BJCP Bl ]oumal of Clinical DOI:10.1111/j.1365-2125.2009.03546.x

Pharmacology

Correspondence

Assess m e n t Of th e Dr Bharat Damle, Pfizer Global Research &

Development, Pfizer Inc., 235 East 42nd
Street, New York, NY 10017, USA.

pharmacokinetics of 5
Co_a d m i n iSte red m a ravi rOC IIE(-maII: bh:rat.damle@pﬁzer.com

I el Sharmacokinetics raltegravir
and raltegravir ,

Received
: . , 27 April 2009
Emma Andrews, Paul Glue,' Juanzhi Fang,” Penelope Crownover, Accepted
Randall Tressler & Bharat Damle 17 August 2009

Pfizer Inc., New York, NY and 2Pfizer Inc., New London, CT, USA, and 'School of Medicine, University of
Otago, Dunedin, New Zealand

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT

AIMS

To assess the two-way pharmacokinetic interaction between maraviroc
and raltegravir.

METHODS

In this open-label, multiple-dose, fixed-sequence study, 18 healthy,
human immunodeficiency virus (HIV)-seronegative subjects received
the following: days 1-3 raltegravir 400 mg q12h, days 4-5 washout,
days 6-11 maraviroc 300 mg q12h, and days 12-14 raltegravir 400 mg
q12h + maraviroc 300 mg q12h. Serial 12-h blood samples were
collected on days 3 (raltegravir), 11 (maraviroc) and 14 (raltegravir +
maraviroc). Plasma samples were assayed by validated liquid
chromatography tandem mass spectrometry assays. Test/reference
ratios and 95% confidence intervals (Cls) were determined for
pharmacokinetic parameters.

WHAT THIS STUDY ADDS RESULTS

For maraviroc, the test/reference % ratio (95% Cl) for AUC; was 85.8
(78.7,93.5), for Cinax Was 79.5 (64.8,97.5) and for Ci» was 90.3 (84.2,
96.9). For raltegravir, the test/reference % ratio (95% Cl) for AUC; was
63.3 (41.0, 97.6), for Crnax Was 66.8 (37.1, 120.0) and for Crnin wWas 72.4
(55.1,95.2). In all subjects, maraviroc average concentrations (AUC,
divided by 12) were >100 ng ml™', the threshold value below which
there is an increased risk of virological failure. Based on clinical
experience for raltegravir, mean Cni, decreases >60% are considered to
be clinically relevant for short-term activity; however, in the present
study mean changes were only 28% and thus not considered to be of
clinical relevance.

CONCLUSIONS

Co-administration of maraviroc and raltegravir decreased systemic
exposure of both drugs; however, these are not likely to be clinically
relevant. Safety and efficacy studies may help in understanding the role
of this combination in the treatment of HIV infection.
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Introduction

According to the World Health Organization, an estimated
33 million people worldwide are human immunodefi-
ciency virus (HIV) positive, at least 9.7 million of whom are
in need of antiretroviral drugs [1]. Standard antiretroviral
therapy consists of the use of at least three antiretroviral
drugs to suppress maximally the HIV virus and stop the
progression of disease [2]. Unfortunately, there is always
the potential of drug resistance and thus the need for new
antiretroviral drugs with different mechanism of action [3].

One new antiretroviral drug is maraviroc (Selzentry®;
Celsentri®), a CCR5 receptor antagonist, recently approved
for the combination treatment of HIV-1 infection in
treatment-experienced adults infected with CCR5 tropic
HIV [4, 5]. Following oral administration, maraviroc is
rapidly absorbed, with peak plasma concentration
achieved within 0.5-4 h after dosing [6]. Maraviroc is
mainly metabolized by CYP3A4 and is also a substrate for
P-glycoprotein (P-gp) [6]. Drug interactions have been
investigated when maraviroc is co-administered with
potent CYP3A4 inhibitors [7] or with potent CYP3A4 induc-
ers [8]. When administered with a potent CYP3A4 inhibitor
(with or without a CYP3A4 inducer), the recommended
dose of maraviroc is 150 mg twice daily (q12h), whereas
the recommended dose is 600 mg q12h when adminis-
tered with a potent CYP3A4 inducer (without a potent
CYP3A4 inhibitor) [4]. Maraviroc did not inhibit the activity
of CYP1A2,2B6,2C8,2C9,2C19 and 3A at clinically relevant
concentrations in vitro [4]. The terminal half-life of maravi-
roc following oral dosing to steady state in healthy sub-
jects was 14-18 h, and steady state was reached within 5
days with q12h dosing [9].

