30 mg dose of
warfarin does not influence the pharmacokinetics and
pharmacodynamics of warfarin to a clinically meaningful
extent, indicating that anacetrapib does not affect CYP 2C9
clinically. Thus, no dosage adjustment for warfarin is nec-
essary when co-administered with anacetrapib. Concomi-
tant administration of multiple doses of anacetrapib with a
single dose of warfarin 30 mg appeared to be generally
well tolerated when administered to healthy male subjects
in this study.
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