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Abstract
Indinavir boosted with ritonavir (IDV/r) dosing with 400/100 mg, twice daily, is preferred in Thai
adults, but this dose can lead to concentrations close to the boundaries of its therapeutic window.
The objectives of this analysis were to validate a population pharmacokinetic model to describe
IDV/r concentrations in HIV-infected Thai patients and to investigate the impact of patient
characteristics on achieving adequate IDV concentrations. IDV/r concentration data from 513
plasma samples were available. Population means and variances of pharmacokinetic parameters
were estimated using a non-linear mixed effects regression model (NONMEM Version VI). Monte
Carlo simulations were performed to estimate the probability of achieving IDV concentrations
within its therapeutic window. IDV/r pharmacokinetics was best described by a one compartment
model coupled with a single transit compartment absorption model. Body weight influenced
indinavir apparent oral clearance (CL/F) and volume of distribution (Vd/F) and allometric scaling
significantly reduced the interindividual variability. Final population estimates (interindividual
variability in percentage) of indinavir CL/F and Vd/F were 21.3 L/h/70kg (30%) and 90.7 L/70kg
(22%), respectively. Based on model simulations, the probability of achieving an IDV trough
concentration > 0.1 mg/L was >99% for 600/100 mg and >98% for 400/100 mg, twice daily, in
patients 40–80 kg. However, the probability of achieving IDV concentrations associated with an
increased risk of drug toxicity (>10.0 mg/L), increased from 1% to 10% with 600/100 mg,
compared to <1% with 400/100 mg when body weight decreased from 80 to 40 kg. The validated
model developed predicts that 400/100 mg of IDV/r, twice daily, provides indinavir
concentrations within the recommended therapeutic window for the majority of patients. The risk
of toxic drug concentrations increases rapidly with IDV/r dose of 600/100 mg for patients <50 kg
and therapeutic drug monitoring of IDV concentrations would help to reduce the risk of IDV-
induced nephrotoxicity.
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Introduction
HIV protease inhibitor (PI)-based highly active antiretroviral therapy (HAART) is primarily
used as a second-line regimen in resource limited settings 1. Following recent price
reductions and the introduction of generic formulations, HIV protease inhibitors are slowly
becoming more accessible, but options often remain limited.

Indinavir (IDV) is a potent HIV protease inhibitor that has been used widely as part of triple
antiretroviral drug regimens for the treatment of HIV/AIDS 2, 3. Similar to other PIs, the
concentrations of indinavir are increased when coadministered with low doses of ritonavir
(RTV), a potent inhibitor of the metabolic cytochrome P450 3A4 enzyme. Indinavir boosted
with ritonavir (IDV/r) allows less frequent dosing, the removal of food restrictions and
provides a similar virologic response when compared to IDV alone 4, 5.

IDV/r based HAART has been one of the main second-line regimens available in Thailand.
Initial studies at the recommended IDV/r dose of 800/100 mg, twice daily in Thai patients
reported poor tolerability 6. The main adverse event of indinavir is nephrolithiasis, which is
a result of the precipitation and crystallization of unmetabolized indinavir monohydrate in
the renal tubules,; elevated indinavir plasma concentrations have been observed in patients
with urological complications 7. In Thai patients receiving IDV/r 800/100 mg twice daily, an
indinavir AUC > 60 mg.hr/mL was associated with an increased risk of developing
nephrotoxicity 8. A therapeutic window for indinavir plasma concentrations of 0.1 to 10 mg/
L is currently recommended 9. Lower IDV/r doses of 600/100 mg and 400/100 mg, twice
daily, in Thai adults have been assessed and both doses provided an improved tolerability
profile, while maintaining IDV concentrations within this window 10. However, at these
lower doses the concentrations of IDV were near the boundaries of the therapeutic window
and the interpatient variability observed suggested that a small proportion of patients may
not achieve adequate levels within the wider population. Moreover, sex, body weight and
concomitant RTV use can influence indinavir oral clearance (CL/F) 11, so individual patient
characteristics could increase significantly the risk of suboptimal or toxic IDV
concentrations at lower IDV/r doses.

In order to determine the optimal IDV/r dose for Thai patients our aims were to develop and
validate a population pharmacokinetic model to describe IDV/r concentrations in HIV-
infected Thai patients and to investigate the impact of patient characteristics on achieving
indinavir concentrations within its therapeutic window.

