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Premise
•
•

Risk assessment can and should be based on non-animal data

•

Biokinetic (ADME) data can be generated by in silico and in
vitro models

•

Mathematical modelling is the only way to accurately integrate
and use non-animal data

•

Robust and reliable mathematical models are available …

This implies the need to interpret and use in vitro toxicity data in
combination with biokinetic data

Picture source: https://ec.europa.eu/growth/sectors/cosmetics/animal-testing_en
https://www.sciencemag.org/news/2019/09/us-epa-eliminate-all-mammal-testing-2035
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What Kinds of Models Are In Scope?
Premise

Physiologically based kinetic (PBK) model
Throughout this presentation the more general term PBK
will be used.
Noting that PBK, PBPK, PBBK and PBTK are synonyms.

•

Physiologically based pharmacokinetic (PBPK) is the most widely used
term for kinetic models describing the absorption, distribution,
metabolism and excretion of a drug within the body. Although widely
used in the pharmaceutical sector, the “PBPK” term is not strictly correct
in the area of chemical risk assessment. An alternative is “PBTK” with
the TK representing toxicokinetic, but this is not appropriate either
(Clewell & Clewell, 2008). More general terms, such as physiologically
based biokinetic (PBBK) or physiologically based kinetic (PBK), are thus
more appropriate.

…. but
guidance is
needed to
promote
model
credibility in
a decisionmaking
context

Pictures source: https://ec.europa.eu/jrc/en/publication/eurl-ecvam-workshop-new-generation-physiologically-based-kinetic-models-risk-assessment (human)
https://www.frontiersin.org/articles/10.3389/fmars.2015.00114/full (fish)
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A Bit of History Behind the Document–Part I
•
•

EURL ECVAM Strategy Document on Toxicokinetics (2015)
─ Objectives to enable prediction of systemic toxicity by applying
new approach methods
Workshop on physiologically based kinetic modelling (2016)
─ Establishing model credibility, dealing with uncertainty

Pictures source: https://ec.europa.eu/jrc/en/publication/eurl-ecvam-workshop-new-generation-physiologically-based-kinetic-models-risk-assessment
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A Bit of History Behind the Document–Part II
Survey of PBK model use in science and regulation
(2017)
• 93 respondents
• Need for guidance on reporting, use, and
reviewing the new generation PBK Models
https://apps.klimeto.com/pbk/

Pictures source: https://www.sciencedirect.com/science/article/pii/S0273230017302696
https://chemicalwatch.com/62129/regulatory-agencies-reluctant-to-use-mathematical-models-of-organisms
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OECD Guidance Document on the Characterisation, Validation, and
Reporting of Physiologically Based Models for Regulatory Applications
Typical PBK models

New Generation PBK models

Calibration and evaluation of the model
rely on in vivo data

Development of the model rely on in vitro
or in silico methods

Model structure reflects a balance
between the principles of parsimony and
plausibility

Model structure reflects mechanistic
understanding of biology and
biochemistry

“Familiar uncertainty”

“Unfamiliar Uncertainty”

The aim of this document is to provide guidance on the characterisation,
validation, and reporting of Physiologically Based Kinetic (PBK) models
intended for use in the regulatory assessment of chemicals in cases where no
in vivo kinetic data are available for model validation.
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Regulatory
Applications

Builds on Existing Guidance
EPA 2006

WHO 2010

EFSA 2014

CEN
2015

EMA/FDA
2018

Scope

Model
application in
risk
assessment

Model
application in
risk
assessment

Good
Modelling
Practices

Reporting
of
multimedi
a models

PBK model
platform
evaluation

Applications

Interspecies
Extrapolation

Interspecies
extrapolation

Environmental

Drug
submission

Intraspecies
Variability

Interindividual
variability

Environmental
and
human
models

Route-toRoute
Extrapolation

High dose to
low dose
extrapolation;

Duration
Adjustment

Route-toroute
extrapolation.

