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Abstract

Background and Objectives In clinical practice, antiret-
roviral regimens are often interrupted or modified for
intolerance and toxicity. The objective of this study was to
develop an in vitro to in vivo extrapolation (IVIVE)
approach to describe the interaction when efavirenz is
switched to either maraviroc or nevirapine and to test dif-
ferent switching scenarios to identify the best strategy.
Methods In vitro data describing the chemical and absorp-
tion, tissue distribution, metabolism and excretion (ADME)
characteristics of efavirenz, maraviroc and nevirapine were
obtained from the literature, and used to simulate plasma
exposures of these drugs using the Simcyp Population-Based
Simulator. The predicted maraviroc and nevirapine exposures
were compared with data from clinical studies evaluating their
exposures following a switch from efavirenz.

Results Model predictions for maraviroc and nevirapine
exposure were in agreement with observed data. The
simulations suggest that the waning efavirenz induction
effect following discontinuation necessitated increasing
maraviroc to 600 mg twice daily for 1 week after efavirenz
cessation. Alternatively, adequate exposure of maraviroc
was shown with a dose of 450 mg for 2 weeks. Efavirenz
waning induction did not affect nevirapine exposure.
Conclusion IVIVE modelling successfully predicted
patient drug exposure. This modelling technique is able to
inform the design of clinical studies, and allows assessment
of pragmatic dosing strategies under complex therapeutic
scenarios.
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Key Points

An in vitro to in vivo extrapolation model to describe
antiretroviral drug—drug interactions has been
developed and validated.

The model has the ability to inform the design of
clinical studies.

The model can also be used for the assessment of
pragmatic dosing strategies under complex
therapeutic scenarios.

1 Introduction

Efavirenz-based antiretroviral combinations are first-line
regimens for treatment of naive HIV-1 patients. Central
nervous system (CNS) adverse events are common fol-
lowing initiation with efavirenz, often necessitating a
switch to alternative agents in patients with ongoing CNS
toxicity [1-3]. In these circumstances it is important to
manage drug interactions leading to low concentrations of
the alternative agent due to persisting enzyme induction by
efavirenz, to avoid allowing a window for virological
replication and escape.

Efavirenz is mainly metabolised by the cytochrome
P450 (CYP) 2B6 isoform, and secondarily by CYP3A4,
CYP2A6, CYP1A2 and uridine-5'-diphospho-glucur-
onosyltransferase (UGT) 2B7 [4, 5]. In vivo, efavirenz
causes induction of CYP3A4 and CYP2B6, although the
magnitude of an interaction is related to the degree of
induction [6]. Moreover, concomitant drugs inducing or
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inhibiting CYP2B6 and CYP3A4 can affect efavirenz
metabolism and exposure [5].

Maraviroc is a selective C-C chemokine receptor type 5
(CCR5) antagonist, inhibiting the interaction of HIV-1
gp120 and CCRS that is necessary for CCR5-tropic HIV-1
to enter cells [7]. Maraviroc is extensively metabolised by
CYP3A4; thus, its exposure is altered by concomitant drugs
that modulate activity of CYP3A4 and maraviroc dose
adjustment might be necessary [8]. The maraviroc dose
should be increased from 300 mg twice daily to 600 mg
twice daily when co-administered with efavirenz. Due to
the long efavirenz half-life (40-55 h, or longer at steady
state) [4, 9], CYP3A4 induction can be prolonged for many
days, even after cessation; consequently, efavirenz may
affect maraviroc concentrations during the period of
switching. The length of time for which efavirenz can
induce drug metabolism has not been fully characterised
and can be affected by many factors (e.g. demographic,
diseases status, genetics). Consequently, choosing the
appropriate switching strategy is crucial. Starting maraviroc
therapy immediately after efavirenz cessation may result in
sub-therapeutic maraviroc concentrations with possible
reduced efficacy, and keeping an increased maraviroc dose
for an excessive length of time may result in concentration-
dependent adverse events (i.e. hypotension) [10].