Materials and Methods
Study Population

Indinavir concentration data were pooled from two pharmacokinetic studies of IDV/r in
HIV-infected Thai patients. In the first study, 11 patients had intensive steady-state
pharmacokinetic sampling performed at pre-dose, and 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8 and 12
hours after drug intake while receiving IDV/r 600/100 mg, twice daily, and then again while
receiving 400/100 mg, twice daily 12. In a second study, 19 patients had steady-state
pharmacokinetic sparse sampling performed at pre-dose, and 1, 2.5, 4 and 12 hours after
drug intake 1 and 2 months after initiating IDV/r 400/100 mg, twice daily
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(ClinicalTrials.gov Identifiers: NCT00197639). All study procedures were identical between
studies. Patients with concomitant treatments that could interfere with the pharmacokinetics
of IDV/r, such as rifampin, rifapentine, fluconazole, itraconazole, St John’s Wort
(Hypericum perforatum), were excluded. Drug adherence was assessed by exact pill count.
This study was approved by the Ethics Committees at the Harvard School of Public Health,
USA, Ministry of Public Health, Thailand, and Faculty of Associated Medical Sciences,
Chiang Mai University, Thailand.

Drug Analysis
All blood samples were centrifuged, the plasma removed, aliquoted and frozen within one
hour at −20°C. Indinavir and ritonavir plasma drug concentrations were measured using a
validated high-performance liquid chromatography (HPLC) assay 13 at the PHPT-IRD
Laboratory at the Faculty of Associated Medical Sciences, Chiang Mai University. The
lower limit of assay quantification (LLOQ) was 50 ng/mL. The PHPT-IRD laboratory
participates in two international external quality control (QC) programs: the AIDS Clinical
Trial Group (ACTG), USA, Pharmacology Quality Control (Precision Testing) program, and
ASQUALAB Quality Control program, France, and has successfully passed for both drugs.

Population Pharmacokinetic Analysis
To estimate the population means and variances of indinavir and ritonavir pharmacokinetic
parameters the data were analyzed using non-linear mixed effects regression. Using the
software program NONMEM (Version VI, ICON Development Solutions, Ellicott City,
MD, USA), with a Fortran Compiler (Compaq Visual Fortran Version 6.6, Compaq
Computer Corporation Houston, TX, USA), concentration-time data were fitted using the
first-order conditional estimation method (FOCE) with interaction. Pharmacokinetic
structural models were assessed using both statistical and graphical methods. The
‘goodness-of-fit’ of different models were compared using the minimal value of the
objective function (OFV) provided by NONMEM (equivalent to minus twice the maximum
logarithm of the likelihood of the data). An OFV decrease of 3.84 points (i.e. ΔOFV −3.84)
corresponds to a statistically significant difference between hierarchical models using a
Likelihood Ratio Test (p≤0.05, chi-squared distribution with one degree of freedom).
Relative standard errors for parameter estimates were calculated using the COVARIANCE
option in NONMEM and individual Bayesian estimates were obtained using the POSTHOC
option. The software package Wings for NONMEM was utilized to run the individual
models (Version 616: http://wfn.sourceforge.net/) and diagnostic graphs were generated
using RfN using the R program (Version 2.11.1).

Structural Model—Single and two compartment pharmacokinetics models with linear and
non-linear elimination were fitted to the data. Zero and first- order absorption models, with
and without a lag time, were tested. The addition of a ‘transit’ compartment, instead of a lag
time, to describe the absorption process was also assessed 14.

Statistical Model—An exponential error model was used to describe inter-individual
variability (IIV) in the pharmacokinetic parameters, i.e. CL/Fi = TVCL * exp (ηi), where
CL/Fi represents the oral clearance of the ith individual, TVCL is the population CL/F value
and ηi is the inter-individual random effect with mean 0 and variance ω2. Covariances
between the individual random effects of the pharmacokinetic parameters were assessed
graphically. If correlation estimation was near 1.0, it was fixed as follows: ηVd/F = tω *
ηCL/F and the proportionality term, tω, between ηVd/F and ηCL/F was estimated 15. Inter-
occasion variability (IOV) in the pharmacokinetic parameters was tested using the model
CL/Fi = TVCL * exp (ηI + κj), where κj is the inter-occasion random effect with mean 0 and
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variance π2 16. A combined additive and proportional error model was used initially to
estimate residual variability.

