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Raltegravir is a human immunodeficiency virus type 1 integrase strand transfer inhibitor that is metabolized
by glucuronidation via UGT1A1 and may be affected by inducers of UGT1Al, such as rifampin (rifampicin).
Two pharmacokinetic studies were performed in healthy subjects: study 1 examined the effect of administration
of 600-mg rifampin once daily on the pharmacokinetics of a single dose of 400-mg raltegravir, and study 2
examined the effect of 600-mg rifampin once daily on the pharmacokinetics of 800-mg raltegravir twice daily
compared to 400-mg raltegravir twice daily without rifampin. Raltegravir coadministered with rifampin
resulted in lower plasma raltegravir concentrations: in study 1, the geometric mean ratios (GMRs) and 90%
confidence intervals (90% Cls) for the plasma raltegravir concentration determined 12 h postdose (C,,), area
under the concentration-time curve from 0 h to » (AUC,,_..), and maximum concentration of drug in plasma
(Cpnay) (400-mg raltegravir plus rifampin/400-mg raltegravir) were 0.39 (0.30, 0.51), 0.60 (0.39, 0.91), and 0.62
(0.37, 1.04), respectively. In study 2, the GMRs and 90% CIs for raltegravir C,,, AUC,_,,, and C,,,,, (800-mg
raltegravir plus rifampin/400-mg raltegravir) were 0.47 (0.36, 0.61), 1.27 (0.94, 1.71), and 1.62 (1.12, 2.33),
respectively. Doubling the raltegravir dose to 800 mg when coadministered with rifampin therefore compen-
sates for the effect of rifampin on raltegravir exposure (AUC,_,,) but does not overcome the effect of rifampin
on raltegravir trough concentrations (C,,). Coadministration of rifampin and raltegravir is not contraindi-
cated; however, caution should be used, since raltegravir trough concentrations in the presence of rifampin are

likely to be at the lower limit of clinical experience.

Raltegravir (Isentress; formerly MK-0518) is a human im-
munodeficiency virus type 1 (HIV-1) integrase strand transfer
inhibitor, a member of a new class of antiretroviral agent.
Integrase is one of three enzymes involved in the process of
viral replication. It catalyzes the stepwise process of integration
of the HIV-1 DNA into the genome of the host cell (1, 7, 19).
Raltegravir has potent in vitro activity against HIV-1 (19; Isen-
tress [raltegravir| prescribing information; Merck and Co.,
Inc.) and demonstrated robust antiviral activity in the HIV-1-
infected patient population (6, 9, 15, 20). In addition, raltegra-
vir has generally been well tolerated with a very favorable
safety profile (6, 9, 15, 20).

The principal route of elimination of raltegravir is metabolism
via UGT1ALl with a small component of elimination via renal
excretion (13). It is not metabolized by the cytochrome P-450
oxidation system and is neither a clinically meaningful inducer nor
an inhibitor of enzymes involved in drug metabolism. Conse-
quently, raltegravir has shown relatively minimal interactions
when coadministered with other antiviral agents (10; Isentress
[raltegravir] prescribing information; Merck and Co., Inc.). The
pharmacokinetic (PK) profile of raltegravir may, however, be
affected by compounds that inhibit or induce UGT1Al, such as
rifampin (rifampicin).
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Anti-HIV agents, including raltegravir, are generally given
in combination, both with other HIV drugs and other support-
ive medications commonly used in the HIV patient population.
Rifampin is used in the treatment of tuberculosis infection,
which is common in this population. Rifampin is known to
induce a number of cytochrome P-450 enzymes, and adminis-
tration of rifampin with drugs that undergo biotransformation
through these metabolic pathways accelerates elimination of
coadministered drugs. Rifampin increases clearance of a num-
ber of antiretroviral agents via this mechanism (2, 3). Further-
more, rifampin also induces phase II enzymes, such as UDP-
glucuronosyl transferase, which has been described to act in
vitro and in vivo (5, 8, 21), and therefore has potential to affect
the pharmacokinetics of raltegravir.

