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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• The protease inhibitor (PI) darunavir with

low-dose ritonavir (DRV/r) and the
non-nucleoside reverse transcriptase
inhibitor (NNRTI) nevirapine (NVP) are used
in combination with other antiretroviral
agents and they may be co-administered for
the treatment of HIV-1 infection.

• There is the potential for a pharmacokinetic
interaction between NVP and DRV/r, since
these drugs use similar metabolic pathways.

WHAT THIS STUDY ADDS
• This study assesses for the first time the

extent of the drug–drug interaction
between NVP and DRV/r in the relevant
population of HIV-1-infected patients.

AIM
To investigate the pharmacokinetic interaction between
darunavir/ritonavir (DRV/r) and nevirapine (NVP) in 19 HIV-infected
patients.

METHODS
An open-label, randomized, crossover study. Patients received
Treatment A [NVP 200 mg b.i.d. plus �2 nucleoside/nucleotide
reverse transcriptase inhibitors (NRTIs)] and Treatment B [A plus DRV/r
300/100 mg b.i.d. (DRV oral solution)] or Treatment B2 [A plus DRV/r
400/100 mg b.i.d. (DRV tablet)] in two 14-day sessions.

RESULTS
Mean NVP AUC12h increased by 27% [least square means ratio 1.27
(95% confidence interval 1.02, 1.58)]. Mean DRV and ritonavir exposures
were similar to historical data. Co-administration was well tolerated.

CONCLUSIONS
DRV/r and NVP have no clinically relevant interaction. No dose
adjustments are required.

Darunavir (DRV, TMC114) co-administered with low-dose
ritonavir (RTV) as DRV/r 600/100 mg b.i.d. is indicated for
the treatment of HIV-1-infected, treatment-experienced
adult patients [1]; once-daily DRV/r 800/100 mg has
recently received approval in the USA in treatment-naive
patients [1]. Because DRV/r may be co-administered with
nevirapine (NVP) in HIV-infected patients and NVP, DRV
and RTV are substrates of CYP3A and use similar metabolic
pathways [2–4], the potential pharmacokinetic interaction
of NVP and DRV/r was investigated in the present study.

Methods

This open-label, randomized, crossover (two 14-day ses-
sions) study was conducted in HIV-1-infected patients who
were on a stable therapy of NVP 200 mg b.i.d. and �2
nucleoside/nucleotide reverse transcriptase inhibitors
(NRTIs) for �16 weeks. Patients were randomized to
receive Treatment A (NVP 200 mg b.i.d. and �2 NRTIs) in
one session and Treatment B (NVP 200 mg b.i.d., �2 NRTIs
and DRV/r 300/100 mg b.i.d. oral solution) or Treatment B2
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(NVP 200 mg b.i.d., �2 NRTIs and DRV/r 400/100 mg b.i.d.
tablets) in the other session. All treatments were adminis-
tered for 13 days plus an additional morning dose on day
14. There was no wash-out period between the two ses-
sions. Since an oral tablet formulation of DRV that was to
replace the oral solution for further clinical development
became available during the study, the interaction
between NVP and DRV/r was studied using the DRV solu-
tion and tablet. Furthermore, a 300-mg tablet was not
available at that time—there were 200-mg and 400-mg
DRV tablets only. To allow comparison of the study results
with historical pharmacokinetic data, the DRV/r dose
regimen and formulation in Treatments B and B2 were the
same as those used previously [5, 6].

All study medication was taken with food. On day 14,
NVP and DRV/r had to be taken within 15 min after com-
pleting a standard breakfast, and full pharmacokinetic
profiles of NVP, DRV and RTV were determined. Plasma
samples were taken predose on days 1,7,12,13 and 14,and
0.5, 1, 1.5, 2, 3, 4, 5, 6, 9 and 12 h postdose on day 14. Drug
plasma concentrations were determined by validated
methods.

Adverse events (AEs) and laboratory abnormalities
were assessed and graded according to the AIDS Clinical
Trials Group severity scale.

Descriptive statistics were calculated for NVP, DRV and
RTV plasma concentrations. The primary pharmacokinetic
parameters were minimum (Cmin) and maximum (Cmax)
plasma concentrations and area under the curve from time
of administration to 12 h postdosing (AUC12h) on the loga-
rithmic scale.

