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ABSTRACT Rilpivirine (RPV), the latest nonnucleoside reverse transcriptase inhibitor
active against HIV-1, is prescribed in a standard dosage of 25 mg once a day in
combination with emtricitabine (FTC) and tenofovir disoproxil fumarate (TDF). The
aim of this observational study was to characterize the RPV pharmacokinetic profile,
to quantify interpatient variability, and to identify potential factors that could influ-
ence drug exposure. RPV concentration data were collected from HIV-infected pa-
tients as part of routine therapeutic drug monitoring performed in our center
(Laboratory of Clinical Pharmacology). A population pharmacokinetic analysis was
performed with NONMEM by comparing various structural models. The influence
of demographic and clinical covariates, as well as frequent genetic polymor-
phisms in 5 genes (CYP3A4*22, CYP3A5*3, CYP2C19*2, CYP2C19*17, UGT1A1*28, and
UGT1A4*2), on RPV elimination was explored. A total of 325 plasma concentration
measurements were obtained from 249 HIV-positive patients. Plasma concentrations
ranged from 12 to 255 ng/ml. A one-compartment model with zero-order absorp-
tion best characterized RPV pharmacokinetics. The average RPV clearance (CL) was
11.7 liters/h, the average volume of distribution was 401 liters, and the mean ab-
sorption time was 4 h. The interinterindividual variability (IIV) for CL was estimated
to be 33%. None of the available demographic or genetic covariates showed any in-
fluence on RPV pharmacokinetics, but 29% of the patients were predicted to present
minimal concentrations below the recently identified target cutoff value of 50 ng/ml.
The variability in RPV pharmacokinetics appears to be lower than that for most
other antiretroviral drugs. However, under the standard regimen of 25 mg daily, a
significant number of patients might be underdosed. It remains to be investigated
whether the underexposure has an impact on the development of resistance while
patients are on maintenance therapy.
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Rilpivirine (RPV), the latest nonnucleoside reverse transcriptase inhibitor (NNRTI)
active against HIV-1, is prescribed at 25 mg once daily (QD) in a fixed dose in

combination with emtricitabine (FTC) and tenofovir disoproxil fumarate (TDF). It is
recommended for the first-line treatment of HIV-1 infection in naive patients with a viral
load (VL) of less than 100,000 copies/mm3, since the impact of the baseline VL on the
treatment response has been identified to be an issue in RPV efficacy (1, 2). Owing to
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its good tolerability and the convenience of the single-tablet regimen (3, 4), RPV is
increasingly prescribed in virologically suppressed treatment-experienced patients
when an antiretroviral regimen simplification is considered (5).

RPV solubility and systemic absorption are pH dependent, as demonstrated by an
increased bioavailability in an acidic environment (6). Moreover, RPV should be admin-
istered with food to optimize bioavailability (7). It undergoes oxidative metabolism in
the liver that is mainly mediated by CYP3A4 and to a lesser extent by CYP2C19 (1, 2).
Recently, in vitro observations suggested that UGT1A1 and UGT1A4 are also involved in
RPV metabolism (8).

In the phase III clinical studies ECHO and THRIVE, a clear relationship between the
RPV minimum (trough) concentration (Cmin) and efficacy was established (1). In patients
with a baseline viral load of less than 100,000 copies/ml, a Cmin of less than 44 ng/ml
(quartile 1) was associated with twice as many virological failures than a Cmin of greater
than 123 ng/ml (quartile 3) (1). It was therefore concluded that a minimal concentration
of 50 ng/ml be maintained to increase the probability of a therapeutic response (9). This
clinically established exposure target is probably more appropriate than the 90%
inhibitory concentration (IC90) for viral growth adjusted for the protein concentration
(12 ng/ml) derived from in vitro data, which was suggested as an alternate drug level
target (2).