Raltegravir (Isentress®) was also recently approved for
combination treatment of HIV-1 infection in treatment-
experienced adult patients who have evidence of viral rep-
lication and HIV-1 strains resistant to multiple antiretroviral
agents [10, 11]. Raltegravir inhibits the catalytic activity of
HIV-1 integrase, an enzyme required for viral replication.
Following oral administration, raltegravir is rapidly
absorbed, with peak concentrations achieved approxi-
mately 3 h after dosing. Steady state is achieved within
approximately the first 2 days with q12h dosing.The appar-
ent terminal half-life of raltegravir is approximately 9 h
[12]. Raltegravir is eliminated mainly by metabolism via
UDP glucuronosyltransferase (UGT1A1) [13].It is not a sub-
strate of cytochrome P450 enzymes, and does not inhibit
CYP1A2, 2B6, 2C8, 2C9, 2C19, 2D6 or 3A in vitro (ICso >
100 um) [14].Raltegravir does not induce or inhibit CYP3A4
and is also not an inhibitor of UGT1A1 or UGT2B7 (ICso >
50 um). However, co-administration with strong inducers of
UGT1A1 such as rifampin results in reduced plasma
concentrations of raltegravir. Raltegravir does not inhibit
P-gp-mediated drug transport [14].

Maraviroc and raltegravir are two antiretrovirals with
new mechanisms of action. It is likely that treatment-
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experienced patients will receive combination treatment
that includes these two agents [15]. Hence, this study was
undertaken to evaluate systematically the two-way phar-
macokinetic interaction between maraviroc and ralte-
gravir in healthy subjects.

Methods

Subjects

Eighteen healthy male and female subjects between the
ages of 18 and 55 years were enrolled. To be eligible to
participate, subjects had to be in good health as deter-
mined by a detailed medical history, full physical examina-
tion, 12-lead electrocardiogram, and clinical laboratory
tests. Female subjects were required to have a negative
serum pregnancy test at screening and prior to commenc-
ing the study. The results of a urine drug screen had to be
negative. Subjects who were taking or had taken any pre-
scription or over-the-counter drug, vitamins or dietary
supplement within 7 days or 5 half-lives, whichever was
longer, before the first dose of study treatment were
excluded. Subjects were not permitted to consume grape-
fruit juice within 4 days before dosing or use herbal supple-
ments including St John’s Wort within 30 days before
dosing.

The study was conducted from February 2008 to
March 2008, and subjects’ written informed consent
was obtained before participation, in conformity with the
ethical principles originating in or derived from the Decla-
ration of Helsinki and International Conference on Harmo-
nization Good Clinical Practice Guidelines. The study
protocol was approved by the Institutional Review Board
IntegReview Ltd, Austin, TX, USA.

Study design

This was an open-label, multiple-dose, fixed-sequence
study. On days 1-3, subjects received raltegravir 400 mg
g12h followed by a washout period on days 4-5. Subjects
received maraviroc 300 mg q12h on days 6-11, and the
combination of maraviroc 300 mg q12h plus raltegravir
400 mg q12h on days 12-14. Subjects were required to be
confined at the Clinical Research Unit for the entire dura-
tion of the study. The approved doses of maraviroc (in the
absence of a CYP3A4 inducer or inhibitor) and raltegravir
were utilized in the study (4, 10). Study drugs were admin-
istered on an empty stomach (no food for 1 h before and
after dosing). Additionally, on the days of pharmacokinetic
evaluations, subjects were required to fast overnight for at
least 8 h prior to and for 4 h after dosing.