Potential Applications
1
2
3
4
5
6
7

8

Extrapolating across doses or
exposure scenarios
Route-to-route extrapolation
Interspecies extrapolation (and
modification
of
default
assessment factors)
Intraspecies
extrapolation
(accounting
for
population
variability)
In vivo extrapolation of in vitro
toxicity data – Q(IVIVE)
Setting safe levels of a chemical
based on tissue dosimetry (in
humans or animals)
Interpreting human and wildlife
biomonitoring
data
by
retrospectively
reconstructing
the external dose or exposure
(reverse dosimetry)
Predicting biologically-relevant
doses at target tissues

High-Dose to
Low-Dose
Extrapolation.
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OECD PBK Model Guidance Structure
Introduction
Chapter 2 (PBK modelling workflow) summarises the steps taken to
characterise and validate PBK models using physicochemical and
biochemical data from in vitro and in silico methods.
Chapter 3 (regulatory assessment of PBK models) presents a template for
reporting models and a checklist for evaluating their validity and
applicability, according to context of use.
Case Studies
8
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Into the Guidance: Model Workflow
Step 1

Step 2

Step 3

Step 4

Step 5

• Problem formulation and model conceptualisation

• Model parameterisation

• Solving the equations
• Model validation
• Sensitivity, variability and uncertainty analyses
• Predictive capacity
• Model reporting and dissemination

Scientific workflow for
characterising and
validating PBK models,
with emphasis on the use
of in vitro and in silico
data for absorption,
distribution, metabolism,
and excretion (ADME)
parameters, and in
scenarios where in vivo
kinetic data are limited or
unavailable to
parameterise model
parameters
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• Problem formulation and model
conceptualisation

Step 1

Problem
formulation
Model
conceptualisation

• Model parameterisation

Step 2

A PBK model contains two
types of parameters:
(1) anatomical and physiological
parameters for the species of interest
such as tissue volumes and blood
flow rates;
(2) chemical-specific parameters for
describing ADME processes, such as
partition
coefficients,
rates
of
absorption,
biotransformation
metabolic
rate
constants,
macromolecular
binding
and
excretion of compounds.

1.
2.
3.
4.

Partition coefficients
Absorption across
external barriers
Active transport
Clearance (metabolic,
hepatic, renal, biliary)

Biological relevance
Expression of the parameter
Classification schemes
Methods to measure or predict the
parameter
Main uncertainties
How to reduce uncertainties

Picture source: OECD PBK model GD in preparation.
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• Solving the equations

• Model Validation

Step 3

Step 4

Many software packages are available with which the ordinary
differential equations in customised PBK models can be numerically
integrated and solved.
A list of commonly used software is available in Madden et al. (2019)

• Model reporting and dissemination

•

Definitions of validation, uncertainty,
variability and sensitivity

•

Sensitivity and uncertainty analysis

•

Assessment of model predictive capacity
by using a read-across approach

Step 5

Using template available, in this GD, or Tan et al., submitted.
Following GMP!
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•
•
•
•
•

•
•
•
•
•
•

Regulatory purpose
Model applications
Software implementation
Peer input / review
Documentation

Biological basis (model structure and
parameters)
Theoretical basis of model equations
Reliability of input parameters
Sensitivity of output to parameters
Goodness-of-fit and predictivity

Evaluation checklist

Develop an
assessment
Context &
framework for
Implementation
evaluating PBK
models, with
emphasis on the
Model
major uncertainties
validity
underlying the
model predictions.

Reporting template

Into the Guidance: Regulatory Assessment of PBK Models

Picture source: OECD PBK model GD in preparation.

12
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Context and Implementation
PBK model code should be provided to ensure that:
 the model code (i.e., equations and parameter values) are devoid of
syntax or mathematical errors;
 the values and units of input parameters are accurate;
 the chemical mass balance and blood flow balance are respected at
all times; and
 there is no solver or numerical error.
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Model Validity





Biological basis (model structure and
parameters)
Theoretical basis of model equations
Reliability of input parameters
Sensitivity and uncertainty analysis:
–



Confidence matrix for the input
parameters (adapted from WHO, 2010).

Application of OAT or GSA have a great
impact on drawing conclusion on model
validity.