At the standard dosage, RPV is well tolerated. Nevertheless, a phase I clinical study
reported that the QTc prolongation is dose dependent. At high dosages (3 to 12 times
the approved dose), when plasma concentrations are higher than 500 ng/ml, a signif-
icant prolongation of the QTc interval (�10 ms) was observed (1). Caution is thus
required when RPV is administered together with drugs known to be associated with
torsades de pointes (1, 2, 10), as well as in the case of coadministration of potent CYP3A
inhibitors interfering with RPV elimination. These are only limited pharmacokinetic data
apart from those obtained within the framework of rigorous clinical trials (3, 4, 10, 11).
As a consequence, the inter- and intrasubject variabilities in drug exposure, response,
and toxicity are poorly characterized in the general population of patients receiving the
treatment. In addition, the potential impact of the pharmacogenetic background has
not yet been studied. The aim of this study was thus to build a population pharma-
cokinetic model with data from a cohort of unselected patients in order to describe the
pharmacokinetics of RPV, to quantify the variability in drug levels, and to identify the
potential contribution of demographic factors as well as functional variants of relevant
genes that may be involved in the disposition of RPV. Finally, simulations were
performed in order to compare the plasma concentrations at the time of the trough
concentration after the administration of 50 mg QD with those after the administration
of 25 mg twice daily (BID).

RESULTS
Study data. A total of 325 plasma RPV concentration measurements were obtained

from 249 HIV-infected individuals and included in the population pharmacokinetic
analysis. The trivial number of samples per patient was between 1 and 4. The samples
were drawn between 1.25 and 36 h after the last drug intake under steady-state
conditions. The plasma concentrations were measured to be between 12 and 255
ng/ml.

Information regarding the HIV infection treatment background indicated that 87%
of the patients had previously received antiretroviral treatments and only 13% were
newly diagnosed with HIV infection and antiretroviral therapy naive. The demographic
and genetic characteristics of the study population are presented in Table 1.

Genotyping. Valid results were obtained for all genotyped samples from the 119
participants. The minor allelic frequencies (MAFs) found in our Caucasian study popu-
lation (n � 99) were 0.04, 0.90, 0.16, 0.24, 0.39, and 0.04 for CYP3A4*22 rs35599367,
CYP3A5*3 rs776746, CYP2C19*2 rs4244285, CYP2C19*17 rs1224856, UGT1A1*28 rs8175347,
and UGT1A4*2 rs6755571, respectively. All variants studied respected the Hardy-
Weinberg equilibrium (P � 0.05). Resequencing results for the six individuals with
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extreme RPV levels (very low or very high plasma concentrations) are displayed in Table
S1c in the supplemental material. Subject 1 presented a double loss of function (LOF)
in CYP2C19 (CYP2C19*2/*4) and was heterozygous for a loss of function (Het-LOF) for
the allele CYP3A4*22. Since CYP2C19*4 is a very rare allele in Caucasians (MAF, 0.004),
we confirmed this finding with another PCR (12). Subject 2 was Het-LOF for the allele
CYP2C192 and UGT1A1*28. Subject 3 and subject 4 were heterozygous for a gain of
function (Het-GOF) for CYP2C19*17, with the latter subject also being Het-LOF for
CYP3A5*3. Subject 5 did not present any variants of CYP2C19 but was Het-LOF for
UGT1A1*28 and CYP3A4*22. Subject 6 was homozygous for a gain of function (Hom-
GOF) for CYP2C19*17, Het-LOF for CYP3A5*3, and Het-LOF for UGT1A1*28.

TABLE 1 Demographic and genetic characteristics of study populationa

Characteristic Values

No. (%) of male subjects 181 (72.7)

Median (range):
Age (yr) 46 (22–80)
Body wt (kg) 74 (42–112)
Ht (cm) 175 (150–198)

No. (%) of patients of the following ethnicity:
Caucasian 128 (51.4)
African 29 (11.6)
Asian 1 (0.4)
Other 3 (1.2)
Unknown 88 (35.3)

No. (%) of patients with the following ART status:
Naive 21 (8.4)
Experienced 127 (51.0)
Unknown 101 (40.6)

Median (range) CD4� cell count (no. of cells/mm3) 597 (6–30,000)
Median (range) HIV RNA Level (log10 no. of copies/ml) 0 (0–17,200)

No. (%) of patients with the following genotype:
rs35599367 C ¡ T (CYP3A4*22)