Pharmacokinetic assessments

Steady-state pharmacokinetics was determined on day 3
(raltegravir), day 11 (maraviroc) and day 14 (maraviroc and
raltegravir). Serial blood samples (5-6 ml each) were col-
lected in tubes containing sodium heparin (for maraviroc)



or dipotassium ethylenediamine tetraaceticacid (for ralte-
gravir) at the following time points: predose (immediately
before the morning dose) and 0.5,1,1.5,2,3,4,6,8and 12 h
postdose. Blood samples were centrifuged at 1700 g for
10 min at 4°C, and the resulting plasma was stored in
appropriately labelled screw-capped polypropylene tubes
at —20°C within 1 h of collection.

Plasma samples were assayed for maraviroc by Tandem
Laboratories (West Trenton, NJ, USA) using a validated
liquid chromatography tandem mass spectrometry (LC/
MS/MS) method. In brief, human plasma (0.050 ml) was
mixed with [D5]-maraviroc internal standard in acetonitrile
and vortex-mixed. Following centrifugation, an aliquot
(0.010-0.020 ml) was injected into the high-performance
liquid chromatography system. Chromatographic separa-
tion was achieved using a Fluophase PFP column (4.6 x
50 mm, 5um; Thermo Electron Corp., Pittsburgh, PA,
USA) and a mobile phase consisting of 80:20 v:v
acetonitrile : 25 mM ammonium acetate in aqueous 0.2%
formic acid, at a flow rate of T ml min~".The analytes were
detected using an Applied-Biosystem Sciex API 4000
LC/MS/MS system (MDI SCIEX, Concord, ON, Canada) oper-
ating in positive TurbolonSpray® mode. The precursor/
product ion transitions were m/z 514.1—389.1 for
maraviroc, m/z 519.1—394.1 for [D5]-maraviroc. The range
of quantification for the maraviroc assay was 0.500-
500 ng ml™'. The accuracy (percent difference from
nominal) of the quality control samples used during
sample analysis ranged from 4.5 to 5.8%, with a precision
(as measured by percent relative standard deviation) of
=6.0%.

Plasma samples for raltegravir were analysed by Bio-
analytical Systems, Inc. (McMinnville, OR, USA) using a pub-
lished validated LC/MS/MS assay [16]. Aliquots (0.200 ml)
of plasma containing analyte and internal standard were
extracted using liquid/liquid extraction.The range of quan-
tification of the raltegravir assay was 2.00-1000 ng ml™.
The accuracy (percent difference from nominal) of the
quality control samples used during sample analysis
ranged from 0.8 to 3.2%, with a precision (as measured by
percent relative standard deviation) of =6.0%.

Pharmacokinetic analyses were carried out using stan-
dard noncompartmental methods. Maximum observed
plasma concentrations (Cmax), time of first occurrence of
Cmax (Tmax) @and trough concentrations at 12 h post dose
(Cmin) were estimated directly from experimental data. Area
under the concentration-time curve over the dosing inter-
val (AUC,), where T was 12 h for maraviroc and raltegravir,
was estimated using the linear/log trapezoidal method.
The average plasma concentration (Cae) was determined
by dividing AUC; by the dosing interval of 12 h.

Safety assessments
Safety was evaluated throughout the study based on
adverse event (AE) monitoring, clinical laboratory values,
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vital sign measurements, electrocardiogram results and
physical examination findings.

Statistical analysis

Natural log transformed AUC,, Cnax and Ciin Were analysed
using a mixed-effect model with treatment as a fixed effect
and subject as a random effect. Estimates of the adjusted
mean differences (test/reference) and corresponding 95%
confidence intervals (Cls) were obtained from the model.
The adjusted mean differences and 95% Cls for the differ-
ences were exponentiated to provide estimates of the ratio
of adjusted geometric means (test/reference) and 95% Cls
for the ratios. Maraviroc or raltegravir administered alone
was the reference treatment and maraviroc plus raltegravir
was the test treatment. Lack of interaction would be dem-
onstrated if the estimated 95% Cl for the ratios for AUC,
and Cna fell entirely within (80%, 125%). Statistical analyses
was conducted using SAS software (Unix SAS Version 8.2,
1999-2001; SAS Institute Inc., Cary, NC, USA).