Covariate Analysis
Individual patient characteristics that could potentially influence indinavir or ritonavir
pharmacokinetic parameters were evaluated for their inclusion in the models. The patient
characteristics assessed included: weight, sex, age, serum glutamic pyruvic transaminase
(SGPT) and serum creatinine. Continuous covariates were modeled using a power
relationship e.g. CL/Fi = TVCL * (WTi/MWT)θBW, where WT represents the weight of the
ith individual, MWT is the median weight of the study population and θBW is the factor
associated with body weight that influences indinavir oral clearance. Sex was the only
binary covariate available and was evaluated using the following equation: CL/Fi = TVCL *
θ (Sex-1), where θ is the factor associated with sex that influences indinavir oral clearance,
using sex equals 1 for males and 2 for females. Covariates were tested using a stepwise
forward inclusion and backward elimination model building procedure. Each covariate was
introduced into the basic model one at a time and was selected if (i) its effect was
biologically plausible (ii) the OFV decreased by more than 3.84 points, and (iii) it reduced
the inter-individual variability of the pharmacokinetic parameter. If more than one covariate
met these three criteria, the covariate that produced the largest decrease in OFV was retained
and included in an intermediate model. The remaining covariates were then introduced into
this intermediate model one at a time and the most significant covariate retained. This
procedure was repeated until none of the remaining covariates caused the OFV to decrease
by more than 3.84 points. The inclusion of covariates in the final model was determined
using a backward elimination of covariates included in the intermediate model. A covariate
was retained in the final model if, after its removal from the intermediate model, there was a
significant difference between hierarchical models, determined by an increase in the OFV by
more than 6.63 points (Likelihood Ratio Test p≤0.01, chi-squared distribution with one
degree of freedom).

Model Validation
The validity of the final model was evaluated using two methods: (i) visual predictive check
(VPC) validation and (ii) the bootstrap re-sampling technique. Using the final model
parameters estimates, 1,000 indinavir concentration profiles were simulated for each of the
subjects included in the model building (i.e. 30 patients = 30,000 concentration profiles).
The 5th, 50th, and 95th percentiles of the simulated concentrations were plotted and a VPC
was performed by overlying the observed concentrations. The criteria used to determine the
validity of the model was based on the 90% prediction interval: if the 90% confidence
interval for the proportion of observed concentration points lay outside the 90% prediction
interval (i.e. below 5% or above 95%) including 10%, the model adequately described the
variability observed. The bootstrap re-sampling technique was performed using the software
package Wings for NONMEM. The final model was fitted to 400 replicate bootstrap
datasets generated using the original dataset with replacements. The mean population
pharmacokinetic parameters and their corresponding standard errors from the bootstrap
analyses were calculated and compared to the estimate obtained with the original dataset.

Evaluation of the impact of patient body weight on IDV concentrations
Using the final model, the probability to achieve IDV concentrations within the therapeutic
window was assessed using 1,000 Monte Carlo simulations. Several targets were assessed:
(1) IDV Ctrough concentration > 0.1 mg/L, (2) 2-hour post dose concentration > 10.0 mg/L,
and (3) IDV AUC > 60 mg.hr/L. The probability of achieving a target was calculated by
dividing the number of simulated concentrations (or exposure) by the total number of
simulated data.
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Results
Indinavir/ritonavir concentration data from 513 plasma samples were included in the
population PK analysis. Samples were available from 30 patients. Eleven patients, 6 men
and 5 women, had intensive pharmacokinetic evaluations available at IDV/r doses of
600/100 mg and 400/100 mg; and 19 patients, 6 men and 13 women, had sparse sampling
pharmacokinetic evaluations available at an IDV/r dose of 400/100 mg.

Indinavir population model
Indinavir concentrations were best described by a one compartment pharmacokinetic model
with first order absorption and linear elimination. A combined additive and proportional
error model was used initially to estimate residual variability, but the additive component
was not significant and was removed. Inclusion of an absorption lag time did not improve
the fit, but the addition of a single ‘transit’ compartment instead of a lag time significantly
improved the model fit (ΔOFV −6.8). Inclusion of IIV for CL/F, Vd/F and Ka improved the
fit and the addition of covariance between the IIV of CL/F and Vd/F (ηCl/F and ηV/d) further
improved the model fit (ΔOFV −34.6). Inter-occasion variability (IOV) in the
pharmacokinetic parameters did not improve the model. Inclusion of separate proportional
error models to estimate residual variability dependent on the indinavir dose, 600 mg or 400
mg, did improve the model fit (ΔOFV −9.6).