Two studies were performed to characterize the effect of
rifampin on the pharmacokinetics of raltegravir. Study 1 eval-
uated the effect of steady-state rifampin on a single 400-mg
dose of raltegravir. Study 2 compared the pharmacokinetics of
800-mg twice-daily raltegravir plus rifampin to that of 400 mg
twice-daily raltegravir.

(Portions of the data for study 1 were presented at the 8th
International Congress on Drug Therapy in HIV Infection,
Glasgow, Scotland, 2006 [4], and portions of the data for
study 2 were presented at the 48th Interscience Conference
On Antimicrobial Agents and Chemotherapy and the Infec-
tious Diseases Society of America 46th Annual Meeting [a
joint meeting], Washington, DC, 25 to 28 October 2008

[11].)
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MATERIALS AND METHODS

Subjects. Healthy men and women between 18 and 55 years of age were
eligible for enrollment. Subjects were eligible if they were within 40% of ideal
body weight for study 1 and with a body mass index of <33 kg/m? for study 2.
HIV-infected individuals, those bearing a clinically significant medical condition,
smokers, and those with a known history of alcohol and/or drug abuse were
excluded from the study. Exclusion criteria also included recent participation in
an investigational drug study and inability to refrain from the use of prescription
and nonprescription medications. Subjects agreed to participate in the studies by
giving written informed consent prior to study commencement. The study pro-
tocols were approved by the institutional review boards of the study centers. The
studies were conducted in accordance with the guidelines on good clinical prac-
tice and with the ethical standards for human experimentation established by the
Declaration of Helsinki.

Study design. Study 1 was an open-label, two-period, fixed-sequence study. In
period 1, all subjects were administered a single oral dose of 400 mg of raltegravir
in the fasted state (subjects fasted for 8 h prior to dosing and remained fasting
for 4 h after dosing), followed by at least a 4-day washout period prior to the start
of period 2. In period 2, the same subjects were administered 600 mg rifampin
once daily for 15 days. On day 14 of period 2, all subjects were administered the
daily dose of rifampin in combination with a single oral dose of 400 mg ralte-
gravir in the fasted state. All other doses of rifampin in period 2 were adminis-
tered either 1 h before or 2 h after a meal.

Study 2 was an open-label, two-period, fixed-sequence study. In period 1,
subjects received 400 mg of raltegravir every 12 h for 4 days. Raltegravir was
administered without regard to food except for the evening dose on day 3 and
both doses on day 4, when subjects consumed a light meal 2 h prior to receiving
raltegravir. In period 2, the same subjects received 800 mg of raltegravir every
12 h and 600 mg of rifampin once daily for 14 days; the day 14 raltegravir
afternoon dose was not administered. Rifampin was administered either 1 h
before or 2 h after a meal. Raltegravir was administered without regard to food
except for the evening dose on day 13 and the morning dose on day 14 in period
2, when subjects consumed a light meal 2 h prior to receiving raltegravir.

The safety and tolerability of raltegravir and rifampin were assessed in both
studies by clinical evaluation of vital signs, physical examinations, electrocardio-
grams, and laboratory safety evaluations. Adverse experiences were monitored
throughout the study and were evaluated with respect to intensity, duration,
seriousness, outcome, and relationship to study drug.

Bioanalytical and PK analyses. Serial blood samples were collected to deter-
mine plasma concentrations of raltegravir. In study 1, samples were collected on
day 1 of period 1 and day 14 of period 2 for raltegravir analysis at 0, 0.5, 1, 1.5,
2,3,4,5,6,8, 10, 12, 16, 24, 32, and 48 h postdose. In study 2, samples were
collected following the morning raltegravir dose on day 4 of period 1 and on day
14 of period 2 at 0, 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10, and 12 h postdose.

