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BACKGROUND 
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THE NIGHTMARE OF THE RISK ANALYST 
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FROM QUESTION TO ANSWER 
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Question? 
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Opinion 

Risk 
Management 
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Four pillars of Chemical Risk Assessment 

Identify toxic effects 

Quantify toxic effects: 
- Dose response 
- Reference Point 
- Reference value 

Occurrence  
x Consumption 

Hazard vs 
Exposure: Risk 

Step 1 

Hazard Identification 

Step 2 

Hazard Characterisation 

Step 3 

Exposure Assessment 

Step 4 

Risk Characterisation  

Risk assessment 
– Fit for purpose 

– Uses tiered approaches depending on data available, time and 
resources 
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Deriving Safe Levels Of Chemicals In Humans : Tradition 

 Chronic Exposure Daily  

• ADI: Acceptable Daily Intake  for regulated compounds  

 e.g. pesticides, food and feed additives, food contact materials 

• TDI: Tolerable Daily Intake  for Contaminants 

ADI or TDI = Reference Point/ 100 

 
 Basis for 100   
10: Interspecies differences 
10: Human variability 

Reference Point 
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PARACELSUS  

(1493-1541) 

“All things are toxic and there is nothing 
without poisonous qualities: it is only the 
dose which makes something a poison” 

 

Toxicology: What the body does to a chemical 
and what a chemical does to the body 
 
Toxicokinetics (TK): What the body does to a 
chemical 
 
 
 
Toxicodynamics (TD) : What a chemical does 
to the body  
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Modern approaches in Chemical Risk Assessment 

• Moving from testing in animals to 
mechanistic alternatives (e.g. in vitro) and 
modelling of biological systems (in silico)  

 
• Quantitative metrics for risk 
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PARACELSUS (1493-1541) 

“All things are toxic and there is nothing 

without poisonous qualities: it is only the dose 

which makes something a poison” 

 

Pharmaco/Toxicokinetics 

 

How the chemical is eliminated 

from the body or activated into a 

toxic species (ADME ) 

Pharmaco/Toxicodynamics 

 

How the chemical exerts its 

pharmacological effect/ toxicity 

Target receptor/cell/organ 

OpenFoodTox 2.0:  
A Descriptive and Predictive 

Database 
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The Future of OpenFoodTox 2.0 2018-2022 

Collect new properties 

 physico-chemical properties, TK data, bioaccumulation etc 

 Summary exposure estimates 

 Intermediate effects (mechanistic data) 

 

New and updated OECD harmonised Templates 

 Design template for Weight of evidence, biological 
relevance and uncertainty 

 Update mechanistic (OHT 201) and toxicokinetic template 

 

Link OpenFoodTox with modelling platforms 

 QSAR models e.g VEGA 

 Published EFSA values and Predicted values 
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OpenFoodTox 2.0 

Chemical Information 

Exposure 

EFSA Outputs 

Toxicological 
Information 

Modelling Platform 

Genotoxicity 
Toxicokinetics vitro vivo 
Toxicodynamics vitro vivo 

Structure 
Physico-chemical properties 
Summary Exposure 
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OpenFoodTox and in silico tools 

QSAR models from OpenFoodTox 

 Pesticide Toxicity in bees  

 Pesticide toxicity in rainbow trout 

 NOAEL in rats 

 NOAEL for liver toxicity in rats  
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The Role of OECD 
Harmonised 
Templates and 
Predictive Models 
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Organisations should not 
aim at ‘increase trust’  

rather aim to demonstrate  

Trustworthiness 
 

Information should be 

 Accessible 

 Intelligible 

 Useable  

 Assessable 

 

Professor David Spiegelhalter 

EFSA 3rd scientific Conference 
September 2018  

 

Robustness, Transparency and Openness 



WEIGHT OF EVIDENCE AND BIOLOGICAL RELEVANCE 

The toolbox to combine 
evidence: 
-Assemble 
-Weigh 
-Integrate 

Assessment of biological 
relevance  
-The agent 
-The subject 
-The effects  
-The conditions 
 
e.g. Is the toxicity in the rat 
relevant to humans ? 