Body weight was the only covariate that significantly influenced indinavir
pharmacokinetics. Vd/F and CL/F were allometrically scaled to a 70 kg adult as: Vd/F (L/h/
70kg) = TVVd*(WT/70) and CL/F (L/h/70kg) = TVCL*(WT/70)0.75; this reduced the
objective function by −14.7 units and the corresponding interindividual variabilities.
Following this it was not possible to estimate the covariance matrix as the estimated
correlation between Vd/F and Cl/F was near 1.0. Subsequently, the covariance was fixed as
follows: ηVd/F = tω * ηCL/F and the proportionality term, tω, between ηVd/F and ηCL/F was
estimated. A separate population model was developed for ritonavir (see below) but the
influence of ritonavir concentrations on indinavir pharmacokinetics was investigated using
an Emax model on indinavir CL/F, but this did not improve the model. A visual predictive
check of the final model was performed and the predicted median curve provided a good fit
to the observed data (Figure 1). Simulated 5th and 95th percentile curves were generated and
among the observed data 5% were below the 5th percentile and 4% were above the 95th

percentile. Overall, the proportion of observed concentration points outside the 90%
prediction interval was 9% [95% CI, 7–12], which met the VPC criteria for model validity.
The bootstrap medians were close to the final model estimates and the bootstrapped
confidence intervals were narrow (Table 2).

Evaluation of weight on IDV concentrations and exposure
Using the final model, Monte Carlo simulation were performed for patients with body
weights between 40 to 80 kg and the probabilities of achieving efficacious, Ctrough > 0.1
mg/L, or toxic exposure, AUC > 60 mg.hr/L, with 600/100 mg and 400/100 mg, twice daily,
are shown in Figure 2. The probability of achieving an IDV trough concentration > 0.1 mg/L
was >99% for 600/100 mg and >98% for 400/100 mg, twice daily, across all body weights.
The probability of achieving an IDV AUC > 60 mg.hr/L increased from 2% to 18% with
600/100 mg compared to <1% to 2% with 400/100 mg when body weight decreased from 80
to 40 kg. The risk of having a 2-hour post drug IDV concentration >10.0 mg/L was lower
than having an AUC > 60 mg.hr/L at both IDV/r doses. As the body weight decreased from
80 to 40 kg the probability of an IDV concentration >10.0 mg/L increased from 1% to 10%
with 600/100 mg, while the probability was <1% with 400/100 mg across the weight range.
The probability of achieving IDV concentrations within the therapeutic window (Ctrough >
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0.1 and C2-hour <10.0 mg/L) for subjects weighing 40 to 80 kg was >98% for 400/100 mg
and for 600/100 mg the probability was >97% for subjects between 50 to 80 kg but only
90% for subjects weighting 40–50 kg.

Ritonavir population model
A separate population pharmacokinetic model was developed to describe the ritonavir
concentrations for patients administered IDV/r. Ritonavir concentrations were best described
by a one compartment pharmacokinetic model with a single ‘transit’ compartment. A
proportional error model was used to estimate residual variability. The addition of
covariance between the IIV of CL/F and Vd/F improved the model fit. Ritonavir CL/F was
influenced by sex and IDV dose (i.e. 400 or 600 mg). A visual predictive check of this
model showed that among the observed ritonavir data the proportion of observed
concentration points outside the 90% prediction interval was 8% [95% CI, 6–11], with 4%
below the 5th percentile and 4% above the 95th percentile (Figure 1). Final estimates of
ritonavir CL/F and Vd/F (interindividual variability in %) were 10.1 L/h (48%) and 49.6 L
(45%), respectively and the bootstrap medians were close to the final model estimates
(Table 2).

Discussion
A population model to describe indinavir concentrations following administration of
indinavir boosted with ritonavir in Thai HIV-infected patients was validated and model
simulations predicted that IDV/r 400/100 mg, twice daily, provides indinavir concentrations
within the recommended therapeutic window for over 98% of patients. Administration of
IDV/r 600/100 mg, twice daily, also provides adequate indinavir concentrations for the
majority of patients, but the risk of toxic exposure or concentrations increased rapidly for
patients weighing less than 50 kg.