Nevirapine is mainly metabolised in the liver by
CYP3A4 and CYP2B6 [11], inducing its own metabolism
and resulting in a 1.5- to 2-fold increase in the oral clear-
ance after the first weeks of dosing [12]. For this reason,
lead-in dosing of nevirapine (200 mg for 14 days,
increasing to 200 mg twice daily thereafter in adults) is
recommended, but it is unclear whether such dosing results
in a window of sub-therapeutic nevirapine concentrations
following a switch from efavirenz to nevirapine [13-17].

In vitro to in vitro extrapolation (IVIVE) is a ‘bottom-up’
approach that integrates drug-specific factors, human phys-
iology and anatomy through mathematical modelling, to
simulate pharmacokinetics in virtual populations. Recent US
Food and Drug Administration guidance on metabolic drug—
drug interactions (DDIs) has put more emphasis on the use of
in vitro systems for detecting and anticipating such effects
[18]. The in vitro detection of potential DDIs has been
extensively reviewed. DDIs represent a relevant medical
problem with economic loss for the health system, and early
prediction and assessment of potentially significant DDIs
that may resultin adverse effects is extremely important. The
objective of this study was to develop an IVIVE modelling
approach to test different switching scenarios away from
efavirenz. Here we describe the switch to maraviroc or ne-
virapine since we were able to compare modelling data with
clinically derived pharmacokinetic parameters. We have
identified the best strategies for each switch.
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2 Methods
2.1 Drug of Parameters

The oral absorption, tissue distribution, metabolism and
excretion (ADME) of each drug were simulated using the
Simcyp Population-Based Simulator (version 11; Simcyp,
Sheffield, UK) in healthy subjects. The Simcyp program
creates virtual populations with genetic, physiological and
demographic variables that are generated using equations
derived from population databases obtained from literature
sources. The relevant parameters to the IVIVE scaling
process are obtained for each individual and are then
applied, together with in vitro metabolism data, to obtain
whole liver intrinsic clearance values [19]. In vitro
parameters were scaled to hepatic and intestinal unbound
intrinsic clearance (CL,p iny and CLg inc for liver and gut,
respectively) via incorporation of covariate-linked scaling
factors generated for each virtual subject as described
previously [20]. Hepatic clearance (CLy), fraction escaping
the first-pass metabolism (F}) and fraction escaping the gut
metabolism (Fg) were then calculated, incorporating
additional individualised system parameters of liver blood
flow, free fraction in blood (fug) and enterocytes (fugyr),
and blood flow in the gut (Qgyr) as reported previously
[20]. Simcyp simulates a virtual population that, ideally,
captures the range of inter-subject variability of real patient
populations. Using in vitro data on drug metabolism and
incorporating inter-individual variability that is relevant to
drug metabolism in both the liver and gut, the Simcyp
algorithms have been used to predict the clearances of the
drug with respect to both median values and variability [19,
21, 22]. The measurement of enzyme activity (activity per
unit amount of CYP as opposed to activity per mg protein
provided by liver systems), together with knowledge of the
variability of CYP abundances in different populations
(with regard to ethnicity, disease, age, etc.), allows vari-
ability in in vivo metabolic clearance to be assessed [23].
In this study, parameters were taken from the North
European Caucasian population library within Simcyp
[20].

We previously developed an efavirenz in IVIVE model
for the investigation of DDIs, which was also used for
this study [19, 22]. An in vitro-based physiologically
based pharmacokinetic model in Simcyp for maraviroc
was previously described by Hyland et al. [21]. In vitro
data describing nevirapine physiochemical and metabolic
characteristics are summarised in Table 1. Data describing
the metabolism of nevirapine by different recombinant
enzyme isoforms are available in the literature [11, 23].
Induction of CYP3A4 and CYP2B6 are also described
[23].
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2.2 Simulation Clinical Trial Design

Virtual clinical trials of 100 Caucasian individuals—50 %
male with age between 18 and 65 years and reference body
weight of 70 kg—were simulated for the different
switching scenarios.