The analytical method for the determination of raltegravir concentrations in
human plasma involves isolation, via 96-well liquid-liquid extraction, of the
analyte and internal standard from plasma, followed by reverse-phase high-
pressure liquid chromatography tandem mass spectrometry analysis as previously
described (18). The lower limit of quantitation for the plasma assay is 2 ng/ml
(4.5 nM), and the linear calibration range is 2 to 1,000 ng/ml.

The concentrations for raltegravir in plasma were converted into molar units
(nanomolar), and actual sampling times, converted to elapsed time relative to
dosing times, were used to estimate PK parameters using WinNonlin (Pharsight
Corporation, Mountain View, CA) for each treatment in each subject. Values
below the plasma raltegravir assay limit of quantitation (BLQ), i.e., <2 ng/ml
(<4.5 nM) were replaced according to the following rules: predose BLQ value = 0;
first BLQ value in the terminal phase = (1/2)(lower limit of quantitation) = 1
ng/ml = 2.3 nM; second and subsequent BLQ values in the terminal phase = 0.
For study 1, the distribution and elimination phases of each plasma raltegravir
concentration profile were fit to a biexponential equation (concentration =
Ae ™ + Be ™, where A is the zero time intercept for a phase or the distribution
phase, B is the zero time intercept for 3 phase or the elimination phase, and ¢ is
time) using the Gauss-Newton (Levenberg and Hartley) minimization method
and a weighting of 1/(predicted concentration)®. The onset of the « phase was
determined by inspection. The half-life (¢,,,) for each phase was calculated as the
quotient of In(2) and « or B. The area under the concentration-time curve from
0 h to the last dose (AUC, ) was calculated using the linear trapezoidal
method for ascending concentrations and the log trapezoidal method for de-
scending concentrations. The area under the concentration-time curve from 0 h
to o (AUC,,_..) was estimated as the sum of AUC,,_, and the extrapolated area
given by the quotient of the last measured concentration and B. For study 2,
AUC,_;, was calculated using the linear trapezoidal method for ascending con-
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centrations and the log trapezoidal method for descending concentrations. For
both studies, the maximum concentration of drug in plasma (C,,,) and time to
maximum concentration of drug in plasma (7,,,,) were obtained by inspection of
the plasma raltegravir concentration data. Nominal plasma raltegravir sampling
times were used to determine 7,,,, provided that the actual observed time of
T max did not differ meaningfully from the nominal plasma sampling time. Plasma
raltegravir concentration determined 12 h postdose (C;,) values were assessed
from the plasma raltegravir concentrations determined for the nominal sampling
times at 12 h postdose.

Statistical analyses. The effect of coadministration of rifampin on the PK
profile of raltegravir (e.g., Cy,, AUC, C,,,,) was evaluated using a linear mixed-
effect model appropriate for a two-period, fixed-sequence design with fixed effect
term of treatment and a random subject effect. Two-sided 90% confidence
intervals (90% ClIs) for the true mean difference (raltegravir plus rifampin versus
raltegravir alone) in raltegravir C,, on the log scale were calculated on the basis
of the above model. These confidence limits were then exponentiated to obtain
a CI for the true geometric mean ratio (GMR) for raltegravir C,, (raltegravir
plus rifampin/raltegravir alone). C,,,, and AUC of raltegravir were analyzed in
a similar fashion as C,, and GMR were reported for these two parameters. The
other parameters were analyzed on the raw scale. For study 1, the harmonic
means were reported for the apparent half-life, with Hodges-Lehman estimates
and the corresponding 90% ClIs for the median differences (raltegravir and
rifampin — raltegravir) also provided.

RESULTS

Demographics. Ten healthy male and female subjects were
enrolled into study 1 with a mean (range) age and weight of
38.4 years (24 to 52 years) and 79.1 kg (64.1 to 101.0 kg),
respectively. Of the 10 subjects enrolled, 7 were Caucasian
(70%), 2 were Hispanic (20%), and 1 was African-American
(10%). Seven subjects were male (70%). Nine subjects com-
pleted the study. One subject did not complete the study due to
withdrawal of consent. Pharmacokinetic data for this subject
were incomplete and were not included in the final PK analysis.
All subjects were included in the safety analysis.