With a sample size of at least 18 subjects, this study had
at least 90% overall power to demonstrate a lack of inter-
action of the test to reference treatments for maraviroc
pharmacokinetic parameters (i.e. equivalence in AUC; and
Cmax). For maraviroc, sample size calculations were based
on the intrasubject percent coefficient of variation (%CV)
of 0.1082 and 0.1853 for log AUC and log Crax, respectively,
which were obtained from the average of three previous
maraviroc studies in healthy subjects (Pfizer data on file).
The sample size estimate was also based on the assump-
tion that the true ratio of test to reference treatments for
AUC; and Gy for maraviroc was 1.0. For raltegravir, sample
size calculations were based on intrasubject %CV of 0.290
and 0414 for log AUC and log Cnax, respectively, as
obtained from the average of two drug-drug interaction
studies (atazanavir/ritonavir, 400 mg q12h; and tenofovir)
[10]. A sample size of 18 subjects provided 90% Cl for the
difference between treatments of raltegravir (= 0.205 and
0.293) on the natural log scale for AUC; and Cpax, respec-
tively, with 90% coverage probability.

Results

Study population

A total of 18 subjects (16 male and two female) were
enrolled into the study and received treatment. Seventeen
subjects completed the study as planned. One subject dis-
continued on day 10 during treatment with maraviroc for
personal reasons.For pharmacokinetics, 17 and 18 subjects
were included for maraviroc and raltegravir analyses,
respectively. All subjects were included in the safety analy-
ses.The mean age was 36.3 years (range 25-54) and mean
body mass index was 26.2 kg m™ (range 19.9-30.4). Six
subjects (33.3%) were White, nine (50.0%) Black and three
(16.7%) were other/multiracial.
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Effect of raltegravir on maraviroc
pharmacokinetics

The concentration-time profiles for maraviroc adminis-
tered alone (day 11) and when co-administered with
raltegravir (day 14) are shown in Figure 1. Administration of
raltegravir slightly decreased the mean concentrations of
maraviroc. Geometric mean maraviroc Cnax and AUC; fol-
lowing co-administration with raltegravir were decreased
by approximately 21% (785-624 ng ml™") and 14% (2853-
2447 ng h™' ml™), respectively (Table 1). There was also a
10% decrease in mean trough values (51.6-46.6 ng ml™)
due to co-administration with raltegravir. Median Tax
values were similar for both treatments (Table 1).The lower
95% Cl for AUC; and Crax fell outside the lower boundary of
80%, 125%; however, for Cyough both 95% Cls were entirely
contained within this range. Figure 2 shows the individual
subject change in average plasma concentration of
maraviroc when co-administered with raltegravir. The
majority of subjects (13 of 17) showed a decrease in
average concentrations.

1000

100

Maraviroc concentrations

Figure 1

Mean (SD) maraviroc plasma concentration (ng ml™") vs. time (h) profiles
on day 11 (maraviroc) and day 14 (maraviroc + raltegravir). Maraviroc
(n =17) (-@-); Maraviroc + Raltegravir (n = 17) (-O-)

Table 1

Geometric mean (%CV) pharmacokinetic parameters and statistical
analyses for maraviroc

Maraviroc +
raltegravir

Maraviroc
% Ratio (95% Cl)*

Parameters (units) alone

AUC; (ng h™' mI"") 2853 (28%) 2447 (31%) 85.8 (78.7, 93.5)

Cmax (ng ml~") 785 (41%) 624 (47%) 79.5 (64.8, 97.5)
Cmin (ng mI-") 51.6 (26%) 46.6 (28%) 90.3 (84.2, 96.9)
Tmax (h)t 2.0 (0.5-4.0) 2.0 (0.5-4.0) NA%

*Ratio based on adjusted geometric means for combination treatment vs. single
agent obtained from ANOvA model. tMedian (range). ¥NA, not applicable.
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Effect of maraviroc on raltegravir
pharmacokinetics

