ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Dec. 2008, p. 4338-4343
0066-4804/08/$08.00+0  doi:10.1128/AAC.01543-07

Vol. 52, No. 12

Copyright © 2008, American Society for Microbiology. All Rights Reserved.

Minimal Effects of Ritonavir and Efavirenz on the Pharmacokinetics
of Raltegravir’

Marian Iwamoto,"'* Larissa A. Wenning," Amelia S. Petry,' Martine Laethem,' Marina De Smet,’
James T. Kost,' Sheila A. Breidinger," Eric C. Mangin,' Neal Azrolan,' Howard E. Greenberg,”
Wouter Haazen,? Julie A. Stone,' Keith M. Gottesdiener,' and John A. Wagner'

Merck & Co., Inc., Whitehouse Station, New Jersey'; Thomas Jefferson University, Philadelphia, Pennsylvania® and

SGS Life Sciences Services, Antwerp, Belgium?®

Received 29 November 2007/Returned for modification 5 April 2008/Accepted 28 September 2008

Raltegravir is a novel human immunodeficiency virus type 1 (HIV-1) integrase strand transfer inhibitor
with potent in vitro activity against HIV-1 (95% inhibitory concentration = 31 nM in 50% human serum).
The possible effects of ritonavir and efavirenz on raltegravir pharmacokinetics were separately examined.
Two clinical studies of healthy subjects were conducted: for ritonavir plus raltegravir, period 1, 400 mg
raltegravir; period 2, 100 mg ritonavir every 12 h for 16 days with 400 mg raltegravir on day 14; for
efavirenz plus raltegravir, period 1, 400 mg raltegravir; period 2, 600 mg efavirenz once daily for 14 days
with 400 mg raltegravir on day 12. In the presence of ritonavir, raltegravir pharmacokinetics were weakly
affected: the plasma concentration at 12 h (C,, ,,) geometric mean ratio (GMR) (90% confidence interval
[CI]) was 0.99 (0.70, 1.40), area under the concentration-time curve from zero to infinity (AUC,_..) was
0.84 (0.70, 1.01), and maximum concentration of drug in serum (C,,,,) was 0.76 (0.55, 1.04). In the
presence of efavirenz, raltegravir pharmacokinetics were moderately to weakly reduced: C,, ,, GMR (90%
CI) was 0.79 (0.49, 1.28); AUC,_., was 0.64 (0.52, 0.80); and C,,,, was 0.64 (0.41, 0.98). There were no
substantial differences in the time to maximum concentration of drug in plasma or the half-life. Plasma
concentrations of raltegravir were not substantially affected by ritonavir. Though plasma concentrations
of raltegravir were moderately to weakly reduced by efavirenz, the degree of this reduction was not
clinically meaningful. No dose adjustment is required for raltegravir with coadministration with ritonavir

or efavirenz.

There are several issues associated with many of the cur-
rently available therapies for human immunodeficiency virus
(HIV) that can lead to discontinuation of therapy and treat-
ment failure. Drug-drug interactions are particularly problem-
atic among many of the marketed antiretroviral agents and
often result in complications in the administration of appropriate
antiretroviral cocktails and other supportive medications. Thus,
the investigation of potential drug-drug interactions is of para-
mount importance. Virtually all of the nonnucleoside reverse
transcriptase inhibitors and protease inhibitors are known to
affect the metabolism of coadministered agents (2). Two com-
monly prescribed agents, ritonavir and efavirenz, are among
these.

Ritonavir is a potent inhibitor of cytochrome 3A (CYP3A)
and CYP2D6 and also appears to induce CYP3A and other
drug metabolizing enzymes, including glucuronosyl trans-
ferases (7). Similar to ritonavir, efavirenz is an inducer of a
number of drug metabolizing enzymes and has been shown to
have inhibitive characteristics in vitro (20). The list of drugs
that may have significant interactions with these frequently
used antiretroviral agents is extensive.

