


Zoom Instructions 

Q&A function:  During the presentation you may have a question that you’d like to be answered. 

Please send your questions at any time during the talk via the Q&A function in the Zoom control panel 

so it does not get lost in the Chat. We will respond to as many questions as possible during the Q&A 

sessions.

Chat function: During the meeting we will share technical and useful information in the chat box. 

Assistance: via the chat function or by email: hannah.thabet@oecd.org

This webinar will be recorded and will be made available afterwards at:

https://oe.cd/testing-assessment-webinars
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• Purpose and scope of the OECD guidance document

• Comparison with other PBK modelling guidances

• Overview of the OECD guidance document

Outline



PURPOSE AND SCOPE



Purpose and scope

• Provide guidance on characterizing, reporting, and 
evaluating PBK models used in regulatory assessment 
of chemicals

• Address challenges associated with developing and 
evaluating PBK models for chemicals without in vivo 
kinetic data 

• Promote the use of PBK models in regulatory risk 
assessment and facilitate dialogue between model 
developers and users



Scope

• The guidance provides contextual information of the scientific 
process of PBK model characterization and validation, but not 
a technical guidance on model development or applications

• The level of confidence required for a PBK model is 
dependent on the regulatory context of use

• The guidance is applicable to most chemicals and all species, 
provided that appropriate methods/data exist to parameterize 
a model

• The guidance is a living document that can be updated as 
more experience is gained and new technologies, evidence 
and applications emerge



COMPARISON WITH OTHER GUIDANCE



Comparison with other guidance (characterizing PBK 

models) 

U.S. Environmental Protection Agency (2006)

European Food Safety Authority (2014)

WHO (2010)



Comparison with other guidance 

(reporting modeling analysis) 



OECD GUIDANCE OVERVIEW



Specific aims

1. A scientific workflow for characterising and validating 
PBK models, with emphasis on models that are 
constructed without using in vivo data

2. Knowledge sources on in vitro and in silico methods that 
can be used to generate model parameters

3. An assessment framework for evaluating PBK models for 
intended purposes

4. A template for documenting PBK models 

5. Provide a checklist to support the evaluation of PBK 
model applicability according to context of use. 



Contents

1. Introduction and scope

2. PBK modelling workflow

3. Regulatory assessment of PBK models

• Annexes

– List of resources for PBK modelling

– Prospective use of microphysiological systems in PBK models

– Sensitivity analysis

– Case studies



PBK modelling workflow



Assessment framework for PBK models

In vivo data NOT required

In vivo data required



Reporting template (case examples)

• Name of model

• Model developer and contact details

• Summary of model characterisation, development, validation and 
regulatory applicability

• Model characterisation

• Identification of uncertainties

• Model implementational details – software details, code, software 
verification

• Peer engagement (input/review)

• Parameter tables

• References and background information



Checklist for evaluation of model applicability

• The evaluation checklist comprises a series of questions 
for user to analyse the evidence provided by the modeller

• The guidance does not stipulate how the checklist should 
be weighed, since it should be determined by the users 
and is context-dependent

• The checklist has two sections:

A. Context/Implementation

B. Assessment of Model Validity
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Assessment framework for PBK models

In vivo data NOT required

In vivo data required



• Builds on established principles to consider the question:

– Is there sufficient confidence in the scientific basis of a PBK 
model to support its use in a specific regulatory assessment? 

• for models where animal data are lacking for calibration/validation, 

• Critical focus on the choice of the non-animal methods 
used to parameterize the model, and emphasizing: 

– the sensitivity analysis to determine the relative importance of 
the parameters driving output 

Objectives of the Assessment framework 



• Considers regulatory application and context of use, which together 
determine: 
– The degree of acceptable uncertainty for intended application

• Applications vary

• Purview principally of the regulatory assessor

Framework: Context and Implementation



• Priority Setting/Ranking for:

• Monitoring

• Testing

• Assessment

• Hazard and Risk Assessment

– Preliminary 

– Full Quantitative

• risk management

Regulatory Applications Vary

Degree of 
confidence

Tier 0

Tier 1

Tier 2

Tier 3

Tier 0

Tier 2

Tier 3

Tier 1

Problem 
Formulation

MOE

Exposure Hazard



• Reliability of the model (intrinsic characteristics)

