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Open Source Tools and Transparency

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 



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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What does OpenFoodTox Contain?

Inventory of EFSA’s chemical 
RA since its creation in 2002

Easy Reference and Crisis

• Crisis: Free, Quick, Easy access to 
EFSA’s Chemical Hazards Data

• Tool for stakeholders

Avoid duplication of efforts

International Harmonisation 
and Data Sharing

• OECD Harmonised Templates 

• Data sharing

4,750

Substances

1,800 Scientific 

outputs
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What does OpenFoodTox Contain? (2)

Chemical 
Information

EFSA 
Outputs

Toxicological 
Information

Substance Identity : CAS, IUPAC, SMILES etc.

▪ Single Substances (e.g. flavourings)

▪ Group of Substances (e.g. mixture/formulation)

▪ Opinions

▪ Conclusions on Pesticides

▪ Statements

Title, Publication date, link etc.

Genotoxicity

Reference Points

▪ Human and Animal health and Ecological RA

Reference Values

▪ Regulated products: e.g. ADI for pesticides

▪ Nutrients: e.g DRV for vitamins and minerals

▪ Contaminants: TDI for acrylamide
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Downloading All Data From OpenFoodTox

https://doi.org/10.5281/zenodo.780543

https://doi.org/10.5281/zenodo.780543
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Microstrategy Tool (1)

https://www.efsa.europa.eu/en/microstrategy/openfoodtox
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Microstrategy Tool (2)
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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 TK template

Link OpenFoodTox with modelling platforms

• QSAR models e.g VEGA

• Published EFSA values and Predicted values
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OpenFoodTox 2.0

Modelling Platform

Genotoxicity
Toxicokinetics vitro vivo
Toxicodynamics vitro vivo

Structure
Physico-chemical properties
Summary Exposure

New Approach Methodologies (NAMs)

Chemical Information

Exposure

EFSA Outputs

Toxicological 
Information
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Connecting Exposure, Dosimetry and Effects

What the chemical does to the bodyWhat the body does to the chemical

External 

dose

Internal

dose

Target organ

responses

Toxic

Effect

Target organ

metabolism

Target organ

dose

External 

dose

Toxic

Effect

External 

dose

Internal

dose

Toxic

Effect

External 

dose

Internal

dose

Toxic

Effect

Target organ

Dose 

External 

dose

Internal

dose

Toxic

Effect

Target organ

metabolism

Target organ

Dose 

Toxicokinetics Toxicodynamics
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Mode of Action and Adverse Outcome Pathways

Chemical

Population 

Adverse 
Outcome 
Pathway

Molecular target

Cellular response

Tissue/Organ 

Individual/Organism 

Toxicokinetics Chemical properties

Receptor/Ligand interaction

DNA binding

Protein oxidation

Gene activation

Protein synthesis

Altered signaling

Altered Physiology/

Disrupted homeostasis

Lethal effects

Sub-lethal effects

Mode of 

Action



▪Alternatives to animal testing are key for EFSA:

➢ Development of new tools for chemical risk assessment (RA): Fit for purpose
for regulatory contexts (data poor, data rich)

➢178 REFIT exercise of the EU Food Law requires publications of all available 
data used in EFSA : Open data and in silico models

➢EFSA’s upcoming Chemical Risk Assessment strategy

▪ EFSA active in this area:

➢Open source toxicological databases (OpenFoodTox)

➢Development of physiologically-based kinetic (PB-K) models for humans (incl. 
TK and IVIVE), farm animals and fish

➢International cooperation: OECD PBK guidance for RA applications

➢Platform for generic TK and IVIVE modelling 

State of play in EFSA

13
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TK Plate: Example of Open Source Models

Toxicokinetic-Toxicodynamic collaboration 

▪ International Cooperation (2016-2020)

➢State of the art Workshop at JRC with national and international bodies (US-EPA, 
FDA, EFSA, RIVM,HSE, etc)

➢OECD Guidance document: Use of TK/PB-K models in RA (2020)



Toxicokinetics and Toxicity

✓ Main evolutionary goal of biotransformation: DETOX (TOXIFY ?)

Metabolism (liver + other tissues): 

From Lipophilic (+ absorption) to hydrophilic (+ excretion in urine or bile).

✓ Can we predict Kinetics quantitatively for humans, animals and other species ?