Development of compounds with little propensity for such
interactions will provide a significant benefit to patients. Ralte-
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gravir is a member of a promising new class of drug for the
treatment of HIV infection. Raltegravir is a novel HIV type 1
(HIV-1) integrase strand transfer inhibitor with potent in vitro
activity against HIV-1 (95% inhibitory concentration = 31 nM
in 50% human serum) (13, 18, 19; Isentress package insert
[Merck & Co., Inc.]). Raltegravir has been shown to be well
tolerated and effective in reducing viral loads in treatment-
naive HIV-1-infected patients when dosed as monotherapy for
10 days (10). Clinical studies of treatment-experienced patients
when drug was administered in concert with optimal back-
ground therapy have further supported the safety and efficacy
profile (1, 4, 5, 16), with a dose of 400 mg administered twice
daily established as the therapeutic dose and schedule.

Raltegravir is primarily cleared by metabolism, predomi-
nantly by glucuronidation via the isozyme UGT1A1 (9). Ralte-
gravir is neither an inducer nor an inhibitor of enzymes in-
volved in drug metabolism (8). Since the current treatment
paradigm for HIV involves the administration of anti-HIV
agents in combination, to boost efficacy and to control the
emergence of resistance, it is currently planned that raltegravir
will be administered in concert with other anti-HIV drugs,
including ritonavir and efavirenz. The two studies presented
here examined the safety, tolerability, and pharmacokinetics of
raltegravir when coadministered with either ritonavir or efa-
virenz in healthy male subjects.

(The information in this article was presented in part at the
46th Interscience Conference on Antimicrobial Agents and
Chemotherapy, 2006 [8a]).
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MATERIALS AND METHODS

Study subjects. A mutually exclusive set of subjects participated in each of the
two studies. Healthy male subjects between the ages of 18 to 45 years and within
30% of ideal body weight were eligible for the studies. Subjects were excluded
from the studies if they were smokers; infected with HIV; had a significant
history of psychiatric, neurologic, endocrine, cardiovascular, rheumatologic, gas-
trointestinal, hepatic, renal, genitourinary, hematologic, or neoplastic disease;
had donated blood or experienced a significant loss of blood within 4 weeks prior
to the start of the studies; or had anticipated needing any prescription or non-
prescription drugs during the studies. Females were excluded from the studies
presented in the manuscript due to the fact that these studies were conducted
prior to availability of data from preclinical developmental and reproductive
toxicology studies and female pharmacokinetic studies; these data were provided
later in the development program, supporting inclusion of females in other
clinical studies.

All subjects provided written informed consent to participate in their respec-
tive study. The protocols were approved by the institutional or ethical review
boards of the respective study centers. The protocols were conducted in accor-
dance with the guidelines on good clinical practice and with the ethical standards
for human experimentation established by the Declaration of Helsinki.

Ritonavir study design (study I). The ritonavir interaction study was a double-
blind, randomized, placebo-controlled, two-period study of young, healthy male
subjects. In period 1, subjects received a 400-mg single oral dose of raltegravir
(lactose formulation) or placebo. This was followed by at least a 4-day washout
interval for each subject prior to the start of period 2. In period 2, all subjects
received 100-mg oral doses of ritonavir (Norvir; Abbott Laboratories, Abbott
Park, IL) twice a day for 16 days. On day 14, subjects received their morning dose
of ritonavir in combination with a 400-mg single oral dose of raltegravir or a
placebo. Ritonavir was administered in an open-label fashion, while raltegravir
was administered in a double-blind fashion. The same two subjects in each period
received placebo versus raltegravir based on a computer-generated randomized
allocation schedule. All doses of study drug were administered following a
moderate-fat meal, including those doses administered on pharmacokinetic sam-
pling days. Ritonavir is recommended to be administered with food, and prior
results from a food effect study with the lactose formulation of raltegravir indi-
cated that food had a minimal effect on raltegravir pharmacokinetics (14).