Goodness-of-fit and predictivity

14
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PBK Model Evaluation Tool Box
1. Model
Reporting
Template

3. Overall Evaluation Matrix
(adapted from WHO 2010)

Confidence Matrix

2. Evaluation
Checklist

Picture source: OECD
PBK model GD in
preparation.
Icons from ppt
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PBK Model Evaluation Tool Box
PBK Model Reporting Template sections
A. Name of model
B. Model developer and contact details
C. Summary of model characterisation, development, validation, and
regulatory applicability
D. Model characterisation
E. Modelling workflow
Step 1 – Problem formulation and model conceptualisation
Step 2 – Model parameterisation
Step 3 – Solving the equations
Step 4 – Model Validation
Step 5 – Model reporting and dissemination











F. Identification of uncertainties
model structure
input parameters
model output
other uncertainties (e.g. model developed for different substance
and/or purpose)
G. Model implementation details
software (version no)
availability of code
software verification / qualification
H. Peer engagement (input/review)
I. Parameter tables
J. References and background information
publications
links to other resources

PBK Model Evaluation Checklist

Checklist
assessment

Comments

Name of the PBK model (as in the reporting
template)
Model developer and contact details
Name of person reviewing and contact details
Date of checklist assessment
A. Context/Implementation
A.1. Regulatory Purpose
A.2. Documentation
A.3 Software Implementation and Verification
A.4 Peer engagement (input/review)
B. Assessment of Model Validity
B.1 Biological Basis (Model Structure and
Parameters)
B.3. Reliability of input parameters
B.4. Uncertainty and Sensitivity Analysis
B.5. Goodness-of-Fit and Predictivity

Comprising 19 questions to be answered

16
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PBK Model Evaluation Tool Box

None
Do not use

Standard
Use data as
supplementary
information

High
Use to inform your
assessment

Picture source: OECD
PBK model GD in
preparation.
Icons from ppt
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PBK Model for Caffeine
Human health risk of exposure to a chemical can be characterized.
•

RCR = Risk characterisation ratio approach
human exposure level compared to human limit value (HLV), based on an animal
point of departure (POD) divided by relevant assessment factors.

•

MOE = [POD]/SED
POD point of departure : i.e. NOAEL or BMDL
SED systemic exposure dose (SED)

A shortcoming in both approaches is the apparent lack of
attention for species- and route-dependent ADME information.
•

MOIE = [SPOD]/SED
• SPOD Systemic point of departure by PBK modelling
• SED Systemic exposure dose (SED) by PBK modelling

Pictures source: Bessems et al., 2017
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PBK Model for Caffeine
•
•

Caffeine in cosmetics, in food products.
PBK model for rat (oral)
• Define the toxicity using fetotoxicity
• LOAEL 10 mg/kgbw/d
• NOAEL < 10 mg/kgmg/kgbw/d

•

PBK model for human (dermal & oral)
• Calibration using oral human in vivo data
• Model validation using oral and dermal in vivo data

•
•
•
•
•

Developed in R (http://cran.r-project.org)
Model equation reported in the appendix
Model assumptions reported
Literature data and in silico data as input
Historical in vivo data to calibrate and validate the model

Pictures source: Bessems et al., 2017
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PBK Model for Caffeine
The PBK modelling approach was based on the following assumptions:
a. In the human models, skin and GI tract are represented by sub-compartments,
the rat PBK model the GI tract is represented by a single compartment.
b. It is assumed that the test compound is applied onto the skin surface in a pure
solvent (vehicle) to account for a simple formulation (i.e., in ethanol, acetone).
 No mixture effects was considered.
c. Metabolism is assumed to occur only in the liver. (Michaelis–Menten kinetics)
d. Excretion via urine is described by a first order rate constant.
e. Tissues are assumed to be homogenised compartments with respect to the
concentration of a chemical.
f. Transport between blood and tissues is assumed to be flow-limited and
equilibrium between free and bound fractions in blood and tissue is
instantaneous.

Pictures source: Bessems et al., 2017

g. Inter-individual differences in metabolism and excretion are not considered. To
partially account for such variations, the metabolic rates are corrected by the
subject’s body weight.

21

PBK Model Evaluation Tool Box
Overall Evaluation Matrix

Picture source:
Icons from ppt

22

11

2/19/2020

Cosmetic Europe─OECD IATA CS─Case Study on the Use of Integrated
Approaches for Testing and Assessment for Systemic Toxicity Arising from
Cosmetic Exposure to Caffeine
Extensive revision─simplification
recoded in Berkeley Madonna
New data to parametrize the model

Pictures source: Cosmetic Europe OECD IATA CS and EC, 2016

Integrated
Approach to
Testing and
Assessment
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Take Home Message
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