
Population Pharmacokinetics-Pharmacogenetics of Efavirenz using 

Non-Linear Mixed Effects Modeling and Bayesian Estimation

Efavirenz, used in the treatment of HIV, belongs to the Non-Nucleoside Reverse Transcriptase Inhibitors class.1 Currently, great variability is observed in

the population pharmacokinetics (popPK) which hinders therapeutic management, and liver metabolism has been considered one of the main sources for

this variability.2 In order to establish the determining factors affecting popPK variability, we aim to construct a population pharmacokinetic-

pharmacogenetic (PKPG) model by nonlinear mixed effects modeling (NLMEM) from sparse data, and accounting for CYP2B6 516G>T mutation

(CYP2B6_SNP). Bayesian estimation of the popPK parameters was also performed.

Objectives

Methods
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Patient 1 Patient 2

Patient 3

A one compartment open

model with first order

absorption was used,

parameterized in terms

of Clearance (CL/F) and

Volume of distribution

(V/F).

Fixed values for both

were collected from the

literature.

The covariate model included CYP2B6 mutation and total bilirubin (Bil)

as covariates of CL/F, both significant to the model. However no

significant covariate was found for V/F. The final popPK parameters were

68.3 L ± 20, and 4.32 L.h-1 ± 0.81 for V/F and CL/F respectively.

Interindividual variability of CL/F was improved in the covariate model as

well as the residual variability (Table 1). Also, the covariate model

showed increased sensitivity to detect a subgroup of lower plasma

concentrations marked by a second peak in the CL distribution curve.

Good data fitting was demonstrated with the goodness of fit diagnostic

plots.4 Bayesian estimates of CL/F and V/F were 5.9 L.h-1 ± 2.4 and 282

L ± 0.5, respectively.

The model was improved with Bil and CYP2B6_SNP as covariates, demonstrating

the important role of this protein in the pharmacokinetics of Efavirenz. The

covariate model partially addressed the data variability. Bayesian estimation

yielded similar CL/F values to those from the NLME basic model (5.45 L.h-1).

However, V/F values from the former and the latter (96.1 L) were very different,

which could stem from the high impact of initial Bayesian estimates.

Var 1

Var 2

Var 3

Var 4

Var 5

Model

fitting with

each

variable

Var 1

Var 4

Var 2

Var 3

Var 5

Basic 

NLME 

model

Improved

model

i+1

Var 1+idataset of 15 

patients with single-

point drug 

concentrations

demographic and

biochemical data,

as well as

CYP2B6_SNP

characterization MONOLIX 4.2.2. 

BUILDING OF THE BASIC AND COVARIATE MODEL 
The covariate model was

built by fitting the data to

each available variable

and selecting the ones

that improved model

fitting. The selected

variables were added in

a stepwise manner. In

parallel, Bayesian

estimations of CL/F and

V/F were achieved using

PKS systems3.

STRUCTURAL MODEL

Results

Patient 1 Patient 2

Patient 3

BASIC MODEL   COVARIATE MODEL   
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Population

weighted

residuals

Individual 

weighted

residuals

Basic 

model

Covariate

modele

CYP2B6 mutation

total bilirubin (Bil)

p=0.013

p=0.0031

GOODNESS-OF-FIT DIAGNOSTICS   
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predicted

Visual

Predictive

Check

PK estimates

V = 96.1 ± 0.43 L (SE 46%)

CL = 5.45 L/h ± 0.13 (SE11%)

V = 68.3 L ± 0,50 (SE 29%)

CL = 4.32 ± 0.08 (SE 19%)

Interindividual (ω) and residual variability

ω,ka = 21%

ω,V = 43.4%

ω,Cl = 13.4%

residual variability = 26.6%

ω,ka = 19%

ω,V = 49.9%

ω,Cl = 8.3% (↓↓)

residual variability = 12.6% (↓↓)

Fitness criteria

-2 x Log-likelihood (-2LL): 52.28

AIC: 66.28

BIC: 71.24

-2 x Log-likelihood: 42.25 

AIC: 60.25

BIC: 66.62
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CL/Fi = (4.32 - 0.291*CYP2B6_SNP + 

0.971*Bil) ∙ eƞi

V/Fi = 68.3 ∙ eƞi

Subgroup with

lower plasma

concentrations

translating into

higher CL

Table 1: Summary of results of the basic (left) and covariate (right) models.  

Basic model Covariate model

Basic model

Criteria

SE 
< 30%

SE 
< 30%

↓ parameters

 K0 set for 50 interations

 K1 and K2 set as default

 Combined (additive + proporcional) error model
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