Efavirenz study design (study II). The efavirenz interaction study was a dou-
ble-blind, randomized, placebo-controlled, two-period study of young, healthy
male subjects. In period 1, subjects received a 400-mg single oral dose of ralte-
gravir (lactose formulation) or a placebo. This was followed by at least a 4-day
washout interval for each subject prior to the start of period 2. In period 2, all
subjects received 600-mg oral doses of efavirenz (Stocrin; Merck & Co., Inc.,
Whitehouse Station, NJ) once daily for 14 days. On day 12, subjects received
their daily dose of efavirenz in combination with a 400-mg single oral dose of
raltegravir or a placebo. Efavirenz was administered in an open-label fashion,
while raltegravir was administered in a double-blind fashion. The same two
subjects in each period received placebo versus raltegravir based on a computer-
generated randomized allocation schedule. All doses of study drug were admin-
istered to subjects in the fasted state. Efavirenz was administered at bedtime, as
recommended in the package insert (Stocrin package insert; Merck & Co., Inc.).

Analytical and pharmacokinetic measurements. Whole blood samples were
collected for each study for the quantification of raltegravir in plasma. In study
I, samples were collected at 0, 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10, 12, 16, 24, 32, 48, and
72 h postdose after raltegravir dosing in each treatment period. Time points were
similar in study IT with the exception of a collection at 36 h rather than 32 h.

Plasma samples were analyzed for raltegravir concentrations using a validated
reverse-phase high-pressure liquid chromatography tandem mass spectrometry
method, as previously described (12). The lower limit of quantitation for the
plasma assay was 2 ng/ml (4.5 nM), and the linear calibration range was 2 to 1,000
ng/ml. For study I, the interday accuracy of the plasma quality control samples
was 96.8 to 108.3% and the interday precision was 1.4 to 2.6%. For study II, the
interday accuracy of the plasma quality control samples was 90.9 to 98.8% and
the interday precision was 2.6 to 5.4%.

Plasma raltegravir concentrations were converted into molar units (nM) using
the molecular weight of 444.4 and were subsequently employed to determine the
pharmacokinetic parameters, including the plasma concentration at 12 h (Cy, ,),
area under the concentration-time curve from zero to infinity (AUC,,_..), maxi-
mal plasma concentration (C,,,), time to maximal plasma concentration (7,,,y),
and apparent half-life (¢,,) for each subject. The software program WinNonlin
(Pharsight Corporation, Mountain View, CA) was used in the calculation of
pharmacokinetic parameter values. The distribution and elimination phases of
each plasma concentration profile were fit to a biexponential equation (concen-
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tration = A X e * + B X e ®) using the Gauss-Newton (Levenberg and
Hartley) minimization method and a weighting of 1/(predicted concentration)?.
Onset of the a phase was determined by inspection. ¢,,, values for each phase
were calculated as the quotient of In(2) and « or B. The AUC to the last time
point with a detectable plasma concentration was calculated using the linear
trapezoidal method for ascending concentrations and the log trapezoidal method
for descending concentrations. The AUC,, .. was estimated as the sum of the
AUC to the last time point with a detectable plasma concentration and the
extrapolated area given by the quotient of the last measured concentration and
B. Crmax and T, Were obtained by inspection of the plasma concentration data.
Provided that the actual observed time of T,,,, did not differ in a meaningful way
from the nominal plasma sampling time, nominal plasma sampling times were
used to determine the 7., value. Cy, ,, values were assessed from the plasma
concentrations determined for the nominal sampling times at 12 h postdose.

Safety. Safety and tolerability were assessed in each study by clinical evaluation
(including physical examinations, vital signs, and 12-lead electrocardiograms)
and laboratory measurements (including hematology, serum chemistry, and uri-
nalysis). Adverse experiences were monitored throughout the study. Investiga-
tors evaluated all clinical adverse experiences in terms of intensity (mild, mod-
erate, or severe), duration, seriousness, outcome, and relationship to study drug.