Ref-Hom 111 (44.6)
Het-LOF 8 (3.2)
Unknown 130 (52.2)

rs776746 T ¡ C (CYP3A5*3)
Ref-Hom 11 (4.4)
Het-LOF 23 (9.2)
Hom-LOF 85 (34.1)
Unknown 130 (52.2)

rs4244285 G ¡ A (CYP2C19*2)
Ref-Hom 83 (33.3)
Het-LOF 36 (14.5)
Unknown 130 (52.2)

rs12248560 C ¡ T (CYP2C19*17)
Ref-Hom 67 (26.9)
Het-LOF 44 (17.7)
Hom-GOF 8 (3.2)
Unknown 130 (52.2)

rs8175347 (UGT1A1*28)
Ref-Hom 36 (14.5)
Het-LOF 68 (27.3)
Hom-LOF 15 (6.0)
Unknown 130 (52.2)

rs6755571 C ¡ A (UGT1A4*2)
Ref-Hom 111 (44.6)
Het-LOF 8 (3.2)
Unknown 130 (52.2)

aAbbreviations: ART, antiretroviral treatment; Ref-Hom, homozygous for the reference allele; Het-LOF,
heterozygous for a loss of function; Hom-LOF, homozygous for a loss of function.

Rilpivirine Population Pharmacokinetics Antimicrobial Agents and Chemotherapy

January 2017 Volume 61 Issue 1 e00899-16 aac.asm.org 3

http://aac.asm.org


Population pharmacokinetic analysis. A one-compartment model with zero-order
absorption from the gastrointestinal tract best fit the data. The use of first-order
absorption or sequential zero- and first-order absorptions did not improve the descrip-
tion of the data (change in the objective function value [ΔOFV] � 0.0). No further
improvement was observed upon assignment of the lag time (ΔOFV � �0.0). In
addition to clearance (CL), an interindividual variability on the volume of distribution (V)
or on the mean absorption time (D1) did not improve the description of the data
(ΔOFV � �0.0). A combined proportional and additive error model adequately de-
scribed the residual error.

Among the covariates tested, none appeared to significantly influence RPV CL. A
13% decrease (95% confidence interval [CI], 3 to 25%) in CL in females compared to that
in males was observed, but the difference did not reach statistical significance
(ΔOFV � �5.3). Application of none of the genetic polymorphisms tested showed any
improvement in the model fit (ΔOFV � �3.05). The final population parameter values
were a CL of 11.7 liters · h�1 (coefficient of variation [CV], 33%), a V of 401 liters, and
a D1 of 4 h. Additive and proportional residual errors were 9.8 ng/ml and 21.6%,
respectively. The derived elimination half-life was 24 h, and the mean absorption time
was 2 h.

The concentration-versus-time plot with the population prediction and 95% predic-
tion interval is illustrated in Fig. 1.

Model evaluation and assessment. The median parameter estimates obtained
from bootstrap analysis and their 95% CIs are presented in Table 2. The model was
acceptable, since the parameter estimates of the final population pharmacokinetic
model lay within the 95% CI of the bootstrap analysis and differed by less than 11%
from the median bootstrap analysis estimates. The external validation analysis showed
a nonsignificant bias of 4% (95% CI, �2 to 12%) with an imprecision of 22% for the
population prediction. A similar bias for individual predictions of �2% (95% CI, �5 to
8%) with an imprecision of 12% was calculated.

Simulation. The average predicted minimal concentration (Cmin) at 24 h under a
standard 25-mg daily dosage regimen at steady state was 69 ng/ml (95% prediction

FIG 1 Observed plasma rilpivirine concentrations (open circles) with the median population predicted
concentration (continuous heavy black line) and the 95% prediction interval (dashed lines). Continuous
black line, the proposed target at 50 ng/ml.
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interval [PI], 33.5 to 125.6 ng/ml). Cmin increased to a median of 140 ng/ml (95% PI, 39
to 446 ng/ml) and 167 ng/ml (95% PI, 59 to 406 ng/ml) after administration of RPV at
50 mg QD and 25 mg BID, respectively.