WEIGHT OF EVIDENCE 

Reporting weight of evidence assessment 

Question Insert text of question here  

Assemble 
evidence  

Select evidence 
Briefly summarise the methods used to search, select and extract the 
evidence (see Note 1). 

Lines of evidence 
List the line(s) of evidence into which the evidence were assembled for 
assessment (see Note 2). 
 

Weigh the 
evidence  

Methods 
Briefly summarise the method(s) used to weigh the lines of evidence (see 
Note 3). 

Results  
Give a reference to the section of the assessment where the results of 
weighing the lines of evidence are presented (see Note 4). 

Integrate 
the 
evidence  

Methods 
Briefly summarise the methods used to integrate the lines of evidence (see 
Note 5). 

Results 
State the conclusions of integrating the evidence for this question (see Note 
6). 
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UNCERTAINTY GUIDELINES 

Variability: if available , it is inherent to the biological process  
(inter-individual differences) we are looking at.  
Uncertainty: can be reduced using appropriate tool 
From descriptive to probabilistic methods 
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Designing and updating OECD Templates  

 WoE, biological relevance and uncertainty  

New template for WoE, biological relevance, uncertainty to structure 
methods  through picklists  

Examples of methods include qualitative description, probabilistic, 
bayesian methods for: 

• WoE assessment  

• The assessment of biological relevance  (test species vs humans) 

• Variability and uncertainty 

 

 Updating OHT on TK and intermediate/mechanistic data 

Allow to include endpoints from new in vitro studies 

Allow to structure data for developing in silico tools 

 

These OHTs further support sharing of data and 
cooperation between EFSA, sister agencies (ECHA),  JRC, 
and international bodies (e.g. WHO, US-EPA, FDA). 
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Tier 
Exposure Assessment 

 

Hazard 
identification 
 

Hazard 
characterisation 
 

Risk 
Characterisation 

  
  

Occurence Consumption TK TD TK TD 

0 
Semi-Q 

  
Default values No data No data 

in silico  
Read 
across 

Default 
values 
TTC 

In silico 

e.g. Default values 
Qualitative 

  

1 
Point 

estimates 
  

Point estimates 
in food 

categories 

In silico 
Limited 

data 
Semi-Q 

In silico 
data 

Read across 

in silico  
Basic TK 

Read 
across 

  

in silico 
NOAEL 

Default UF 

e.g. Semi-
quantitative 

2 
Measured 

data 
  

Measured in 
some food 
categories 

Dossier 
data 

 

Dossier 
Data 

in silico  
ADME 
data 

  

Quantitative  

e.g. Quantitative 
Deterministic/ 
Probabilistic 

  

3 
Large 
measured 
dataset   

Full patterns -
food categories 

Dossier  
and/or 
literature 

Dossier  
and/or 
literature 

Quantitative : 
Probabilistic etc 

e.g. Quantitative 
Full probabilistic 

Structuring Risk Assessment ? 
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The Role Of Predictive Models 

Exposure Dosimetry 

 

 

 

Reference 

Point 
Risk 

External Dose Internal Dose 

Toxicokinetics 

Safe level 

Toxicodynamics 
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The role of structured data and predictive models 

 Create a workflow across exposure, internal dose, toxicity to Risk 

Support decision makers: fit for purpose RA and increase efficiency: high 
throughput 

Data poor: QSAR, read-across, TK data ,Data rich: Refined model 

 

 

 Further support transparency, cooperation and training  

Support all stakeholders with fit for purpose tools 

Data exchange with EFSA , sister agencies, MS, international 

Case studies for fit for purpose training 

 

 

 Further support high throughput mixture risk assessment 

Using structured data and refine RA using internal dose 

 

 

 

 

 

 

 

 



25 

  

Main title TK Plate : A Toxicokinetic 
Modelling Platform 
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Why would we use TK tools in RA? 
 Priority@EFSA panels/International (2014): Generic Models 

 