Eighteen healthy male and female subjects were enrolled
into study 2 with a mean (range) age and weight of 35.2 years
(18 to 54 years) and 76.8 kg (57.5 to 116.0 kg), respectively. Of
the 18 subjects enrolled, 13 were Caucasian (72%), 4 were
African-American (22%), and 1 was Polynesian (6%). Twelve
subjects were male (67%). Four patients did not complete the
study due to adverse effects (n = 1) or withdrawal of consent
(n = 3). Seventeen subjects had PK data and were included in
the final PK analysis. All subjects were included in the safety
analysis.

Pharmacokinetics. (i) Study 1. Table 1 summarizes the
raltegravir PK parameters observed in study 1, and Fig. 1
shows the corresponding plasma raltegravir concentration pro-
files with or without multiple doses of rifampin. Rifampin
reduced C,, of a single 400-mg dose of raltegravir by approx-
imately 61%, with smaller effects on raltegravir AUC,_., (re-
duced by approximately 40%) and C,,,, (reduced by approxi-
mately 38%).

(i) Study 2. Comparison of plasma raltegravir PK parame-
ter values and summary statistics for 800-mg raltegravir with
rifampin versus 400-mg raltegravir alone are provided in Table
2. Figure 2 shows the corresponding concentration profiles of
raltegravir in plasma. Coadministration of 800-mg twice-daily
raltegravir plus 600-mg once-daily rifampin resulted in an ap-
proximately 53% decrease in raltegravir C,, compared to ad-
ministration of 400-mg twice-daily raltegravir alone. Raltegra-
vir AUC, ,, and C,_, were somewhat higher after
administration of 800-mg raltegravir with rifampin relative to

max
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TABLE 1. Study 1: comparison of plasma raltegravir pharmacokinetics
following administration of single oral doses of 400-mg
raltegravir with or without rifampin®

ANTIMICROB. AGENTS CHEMOTHER.

TABLE 2. Study 2: comparison of plasma raltegravir pharmacokinetics
following administration of multiple oral doses of
raltegravir with or without rifampin®

Geometric mean GMR (raltegravir +

Pharmacokinetic rifampin/raltegravir)

arameter Raltegravir + Raltegravir value?

P rifampin alone (90% CT)
Cy, (nM)° 36.3 92.1 0.39 (0.30, 0.51) 0.0002
AUC,_, (uM - h)* 16.51 27.57 0.60 (0.39, 0.91) 0.0514
Chax (hM 5.34 8.61 0.62 (0.37,1.04) 0.1234
Tonax (B)? 3.0 1.5
110 (h)° 0.93 1.07 —0.15 (—0.23, —0.04)
tiop (h) 9.6 8.5 —0.1 (—4.5,4.9Y

@ Single oral doses of 400-mg raltegravir with or without administration of
600-mg rifampin once daily were given to nine healthy male and female subjects
who enrolled in and completed study 1.

b Corresponding to a test whether the true GMR is equal to 1.0.

¢ Geometric mean computed from least-squares estimate from an analysis of
variance performed on the natural-log-transformed values and then back-trans-
formed to the raw scale.

4 Median on raw scale reported for T,

15, half-life at the « or distribution phase; f,,, half-life at the B or
elimination phase. Harmonic mean on raw scale reported for ¢,,.

/Hodges-Lehman estimate of median treatment difference on raw scale with
corresponding 90% Cls for true median treatment difference reported.

400-mg raltegravir: AUC was increased by an average of ap-
proximately 27% and C,,,, by approximately 62%. Median
T..x values were slightly shorter after administration of
800-mg raltegravir with rifampin with a median of 1.75 h com-
pared to 3.00 h for 400-mg raltegravir alone.

