
• Comparison of four previously reported pharmacokinetic models against an external dataset revealed that models 

developed in healthy Chinese and HIV-positive South African populations exhibited the lowest residuals. These models 

were subsequently utilized as prior information in a sequential integration process to develop the final population 

pharmacokinetic model.

• This integrated model development presents a scientific approach to generalize and explain pharmacokinetic 

characteristics observed across diverse populations, which exhibit substantial variability due to intrinsic factors such as 

body weight, as well as extrinsic factors like co-medication and diet.
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Model evaluation and selection

• Red area, blue area represent 90% predicted interval, observed interval, respectively. The observed data are showed as 

points either.

RESULTS
• Tenofovir alafenamide (TAF), a novel prodrug of tenofovir approved by the FDA in 2016 for chronic hepatitis B 

treatment, demonstrates superior plasma stability and significantly reduced adverse events compared to tenofovir 

disoproxil fumarate (TDF), while maintaining the established therapeutic efficacy of tenofovir in managing chronic 

hepatitis B and HIV-1 infections.

• This study aims to collect and evaluate previously reported population pharmacokinetic (PopPK) models for TAF and 

TFV, and to propose a single integrated PopPK model that comprehensively represents study populations with diverse 

pharmacokinetic characteristics, utilizing prior information (prior subroutine).

PopPK model collection of TAF and TFV

• A comprehensive literature review was conducted to identify existing 

PopPK models for TAF and TFV. Subsequently, relevant literature was 

selected based on predefined criteria.

Model evaluation and selection

• Prediction-based evaluation: Models underwent assessment using 

Visual Predictive Check (VPC) and various prediction error metrics 

(PE, MAE, MSE, MPE, MAPE, RMSE) derived from post-hoc 

estimation results.

• Simulation-based evaluation: Model predictive performance was 

evaluated by calculating Normalized Prediction Distribution Errors 

(NPDEs) via 1000 model simulations.

Model selection

• The individual models that best described the pharmacokinetics of TAF 

and TFV were selected through a comprehensive evaluation.

Model integration

• A single, integrated PopPK model was derived by utilizing prior 

information from the selected TAF and TFV models, along with an 

external dataset, via NONMEM's $PRIOR (NWPRI) subroutine.

• Informative and non-informative priors were applied as needed to assess 

model adequacy. The final integrated model was selected based on 

criteria.

• Figure 2 provides a detailed description of the step-by-step evaluation 

criteria.
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RESULTS
Characteristics of the External dataset

• A single 25 mg oral dose of TAF 

(commercial tablet) was 

administered to 60 healthy Korean 

subjects in a fasted state. Plasma 

samples were collected for TAF 

quantification up to 3 hours post-

dose and for TFV quantification up 

to 72 hours post-dose.

Table 1. Demographic characteristics of 
external validation dataset

N (%) or Median [Range]Characteristics

46 (76.7%)Male

28.5 [21 – 50]Age (year)

72.7 [54.6 – 96]Weight (kg)

172.85 [155.7 – 185.6]Height (cm)

24.9 [18.3 – 29.7]BMI (kg/m2)

Inspection PopPK models for TAF and TFV

Model evaluation Model selection
Propose integrated model 

for TAF and TFV
Reported model inspection

Table 2. Summary of collected PopPK models for TAF and TFV

Figure 1. Workflow of meta-based external validation

Figure 5. VPC for the selected model

PopPK model integration

• The healthy Asian Model for TAF and TFV was developed using informative priors from the healthy Chinese model and 

an external dataset.

Studies searched on PubMed
“Tenofovir” AND “Tenofovir alafenamide”

n = 1,390

Studies reported pharmacokinetic model
n = 42

Excluded studies
n = 1,348

Excluded studies
n = 38

• Replicate n = 1
• Animal studies n = 8
• Ineligible subjects n = 1
• Different formulation n = 17
• Papers without 

model-based analyses n = 8
• Insufficient data n = 3

Studies included
n = 4

< Inclusion criteria >

• Adults
• Administration TAF as commercial 

drug (tablet)
• Report the plasma concentration of 

TFV
• Report PopPK model describing 

pharmacokinetics of TAF and TFV
• Written in English

Figure 4. Diagram of literature inspection for external validation
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Figure 2. Schematic diagram of model 
integration with prior subroutine

Figure 3. Correlation Matrix of 
Demographic Covariates

Healthy AsianReference

Fixed effect (%RSE)

0.525 (3)0.569 (11.7)MTT (hour)

5.69 (3)4.05 (16.6)NT

282 (4)140 (9.6)CL/F (L/h)

62.7 (0)62.6 (7.2)V/F (L)

64.5 (3)52.9 (5.4)CLM/F (L/h)

425 (6)307 (15.1)QM/F (L/h)

1530 (3)1360 (4.6)VcM/F (L)

1600 (3)1030 (5.3)VpM/F (L)

Final model

Fixed effect (%RSE)

FixedTAF

155 (2.8)CLM/F (L/h)

929 (3.3)QM/F (L/h)

2920 (3.4)VcM/F (L)

3570 (1.8)VpM/F (L)

Table 3. Estimated model parameters of 
reference model and healthy Asian model

Figure 8. Parameter density plots for healthy Asian model

Figure 6. NPDE histogram for the selected model

Table 3. Estimated model parameters of 
integrated model

Figure 7. VPC an NPDE histogram for healthy Asian model

Figure 9. VPC an NPDE histogram for integrated healthy Asian 
and HIV-positive South African model

Figure 10. Parameter density plots for integrated healthy Asian and HIV-positive South African model

• The integrated PopPK model was developed by combining external data with informative priors from a healthy Chinese 

TAF model (for TAF parameters) and weakly informative (90% RSE) priors from an HIV-positive South African TFV 

model (for TFV parameters).