 Predict kinetic parameters in relevant species: Forward 
Dosimetry 

 Integrate body burden in the derivation of safe levels for 
chemicals including persistent compounds (e.g dioxins etc…) 

 

 Using Human biomonitoring data: recalculate exposure from 
internal dose: Reverse Dosimetry 

 Quantitative in vitro to in vivo extrapolation (QIVIVE) 

 

 Quantify 

1.Carry over/residues of regulated products /contaminants in 
animal products (meat, eggs, milk) 

2. Interspecies differences in kinetics (farm animals, fish etc..) 

3.Human variability in kinetics (children, elderly, inter-ethnic) 
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dose 

Internal 

dose 
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Effect 
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metabolism 

Target organ 

Dose  

What the chemical 
does to the body 

Toxicokinetics Toxicodynamics 

What the body does 
to the chemical 
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Step Wise approach to develop and apply TK models 

1.Data Collection  

 Physiological and biochemical parameters for each species 

 Chemical specific parameters including phys-chem, TK etc. 

2.Integrate the data into an algorithm 

 Physiologically-based model 

 Harmonise sensitivity, variability and uncertainty analysis 

 

3. Develop case studies and guidance 

 Compare published and predicted values  

 Guidance document to use TK data/models in RA (OECD under 
preparation and EFSA starts 2020+) 

 

4. Develop an Open source platform for users 

 All Models integrated into a user friendly platform 

 Data and models used to calculate or predict TK ad TD properties 

 Can accelerate the RA process 
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Visualisation: Physiologically-based Kinetic models 

External  

dose 

Internal 

dose 

Target organ 

metabolism 

Target organ 

dose 

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 



The R4Eu Project and EFSA Statistical models 



Benchmark dose Modelling  

 What is it for? • Modelling dose response data dose corresponding to the 
benchmark response of interest. The software can apply 
model averaging. 

Outputs?  • BMD report 

• R code available:  https://zenodo.org/record/889583  

• Manual (under update) 

• In 2017, EFSA organised a workshop on BMD (not specific 
on the tool). Information available on 

• https://www.efsa.europa.eu/en/events/event/170301-0  

https://zenodo.org/record/889583
https://www.efsa.europa.eu/sites/default/files/170301-0-p6.pdf
https://www.efsa.europa.eu/en/events/event/170301-0
https://www.efsa.europa.eu/en/events/event/170301-0
https://www.efsa.europa.eu/en/events/event/170301-0
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TKPlate : Prototype Platform in R 

Solver 

Model 

outputs: 

Internal 

Dose 

Chemical specific  libraries 
 

- PBTK parameters 

- Physio/chemico properties  

- -Expsosure 

- Default values 

PBTK model 

Human  

 

Physiological Data 

Pathway Variability  
 

C-based ext. 

For faster 

computation 

Sensitivity 

analyses 

module 

Monte Carlo 

population 

variability simulator 

 

Additional 

outputs 

Allometric  

scaling 

QSAR 

QVIVE 
ERA: Farm animals, fish etc 

 

Physiological Data 
 

INPUT OUTPUT MODELLING WORKFLOW 
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Open source PBK models in 4 Fish species@EFSA 

 Open source model 
codes in R 

 

 Open source 
Physiological data 

 

 Model development, 
description, and 
case studies in 

 

 

Grech et al (2019. Generic physiologically-based toxicokinetic modelling for fish: Integration of 
environmental factors and species variability.STOTEN.651(Pt (1):516-531 
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PREDICTING KINETICS IN HUMANS :CARVONE 

Main metabolic 

route(s) 

CYP2C9 

CYP2C19 

Case/pathway-specific 

input data used 

In vitro human data extrapolated to in 

vivo via QIVIVE 

Variability in CYP2C9 and CYP2C19 

pathway 

Model structure One-compartment model 

Exposure scenario Single oral dose based set to BMDL10 

Model predictions Plasma time-course concentrations 

TK parameters 

External validation 

data 

Published TK parameters in humans 

Parameters (mean (CI 95) 𝐶𝑚𝑎𝑥 (µg/L) 𝑡1/2 (h) 𝐴𝑈𝐶0−24 (µg/L) 

