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New Approach Methodologies 
and EFSA Case  s tudies



UNDERSTANDING TOXICOKINETIC AND TOXICODYNAMIC
PROCESSES IN CHEMICAL RISK ASSESSMENT
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EFSA NAMS CASE STUDY ON TEBUFENPYRAD 

Aim: explore the us e of NAMs  to 
inves tigate the neurotoxicity potentia l of 
the pes ticide Tebufenpyrad

• Part 1: ‘Development of 
phys iologically-bas ed kinetic (PBK) 
model coupled with pulmonary and 
dermal expos ure’

• Part 2: ‘Hazard characteris ation and 
identification of the Reference Point’

A Workshop on the results of the 
project and follow up activities 

was organised in September 2022 
Q3 2020 – Q3 2022 
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EFSA NAMS CASE STUDY ON PFAS

To develop and implement a  NAM-bas ed 
IATA for exploring the mode of action 

(MoA) for the obs erved 
immunos uppres s ion effects  and for 

addres s ing immunotoxicity of PFAS other 
than PFOS and PFOA, including the 
as s es s ment of a  common MoA and 

potency differences . 

APCRA 
Case 
Study
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EFSA NAMS CASE STUDY ON ESSENTIAL OILS

Des ign and conduct a  s eries  of NAM-bas ed 
experimental s tudies  for as s es s ing 
qualita tive and quantita tive differences  and 
s imilarities  in metabolic competences  
acros s  different target s pecies  for 
es s entia l oils  components  and to conduct a  
quantita tive in vivo in vitro extrapolation 
(QIVIVE) and comparis on among s pecies .   
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Human Variability in Metabolism and 
Pathway-re la ted Uncerta inty factors



TK MODELLING AND APPLICATIONS IN HUMAN RISK ASSESSMENT

Kinetic Variability Population

Chemical

• Population specific s imulations  
• Integration of kinetic parameters
• Internal Dose es timation for target organs

• In vitro in vivo extrapolations  for effects
• In vivo Dose-response modelling based on 

target organ concentrations

Risk Asses sment



QUANTITATIVE IN VITRO IN VIVO EXTRAPOLATION FOR HUMANS

 New data requirements  for pes ticides  (283/ 284 2013) :

Scientific Opinion on us e of comparative in vitro 
metabolis m-Tes t Species  vs  Humans   

Us e human in vitro metabolis m data  and QIVIVE in RA
Cas e s tudies -prediction of human kinetics  for food and 

feed chemicals  (e.g. pes ticides , contaminants )
Us e of OHT 58 (TK) and OHT 201 (intermediate effects ) 

to s tructure datas ets

 Variability in metabolis m within PBK models  for QIVIVE



OECD GUIDANCE ON THE USE OF PBK MODELS IN RA (2021)
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EFSA Cas e Studies  on PBK Models  in 
Annex
 Humans  
 Fis h
 Farm animals



Probabilis tic Uncertainty Factors
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α : fraction of population 2 within genera l popula tion



CYP3A4

Variability and inter-individual differences  in CYP3A4 metabolis m: 
ELS of TK data  for 15 CYP3A4 probe s ubs tra tes  to collect parameters  reflecting acute (Cmax) and 
chronic expos ure (clearance and AUC). 
Variability after oarl vs  IV injection  50% /  30% (AUC)
Healthy European, Eas t As ian and North American adults  s howed generally s imilar CYP3A4-related 
UFs   limited interethnic differences . 

N 
subs trate N s tudies n

Oral adminis tration
AUC (ng.h/ml/dose) 11 199 2921
Cl (ml/min/kg bw) 10 134 1603
Cmax (ng/ml/dose) 12 221 3211

Intravenous  adminis tration
AUC (ng.h/ml/dose) 4 40 577
Cl (ml/min/kg bw) 6 50 734

East Asia
Europe
North America

Darney et al. (2019) doi:10.1016/j.comtox.2019.100092



CYP3A4

These distributions allow to: 

1. estimate UFs in the risk assessment process using variability distributions on 
metabolism,

2. Apply CYP3A4-related UFs in the risk assessment process for compounds for 
which in vitro CYP3A4 metabolism evidence are available,

3. Integrate CYP3A4-related variability distributions with in vitro metabolism data 
into physiologically based kinetic (PBK) models for quantitative in vitro in vivo 
extrapolation (QIVIVE).