2.2.1 Switching from Efavirenz to Maraviroc

Efavirenz (600 mg once daily) was administered for
21 days followed by maraviroc administration considering
four different scenarios (Fig. 2):

1. Maraviroc 600 mg twice daily for 2 weeks followed
by standard 300 mg twice-daily dosing.

2. Maraviroc 600 mg twice daily for 1 week followed by
standard 300 mg twice-daily dosing.

3. Maraviroc 600 mg twice daily (week 1) followed by
450 mg twice daily (week 2), and standard 300 mg
twice-daily dosing thereafter.

4. Maraviroc 450 mg twice daily for 2 weeks followed
by standard 300 mg twice-daily dosing.

2.3 Switching from Efavirenz to Nevirapine

Efavirenz (600 mg once daily) was administered for
21 days followed by nevirapine administration considering
three different scenarios (Fig. 1):

1. Nevirapine 200 mg twice daily after stopping
efavirenz.

2. Nevirapine at 200 mg once daily for 2 weeks, after
stopping efavirenz, followed by standard 200 mg
twice-daily dosing.

3. Two weeks of efavirenz with nevirapine 200 mg once
daily, followed by standard 200 mg twice-daily dosing
of nevirapine after stopping efavirenz.

In order to assess and validate the models, the results of
the simulations were compared with available clinical
studies [13, 17, 24].

3 Results

The pharmacokinetics at steady state at a standard dose for
the three drugs were initially simulated alone, in order to
test the in vitro models and assess the performance of the
simulation for each drug (Figs. 2, 3). The results following
the switch are summarised in Tables 2 and 3. The simu-
lations predicted pharmacokinetic profiles for each drug
consistent with data previously published (Tables 2, 3) [8,
12, 21, 22, 25].

3.1 Maraviroc Switch

3.1.1 Scenario 1

After stopping efavirenz therapy, maraviroc was given at
an initial dose of 600 mg once daily for 2 weeks, and

subsequently reduced to 300 mg twice daily. In this sce-
nario, there was an average decrease of the maraviroc area

Table 1 Simcyp input for nevirapine, maraviroc and efavirenz parameters

MVC values [21] EFV values [22]

Parameters NVP values [References]
Molecular weight 266.3 [34]

Log P 2.5 [34]

pKa (basic) 2.8 [35]

Blood/plasma ratio 2.125 [predicted]

fu (plasma) 0.470 [36]

Caco-2 permeability (107° cm/s) 30.1 [37]

Vs (L/kg)

CLiy (thCYP3A4) (mL/min/pmol)
CL;, (thCYP2B6) (mL/min/pmol)
CL;,, (thCYP2D6) (mL/min/pmol)
CYP2B6 Indjope

CYP3A4 Indgope

3.109 [predicted]
0.002% [11, 38]
0.004" [11, 38]
0.011% 11, 38]
0.320 [23]

0.221 [23]

513.7 315.7
24 4.6
73 10.2
0.59 NA
0.25 0.01
NA 2.5
2.5 NA
1.7 0.007
NA 0.55
NA NA
NA 6°
NA 1.5°

CL;,, intrinsic clearance, CYP cytochrome P450, EFV efavirenz, fu fractional unbound, Indy,,. slope of the induction, MVC maraviroc, NA data
not available, NVP nevirapine, pKa acid dissociation constant, i recombinant human, V apparent volume of distribution at steady state

4 CLj,, was derived from intravenous single-dose NVP total clearance = 1.41 L/h [38] using Simcyp, inputting the in vivo fraction metabolised

or percentage hepatic clearance per enzyme [11]

® Maximum induction
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Fig. 1 Schematic representation of the simulated clinical scenarios. a
Clinical scenarios switching from efavirenz to maraviroc; b Clinical
scenarios switching from efavirenz to nevirapine. BID twice daily,
EFV efavirenz, MVC maraviroc, NVP nevirapine, OD once daily

under the plasma concentration—time curve (AUC) during
the initial 2 weeks due to the presence of efavirenz, which
is an inducer of CYP3A4. The induction effect of efavirenz
was present for more than 25 days after the switch. How-
ever, the induction effect was gradually decreasing during
this time (Fig. 2).