Toxicokinetics Toxicodynamics

Food

Chemical External Internal

Metabolism

Target organ

Elimination

Detoxification

Toxicity

Bioactivation

Excretion

Elimination



Models for Farm animals and the environment
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Stepwise approach to develop 
physiologically-based Kinetic 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 document

▪ Compare published and predicted values 

▪ Guidance : TK data/models in RA (OECD in prep, EFSA 2020+)

4. Develop an Open source platform for users

▪ All Data and models integrated into a user-friendly platform

▪ Predict TK ad TD properties and accelerate the RA process



Open source PBK models in 4 Fish species@EFSA



Physiologically-based kinetic models for Farm Animals
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Quantitative In vitro In Vivo Extrapolation for Humans

▪ New data requirements for pesticides (283/284 2013) : Compare in vitro metabolism rat/human

➢Collaborative case studies with national/international (2016-2020): 

1. Use of human in vitro metabolism data and QIVIVE models in RA

2. Prediction of human kinetics for compounds relevant to EFSA panels (e.g. pesticides, 
contaminants, food additives, botanicals)

➢Guidance on use of human in vitro metabolism studies to be developed by Pesticide panel (Nov 
2019-2021)

➢Take into account difference in metabolism for human risk assessment
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Opensource Source Tools

▪ TK plate : Generic PBK  and QIVIVE models for single compounds and 
mixtures in humans, farm animals and fish (Prototype in 2020)

▪ OpenFoodTox 2.0: Integrating Tox data and QSAR models (2019-2022)

▪ Case studies for interactions (humans, fish, bees etc)



Building a TK platform for species of relevance
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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



Connecting metabolism and variability in humans
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In vitro metabolism
In vivo variability/ uncertainty
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TK Plate: Open Source Models

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

MODELLING WORKFLOW



▪ APCRA “Accelerating the Pace of Chemical Risk Assessment”

➢Created under the lead of US-EPA together with EFSA, ECHA, Health
Canada, NTP and other agencies (Japan, Singapore etc.).

➢Aims to provide 1. Common understanding of NAMs (regulatory contexts
and examples), 2. Master list of common chemicals of interest for ongoing
and future NAM applications, 3. Potential sources of NAM information for
sharing and use. 4.Develop and share case studies of mutual interest.

➢Desired outcomes 1. Address data gaps in existing evaluations, 2.Evaluate
data poor chemicals, 3.screening and prioritisation 4.Acceleration of the
pace of assessments and risk-based evaluations.

➢Yearly meetings in the US, Europe, Canada with the next meeting planned
for October 2019 in Research Triangle Park US-EPA

The Benefit of Cooperation
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▪Successful collaborations within ACPRA 

➢US-EPA led Case study (2017): How conservative are in vitro predictions
compared with in vivo point of departures (PODs) ?

➢Cooperation with Health Canada, ECHA, ECHA and others.

➢EFSA’s support

1. Regular conference calls,

2. Curated in vivo Tox data for relevant compounds from OpenFoodTox,

3. Description OpenFoodTox

The Benefit of cooperation II
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➢Sharing opensource databases + relevant models

➢Joint case studies and training. Illustrate NAM applications (human, animals,
ecology) incl. in vitro data, metabolism and TK modelling, OMICs,
biomonitoring and risk-based evaluations.

➢Identify common mid-term and long-term priority areas for collaboration for
new tools and case studies

1.TK models for all test species in regulatory area,

2.Tools integrating state of the art information (in vitro, AOP, OMICs etc.) ?,

3.Common guidance documents

➢PhD Programmes ?

▪Feedback proposal from focal point ?

Possible joint activities with MS and Focal Point ?

27
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Integrating State Of The Art Methods And Data Streams

Exposure Dosimetry Reference 

Point

Risk

OpenFoodTox and 

MATRIX

In vitro

OMICs

In Silico

Epidemiological 

Data

AOP/MoA
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Conclusions and Future Perspectives

• Open source Tools support risk assessment

-Reduce animal testing

-Train current and next generation of Risk Assessors

• TKPlate

➢Support Open source models for RA community 

➢Open source models on EFSA knowledge junction (Zenodo)

➢Further development: Range of test species + case studies

➢Training staff and RA community

• Future Collaboration with Member States

Sharing data, models, developing common case studies ?

• New speciality section in EUROTOX: IN2TOX (In vitro in silico)

Kick off  9 Sep 2019 Helsinki
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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
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