Statistical analyses compared Treatments B (test) and
B2 (test) vs. A (reference) for NVP (cross-over comparison);
Treatment B (test) for DRV and RTV vs. historical data [5]
(reference); and Treatment B2 (test) for DRV and RTV vs.
historical data [6] (reference). Only paired observations for
the compared treatments were included in a statistical
analysis of NVP. The least square (LS) means of the primary
pharmacokinetic parameters for each treatment group
were calculated using a linear mixed effects model. A 95%
confidence interval (CI) was constructed around the
difference between the LSmeans of test and reference
treatment.

Written informed consent was obtained from all
patients.

Results

Nineteen HIV-1-infected patients (74% male, 74% White)
were randomized to four panels. Panel 1 (n = 7) received
Treatment A followed by Treatment B; panel 2 (n = 4)
received Treatment B followed by A; panel 3 (n = 4)
received Treatment A followed by B2; and panel 4
(n = 4) received Treatment B2 followed by A. Patients had a
median plasma viral load of 1.8 (1.7–3.0) log10 copies ml-1,

median CD4+ cell count of 450 (105–974) ¥ 106 cells l-1 and
median age of 43 (33–56) years.

Sixteen patients received both treatment schedules;
one discontinued during follow-up, resulting in 15 patients
completing the study. One patient discontinued due to
an unrelated serious adverse event (SAE), two withdrew
consent and one discontinued due to noncompliance. All
available samples were used.

Mean plasma concentration–time curves of NVP
(Figure 1) were higher after administration of DRV/r (Treat-
ment B or B2) and NVP plus NRTIs compared with NVP plus
NRTIs alone (Treatment A). Mean pharmacokinetic param-
eters for NVP during the different treatments are shown in
Table 1. Based on the LSmeans ratio, the mean exposure
(AUC12h) of NVP was 27% higher when DRV/r (as tablet and
as solution) was co-administered with NVP plus NRTIs. The
mean NVP Cmin increased by 18% when co-administered
with DRV/r 300/100 mg b.i.d. and by 47% when co-
administered with DRV/r 400/100 mg b.i.d. The mean NVP
Cmax increased slightly with DRV/r co-administration (14%
and 18% with DRV solution and tablet, respectively).

Mean DRV and RTV exposures were generally similar to
those observed in previous DRV/r trials [5, 6]. Regardless
of DRV formulation, the mean DRV AUC12h and Cmin were
higher when DRV/r was co-administered with NVP plus
NRTIs: 9% higher AUC12 and 23% higher Cmin with DRV solu-
tion; 24% higher AUC12 and 2% higher Cmin with DRV tablet.
Furthermore, the mean DRV Cmax was 16% lower with DRV
solution and 40% higher with DRV tablet.

Small changes were observed in the mean RTV AUC12h

(16% decrease with Treatment B, 10% increase with Treat-
ment B2), Cmax (14% decrease with Treatment B, 23%
increase with Treatment B2) and Cmin (17% decrease with
Treatment B, 2% decrease with Treatment B2) when DRV/r
was co-administered with NVP and NRTIs.
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Figure 1
Mean plasma concentration–time curves of nevirapine after oral admin-
istration of nevirapine and nucleoside/nucleotide reverse transcriptase
inhibitors (NRTIs) alone (Treatment A; per Panel) and in combination with
darunavir with low-dose ritonavir (DRV/r) (Treatment B: 300/100 mg b.i.d.
oral solution; Treatment B2: 400/100 mg b.i.d. tablets). Treatment A, P1/2
(—�—);Treatment A,P3/4 (—�—);Treatment B,P1/2 (—�—);Treatment
B2, P3/4 (—�—)
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Overall, co-administration of DRV/r and NVP plus NRTIs
was generally well tolerated. One patient discontinued the
study due to grade 3 subarachnoid haemorrhage, which
was reported as an SAE but considered unrelated to
treatment. No other AEs leading to discontinuation were
reported. Fourteen patients (74%) reported �1 AE during
the trial. AEs were more frequently reported during
co-administration of NVP and DRV/r than with stable
therapy with NVP plus NRTIs alone: 18% (three of 17
patients) during Treatment A, 64% (seven of 11 patients)
during Treatment B, and 88% (seven of eight patients)
during Treatment B2. Most AEs were grade 1 or 2.The most
commonly reported AEs were diarrhoea (seven patients;
37%) and headache (five patients; 26%). Gastrointestinal
disorders were only reported during treatment including
DRV/r. Only one AE (diarrhoea during Treatment B) was
considered as ‘very likely’ related to treatment. No liver-
related AEs or clinically relevant changes in laboratory
parameters were observed.