• Five considerations
– Only one of which requires in vivo data 

• Purview of the modeller 
– Requires transparent reporting

Framework: Model Validity



Assessment framework for PBK models

In vivo data NOT required

In vivo data required



REPORTING TEMPLATE



PBK Model Reporting Template (Modeler)

• Prescribes the nature of 
adequate documentation of PBK 
model to support regulatory 
evaluation (similar to 
harmonized reporting templates) 

• Increases understanding of 
developers of aspects important
for regulatory application

• Increases consistency in 
descriptions and efficiency of 
review of the model



Template sections (Modeler)

• Name of model

• Model developer and contact details

• Summary of model characterisation, development, validation and 
regulatory applicability

• Model characterisation

• Identification of uncertainties

• Model implementational details – software details, code, software 
verification

• Peer engagement (input/review)

• Parameter tables

• References and background information



Template Subsection: Model characterization 

(Modeler)

1. Scope and purpose of the model

2. Model conceptualisation – model structure and mathematical 
representation

3. Model parameterisation – parameter estimation and analysis

4. Computer implementation (solving the equations)

5. Model performance

• sensitivity analysis, 

• predictive performance

– where there are no in vivo data for chemical of interest:
• justification for analogues/other sources

• reliable estimate of the dose metric for the analogue?

• biological variability of the in vivo reference data for the analogue



CHECKLIST FOR EVALUATION



Checklist for Evaluation of Model Applicability 

(Assessor)

• Questions for the regulatory assessor to consider whether:

– the evidence supporting the PBK model is sufficient for its 
intended application

• Takes into account:

A. Context/Implementation

B. Assessment of Model Validity



A. Context/Implementation

• A.1. Regulatory Purpose

– Acceptable degree of confidence for the envisaged 
application?

– Is the degree of confidence/uncertainty greater or less than 
non-modeling option?

• Important to bear in mind that the non-modelling (default) options 
often take into account much less chemical specific, physiological 
and biological information

• In some cases, there are no alternatives

– Recommendations for refinement



Context/Implementation

• A.2. Documentation
– Model documentation adequate?

• A.3. Software Implementation and Verification
– Model code express the mathematical model?

– Model code devoid errors? No numerical errors?

– Parameter units correct?

– Mass balance?

– ODE solver appropriate?

– PBK modelling platform verified?

• A.4. Peer engagement
– Has the model been used previously for a regulatory purpose?

– Is additional review required?



B. Assessment of Model Validity

• B.1. Biological Basis
– Model consistent with known biology?

• B.2. Theoretical Basis of Model Equations
– Are the underlying equations based on established theories?

• B.3. Reliability of Input Parameters
– Has the uncertainty of parameters been characterized?

• B.4. Uncertainty and Sensitivity Analysis
– Has the impact of parameter uncertainty been estimated?

– Confident in influential parameter values?

• B.5. Goodness-of-fit and Predictivity



HighLow

Model 
simulations of 

data 

Biological
Basis

Global Sensitivity 
Analysis supports the 

robustness of the model.

Local Sensitivity Analysis 
supports  the robustness 

of the model.

No uncertainty and 
sensitivity analyses 

Model consistently 
reproduces kinetic data, 
including the shape of 

time course profiles for 
chemical or analogue

Reasonable biological 
basis for model 
parameters and 

structure, supporting 
kinetic data

Model reproduces the 
shape of part of the 
kinetic time course 

curves, for chemical or  
analogue

Questionable  basis of 
some model parameters, 

structural elements or 
assumptions.

Model inconsistent with 
biology or the state of 

knowledge of kinetics of 
the chemical

Unable to reproduce 
shape of the kinetic time 

course curves, for 
chemical or analogue.