The final model estimates of CL/F and Vd/F were 21.3 L/hr/70 kg and 90.7 L/70kg,
respectively, and these values are consistent with those reported in European patients 17, 18.
Covariates reported to influence indinavir pharmacokinetics include concomitant ritonavir or
non-nucleoside reverse transcriptase inhibitors (NNRTI) or ritonavir use, sex and body
weight 11, 17. In the present analysis it was not possible to estimate the influence of
concomitant ritonavir use on indinavir CL/F as all patients were receiving indinavir boosted
with ritonavir at the same dose (100 mg). Given the clear pharmacological advantages of
administrating indinavir with low dose ritonavir the clinical practice of prescribing indinavir
without ritonavir is unlikely. Similarly, due to their common metabolic pathways,
concomitant non-nucleoside reverse transcriptase inhibitors (NNRTIs) are known also to
influence indinavir pharmacokinetics, but with the increasing number of antiretroviral drugs
available, HAART regimens composed of NNRTIs plus boosted protease inhibitors, with
the exception of etravirine, are less common.

Prior to the development of population models for indinavir there was some indication that
indinavir may display sex-dependent pharmacokinetics 19 and that subgroups of female
patients could be exposed to high indinavir concentrations 20. Indeed, after adjusting for
concomitant ritonavir use, indinavir CL/F was reported to be 30% higher in male patients
compared to female patients 11. Interestingly, no relationship between sex and indinavir
pharmacokinetic variability was observed in the Thai population. A report by Bertrand et al,
also reported no sex effect on indinavir pharmacokinetics in a French cohort of patients
receiving IDV/r and the authors postulated that this may have been due to the low number of
female subjects included in their analysis. However, an analysis including only nine women
found that indinavir bioavailability was 48% higher in female patients than in males 17. It is
possible that the impact of sex in cohorts of patients using indinavir with low dose ritonavir
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is diminished and that, in this setting, specific dosing adjustment for female patients is not
necessary. Allometic scaling of indinavir Vd/F and CL/F to a 70 kg adult in the Thai
population significantly improved model fit and reduced interpatient variability. While body
weight has been reported to influence indinavir CL/F in other populations the impact was
rather minimal compared to other reported factors such as sex. Host genetic polymorphisms
could also play a role in indinavir interpatient variability. IDV is primarily metabolized by
the cytochrome P450 enzyme 3A4 (CYP3A4) and is a substrate for the drug efflux
transporter P-glycoprotein, coded by the ABCB1 gene. Functional variants of ABCB1 were
not associated with indinavir exposure or virologic/immunological response to treatment 21,
but recent evidence suggests that polymorphisms within the CYP3A gene contribute towards
reduced indinavir absorption 18.

Since the presence of ritonavir significantly influences indinavir pharmacokinetics,
primarily through its inhibition of CYP3A4, it seems logical to attempt to incorporate the
effect of ritonavir in a model. Indeed, similar attempts have been made for other protease
inhibitors boosted with low dose ritonavir, such as for lopinavir/r, where a time-independent
inverse relationship between lopinavir CL/F and ritonavir AUC0–12 was utilized 22, or for
atazanavir/r, where the relationship between atazanavir CL/F and ritonavir AUC0–24 was
best described by a power function 23. Within this analysis, models that included a
relationship between ritonavir exposure and indinavir CL/F did not improve the model
significantly. Previous attempts to model the effect of ritonavir on indinavir CL/F predicted
that indinavir metabolism is completely inhibited at very low ritonavir exposure and
modeling ritonavir as a dichotomous variable (i.e. with or without ritonavir) was to be
preferred 17.

Using the derived indinavir population PK model simulations at different IDV/r doses were
performed for patients across the weight range of 40 to 80 kg. This weight range was based
on data collected within a phase III, multicenter, randomised clinical trial in Thailand
(PHPT-3, ClinicalTrials.gov Identifier: NCT00162682), in which the weight distribution of
716 HIV-infected Thai adults at treatment initiation was 53 (30 to 88) kg, with 38%
weighing less than 50 kg and 5% less than 40 kg. After 3 years of antiretroviral treatment
95% of patients weighed between 40 to 80 kg, confirming that this weight range was
representative of the HIV-infected Thai population.

Recent price reductions and the introduction of generic formulations have made lopinavir
boosted with ritonavir the preferred protease inhibitor for second line regimens in many
settings and, as a consequence, the use of indinavir in Asian countries is expected to decline.
However, this does not mean that the use and prescription of indinavir will disappear
immediately. Indeed, indinavir remains the only alternative PI to lopinavir that is available
for free through the Thai National Health Care System. Patients unable to tolerate lopinavir
will be switched to indinavir and many of those patients already receiving indinavir prefer
not to change treatment. It is hoped that that HIV-infected patients in Thailand and other
Asian countries will soon be able to access second generation PIs but, in the meantime,
indinavir will continue to be a useful option for second-line treatments in this setting.