The concentration-time profiles for raltegravir adminis-
tered alone (day 3) and when co-administered with
maraviroc (day 14) are shown in Figure 3. Administration of
maraviroc decreased the mean steady-state concentration
of raltegravir on day 14 relative to raltegravir alone on day
3. The decrease in mean raltegravir AUC;, Cnax and Cuin
following co-administration with maraviroc was approxi-
mately 37% (7356.0-4653.0ngh™' ml™), 33% (2116.0-
1413.0 ng ml™") and 28% (66.2-48.0 ng ml™"), respectively
(Table 2). The ratio (95% Cl) of test/reference treatments
was 63.3% (41.0,97.6) for AUC;, 66.8% (37.1,120.0) for Crnax,
and 72.4% (55.1,95.2) for Cnin (Table 2). The point estimate
for all three parameters was <80%. The median Tm.x value
was reduced by 1.5h when raltegravir was given with
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Maraviroc Maraviroc + raltegravir

Figure 2

Average maraviroc plasma concentration (ng ml™") on day 11 (maraviroc)
and on day 14 (maraviroc + raltegravir)
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Figure 3

Mean (SD) raltegravir plasma concentration (ng ml™) vs. time (h) profiles
on day 3 (raltegravir) and day 14 (maraviroc + raltegravir). Raltegravir
(n =17) (-@-); Maraviroc + Raltegravir (n = 17) (-O-)



Table 2

Geometric mean (%CV) pharmacokinetic parameters and statistical
analyses for raltegravir

Raltegravir Maraviroc +
Parameters (units) alone raltegravir % Ratio (95% Cl)*
AUC; (ng h~' mI") 7356 (58) 4819 (63) 63.3 (41.0, 97.6)
Cmax (ng ml~") 2116 (67) 1486 (72) 66.8 (37.1, 120.0)
Cmin (ng mI-") 66.2 (49) 47.0 (44) 72.4 (55.1, 95.2)
Tmax (h)t 2.5(1.0-6.0) 1.0 (0.0-2.0) NA%#

*Ratio based on adjusted geometric means for combination treatment vs. single
agent obtained from ANOVA model. tMedian (range). #NA, not applicable.
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Figure 4

Raltegravir trough plasma concentration (ng ml™') on day 3 (raltegravir)
and day 14 maraviroc + raltegravir)

maraviroc compared with raltegravir alone (Table 2). The
individual subject trough concentrations of raltegravir for
the two treatments are shown in Figure 4.There appeared
to be wide variability in the change in trough concentra-
tions across subjects. The majority of subjects (15 of 17)
showed a decrease in raltegravir trough concentrations
upon co-administration, whereas trough concentrations
increased in two subjects.

Safety

Treatment-related AEs were experienced by three subjects
(16.7%) during treatment with raltegravir, four subjects
(22.2%) during treatment with maraviroc and four
subjects (23.5%) during treatment with maraviroc plus
raltegravir. All of these events were mild in severity. Head-
ache and somnolence were reported by two subjects each
during the study. Other AEs reported by one subject each
included constipation, dyspepsia, back pain, folliculitis,and
peripheral neuropathy. In the one subject who experi-
enced peripheral neuropathy, this event began about 2.3 h
after dosing on study day 1 during raltegravir treatment
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and resolved on study day 17 after completion of all study
treatments. There were no clinically significant changes in
safety laboratory test results, vital signs, ECG or physical
examination findings during the study.

Discussion

The purpose of this study was to evaluate the two-way
pharmacokinetic drug interaction and tolerability of
concomitant administration of maraviroc and raltegravir.
The results showed that, relative to monotherapy,
co-administration of maraviroc and raltegravir was associ-
ated with reductions in the systemic exposure of both
drugs that are unlikely to be clinically relevant. These
results are intriguing because a pharmacokinetic interac-
tion was not anticipated based on the known metabolic
profiles of maraviroc and raltegravir. Maraviroc is mainly
metabolized by CYP3A4 while raltegravir is eliminated
by UGT1A1. Neither drug induces or inhibits cytochrome
P450 enzymes. Both drugs are substrates for P-gp. Exami-
nation of the mean plasma concentration-time profiles
(Figures 1 and 3) showed that the terminal elimination
phase was not noticeably affected for either drug due to
concomitant administration, suggesting that the interac-
tion does not appear to be related to systemic clearance
of either drug. Instead, the reduced peak concentrations
of both drugs point towards changes in pre-systemic
elimination associated with absorption and/or first-pass
metabolism as a potential mechanism of interaction;
however, the exact mechanism of interaction cannot be
deduced from the present study.