One compartment model 

for selected population 

16.56 (9.88 – 

34.57) 
2 (1.25 – 3.75) 49 (15 – 200) 

Published TK parameters 

(mean ± SD) 
14.80 ± 10.40 2.40 ± 1.20 28.90 ± 20.00 
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INCORPORTING VARIABILITY IN METABOLISM  

Main title 

Meta-regression for PK parameters- 

Inter-ethnic and inter-phenotypic 
differences for  polymorphic CYP2C9 
and CYP2C19 

 

Prediction (red) 

Published (black) 

 

Integration of enzyme isoform 
specific variability in generic PK and 
PB-K models 
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Predicting Tissue Concentrations in Farm Animals 
Comparison between observed and PBK predictions of [C] in blood 
and tissues of cattle (CA), sheep (SH), and swine (SW) for 
oxytetracycline  

Lautz et al., Toxicology Letters, in preparation 
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Predicting Tissue Concentrations in chicken 

Lautz et al., in preparation 

1. For monensin (coccidiostat), in vitro data for metabolism to 
estimate clearance 
2.Scale clearance to the whole liver using a quantitative in vitro in 
vivo extrapolation model 
3. Predict tissue concentrations and compare with measured data 
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CATS AND RISK ASSESSMENT OF FEED ADDITIVES  

Cats have low activity of conjugation 
enzymes as hyper-carnivores: No 
induction by plants 

An uncertainty factor of 500 is used 
to go from the rat to the cat (extra 
UF of 5 from 100) 

Generic PBK model supports 
quantification: 

-Differences in internal dose vs other 
species  for same external dose due to 
Taxa-TK specific traits. 

-Rationale for specific UFs for cats 
depending on enzymes using available 
PK/TK data in cats 
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OpenFoodTox 2.0 
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OPEN CALL FOR DATA 
 Publication of an EFSA open call for data in 2019 ? 

Support open data for structured tox information in OpenFoodTOx 
2.0 from stakeholders (e.g. MS, academia, industry etc..) 

Can support the development of case studies within TKPlate 

 

 Toxicokinetic and toxicological data for chemicals in food 
and feed 

Data in humans, animals and species for ecological risk 
assessment 

In vivo data (e.g. kinetic studies) 

In vitro data (e.g in vitro metabolism etc..) 

 Mechanistic (effect) data 

In vivo data, In vitro data  

Include OMICs datasets ? 

 

 Discussion: views and way forward 
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FUTURE INVOLVEMENT OF STAKEHOLDERS 

 Regular update on data collection and available tools  

EFSA and Stakeholders can provide update on new databases 
and models available for the food and feed safety area 

Data Sharing ? 

 

 Development of case studies 

Illustration of the application of tools for risk assessment using 
case studies 

Provides training material for a range of stakeholders 

 

 New Computational toxicology section within EUROTOX 

Platform for exchange of good practice, data, models and 
training 

Stakeholders 

 

 Discussion : views and ways forward 
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Summary 
 OpenfoodToX 2.0 

New properties included, linked to models: Descriptive and Predictive 

New template for WoE, biological relevance, uncertainty 

 

 OECD harmonised templates  

Structured data critical for harmonisation, sharing and cooperation 

 

 Predictive models and TK plate  

Models and web based interface for human, animal and ecological RA 

Support RA for many applications including rapid RA  

Guidance document needed for food and feed safety 

 

 Future perspectives : critical issues  

Open call for data and engagement of EFSA and stakeholders 

Open source tools and cooperation with MS and international bodies 

  Training the current and next generation of RA to use tools 
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www.efsa.europa.eu/en/engage/careers 

www.efsa.europa.eu/en/rss 

Subscribe to 

Engage with careers 

Follow us on Twitter 

@efsa_eu 

@plants_efsa 

@methods_efsa 

www.efsa.europa.eu/en/news/newsletters 

THANK YOU! 

Do you have questions? 

Jean-Lou.DORNE@efsa.europa.eu 