Accounting for the variability in RPV clearance, 29% of the patients receiving the
standard regimen (25 mg QD) would be expected to present concentrations below the
suggested target of 50 ng/ml, which is associated with a decrease in the rate of
virologic success (2, 9). Increasing the dosage to 50 mg QD would decrease the
proportion to 2.4%, and no patients receiving 25 mg BID would be expected to present
a concentration below this cutoff. On the other hand, all concentrations were predicted
to remain above 12 ng/ml, the target value derived from protein-adjusted in vitro data
(2). In addition, no alternative dosage regimens would result in maximum concentra-
tions above 500 ng/ml. Plots of the average concentrations with 95% PIs are presented
in Fig. 2 for the 25-mg QD, 50-mg QD, and 25-mg BID regimens.

DISCUSSION

The present study characterizes the population pharmacokinetics of RPV in a cohort
of unselected HIV-1-infected adult patients. The estimates of CL, mean absorption time,
and steady-state plasma concentrations were close to previously published results (1,
2). Our estimated half-life of 24 h was shorter than the 45 h reported by the manufac-
turer (1, 2). This difference most probably relates to differences in the study design,
since most of our data were collected over a 28-h period, preventing estimation of the
terminal redistribution of the drug from peripheral tissues. Accordingly, the estimated
volume of distribution of 401 liters is lower than the previously reported one of 1,064
liters derived from a two-compartment model (1), which can explain the difference in

TABLE 2 Pharmacokinetic parameters obtained in the final model with bootstrap analysis
resultsa

RPV parameter

Final population PK parameters Bootstrap resultb

Estimate (shrinkage [%]) RSE (%) Median 95% CI

CL/F (liters/h) 11.7 2.8 11.7 10.9–12.5
V/F (liters) 401 14.1 393 291–525
D1 (h) 4 24.7 4 2.1–9.5
IIV CL/F (%) 33 (15) 6. 35 28–36
Additive residual error (ng/ml) 9.8 (30) 13.6 9.6 7.3–13
Proportional residual error (%) 21.6 (30) 7 21.2 17.6–24.2
aAbbreviations: CL/F, mean apparent clearance; V/F, mean apparent volume of distribution; D1, mean
absorption time; F, bioavailability; IIV, estimate of interindividual variability; RSE, relative standard error of
the estimates defined as the standard error/estimate, with the standard error being directly retrieved from
NONMEM.

bBootstrap results are for 2,000 samples.

FIG 2 Model-based simulations of rilpivirine at 25 mg QD (A), 50 mg QD (B), and 25 mg BID (C) in HIV-positive individuals.
Solid lines, population median prediction (PI50%) from the model; shaded areas, 95% prediction intervals; dashed line,
proposed target value of 50 ng/ml; dotted line, high concentration that could lead to a significant QTc prolongation.
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the RPV elimination half-life. The clinical relevance of this difference is, however,
uncertain.

The interpatient variability of rilpivirine pharmacokinetics was modest and in good
accordance with values from phase III clinical trials (1, 13). Additionally, the absence of
an impact of demographic, environmental, and clinical factors supports previous results
(1, 13). A small and nonsignificant influence of gender was observed, which is similar to
the findings in other reports and which appears to be clinically unimportant (1, 13, 14).
Adherence and food intake are the two factors known to markedly influence RPV
exposure (7); however, information on these two factors was not collected, so the
influence of these two factors could not be investigated, which represents a limitation
of the study.

None of the selected genetic variations in CYP3A4, CYP3A5, CYP2C19, UGT1A1, and
UGT1A4 showed a significant impact on RPV CL, probably because the multiple
enzymatic pathways involved in RPV metabolism might compensate for the loss of
function of the gene for a particular enzyme. Another possible explanation is that most
individuals carried the variants studied in the heterozygous form, so at least one
functional allele continued to be functional, thus limiting the decrease in RPV clearance.
At the same time, one of the six genotyped individuals (subject 1; see Table S1c in the
supplemental material) with high RPV plasma levels at two different occasions (220
ng/ml 19 h after the last drug intake and 174 ng/ml as a trough concentration) carried
two LOF CYP2C19 variants, providing a feasible, although not definite, explanation for
the decreased RPV metabolism. Conversely, both subjects 3 and 4 were heterozygous
carriers of the gain-of-function variant CYP2C19*17 homozygote, but they presented
opposite extreme values for plasma rilpivirine concentrations. Subject 6, who was a
CYP2C19*17 homozygote, also presented very high rilpivirine levels on one occasion. All
other subjects were heterozygous carriers of an LOF allele in at least one of the genes
studied. These results are insufficient to establish a correlation with extremely low and
high rilpivirine levels. Moreover, the impact of CYP1A2 variability on rilpivirine CL was
not evaluated in our study.