A previous study by Waters et al. [24] compared the
AUC, maximum concentration (Cy,,x) and trough concen-
tration (Ciougn) between day 1 and week 2 (maraviroc
600 mg at steady state) with values at week 4 (maraviroc
300 mg at steady state), reporting a geometric mean ratio
of 1.18, 1.48 and 0.59 (day 1 vs. week 4), and 1.99, 1.97
and 2.26 (week 2 vs. week 4), respectively. Our simula-
tions showed a mean ratio of 0.71, 1.08 and 0.56 for day 1
versus week 4, and 1.74, 1.86 and 1.89 for week 2 versus
week 4. These results suggested that the in silico model
performed adequately, producing simulations within a
twofold range of previous clinical trial data, which is
normally considered an adequate margin in pharmacoki-
netic modelling [18, 26].
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3.1.2 Scenario 2

The second scenario took into consideration the adminis-
tration of maraviroc 600 mg twice daily for 1 week fol-
lowed by 300 mg twice daily. The results were comparable
with scenario 1. Scenario 2 showed an average C,.x at
week 1 that was slightly less than the C,,., at week 2 in
scenario 1 (0.833 vs. 0.954 mg/L), which was likely due to
the efavirenz effect being more persistent at week 1.
Similarly, with the 300 mg regimen there was a slight
decrease in Cp,,x compared with scenario 1 (15 % less).
These differences disappeared after 5 days of therapy.

3.1.3 Scenario 3

An alternative regimen was simulated in scenario 3; a dose
of 600 mg in the first week and 450 mg in the second
week, followed by the standard dose of 300 mg. This
scenario allowed a gradual decrease in the dose over the
2-week period. This switching would potentially avoid
high Cy,,x values, which are associated with hypotension
[10], in particular in the second week of therapy.

3.1.4 Scenario 4

In scenario 4 we considered a dose of 450 mg for the
whole 2 weeks followed by the standard dose. This strat-
egy showed a decrease in the plasma concentrations during
the initial 2 weeks, but they were still above the suggested
concentrations required [Ciouen and average concentration
(Cavg) <0.025 and <0.075 mg/L, respectively] for optimal
virological response [8, 27] (Fig. 2).

3.2 Efavirenz Pharmacokinetics

Efavirenz intake was stopped on day 30 at steady state, and
concentrations were simulated for the following 25 days
after stopping. Mean concentrations were above 1 mg/L up
to day 7. These results were similar to previously published
data [28, 29].

3.3 Nevirapine Switch
3.3.1 Scenario 1

The scenario of immediate full-dose nevirapine, i.e.
200 mg twice daily after stopping efavirenz, was sug-
gested by Winston et al. [17]. The simulated data showed
results within twofold of the clinical study (Table 3),
which confirmed the model could adequately describe this
DDI.
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Fig. 2 Mean concentrations of maraviroc in plasma with efavirenz
(continuous line), and without efavirenz (broken line) at therapeutic
dose. Scenario 1: maraviroc 600 mg twice daily for 2 weeks followed
by standard 300 mg twice-daily dosing. Scenario 2: maraviroc
600 mg twice daily for 1 week followed by standard 300 mg twice-

3.3.2 Scenario 2

Scenario 2, 200 mg of nevirapine once daily administered
for 2 weeks after stopping efavirenz, followed by standard
dosing of nevirapine 200 mg twice daily, was also evalu-
ated by Winston et al. [17]. The results showed a sub-
therapeutic concentration of nevirapine during the initial
2 weeks of the switch.

3.3.3 Scenario 3

Dufty et al. [13] suggested a 2-week period of efavirenz
with nevirapine 200 mg once daily, followed by standard
200 mg twice-daily dosing of nevirapine after stopping
efavirenz. The simulations resulted in a sub-therapeutic
concentration of nevirapine during the co-administration.
However, the efavirenz C,,, values during that period were
significantly above the suggested efavirenz minimum
effect concentration (1 mg/L). The presence of the two
non-nucleoside reverse transcriptase inhibitors should
maintain an adequate virological control at the time of the
switch (Fig. 3). The simulation results were within twofold
of the clinical data [13].