Statistical methods. The parameters Cy, 1, C,., and AUC_., were natural-
log transformed before analysis. Ninety-percent confidence intervals (CIs) were
calculated for the mean treatment difference (raltegravir with ritonavir or efa-
virenz-raltegravir alone) of Cy, , Cp . and AUC,_., and were based on an
analysis-of-variance model with treatment as a fixed effect and with subject as a
random effect. Confidence intervals constructed on the log scale were back
transformed to obtain confidence intervals for the geometric mean ratios (GMR)
of Cy5 1, Crnaxs and AUC ...
For Ty tip o« and ty, B, the Hodges-Lehman estimate of the median
difference (raltegravir with ritonavir or efavirenz-raltegravir alone) was com-
puted, as was a 90% CI for the true median difference.

All statistical analyses were conducted using the SAS software program, ver-
sion 8 (SAS Institute Inc., Cary, NC).

RESULTS

Demographics and baseline characteristics. For study I, a
total of 14 male subjects was enrolled in the study. All subjects
were nonsmokers and weighed within =30% of ideal body
weight, with a mean weight of 79.6 kg (range, 63.3 to 114.8 kg)
and a mean age of 28 years (range, 18 to 41 years). Subjects
were HIV negative and in good general health according to
routine medical history, physical examination, vital signs, and
laboratory data. Eight of the fourteen enrolled subjects were
African-American and six were Caucasian.

For study 11, a total of 14 male subjects was enrolled in the
study. All subjects were nonsmokers and weighed within
+30% of ideal body weight, with a mean weight of 79.6 kg
(range, 62.4 to 95.5 kg) and a mean age of 34 years (range, 19
to 45 years). Subjects were HIV negative and in good general
health according to routine medical history, physical examina-
tion, vital signs, and laboratory data. All of the enrolled sub-
jects were Caucasian.

Pharmacokinetics. The arithmetic mean raltegravir plasma
concentration-time profiles for both the ritonavir and efavirenz
studies are shown in Fig. 1 and 2, respectively. The pharma-
cokinetic parameter values for each of these studies are sum-
marized in Tables 1 and 2. The administration of multiple
doses of 100 mg of ritonavir twice daily for 14 days weakly
affected the pharmacokinetic profile of a single dose of ralte-
gravir. The C;, , GMR (raltegravir plus ritonavir-raltegravir)
was 0.99 with a corresponding 90% CI of 0.70, 1.40. The
AUC,_.. and C,,,,, GMRs (90% CI) were 0.84 (0.70, 1.01) and
0.76 (0.55, 1.04), respectively. As shown in Table 2, there were
no substantial differences observed in T, or t,, values of

raltegravir in the presence versus the absence of ritonavir.
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FIG. 1. Arithmetic mean raltegravir plasma concentrations follow-
ing a single oral dose of 400-mg raltegravir with or without multiple
oral doses of 100-mg ritonavir twice daily to young, healthy male
subjects (inset, semilog scale; lines connecting data points are inter-
polations between the points).

Multiple-dose administration of efavirenz prior to and co-
administered with a single oral dose of raltegravir resulted in a
moderately lower C;, ,, GMR (raltegravir plus efavirenz-ralte-
gravir) of 0.79 with a corresponding 90% CI of 0.49, 1.28.
Moderately to weakly reduced raltegravir AUC,_., and C,,,
values were also observed: the GMR (90% CI) of the AUC,, ..
was 0.64 (0.52, 0.80), and that of the C,,,, was 0.64 (0.41, 0.98).
As shown in Table 2, there were no substantial differences
observed in the T,,,, or t,, values of raltegravir in the presence
versus absence of efavirenz.