Safety and tolerability. Coadministration of rifampin and
raltegravir was generally well tolerated in both studies. In study
1, no serious clinical or serious laboratory adverse experiences
were reported, and no subject did not complete the study
because of an adverse experience. Ten subjects reported a total
of 19 nonserious clinical adverse experiences, 15 of which were
determined by the investigator to be possibly drug related. The
most commonly reported drug-related clinical adverse experi-
ences (reported by two or more subjects) were urine discolor-
ation, headache, and upper respiratory tract infection.

Geometric mean GMR (800-mg
Pharmacokinetic raltegravir +
. 800-mg 400-mg rifampin/400- P value”
parameter raltegravir +  raltegravir  mg raltegravir)
rifampin alone (90% CI)
Cy, (nM)° 43.51 92.47 0.47 (0.36,0.61)  <0.0001
AUC( ;5 (uM - h)° 5.85 4.61 1.27 (0.94, 1.71) 0.1862
max (WM)© 1.95 1.21 1.62 (1.12, 2.33) 0.0329
Tnax (h)? 1.75 3.00

¢ Multiple oral doses of 400-mg raltegravir twice daily for 4 days and multiple
oral doses of 800-mg raltegravir twice daily plus 600-mg rifampin once daily for
14 days were given to healthy male and female subjects. Fourteen subjects
received 800-mg raltegravir plus rifampin. Seventeen subjects received 400-mg
raltegravir alone.

® Corresponding to a test whether the true GMR is equal to 1.0.

¢ Geometric mean computed from least-squares estimate from an analysis of
variance performed on the natural-log-transformed values and then back-trans-
formed to the raw scale.

4 Median on raw scale reported for 7,

max*

In study 2, no serious clinical or serious laboratory adverse
experience was reported. One subject did not complete the
study due to an adverse experience considered not drug related
by the investigator. Eighteen subjects reported a total of 37
clinical adverse experiences, 9 of which were considered by the
investigator as drug related. The most commonly reported
drug-related clinical adverse experiences (reported by two or
more subjects) were urine discoloration, headache, and flatu-
lence.

In both studies, over half of the drug-related adverse expe-
riences were discolored urine (a commonly seen adverse expe-
rience with rifampin administration) which was seen only in the
study periods with rifampin administration. For both studies,
all clinical adverse experiences reported were generally tran-
sient in nature and rated mild to moderate in intensity, and
there were no laboratory adverse experiences reported.
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FIG. 1. Study 1: arithmetic mean raltegravir concentrations in plasma following a single oral dose of raltegravir with or without multiple oral
doses of rifampin once daily to healthy male and female subjects (note the semilog scale on the inset).
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FIG. 2. Study 2: arithmetic mean raltegravir concentrations in plasma following administration of multiple oral doses of 400-mg raltegravir
twice daily (BID) for 4 days and multiple oral doses of 800-mg raltegravir twice daily plus 600-mg rifampin once daily for 14 days to healthy male

and female subjects (note the semilog scale on the inset).

DISCUSSION

Since its marketing approval, raltegravir has been of signif-
icant benefit to the HIV-1-infected patient population. As with
other anti-HIV agents, raltegravir will be given in combination
with other antiretrovirals as well as other supportive medica-
tions. As such, characterization of drug interactions with ralte-
gravir is important. Rifampin coadministration is anticipated
in the target population. Rifampin is a known potent broad
inducer of drug-metabolizing enzymes including UGT1Al, the
enzyme primarily responsible for the metabolism of raltegravir.
Characterization of the effect of rifampin on the pharmacoki-
netics of raltegravir is important both to guide coadministra-
tion of the two drugs and to determine the potential for ralte-
gravir pharmacokinetics to be altered by other potent and less
potent inducers of UGT1AL.