Day 28

daily dosing. Scenario 3: maraviroc 600 mg twice daily (week 1)
followed by 450 mg twice daily (week 2), and standard 300 mg
twice-daily dosing thereafter. Scenario 4: maraviroc 450 mg twice
daily for 2 weeks followed by standard 300 mg twice-daily dosing.
MVC maraviroc

4 Discussion

In clinical practice, antiretroviral regimens are frequently
interrupted and modified for various reasons. The most
frequently mentioned reasons for changing antiretroviral
regimens are intolerance and toxicity. Efavirenz is gener-
ally well-tolerated; however, CNS adverse effects are
common, can have an impact on adherence and cause
therapy interruption [30].

In the present study we used a model simulation based
on in vitro data obtained from the literature to predict the
human in vivo pharmacokinetics, and to describe the DDIs
during the switch from efavirenz to maraviroc or nevira-
pine. Several switching strategies were simulated. The
models described novel strategies and also reproduced
previous clinical study data in order to assess the predictive
power of the models. This study is an example of the
potential use of IVIVE for simulating relevant clinical
scenarios.

Waters et al. [24] investigated the pharmacokinetics,
safety and efficacy of switching efavirenz to maraviroc in
patients taking suppressive efavirenz-based antiretroviral
therapy. The study included 11 subjects with undetectable
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Fig. 3 Mean nevirapine concentrations in plasma with efavirenz
(continuous line), and without efavirenz (broken line) at therapeutic
dose. Scenario 1: nevirapine 200 mg twice daily after stopping
efavirenz (at week 2 nevirapine reached steady state). Scenario 2:
nevirapine 200 mg once daily for 2 weeks, after stopping efavirenz,
followed by standard 200 mg twice-daily dosing. Scenario 3: 2-week
crossover period of efavirenz with nevirapine 200 mg once daily,
followed by standard 200 mg twice-daily dosing of nevirapine and
stopping efavirenz. NVP nevirapine

viral load and assessed the pharmacokinetics, efficacy and
safety of maraviroc administered at 600 mg twice daily for
2 weeks to HIV-1-infected patients who had achieved viral
suppression on efavirenz-based therapy, followed by ma-
raviroc 300 mg twice daily.

Simulations of the switching scenario strategy were
carried out using 100 subjects for a time course of 25 days
during which they reached steady state (computational
limitations constrained simulation further along the time
course). The simulated mean maraviroc Cyougn Values were
similar to those determined by Waters et al. [24], with both
experimentally observed and simulated Cyouen Values
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exceeding the Cyouen and C,y values of <0.025 and
<0.075 mg/L, respectively (concentrations previously asso-
ciated with near-maximal virological responses) for the wild-
type virus [8, 27]. The simulated Ciouen values were slightly
higher than the clinically observed data (within a twofold
window). Both observed and simulated data indicate that the
maraviroc Cougn at day 6 is similar to the Ciyoen at week 4,
suggesting that 1 week could be sufficient to compensate for
the prolonged induction effect of efavirenz.

Simulated C,,,x values after 1 week were generally
50 % higher than at week 4 after the switch. A C,,,,x near to
1 mg/L after 1 week following the switch could increase
the risk of hypotension. Lowering the dose during the
initial 2 weeks of the switch from 600 to 450 mg could
prevent this risk. In order to test this hypothesis, scenarios
3 and 4 were simulated. These scenarios showed mean
Cirough Values at week 2 similar to mean Cyouen values in
scenario 1 at week 2 with 600 mg of maraviroc. This result
suggests the possibility of lowering the dose of maraviroc
for the first 2 weeks after the switch, thereby maintaining a
therapeutic concentration.