Safety and tolerability. Single-dose administration of ralte-
gravir alone and in combination with either ritonavir or efa-
virenz was generally well tolerated in young, healthy male
subjects. In study I, there were no serious clinical or laboratory
adverse experiences observed during the study. No subject
discontinued treatment due to an adverse experience. Twelve
of the 14 enrolled subjects completed the study. Two subjects
discontinued the study for personal reasons unrelated to study
safety. All 14 subjects enrolled in the study were included in
the evaluation of safety, since both subjects who discontinued
had received at least one dose of raltegravir. Five subjects
reported a total of seven nonserious clinical adverse experi-
ences, three of which were determined by the study investiga-
tor to possibly be drug related (dyspepsia, concentration im-
pairment, concentration loss), with all three of these
determined to be mild in intensity and limited in duration.
None of the adverse experiences reported occurred in subjects
treated with raltegravir alone, with raltegravir in combination
with ritonavir, or with a placebo. The three drug-related ad-
verse experiences all occurred during administration of ritona-
vir alone. There were no laboratory adverse experiences re-
ported.

In study II, there were no serious clinical or laboratory
adverse experiences. Twelve of the fourteen enrolled subjects
completed the efavirenz study. Two subjects discontinued the
study due to nonserious clinical adverse experiences judged by
the investigator to be unrelated to raltegravir. A total of 114
nonserious clinical adverse experiences were reported by 14
subjects enrolled in the study, 97 of which were judged to be
drug related. Of these 97 adverse experiences, 92 were related
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FIG. 2. Arithmetic mean raltegravir plasma concentrations follow-
ing a single oral dose of 400-mg raltegravir with or without multiple
oral doses of 600-mg efavirenz once daily to young, healthy male
subjects (inset, semilog scale; lines connecting data points are inter-
polations between the points).

to efavirenz, all of which were consistent with adverse experi-
ences reported in the label for this drug. There were no labo-
ratory adverse experiences reported.

DISCUSSION

A primary aim of the two studies reported was to assess the
potential pharmacokinetic interactions of raltegravir when co-
administered with either ritonavir or efavirenz, two drugs
which are known to have substantive effects on the pharmaco-
kinetic profiles of multiple drugs. Data from these two current
studies indicate that the propensity for ritonavir and efavirenz
to meaningfully affect the pharmacokinetic profile of raltegra-
vir is not substantial.

Interpretation of deviations of raltegravir pharmacokinetics
secondary to extrinsic factors, such as concomitant medicinal
product use, is based on the overall efficacy and safety data-
base. For other classes of antiretroviral agents, there is a rea-
sonable but imperfect association of efficacy with doses that
achieve trough concentrations (Ciyn) in excess of the pro-
tein-binding-adjusted 95% inhibitory concentration in the HIV
spread assay (3). Analyses of the raltegravir viral response
measures associated with pharmacokinetic measures did not
identify any clinically meaningful correlations with C,.,qp, OF
other pharmacokinetic parameter values (21). However, phar-
macokinetic/pharmacodynamic (PK/PD) analyses of short-
term viral response identified a potential association of day-10
HIV RNA and slope of decline in HIV RNA with the Ci,,uqn
value (or C,, , on the therapeutic schedule). Although these
results did not translate into differences in longer-term efficacy,
these short-term PK/PD results suggested that C,,4, is likely
a sensitive pharmacokinetic parameter for predicting the viral
response (11). In patients receiving combination therapy with
raltegravir, little concentration dependency was seen, with
long-term efficacy. As such, the lower bound of pharmacoki-
netic exposures defined the reduction in the C,, , value that
has been demonstrated not to be associated with an increased
risk of reduced long-term efficacy. Pharmacokinetic and effi-
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TABLE 1. Plasma pharmacokinetic parameters for raltegravir following single oral doses of 400-mg raltegravir
with or without administration of 100-mg ritonavir twice daily

Geometric mean

Value for raltegravir + ritonavir/value
for raltegravir

Pharmacokinetic No. of
arameter subjects .
P ! Raltegravir + Raltegravir GMR (90% Cl) L

ritonavir value
Cy, 1, (nM)* 10 76.5 77.1 0.99 (0.70, 1.40) 0.965
AUC,_. (uM - h)* 10 19.32 22.88 0.84 (0.70, 1.01) 0.122
Croax (RM)? 10 7.23 9.57 0.76 (0.55, 1.04) 0.143
Tnax 10 2.0 1.8° 0.5 (—1.0, 2.0 0.555
t1, a (h) 10 0.97¢ 1.06¢ —0.11 (=0.16, —0.05)° 0.078
ty, B (h) 10 10.0¢ 10.8¢ 0.3 (—25,3.8)° 0.826

“ Geometric mean computed from least-squares estimate from an analysis of variance performed on the natural-log transformed values.