The CYP1A2 gene is reported to be involved in RPV metabolism (8). However, the
CYP1A2 gene is highly inducible by many environmental factors, and functional poly-
morphisms have mostly been described in Asian populations (15). The two CYP1A2
variants that fulfilled our criterion of an MAF of greater than 0.05 in Caucasians
(CYP1A2*1C and CYP1A2*1F) were not included in the study because of the limited
evidence that they have a significant influence on RPV pharmacokinetics (15–17).

The average minimal concentration predicted by our model was 69 ng/ml, a value
comparable to the 74 ng/ml observed at week 48 in the clinical studies ECHO and
THRIVE (10). However, considering intersubject variability, our finding predicts that 29%
of patients would present concentrations below the suggested target of 50 ng/ml
recently associated with virological success (1) These results seem to be in accordance
with those of a previous controlled study conducted with healthy volunteers, where
11% and 33% of the participants had concentrations below 50 ng/ml at 24 and 36 h,
respectively (18).

Subtherapeutic drug exposure in a significant proportion of patients receiving
standard RPV dosage regimens may explain the considerable difference in the rates of
virological failure between patients receiving RPV and patients receiving efavirenz in a
comparative clinical trial (11). The use of RPV at 50 mg QD or 25 mg BID would allow
the concentrations to be increased above this cutoff value with a minimal risk of QTc
prolongation. Increasing the dosage in some critical cases under QTc monitoring could
be envisaged to avoid virological failure, yet it is not known whether drug underex-
posure has an impact on the development of resistance during long-term maintenance
therapy.

This study suffers from some limitations that should be acknowledged. First, only
one sample for RPV concentration determination was available for most patients, thus
limiting our capacity to well differentiate intersubject variability from intrasubject
variability. Regarding genetic testing, the size of the study population was powered to
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detect only a marked genetic influence, and the absence of genetic findings in this
study is inconclusive. Only a few comedications were recorded to have been taken by
our study population, and no moderate to potent CYP3A4 or CYP2C19 inhibitors/
inductors were coadministered. Because this was an observational study, we cannot
rule out the possibility that other confounding factors might influence RPV exposure.
Comedications potentially affecting gastric pH and CYP3A4 or CYP2C19 inhibitors/
inductors interacting with RPV were not reported to have been taken by our study
population, and adherence to the treatment was not evaluated.

In conclusion, this study showed that RPV exhibits a moderate interindividual
variability, but the standard 25-mg daily dosage regimen may lead to concentrations
below the 50-ng/ml proposed therapeutic target in a significant proportion of patients,
producing a risk of suboptimal antiretroviral efficacy. While the current evidence is
insufficient to recommend routine therapeutic drug monitoring (TDM) for RPV, moni-
toring of plasma concentrations under specific conditions, such as treatment failure or
a suspected drug-drug interaction, could be a useful adjunct to identify patients at risk
of low RPV concentrations and to individualize their dosing regimen.

MATERIALS AND METHODS
Population and study design. RPV concentration data were collected from 249 adult HIV-infected

patients as part of routine TDM performed in our several Swiss centers between April 2013 and January
2015. At the usual follow-up visit, a blood sample (4.9 ml) was collected from patients receiving
rilpivirine-based therapy. Time and date information for the last dose intake and blood sampling were
recorded. All plasma samples were taken at steady state (at least 4 weeks after RPV regimen initiation).