Individuals showing intolerance to efavirenz are often
switched to nevirapine. In recent years four main strategies
have been proposed. Schouten et al. suggested starting the
switch with nevirapine 200 mg once daily for 14 days and
then 200 mg twice daily [1]; Winston et al. [17] recom-
mended the full dose of nevirapine without 2 weeks dose
escalation; Dufty et al. [13] suggested efavirenz being
maintained for 2 weeks with nevirapine 200 mg once
daily, then stopping efavirenz and increasing nevirapine to
200 mg twice daily; and Parienti et al. [31] recommended
determining efavirenz concentrations before switch to help
decide whether to start nevirapine at 200 or 400 mg per
day. The present study simulated these scenarios and
showed consistency with the clinical results. Interestingly,
in all the simulations the efavirenz effect on nevirapine
concentrations was negligible. This was consistent with a
study by Veldkamp et al. [32], which reported nevirapine
concentrations being unaffected by the co-administration
of efavirenz when used in combination (Fig. 3).

Based on the simulation results, a dose escalation of
nevirapine or commencing at the full dose when switching
from efavirenz can be considered. However, the dose
escalation could result in a sub-therapeutic concentration of
nevirapine for the initial 2 weeks of the switch. In order to
have an adequate therapeutic coverage during the 2-week
switching time, efavirenz concentrations should exceed the
suggested minimum effective concentration (MEC) of
>1 mg/L. However, simulation results indicated that the
average efavirenz concentration was above the MEC for
about 1 week. The presence of nevirapine could also
reduce the efavirenz plasma concentrations, as suggested
by a previously published report [32].
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Table 2 Maraviroc simulated average pharmacokinetics. Scenario 1:
maraviroc 600 mg twice daily for 2 weeks followed by standard
300 mg twice-daily dosing. Scenario 2: maraviroc 600 mg twice
daily for 1 week followed by standard 300 mg twice-daily dosing.

Scenario 3: maraviroc 600 mg twice daily (week 1) followed by
450 mg twice daily (week 2), and standard 300 mg twice-daily
dosing thereafter. Scenario 4: maraviroc 450 mg twice daily for
2 weeks followed by standard 300 mg twice-daily dosing

Parameters

Concentration (mg/L)

Maraviroc therapeutic dose (range [SD]) without efavirenz

Cavg 24

Cmax

Clrough

Below ref. (%)

Day 1

0.185 (0.056-0.289 [0.087])
0.518 (0.192-0.704 [0.193])
0.088 (0.018-0.145 [0.045])
10

Scenario 1 (range [SD])

Cavg 24
Cmax

Ctmugh
Below ref. (%)

Day 1 (600 mg bid)
0.169 (0.048-0.259 [0.089])
0.547 (0.189-0.864 [0.259])
0.054 (0.011-0.085 [0.029])
18

Clinical data®: Scenario 1

Cuv g 24
Cmax

Clrough

Day 1 (600 mg bid)
0.146
0.555
0.031

Scenario 2 (range [SD])

Cavg 24

Cmax

Ctrough

Below ref. (%)

Day 1 (600 mg bid)

0.169 (0.048-0.259 [0.083])
0.547 (0.189-0.864 [0.341])
0.054 (0.011-0.085 [0.018])
18

Scenario 3 (range [SD])

Cavg 24
Cmax

Clrough
Below ref. (%)

Day 1 (600 mg bid)

0.170 (0.048-0.259 [0.082])
0.546 (0.189-0.864 [0.288])
0.054 (0.011-0.085 [0.019])
18

Scenario 4 (range [SD])

Cavg 24

Cmax

Ctrough

Below ref. (%)

Day 1 (450 mg bid)

0.119 (0.036-0.195 [0.063])
0.410 (0.142-0.648 [0.271])
0.040 (0.008-0.064 [0.015])
27

Week 1 (steady state)

0.262 (0.067-0.44 [0.133])
0.64(0.236-0.91 [0.255])
0.131 (0.023-0.257 [0.0825])
5

Week 1 (600 mg bid)
0.298 (0.074-0.469 [0.146])
0.882 (0.278-1.230 [0.301])
0.142 (0.025-0.241 [0.029])
0

Week 1 (600 mg bid)
NA
NA
NA

Week 1 (600 mg bid)
3.131 (0.075-0.473 [0.121])
0.833 (0.274-1.318 [0.402])
0.142 (0.025-0.241 [0.044])
0

Week 1 (600 mg bid)