? Median reported for T,

¢ Hodges-Lehman estimate of median treatment difference with corresponding 90% CI for true median treatment difference.

4 Harmonic mean reported for t,,.

cacy data in the phase II and III studies established that a 60%
decrease in Cy,,q, concentration (Cy, ) is not considered to
be clinically relevant (11).

As is the case with many drugs, AUC and/or C,,,, are the
pharmacokinetic parameters that are most likely to be associ-
ated with toxicity. Because there have been no acute safety
findings in the raltegravir clinical program that were tempo-
rally associated with peak concentrations, the AUC was deter-
mined to be the most appropriate raltegravir pharmacokinetic
parameter from which to judge the clinical significance of el-
evations in raltegravir concentrations (11). Overall, raltegravir
has been generally well tolerated, with no dose-related toxici-
ties identified thus far; therefore, the upper bound of broad
clinical experience was used to define the elevation in AUC
demonstrated not to be associated with an increased risk of
clinically meaningful alterations in safety and tolerability.
Pharmacokinetic and safety data in the phase II and III clinical
studies established an upper comparability bound of up to a
twofold increase in exposure not having clinical relevance (11).

In the ritonavir interaction study, the results did not dem-
onstrate bioequivalence. However, with respect to clinical no-
effect bounds, the raltegravir C,, ,, value was essentially unaf-
fected, with a C,, , GMR (90% CI) of 0.99 (0.70, 1.40) and the
lower bound of the confidence interval greater than the lower
bound of clinical relevance (0.40). The AUC and C,,,, of
raltegravir were weakly reduced in the presence of ritonavir

versus its absence. Ritonavir is an inducer of glucuronidation
and an inhibitor of CYP3A and CYP2D6 metabolism. Ritona-
vir is also an inhibitor of the transporter P-glycoprotein (7).
The main route of elimination of raltegravir is glucuronidation
mediated by UGT1AL1 (9), and results of this study support
that a commonly used boosting dose of ritonavir (100 mg twice
daily) has no clinically meaningful effect on the pharmacoki-
netics of raltegravir, despite the potential for induction of
UGT1AL1 by ritonavir. Due to the multiple effects of ritonavir
on enzymes and transporters noted above, a balance of
competing effects of induction and inhibition cannot be
ruled out, although based on preclinical and clinical data, it
is not anticipated that the pharmacokinetics of raltegravir
would be altered by inhibition of CYP3A, CYP2D6, or P-
glycoprotein.

In the efavirenz study, the coadministration of efavirenz and
raltegravir moderately to weakly reduced plasma concentra-
tions of raltegravir (AUC,,_.., C,,., and C,, ;) without other-
wise altering the plasma pharmacokinetic profile (7., and
apparent t,,,). Similar to the case with ritonavir, bioequiva-
lence was not demonstrated; however, the lower bound of the
Cy, , 90% CI (0.49) was greater than the lower bound of
clinical relevance. In vitro studies have shown that efavirenz
inhibits CYP2C9, CYP2C19, and CYP3A4. Efavirenz has also
been shown to induce CYP450 enzymes and has the potential
to induce its own metabolism (CYP3A4 and 2B6 are the major

TABLE 2. Plasma pharmacokinetic parameters for raltegravir following single oral dose of 400-mg raltegravir with or without multiple oral
doses of 600-mg efavirenz

Geometric mean

Value for raltegravir + efavirenz/value
for raltegravir

Pharmacokinetic No. of
arameter subjects :