For this new class of antiretroviral agents, there are cur-
rently insufficient clinical data to define the target pharmaco-
kinetic parameter associated with efficacy; however, for other
classes of retroviral agents, there is a reasonable, but imper-
fect, association of efficacy with doses that achieve drug trough
concentrations that exceed the protein-adjusted 95% inhibi-
tory concentration in the HIV spread assay. The results from
the PK/pharmacodynamic analyses of viral response measures
did not identify any clinically meaningful correlations with any
available measure of plasma raltegravir concentrations in pa-
tients receiving raltegravir in combination with additional ac-
tive antiretroviral agents (22). The PK/pharmacodynamic
analyses of the short-term viral response during 10-day
monotherapy identified a potential association of day 10 HIV
RNA and slope of decline in HIV RNA with drug trough
concentration (17). Therefore, the primary PK parameter of

interest in these studies was raltegravir C,,. Multiple doses of
rifampin reduced C,, of a single 400-mg dose of raltegravir by
approximately 61%. Raltegravir AUC and C,,,, were also de-
creased by an average of approximately 40% and 38%, respec-
tively. A follow-up study was conducted to see whether dou-
bling the dose of raltegravir to 800 mg twice daily could
overcome the effect of rifampin on raltegravir trough concen-
trations. In this second study, doubling of the raltegravir dose
resulted in distinct increases in AUC and C,,,,,,, similar to what
would be predicted from the single-dose study. However, a
similar increase in raltegravir C,, was not observed (C,, for
800-mg raltegravir plus rifampin was approximately 53% lower
compared to the C,, for 400-mg raltegravir alone).

Multiple-dose administration of raltegravir results in mini-
mal accumulation of AUC and C_,,, with minor accumulation
in Cy, (12). Consequently, the effect of doubling the dose of
raltegravir on C,, would not necessarily be expected to double
C,, values, especially in the presence of a potent inducer, such
as rifampin. Induction likely increases clearance and shortens
half-life, negatively impacting the extent of accumulation.
Thus, the resulting decrease in accumulation with multiple
dosing in the presence of rifampin was not expected to result in
a simple twofold conversion.

Rifampin is a very potent broad inducer, possibly the most
potent inducer of concern for antiretroviral therapies, and has
clinically significant effects on many antiretroviral drugs. For
example, rifampin decreases indinavir AUC by an average of
92%, and concomitant administration is not recommended
(16). Rifampin also substantially reduces the levels of atazan-
vir, fosamprenavir, lopinavir, and saquinavir in plasma, result-
ing in recommendations against concomitant administration
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(3). In this context, the effect of rifampin on raltegravir ob-
served in these studies was fairly modest. This suggests that the
level of raltegravir in plasma can be altered by very potent
induction of UGT1A1, but the magnitude of the effect does not
appear to be as great as that seen for substrates of CYP3A4, such
as the protease inhibitors mentioned above.

To date, no threshold C,, has been identified for raltegravir
which is known to be associated with reduced efficacy. Based
on results of these two drug interaction studies, raltegravir
trough concentrations for a regimen including twice-daily
raltegravir and rifampin would be expected to be similar to
slightly below those achieved at the lowest doses studied in
phase II dose escalation studies (9, 14, 15), as well as those
achieved when raltegravir is codosed with ritonavir-boosted
tipranavir (23). The lowest studied doses in the phase II trials
and coadministration of 400-mg twice-daily raltegravir with
ritonavir-boosted tipranavir have been shown to be as effica-
cious as the recommended clinical dose of 400 mg twice daily.
Since trough concentrations for rifampin plus raltegravir are
likely to be at the lower limits of clinical experience and the
pivotal phase III safety and efficacy studies excluded use of
rifampin, caution should be used with coadministration, par-
ticularly for the subset of patients with no other active agents
(aside from raltegravir) in their antiretroviral combination
therapy. However, rifampin coadministration with raltegravir
is not contraindicated. Clinical efficacy data on the coadmin-
istration of rifampin and raltegravir at 400 mg twice daily
versus 800 mg twice daily may shed some light on the more
appropriate dosing recommendation, and at least one such
study is currently in progress.
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