0.313 (0.079-0.489 [0.141])
0.833 (0.274-1.318 [0.392])
0.150 (0.027-0.254 [0.037])

Week 1 (450 mg bid)
0.263 (0.056-0.355 [0.121])
0.625 (0.206-0.988 [0.365])
0.106 (0.018-0.181 [0.034])
7

Week 2

Week 2 (600 mg bid)

0.367 (0.095-0.561 [0.183])
0.954 (0.324-1.478 [0.633])
0.170 (0.032-0.281 [0.0617])
0

Week 2 (600 mg bid)
0.326
0.821
0.113

Week 2 (300 mg bid)
0.192 (0.050-0.292 [0.086])
0.478 (0.162-0.739 [0.273])
0.091 (0.017-0.150 [0.028])
8

Week 2 (450 mg bid)
0.287 (0.072-0.422 [0.128])
0.716 (0.243-1.108 [0.385])
0.136 (0.024-0.212 [0.033])
3

Week 2 (450 mg bid)
0.286 (0.075-0.436 [0.133])
0.716 (0.243-1.108 [0.4011)
0.127 (0.024-0.211 [0.038])
3

Week 4

Week 4 (300 mg bid)
0.213 (0.059-0.321 [0.117])
0.64 (0.179-0.743 [0.301])
0.098 (0.019-0.157 [0.037])
7

Week 4 (300 mg bid)
0.156

0.34

0.050

Week 4 (300 mg bid)
0.209 (0.057-0.310 [0.112])
0.512 (0.179-0.743 [0.312])
0.097 (0.019-0.157 [0.033])
7

Week 4 (300 mg bid)
0.209 (0.057-0.309 [0.113])
0.512 (0.179-0.743 [0.312])
0.097 (0.019-0.157 [0.037])
7

Week 4 (300 mg bid)
0.209 (0.057-0.309 [0.126])
0.512 (0.179-0.743 [0.352])
0.097 (0.019-0.157 [0.035])
7

Below ref. percentage of individuals with the C,yg 24 <0.075 mg/L, which is associated with near-maximal virological responses, bid twice daily,
Covg 24 24-h average concentration, C,,,,, maximum concentration, Cj,,g, trough concentration, NA data not available, SD standard deviation

* Data were obtained from Waters et al. [24] from naive averaged profiles where inter-individual range in exposure was not available

Commencing at full dose would give an adequate con-
centration of nevirapine after 3 days. However, starting the
switch with the full dose could increase the risk of adverse

effects (including skin rash). However, if switching
patients to nevirapine they should have an appropriate CD4
cell count, which should decrease the risk of skin rash [33].
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Table 3 Nevirapine simulated average pharmacokinetics.
nario 1: nevirapine 200 mg twice daily after stopping efavirenz.
Scenario 2: nevirapine 200 mg once daily for 2 weeks, after stopping
twice-daily dosing.

efavirenz, followed by

standard 200 mg

Scenario 3: 2 weeks of efavirenz with nevirapine 200 mg once daily,
followed by standard 200 mg twice-daily dosing of nevirapine after

stopping efavirenz

Parameters

Concentration (mg/L)

Nevirapine therapeutic dose (range [SD]) without EFV

Cavg 24
Cmax

Clmugh
Below ref. (%)

Scenario 1 (range [SD])

Cavg 24

Cinax

Cirough

Below ref. (%)

Week 1 (200 mg od)
2.76 (1.70-3.75 [2.62])
3.27 (2.26-4.46 [2.81])
2.40 (1.45-3.34 [2.01])
71

Week 1 (200 mg bid)
4.641 (2.960-6.627 [5.01])
5.137 (3.553-7.289 [6.02])
4.359 (2.695-6.297 [3.051])
4

Winston et al. [17] clinical data Scenario 1 (range)

Cav g 24
Cinax

Clrou gh

Scenario 2 (range [SD])

Cavg 24

Conax

Cirough

Below ref. (%)

Week 1

NA

NA

4.358 (2.712-5.422)

Week 1 (200 mg od)

2.706 (1.713-3.696 [2.66])
3.223 (2.330-4.361 [3.811])
2.514 (1.521-3.488 [2.821])
69