P ! Raltegravir + Raltegravir GMR (90% CI) v
Ci, 1, (nM)* 9 62.5 79.1 0.79 (0.49, 1.28) 0.388
AUC,_.. (WM - h)* 9 18.14 28.15 0.64 (0.52, 0.80) 0.006
Crrax (RM)? 9 6.45 10.13 0.64 (0.41, 0.98) 0.089
T nax 9 1.5¢ 1.5¢ =0.1 (—1.0,2.2)° 0.984
ty, a (h) 9 0.95¢ 0.98¢ —0.06 (—0.14, 0.16)° 0.414
ti, B (h) 9 9.1¢ 10.8¢ —0.6 (—4.4,2.7) 0.820

“ Geometric mean computed from least-squares estimate from an analysis of variance performed on the natural-log transformed values.

> Median reported for T,

¢ Hodges-Lehman estimate of median treatment difference with corresponding 90% CI for true median treatment difference.

4 Harmonic mean reported for #,.
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isozymes responsible for efavirenz metabolism). Efavirenz is
known to activate the pregnane X receptor (6), which is in-
volved in regulating activity of CYP3A4 and that of UGT1A1
(17). Due to its effects on the pregnane X receptor, efavirenz
is a potential inducer of UGT1A1. Evidence for such induction
has been reported in a study of antiretroviral therapy-associ-
ated hyperbilirubinemia, in which the use of efavirenz therapy
resulted in significantly decreased bilirubin levels compared to
results for patients using other antiretroviral therapies, pre-
sumably due to increased clearance of bilirubin catalyzed by
increased UGT1A1 activity (15). The observed interaction
with raltegravir is most consistent with a minor inductive effect
of efavirenz on UGT1A1, and the lack of a substantial effect of
efavirenz on the ¢, of raltegravir suggests that efavirenz may
primarily affect first-pass metabolism. Due to the multiple ef-
fects of efavirenz on enzymes as noted above, a balance of
competing effects of induction and inhibition cannot be ruled
out, although based on preclinical and clinical data, it is not
anticipated that the pharmacokinetics of raltegravir would be
altered by induction of CYP450 enzymes or by inhibition of
CYP3A4, CYP2C9, or CYP2CI09.

Based on the collective clinical data obtained in phase II and
phase III efficacy studies in population pharmacokinetic anal-
yses and PK/PD correlation analyses, the degree of interaction
for ritonavir or efavirenz with raltegravir pharmacokinetics is
not clinically meaningful since perturbations fall within the
bounds of clinical relevance.

Drug-drug interactions are particularly important consider-
ations in the treatment of the HIV-infected population and can
be problematic in many instances. Both ritonavir and efavirenz
have been shown to exert significant effects on the pharmaco-
kinetics of many antiretroviral agents, as well as several other
drugs commonly used with this population (2). Since ritonavir
and efavirenz are commonly used agents for this population, it
would be advantageous to have other antiretroviral drugs that
are not negatively impacted by ritonavir or efavirenz. Overall,
an antiretroviral compound with little propensity for drug in-
teractions, such as raltegravir, would be highly advantageous.

It should be noted that the studies discussed in this article
were conducted with healthy volunteers rather than with HIV-
1-infected individuals. Furthermore, the sample size of the
studies was small, representing a limited demographic range.
However, demographic effects on raltegravir pharmacokinetics
have been assessed with no evidence that factors such as age,
race, sex, or HIV infection status influence pharmacokinetics
(11). Despite the limitations in these healthy volunteer studies,
the data imply a limited propensity for clinically meaningful
drug-drug interactions in the target population.

In summary, raltegravir in combination with ritonavir or
efavirenz was generally well tolerated in healthy subjects. In
the population studied, plasma concentrations of raltegravir
are not substantially affected when subjects are codosed with
ritonavir. Though plasma concentrations of raltegravir are
moderately to weakly reduced when subjects are codosed with
efavirenz, the degree of this reduction is likely not clinically
meaningful. Based on these data, no dose adjustment is re-
quired for raltegravir with coadministration with ritonavir or
efavirenz.
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