The effect of maraviroc exposure and various prog-
nostic factors on efficacy end-points such as virological
failure has been examined using data from two Phase 3
studies in treatment-experienced patients, namely MOTI-
VATE 1 and 2 [17]. In these analyses, baseline CD4+ cell
count was the most important prognostic factor, followed
by systemic exposure to maraviroc, in determining viral
response (success/failure) at 24 weeks. The exposure-
response analyses suggested that treatment-experienced
patients who achieved a maraviroc average concentration
of at least 100 ng mI™' had >80% probability of success
(defined as achieving <50 copies ml™). In a similar analy-
sis in treatment-naive patients enrolled in the MERIT
study, the probability of success dropped sharply at
maraviroc average concentration <75 ng ml™ [18]. In the
current study, all subjects had a maraviroc average
concentration >100ngml”" when maraviroc was
administered alone or co-administered with raltegravir.
Overall, it appears that reductions in maraviroc exposure
observed due to co-administration with raltegravir are
unlikely to affect the antiretroviral activity of maraviroc.
Notably, in a combination study with raltegravir, maravi-
roc and etravirine in heavily pretreated HIV-infected
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patients harbouring R5 co-receptor-using virus, 90% of
patients had undetectable viral load (<50 copies ml™) at
week 48 [15].

The pharmacokinetics of raltegravir is highly variable.
In the pivotal Phase 3 studies in treatment-experienced
patients BENCHMRK 1 and 2, the coefficient of variation for
inter- and intrasubject variability for raltegravir trough
concentrations was 212% and 122%, respectively [10]. This
variability has limited the development of a robust popu-
lation pharmacokinetic model, and hence trough concen-
trations have been evaluated for correlation to clinical
outcomes in Phase 2 and 3 studies in treatment-
experienced patients [19]. The pharmacokinetics of ralte-
gravir appear to have much less impact on viral load
outcome compared with other variables (e.g. baseline viral
RNA and other background therapy) and no threshold for
trough concentration of raltegravir could be identified
[19]. In the absence of definitive correlation between
trough concentrations and clinical efficacy, the lower
bounds in the clinical programme have been used to
define the fold reduction in trough concentrations that are
likely to be associated with an increased risk of virological
failure [14].

Overall, the clinical experience with raltegravir across
dose-ranging Phase 2 studies and pivotal Phase 3 studies
suggests that an average reduction in trough concentra-
tions of up to 60% of raltegravir is not likely to affect
virological success [14]; the mean change noted in the
present study was 28%. Of the subjects with reduced
trough concentrations of raltegravir, 13/15 had <60%
decrease, while two subjects had greater decreases (76%
and 69%, respectively), highlighting the variability in
raltegravir pharmacokinetics. Interestingly, these two sub-
jects had the highest raltegravir concentrations on day 3
(raltegravir alone). Alternatively, using AUC as a measure
of exposure, the ratio (95% Cl) of test/reference treat-
ments for raltegravir AUC; was 66.8% (37.1, 120.0).
Changes of a similar magnitude were noted in interaction
studies with efavirenz and tiprinavir/ritonavir; the ratio
(90% Cl) of the AUC for test/reference treatments for
these interaction was 64% (52, 80) and 76% (49, 119),
respectively. No dose adjustment of raltegravir is neces-
sary when co-administering with efavirenz or tiprinavir/
ritonavir [14]. Overall, it appears that the reduction in
raltegravir exposures due to co-administration with
maraviroc observed in this study is not likely to be clini-
cally meaningful.

In summary, co-administration of maraviroc and ralte-
gravir in healthy HIV-seronegative subjects resulted in
reductions in the systemic exposure of both drugs. These
changes are unlikely to be clinically relevant and hence no
dose adjustment of maraviroc or raltegravir is necessary.
Safety and efficacy data from studies in patients receiving
regimens that include maraviroc and raltegravir will be
helpful in further understanding the role of this combina-
tion in the treatment of HIV-1 infection.
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