Discussion

The findings showed that, regardless of DRV formulation,
the addition of DRV/r to a regimen of NVP and NRTIs in
HIV-1-infected patients can increase NVP steady-state
exposure (AUC12h). However, the magnitude of this change
is not considered clinically relevant based on these find-
ings coupled with data on the safety and efficacy of NVP
plus DRV/r-containing regimens in HIV-infected patients in
long-term controlled clinical trials [7, 8].

The presence of NVP did not seem to have a clinically
relevant influence on the pharmacokinetics of DRV or
RTV, because the exposures of both compounds were

generally comparable to those observed in previous trials
with DRV/r [5, 6].

Consistent with observations in the present study,
available pharmacokinetic interaction data of NVP and
protease inhibitors (PIs) show that, in most cases, no clini-
cally relevant interactions occur when NVP and PIs are
co-administered. For example, co-administration of NVP
and unboosted saquinavir (SQV) in HIV-infected patients
resulted in the statistically significant reduction of SQV Cmax

by 29% (P = 0.049) and AUC by 27% (P = 0.03), which were
less than the 30% change used to define a clinically signifi-
cant interaction [9]. In the same study, SQV caused a statis-
tically insignificant decrease (3%) in NVP AUC [9]. The
addition of NVP to a regimen containing lopinavir with
low-dose RTV (LPV/r) can decrease LPV exposure.Although
the clinical relevance of this observation has not been fully
established, a higher dose of LPV/r is recommended when
combined with NVP in treatment-experienced patients
[10, 11].

Safety assessments showed that co-administration
of DRV/r and NVP plus �2 NRTIs was generally well
tolerated.

The interaction between DRV/r and NVP has been
studied at a dose lower than the recommended dosage
for treatment-experienced adults (i.e. DRV/r 600/100 mg
b.i.d.). However, based on the small increases in NVP expo-
sure during co-administration with DRV/r 300/100 mg
(oral solution) and 400/100 mg b.i.d. (tablet), and the lack
of dose-proportionality in DRV pharmacokinetics between
DRV/r 400/100 and 600/100 mg b.i.d. [12], a comparable
small increase in NVP exposure is expected when NVP is
combined with DRV/r 600/100 mg b.i.d. Therefore, the
combination of NVP and DRV/r can be used without dose
adjustments in HIV-1-infected patients.

Table 1
Pharmacokinetic results of nevirapine after administration of NVP and NRTIs alone (Treatment A) and in combination with DRV/r (Treatments B and B2)

Pharmacokinetic parameter
Mean � SD [tmax: median
(range)]

Panel 1 + 2 Panel 3 + 4

NVP + NRTIs (Treatment A)

NVP + NRTIs + DRV/r
300/100 mg b.i.d. oral solution
(Treatment B) NVP + NRTIs (Treatment A)

NVP + NRTIs + DRV/r
400/100 mg b.i.d. tablets
(Treatment B2)

n 9 8 8 8
AUC12h, ng h-1 ml-1 76 570 � 29 948 109 749 � 68 732 66 933 � 14 441 88 148 � 33 335

Cmax, ng ml-1 8 064 � 2 531 10 670 � 6 579 7 005 � 1 348 8 560 � 3 178
C0h, ng ml-1 6 273 � 3 005 9 106 � 5 557 5 031 � 1 520 6 895 � 3 020

Cmin, ng ml-1 5 192 � 2 137 7 031 � 4 804 4 273 � 1 614 6 220 � 2 589
tmax, h 1.5 (0.0–12.0) 4.5 (0.5–9.0) 3.0 (0.5–6.0) 4.0 (2.0–5.0)

LSmeans ratio (95% CI) Treatment B vs. A Treatment B2 vs. A
AUC12h, ng h ml-1 – 1.27 (1.02, 1.58) – 1.27 (1.09, 1.49)

Cmax, ng ml-1 – 1.14 (0.87, 1.50) – 1.18 (0.99, 1.42)
Cmin, ng ml-1 – 1.18 (0.87, 1.60) – 1.47 (1.14, 1.92)

SD, standard deviation; tmax, time to maximum plasma concentration; NVP, nevirapine; NRTI, nucleoside/nucleotide reverse transcriptase inhibitor; DRV/r, darunavir with low-dose
ritonavir; n, number of subjects; AUC12h, area under plasma concentration–time curve from time of intake to 12 h after dosing; Cmax, maximum plasma concentration; C0h, predose
plasma concentration; Cmin, minimum plasma concentration; LS, least square; CI, confidence interval.
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