Winston et al. [17] clinical data Scenario 2 (range)

Cuvg 24
Cmax

Clmugh

Scenario 3 (range [SD])

Cuvg 24
Cmax

Clmugh
Below ref. (%)

Week 1

NA

NA

2.554 (1,348-3,131)

Week 1 (200 mg od + EFV)
2.720 (1.724-3.711 [2.561])
3.220 (2.326-4.358 [2.978])
2.415 (1.429-3.384 [2.335])
71

Dufty et al. [13] clinical data: Scenario 3 (range)

Cav g 24
Cmax

Clmugh

Week 1
NA
NA
NA

Week 2 (200 mg od)
2.96 (1.58-4.14 [3.05])
3.52 (2.13-4.79 [2.89])
2.7 (1.34-3.86 [2.61])
65

Week 2 (200 mg bid)
4911 (2.776-6.826 [4.611])
5.411 (3.331-7.360 [5.871])
4.589 (2.569-6.603 [4.652])
4

Week 2

NA

NA

3.426 (3.145-3.699)

Week 2 (200 mg od)

3.014 (1.737-4.146 [3.143])
3.533 (2.308-4.818 [3.798])
2.649 (1.407-3.715 [2.112])
66

Week 2

NA

NA

2.881 (1,245-4,532)

Week 2 (200 mg od + EFV)
2.980 (1.697-4.108 [2.224])
3.379 (2.078-4.569 [3.001])
2.683 (1.429-3.757 [2.154])
66

Week 2

NA

NA

1.404 (0.573-2.919)

Week 4 (200 mg bid)
5.01 (2.50-7.40 [4.16])
5.43 (2.23-7.90 [4.01])
3.66 (1.56-5.23 [2.41])
10

Week 4
NA
NA
NA

Week 4
NA
NA
NA

Week 4 (200 mg bid)
4.994 (2.823-6.909 [3.921])
5.471 (3.361-7.414 [4.776])
4.732 (2.574-6.846 [3.886])
3

Week 4

NA

NA

6.724 (4,930-8,170)

Week 4 (200 mg bid)
5.019 (2.773-6.983 [4.233])
5.486 (3.278-7.472 [4.766])
4.755 (2.526-6.823 [3.672])
3

Week 4

NA

NA

4.357 (2.235-9.668)

Below ref. percentage of individuals with the Cyouen <3 mg/L, which is associated with minimum effective concentration, bid twice daily, Cy,, 24 24-h
average concentration, C,,,, maximum concentration, Ci,,e, trough concentration, EFV efavirenz, NA data not available, od once daily, SD standard

deviation
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Measuring efavirenz concentrations before switch could
help decide the strategy used, as suggested by Parienti et al.
[31]. Adequate therapeutic concentrations of efavirenz
were shown during a 2-week period of both efavirenz and
nevirapine 200 mg once daily, when possible sub-thera-
peutic nevirapine concentrations can occur; this strategy
would minimise the risk of rash or hepatotoxicity. Simu-
lation results showed that in the presence of nevirapine at
day 14 of the combination, the C,,x and minimum con-
centration of efavirenz decreased by 27 and 26 %,
respectively.

5 Conclusion

Although the validation of the models was restricted by the
presence of limited clinical data, we were able to reproduce
some of the already documented DDI clinical studies,
observing results which were well within a twofold range
of the experimental data.

Broadly, the simulation approach described here pro-
vides a means to integrate available information regarding
DDIs and to test their impact in different or novel clinical
scenarios. In being able to predict changes and variability
in pharmacokinetic variables such as Cpax, Ciougn and
AUC, the approach has the potential to assist in addressing
important questions regarding clinical trial study design,
such as choosing the appropriate treatment and/or dosing
strategy.

This approach has the potential to decrease the possible
risk of adverse drug reactions when considering HIV
treatment. HIV patients may have to experience several
switches of therapies, and applying the optimal strategy can
be crucial. Moreover, this approach could be used to con-
sider the characteristics and needs of the individual patient
or specific population of patients.
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