In all participants, RPV was administered once daily at a fixed dose (25 mg) in combination with FTC
and TDF in a single-tablet regimen. Of these patients, 119 were included within the framework of the
Swiss HIV Cohort Study (www.shcs.ch) and gave written informed consent for genetic testing. The project
was approved by the ethics committees of all participating centers (Centre hospitalier universitaire
vaudois [Lausanne], Universitätsspital Zürich [Zurich], Universitätsspital Basel [Basel], Hôpitaux Universi-
taires de Genève [Geneva], Kantonsspital St. Gallen [Saint Gall], and Universitätsklinik für Infektiologie
[Bern]).

Sampling and bioanalysis. Plasma samples obtained from HIV-infected individuals were isolated by
centrifugation and stored at �20°C until batch analysis in our laboratory (Laboratory of Clinical
Pharmacology). On the day of the analysis, the viruses in the samples were inactivated by heating at 60°C
for 60 min. Plasma RPV levels were determined by liquid chromatography coupled with tandem mass
spectrometry (LC-MS/MS) after protein precipitation with acetonitrile according to our previously re-
ported analytical method (19). The calibration curves are linear and have a lower limit of quantification of
5 ng/ml. The method is precise (interday CV, 3 to 6.3%) and accurate (interday CV, 3.8 to 7.2%). Our laboratory
participates in an international external quality assurance program for antiretroviral drug analysis (Stichting
Kwaliteitsbewaking Klinische Geneesmiddelanalyse en Toxicologie [KKGT], Association for Quality Assessment
in TDM and Clinical Toxicology, The Hague, The Netherlands [http://www.kkgt.nl/]).

Genotyping. We tested 5 genes (CYP3A4, CYP2C19, CYP3A5, UGT1A1, and UGT1A4) involved in RPV
metabolism based on the information provided by the manufacturer (1, 2) and the existing literature (8).
We selected 6 single nucleotide polymorphisms (SNPs) with a proven functional effect and a minor allelic
frequency (MAF) of greater than 0.05 in Caucasians: rs35599367, a marker of loss-of-function (LOF) allele
CYP3A4*22; rs776746, a marker of LOF allele CYP3A5*3; rs4244285, a marker of LOF allele CYP2C19*2;
rs12248560, a marker of gain-of-function (GOF) allele CYP2C19*17; rs8175347, a marker of LOF allele
UGT1A1*28; and rs6755571, a marker of LOF allele UGT1A4*2) (http://www.cypalleles.ki.se/) (20–27).

Genotyping was performed by TaqMan allelic discrimination (Applied Biosystems, Foster City, CA,
USA) for all alleles with the exception of rs8175347, which was genotyped by fragment size-based
analysis as previously described (28). In the case of six individuals with extreme RPV levels (one subject
with �50 ng/ml and five subjects with �170 ng/ml), we resequenced CYP2C19, covering 1,504 bp of the
promoter region; 2,970 bp of the coding region, including exon-intron boundaries; and 1,434 bp of the
3= untranslated region (3= UTR). The primers, conditions, and TaqMan assays used are described in Table
S1 in the supplemental material.

Population pharmacokinetic model. (i) Basic model. The population PK analysis was performed
using a nonlinear mixed effect modeling approach with NONMEM (version 7.1.0; ICON Development
Solutions, Ellicott City, MD, USA). A stepwise procedure was used to identify the model that best fit the
RPV data. One- and two-compartment models with first- and zero-order absorption from the gastroin-
testinal tract were tested. The best structural model appeared to be a one-compartment model with
zero-order absorption. The estimated parameters were clearance (CL), volume of distribution (V), and
duration of absorption (D1). Since RPV was only administered orally, CL and V represent apparent values
(CL/F and V/F, respectively, where F is the absolute oral bioavailability).

(ii) Statistical model. Exponential errors following a log-normal distribution were assumed for the
description of the interindividual variability in the pharmacokinetic parameters, as shown by the
equation �j � � � e�j, where �j is the individual pharmacokinetic parameter of the jth individual, � is
the geometric average population value, and �j is the subject-specific random effect value, which is an
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independent, normally distributed random variable with a mean of zero and a variance of �2. A
combined proportional and additive error model was used to describe the intraindividual (residual)
variability.