Conclusion
Due to the high interpatient variability of indinavir concentrations observed at lower doses
of IDV/r concerns were raised that a small proportion of patients may not achieve adequate
indinavir concentrations. The simulations performed with the derived model provided
reassuring data that IDV 400/100 mg, twice daily, produces indinavir concentrations within
its therapeutic window for patients between 40 to 80 kg, but highlights that he higher IDV/r
dose of 600/100 mg significantly increases the risk of toxic IDV exposure, especially for
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patients <50kg. In such patients, therapeutic drug monitoring would be beneficial (i.e. 2 hour
post dose sample <10.0 mg/L) to help to reduce the risk of IDV-induced nephrotoxicity.
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Figure 1.
Visual predictive check for the (a) indinavir and (b) ritonavir population pharmacokinetic
models (400 mg indinavir plus 100 mg ritonavir, twice daily). Dotted lines represent 95%
prediction intervals (P2.5–P97.5). Observed concentrations (o) from the patients are
superimposed.
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Figure 2.
Probabilities of achieving efficacious, Ctrough > 0.1 mg/L, or toxic exposure, AUC > 60
mg.hr/L, with IDV/r 600/100 mg and 400/100 mg, twice daily, for patients with body
weights between 40 to 80 kg based on 1,000 Monte Carlo simulations.
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Table 1

Baseline Characteristics

N=30

Sex (Male: Female) 12:18

Age (years) 35 (23–51)

Weight 53 (36–74)

 Male (kg) 57 (44–71)

 Female (kg) 52 (36–74)

SGPT (U/L) 41 (10–271)

Creatinine (mg/dL) 0.9 (0.4–1.2)

Values: median, range; laboratory reference intervals: serum glutamic pyruvic transaminase (SGPT): 10–56U/L and creatinine 0.5–1.2.
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Table 2

Final indinavir and ritonavir population pharmacokinetic parameter estimates

Final Model Bootstrap^

IDV PK Parameters Estimate RSE (%) Median 2.5th - 97.5th percentile

 CL/F70 (L/h/70kg) 21.3 5.5 21.3 18.9 – 23.6

 Vd/F70 (L70/kg) 90.7 4.5 91.0 82.9 – 99.8

 Ktr (h−1) # 2.32 9.2 2.37 1.96 – 2.91

Inter-individual variability (IIV)

 IIV (CL/F) 0.30 23.4 0.29 0.22 – 0.39

 IIV (Vd/F)* 0.23 - - -

 IIV (Ktr) 0.38 35.7 0.352 0.342 – 0.485

 θpV/F * 0.58 10.0 0.58 0.44 – 0.73

Residual Variability

Proportional

 σ (IDV 400 mg) 0.42 10.9 0.42 0.37 – 0.46

 σ (IDV 600 mg) 0.29 24.4 0.29 0.22 – 0.39

RTV PK Parameters

 CL/F (L/h) 10.1 13.3 10.1 7.86 – 13.2

  θSEX-Female 0.77 37.2 0.77 0.60 – 0.96

  θIDVDOSE-600mg 0.78 30.8 0.78 0.62 – 0.91

 V/F (L) 49.6 10.4 49.8 41.1 – 66.7

 Ktr (h-1) # 1.45 13.0 1.48 1.18 – 1.90

Inter-individual variability(IIV)

 IIV (CL/F) 0.48 25.3 0.47 0.34 – 0.59

 IIV (V/F) 0.45 41.5 0.46 0.23 – 0.76

 IIV (Ktr) 0.61 44.4 0.55 0.33 – 0.84

Correlation

 ηCl/F - ηV/F 0.916 32.9 0.934 0.759–1.00

Residual Variability

 σ (Proportional) 0.36 12.7 0.36 0.32 – 0.41

CL/F oral clearance; V/F; apparent volume of distribution; Ka absorption rate constant

RSE%: relative standard error (standard error of estimate/estimate*100)

#
Ktr = Ka within a transit model

^
Statistics from 400 bootstrap analyses

*
ω2(V/F) =θpV/F × ω2(CL/F); CL/F = 21.3 (WT/70)3/4; V/F = 90.7 (WT/70)1
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