Uncertainty

Sensitivity

Confidence Matrix

Degree of 
confidence

Regulatory 
Applications 

Vary



Case Study 1: Development of 

generic PB-K models for Farm 

animals : EFSA case study

Jean Lou CM Dorne
European Food Safety Authority

Methodology and Scientific Support Unit



OECD Guidance Document on the Use 

of PB-K models in RA (2021)

• EFSA case studies on PB-K models

– Humans 

– Farm animals

– Fish



Reporting Template and confidence in PB-K models



Modelling Steps

Step 1

Step 2

• Model conceptualisation (structure, representation, 
mathematics)

Step 3
• Model Parameters (estimations and analyses)

Step 4
• Computation

Step 5

• Model Performance
• Validation

• Sensitivity, variability et uncertainty analysis
• Predictive Capacity

Step 6 • Reporting and Publication

Updating and 
Improving the 

Model using new 
data

• Model Purpose (Problem formulation)



Stepwise Approach to Develop 

Generic PB-K models in Farm Animals

• Data Collection

 Physiological data and biochemical parameters for each from Farm animal species

 Chemical specific parameters including phys-chem, TK etc. 

• Integrate data into an algorithm 

 Physiologically-based model

 Harmonise sensitivity, variability and uncertainty analysis (OECD, 2021)

• Develop case studies and guidance document 

 Use Guidance use of PBK models in Risk assessment (OECD, 2021)

 Physiologically-based model

 Compare published and predicted values 

• Develop an Open-source platform for users

 All Data and models integrated into a user-friendly platform

 Predict TK properties and integrate TK dimension in the RA process



Generic PB-K models for Farm Animals:

Part I-PBK model Reporting template



Generic PB-K models for Farm Animals :
Part II-Checklist for model Evaluation

Generic PB-K models for Farm Animals :

Part II-Checklist for model Evaluation



Generic PB-K models for Chicken

Reporting Table according WHO GD Criteria (2010)



Generic PB-K models in Farm Animals

Part III: Overall Evaluation



Internal Dose
TK parameters
Tissue residues
Reverse dosimetry

Species-specific TK
Interspecies 
Differences
Human Variability
TKTD modelling

Sensitivity
Uncertainty

Chemical Specific –Data
Exposure
Physico-chemical
Metabolism

Physiological 
Data

External 

dose

Internal

dose

Target organ

metabolism

Target organ

dose

TKPlate as an Open source platform



TKPlate Prototype



TKPlate Prototype II

TK Plate contains different 
modules

 Input: Input data (model, 
expo, chemical specific, 
physiological data) 

 Outputs : 

 Forward dosimetry : predict 
[c] in organs and kinetic 
parameters

 Reverse Dosimetry : predict 
exposure from internal dose 
(e.g.biomomitoring) 

 DEB and TD module (DEB 
models individual and populations 
for ERA, and TD (BMD) modelling)

 Automated Report



Comparing Predicted values vs Measured values for 

Concentrations in Biological Fluids and Organs



Comparing Predicted values vs Measured values 

for Kinetic Parameters
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Disclaimer



• Chemicals of Concern: organophosphorus flame retardants (OPFRs)
– Replacements of brominated flame retardants (BFRs)

– Unknown toxicity profiles

– Concern regarding developmental neurotoxicity (DNT)

• U.S. Consumer Product Safety Commission (CPSC) needs to conduct 
hazard assessments before banning several flame retardant products

• Chemicals were nominated to the National Toxicology Program for testing

• An IATA case study report as part of an OECD guidance document is 
under review
– To inform on the testing battery (e.g., in vitro assay, zebrafish model)

– To show how DNT battery can be used for prioritization of a class of compounds  

Background

IATA: integrated approaches for testing and assessment  



– A battery of cell-based in vitro assays (DNT battery)

– In vivo neurobehavioral data

– Human exposure data

Available NTP Data

Benchmark concentrations 
(BMCs) derived for various 
assays 

DNT: developmental neurotoxicity study
BMC: the lowest concentration where a chemically-
induced response exceeds background noise 



• Purpose:

– To facilitate contextualizing the in vitro findings to human 
exposure 

– To predict internal concentration from external exposure 

• Preferred features of pharmacokinetic models 

– Open-source, transparent

– High-throughput

Fit for Purpose Selection of PBPK Models



PK/PBPK Modeling Tools

Types Examples Pros Cons

Commercial 
PBPK building 
software 

GastroPlus / SimCyp / 
PKSim

Ready to use, dealing with 
complicated tasks

Costly, not 
transparency, not 
designed for 
reverse dosimetry 

Commercial 
modeling 
software 

Matlab / Berkeley 
Madonna / acslX

Flexibility, better 
transparency

Costly, steep 
learning curve

Open-source 
modeling 
software 

R language Open source, 
transparency, flexibility

Learning curve 

Open-source 
tool

High throughput 
toxicokinetic (HTTK) R 
package

Open source, 
transparency,   
environmental chemicals

Learning curve



• Open-Source, transparent, and peer reviewed 
modeling tools

• Developed by a group of scientists at U.S. EPA and 
led by John Wambaugh

• The primary goal: to provide a human dose context 
for in vitro bioactive concentrations (i.e., in vitro to 
in vivo extrapolation) (Wetmore et al., 2015)

• Secondary goal: to provide open-source data 
and models for evaluation and use by the 
broader scientific community (Pearce et al., 2017)

HTTK R Package

Figure is from John Wambaugh  

https://cran.r-project.org/package=httk



• Data availability to run the HTTK models

– Experimental fu and intrinsic clearance data (Wetmore et al., 2012, 2015)

– QSAR model predictions for input parameters are available  

– User can add their own chemical information

• Multiple exposure routes

• Multiple species

• Population simulator (Ring et al., 2017)

• Allows PBTK modeling and IVIVE

Unique Features of  HTTK R Package

fu: fraction of chemical unbound to plasma protein  



• Colored bars represent range of 
plasma concentrations estimated 
from human exposure

• Blue circle represents minimal BMC 
from in vitro assays

• Overlaps between the solid bars and 
blue circles raise a consumer safety 
concern

• It is suggested that these chemicals 
are prioritized for further in vivo 
testingIn vivo MRL

In vivo POD In vitro BMC 

Comparing In Vivo Exposure with In Vitro Toxicity 

Data to Enable Prioritization



USE OECD TEMPLATE FOR PBK MODEL 
REPORTING  



HTTK.3comp Model

• Condensed form of PBTK model in HTTK package

– Gut, liver , Rest of Body compartment

• Rate of change of the amount of a chemical in each 
compartment

– Modeled as a set of mass balance differential equations 

– Constant partitioning  

• Clearance of chemicals 

– Hepatic clearance 

– Renal excretion (“Rest of Body” compartment)



PBK Model Reporting Template (Section A – C)

PBK Model Reporting Template sections

A. Name of model HTTK.3comp

B. Model developer and contact 

details

Xiaoqing Chang

xiaoqing.chang@inotivco.com

C. Summary of model 

characterisation, development, 

validation, and regulatory 

applicability

Chemical specific, 3-compartment PK model developed 

using HTTK R package (ver 1.9);  

Regulatory applicability: in vivo testing prioritization



Step 1 – Scope and purpose of the 
model (problem formulation) 

To relate external oral exposure and internal concentration for a 
set of flame retardants

Step 2 – Model conceptualisation
(model structure, mathematical 
representation) 

Perfusion limited, mass balance differential equations

Step 3 – Model parameterisation
(parameter estimation and analysis) 

HTTK package contains chemical-specific in vitro data for fu and 
intrinsic clearance for thousands of chemicals

Step 4 – Computer implementation 
(solving the equations) 

MCSim was used for converting the model equations into C code, 
which is used with R packaged: deSolve in solving each system of 
equations (Bois and Maszle, 1997; Soetaert et al., 2016) .

Step 5 – Model Performance N/A

Step 6 – Model Documentation https://cran.r-project.org/web/packages/httk/httk.pdf

D. Model Characterisation (Modeling Workflow)



Uncertainty Category

Model structure 
N/A

Input parameters Measurement uncertainty analysis for fu and intrinsic 
clearance (Wambaugh et al., 2019)
The calibrated methods for predicting tissue:plasma
partition coefficients and volume of distribution (Pearce et 
al., 2017)

Model output 
Maximum plasma concentration (Cmax); Population 
variability can be implemented

Other uncertainties (e.g. model 

developed for different substance 

and/or purpose)

Conversion from various exposure sources (e.g., breast milk, 
handwipes, and house dust) to oral exposure (mg/kg/day)

E. Identification of Uncertainties  



F. Model implementation details 

software (version no) 

availability of code 

software verification / qualification

The httk v 1.9. 