(iii) Covariate model. Relevant covariates investigated were sex, body weight, height, age, race,
aspartate aminotransferase (AST) concentration, alanine aminotransferase (ALT) concentration, chronic
hepatitis C virus (HCV) infection, hepatitis B virus (HBV) coinfection, and concomitant medication. The
relationships between individual pharmacokinetic estimates and demographic and clinical covariates
were first explored graphically. All potential and physiologically plausible relationships were tested in the
models using linear or nonlinear functions as appropriate (categorical covariates were coded as 0 and 1,
continuous covariates were centered on their median value, and a cutoff of 1.5 times the upper limit of
normal was used to recode liver function tests into dichotomous variables). Then, the covariate selection
was performed using a stepwise insertion/deletion approach. Missing values were imputed as the
population median value.

Minimal concentrations (24 h after the last drug intake) were extrapolated for each patient on the
basis of the individual parameters derived from the final model.

For each SNP analysis, individuals were classified into 3 genetic groups: homozygous for the
reference allele (Ref), heterozygous for the variant allele (Het), and homozygous for the variant allele
(Hom). The influence of selected genetic variants on RPV CL was first explored graphically. Only 3 SNPs
(CYP3A4*22 rs35599367, UGT1A1*28 rs8175347, and CYP2C19*17 rs12248560) were retained and tested as
potential covariates in the model. Individuals with missing genotype results were treated as a fourth
group. Rich and reduced models were tested to estimate the impact of the genetic variants on individual
rilpivirine pharmacokinetic parameters. Rich models allowed each genetic group (Ref, Het, Hom, and
missing genotype) to have different values for the parameter. In the reduced models, genetic groups
with similar parameter estimates were grouped in a unique variable.

Parameter estimation and selection. All models were fit using the first-order conditional estimation
method with interaction (FOCEI). The log-likelihood ratio test, based on the change of the objective
function value (ΔOFV) provided by NONMEM, was used to discriminate between nested models. A
decrease in the OFV of greater than 3.84 (P � 0.05) for one additional parameter in the structural model
building was considered statistically significant, assuming that the ΔOFV between any two covariates in
a nested model approximated a �2 distribution. To account for multiple testing in the covariate model
(Bonferroni correction), a change in the OFV of greater than 7.88 (P � 0.005) for one additional covariate
was considered statistically significant during the backward deletion steps. Goodness-of-fit plots, phar-
macokinetic parameter precision, and the interindividual variability decrease were further criteria con-
sidered for model selection.

Model evaluation and assessment. The stability of the final model was assessed by the bootstrap
method using the PsN-Toolkit (29) (version 3.5.3; Uppsala, Sweden). Median parameter values and their
95% confidence intervals (CIs) estimated from 2,000 resampled data sets were compared with the
original model estimates.

In addition, a visual predictive check (VPC) was performed by simulating 1,000 individuals on the
basis of the final pharmacokinetic estimates to calculate the 95% prediction interval (PI) for concentra-
tions. Observed rilpivirine concentrations were visually compared with the 2.5th, 50th, and 97.5th
percentiles of the simulated results. Figures were generated with R (version 2.15.1; R Development Core
Team, Foundation for Statistical Computing, Vienna, Austria [http://www.r-project.org/]).

Finally, an external validation was performed using data for 33 samples collected from a separate
group of 31 HIV-infected individuals treated with rilpivirine between February and October 2015, for
whom complete dosing records and demographic characteristics were retrieved. Rilpivirine concentra-
tions were predicted on the basis of the final models using the NONMEM option with a MAXEVAL value
of 0. The predictive performance of the model was assessed in terms of bias (mean prediction error
[MPE]) and precision (root mean square prediction error [RMSE]) and the associated 95% CI, as follows
(30):

MPE �
�Cpred � Cobs

N

RMSE � ���Cpred � Cobs�2

N

where Cpred is the population or individual predicted concentration, Cobs is the observed concentration
for the validation group, and N corresponds to the number of observations.

Simulations. Simulations were performed on the basis of the average values of the pharmacokinetic
parameters and the variability obtained from the final model for 1,000 individuals, using rilpivirine at 50
mg QD or 25 mg BID. The mean and 95% prediction interval of the concentrations at the trough (i.e., at
12 and 24 h) were derived for both regimens. Simulations were performed in NONMEM.
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