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Literature search terms 

Detailed information on the search terms for both population PK and PBPK modelling is provided 

below. For PubMed search terms, ‘[tiab]’ refers to title and abstract. For Embase search terms, ‘ti,ab,kw’ 

refers to title, abstract and keywords. 

Population PK modelling 

PubMed: 

("population pharmacokinetic*"[tiab] OR PopPK[tiab] OR "pop pk"[tiab] OR NONMEM[tiab] OR 

"nonlinear mixed effects model*"[tiab]) AND ("Radiopharmaceuticals"[Pharmacological Action] OR 

"Radiopharmaceuticals"[Mesh] OR "Radioactive Tracers"[Mesh] OR "Radioactivity"[Mesh] OR 

radiopharmaceutical*[tiab] OR tracer*[tiab] OR radioactiv*[tiab]) 

Embase: 

('population pharmacokinetics'/exp OR 'pharmacokinetic modelling software'/exp OR ("population 

pharmacokinetic*" OR PopPK OR NONMEM OR "nonlinear mixed effects model*"):ti,ab,kw) AND 

('radiopharmaceutical agent'/exp OR 'radioactivity'/exp OR (radiopharmaceutical* OR tracer* OR 

radioactiv*):ti,ab,kw) 

PBPK modelling 

PubMed: 

("physiologically based pharmacokinetic*"[tiab] OR PBPK[tiab]) AND 

("Radiopharmaceuticals"[Pharmacological Action] OR "Radiopharmaceuticals"[Mesh] OR 

"Radioactive Tracers"[Mesh] OR "Radioactivity"[Mesh] OR radiopharmaceutical*[tiab] OR 

tracer*[tiab] OR radioactiv*[tiab]) 

Embase: 
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('physiologically based pharmacokinetic model'/exp OR ("physiologically based pharmacokinetic*" OR 

PBPK):ti,ab,kw) AND ('radiopharmaceutical agent'/exp OR 'radioactivity'/exp OR 

(radiopharmaceutical* OR tracer* OR radioactiv*):ti,ab,kw) 
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Additional information 

Population PK modelling 

Population PK studies are most frequently performed by nonlinear mixed-effects models 

(NLMEMs). Nonlinear means that the concentration, as a dependent variable, is nonlinearly related to 

the (estimated) parameters and independent variable(s). Mixed-effects refer to taking both fixed and 

random effects into account. Fixed effects do not vary over time and represent typical population PK 

parameter values, such as clearance and volume of distribution [1]. In addition, individual characteristics 

that cause the typical PK parameters to vary across the population are also fixed effects, because the 

effect of a characteristic on a parameters is estimated for the whole population. On the other hand, 

random effects lead to differences between expectations and outcomes in individual patients [2]. 

Random effects include inter-individual variability (between subject variability (BSV)), between 

occasion variability (BOV) and residual variability [1,3]. Residual variability can be categorized as a 

combination of variability, such as intra-individual variability, drug concentration measurement error, 

sampling time error and model misspecification error [2]. NLMEMs use the population, rather than the 

individual, as the unit of analysis for estimating PK parameters and random effects [4,5]. In other words, 

data from all individuals are modelled simultaneously instead of separately.  

These population PK models contain three main components: a structural model, a stochastic 

(or statistical) model and covariate models. Herewith the typical concentration-time course, the random 

effects in concentration and the variability predicted by participant characteristics (covariates) are 

described, respectively [1,3]. NLMEMs result in typical population parameter estimates (with optional 

inter-patient variability on specific parameters) and a residual variability. Using these estimates, 

population concentration-time profiles are estimated, but also individual predictions of PK parameters 

and concentration-time profiles based on this population prediction can be provided. An overview of the 

NLMEM structure and fixed and random effect is provided in Figure S1. 

There are multiple ways to evaluate NLMEMs, but regarding simplicity, only three main but 

simple evaluation methods will be briefly described here. Firstly, the objective function value (OFV) is 
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used to discriminate between models during early stages of model development. The OFV, minus twice 

the log of the likelihood, is a value that gives an estimate of how good the model predictions describe 

the data. However, the OFV depends on the data set and the estimation method that is used [1]. 

Furthermore, goodness-of-fit plots are used for visual model evaluation. These plots show, for example, 

(conditional weighted) residuals versus population predicted concentrations and observed versus 

population or individual predicted concentrations. Besides, a visual predictive check (VPC) is a 

simulation-based method to evaluate models. Prediction intervals are developed from simulation 

concentration-time profiles and these are then compared with observed data [1]. 

 

Figure S1 – Overview of nonlinear mixed-effects model (NLMEM) structure and how fixed and  

random effects are involved. 
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