The code for the httk package is available

The R code for applying httk.3comp model is available

G. Peer engagement (input/review) The initial release of the httk.3comp model is via Pearce et 
al. 2017, which has been undergone peer review for 
publishing

H. Parameter table Parameter values can be easily extracted from model; 
Included as supplemental table for OECD study report

I. References and background 

information publications links to 

other resources
https://cran.r-project.org/web/packages/httk/index.html

PBK Model Reporting Template  (Section F – I)

https://cran.r-project.org/web/packages/httk/index.html


• Very useful to facilitate the design, execution, and evaluation of a 
PBPK model 

• Helps the model developer to understand more about their models 
regarding regulatory acceptance

– Pros and cons 

– Applicability domain and limitations 

• Fit for purpose consideration before building a model

• Facilitate reproducibility of modeling results

• Promote regulatory acceptance of a PBPK model 

Take Home Message: Using the OECD Reporting Template
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Questions ?
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• For the modeling approach you submitted, what is the 
context in risk assessment?

• Do you see other potential regulatory applications?

• In your experience, what are the common barriers for 
regulatory agencies to adopt this modeling approach? 
How would you recommend overcoming these barriers?

Modeling purposes in the context of risk assessment



• Common barriers include perceptions of large uncertainty 
when in vivo data are lacking, modeling approach often 
not consider metabolites 

• Models and applications should be designed or purposed 
for specific regulatory applications

• Early and continuous communications between modelers 
and regulatory communities

• Training for model users

Common barriers and recommendations



• Did you consider metabolites in your model? If not, do 
you think it is a major barrier for using your modeling 
approach?

Metabolite



• Potential reasons for not including metabolites include parent 
is the moiety of interest, parent clearance is rapid, unknown 
mode of action/toxic moiety, unknown metabolites

• Many of these concerns also apply to traditional toxicity 
testing that use animals; the bottleneck for this problem is 
identifying/measuring metabolites

• There are many ongoing research efforts to identify 
metabolites and their bioactivities using in vitro and in silico 
methods  

Not a new, or model-specific problem



• Can you compare the uncertainty or confidence level 
between your modeling approach with the alternative, 
such as the default approach or not using the PBK 
models?

Uncertainty of the modeling approach



• Although model uncertainty may be large, it is still 
preferred over the default approach that does not 
consider chemical-specific information or biology

• In some cases (e.g., convert in vitro dose to in vivo
exposure), a PBK model is essential

• Recommend early and continuous engagement with the 
regulatory community to collectively frame model 
objectives

Model uncertainty versus uncertainty related to not 

using a PBK model



• How do you evaluate model uncertainty without using in 
vivo data?

• How do you confirm that in vitro measured model 
parameters reflect in vivo conditions?

Evaluation of model uncertainty



• Recommend testing the model predictability using 
chemical analogues that have in vivo data

• Many ongoing research efforts on testing whether PBK 
models developed with in vitro/in silico estimated 
parameters can simulate available in vivo dose metrics

• Many ongoing research efforts on the read across 
approach

• Use sensitivity analysis to guide the evaluation of model 
uncertainty

Read across



• What is the basis of selecting the specific type of 
sensitivity analysis (global or local) in your analysis?

• What did you learn from your sensitivity analysis?

Sensitivity analysis



• Recommend modelers to clearly communicate the 
sensitivity analysis results and implications with 
regulatory communities

• Not all model parameters are influential to model output

• Characterize or reduce uncertainty of influential model 
parameters

Sensitivity analysis



• When you evaluated your model with in vivo data, what is 
the benchmark for you to determine goodness-of-fit?

• When you use the same modeling approach to make 
predictions for other chemicals that do not have in vivo
data, how do you determine if the modeling approach is 
applicable (domain of applicability)?

Benchmark for model evaluation



• Fit for purpose regulatory applications

• Consider physio-chemical properties, kinetic similarities

Domain of applicability