CYP2D6 POLYMORPHISM

How to derive UF that are protective for Poor Metabolis ers ?
Caucas ian mainly are Extens ive Metabolis ers and Poor Metabolis ers (8%)
Variability in EM (AUC and clearance) of 50-100%
EM/ PM AUC ratio range from 4 to 54

50th

percentile
95th

percentile

EM’s AUC PM’s AUC

𝑼𝑼𝑼𝑼𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑 =
𝑷𝑷𝟗𝟗𝟗𝟗,𝑃𝑃𝑃𝑃
𝑷𝑷𝟗𝟗𝟓𝟓,𝐸𝐸𝑃𝑃

Darney et al. (2021) doi:10.1016/j.envint.2021.106760 

PM UFs  ranged for the AUC and clearance from 1.6-63.5 and 1.4-116 (P95)



CYP2D6 polymorphis m :
Inter-phenotypic differences in 

Caucas ian and As ian populations
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TKPLATE 1.0: INFO PAGE AND GENERAL WORKFLOW



TK PLATE 1.0 : PUBLICATION  AND ASSOCIATED OUTPUTS



INPUT MODULE
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INPUT MODULE : SELECTING MODEL, SPECIES AND CHEMICAL



INPUT MODULE : EXPOSURE SETTINGS, CHEMICAL PARAMETERS 
AND PHYSIOLOGICAL PARAMETERS
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FORWARD DOSIMETRY : WHAT THE BODY DOES TO THE CHEMICAL 
(FROM OUTSIDE TO INSIDE)

Simulate
Model

Sens itivity 
Analys is

Compare 
Simulations

Model
Evaluation

Kinetic 
Parameters

Concentrations  
in body fluids  or 

Organs

Input 
Parameters

Predicting what the body does to the chemical (Toxicokinetics):
• Absorption, metabolism, elimination : Kinetic parameters
• Residues in blood, urine and organs of interest  (e.g. liver, kidney etc..)



FORWARD DOSIMETRY: OUTPUTS AND MODEL EVALUATION
24

Simulations for single Species Compare Simulations for multiple species

Outputs: Time Concentration Profiles/Kinetic Parameters



TK PLATE QIVIVE MODULE

 CLint unit nmol product/ (mg prot · min·µM) 
 ml /  (mg prot · min)

In vitro results
Km & Vmax  Cli (pmol product/ nmolP450 · min ·
µM)
Relative Abundance (pmolP450/ mg prot)
MPPGL = 40 mg prot/ g liver

Clin vivo = Cli * RA  * MPPGL /  1000

enzyme CV CLint unit

2C8 0.3 - nmol product/(mg prot · min·µM) 

2B6 0.3 - nmol product/(mg prot · min·µM) 

3A4 0.5 - nmol product/(mg prot · min·µM) 

2C9 0.5 - nmol product/(mg prot · min·µM) 

2A6 0.3 - nmol product/(mg prot · min·µM) 

2D6 0.5 - nmol product/(mg prot · min·µM) 

1A1 0.3 - nmol product/(mg prot · min·µM) 

1A2 0.35 - nmol product/(mg prot · min·µM) 

2C19 0.5 - nmol product/(mg prot · min·µM) 

2C18 0.3 - nmol product/(mg prot · min·µM) 

3A5 0.3 - nmol product/(mg prot · min·µM) 

esterases 0.4 - nmol product/(mg prot · min·µM) 



HANDLING POLYMORPHISM : A CASE STUDY

Cons idering a compound metabolis ed by CYP3A4 and 2D6 in humans
• CliCYP3A4 = 0.001 nmol product/ (mg prot · min·µM) 

CYP2D6 Extens ive metabolis ers and poor metabolis ers Ratio of 5 for Clint
• CLintCYP2D6 = 0.008 nmol product/ (mg prot · min·µM) 
• CLintCYP2D6 = 0.04 nmol product/ (mg prot · min·µM) 

PM EM

Estimated CL (L/min/kg bw)



SIMULATING THE KINETIC PROFILES IN 
CYP2D6 EXTENSIVE AND POOR METABOLISERS

PM

0%-
quantile

2.5%-
quantile

50%-
quantile

97.5%-
quantile

100%-
quantile

T-max (h) 7.50E-01 7.50E-01 1.00E+00 1.00E+00 1.25E+00

C-max 
(mg/ L)

5.41E-01 7.78E-01 1.19E+00 1.67E+00 1.96E+00

Half-life (h) 2.50E+00 2.50E+00 2.75E+00 3.00E+00 3.25E+00

AUC (h * 
mg/ L)

2.00E+00 3.01E+00 4.90E+00 7.54E+00 9.30E+00

EM

0%-
quantile

2.5%-
quantile

50%-
quantile

97.5%-
quantile

100%-
quantile

T-max (h) 7.50E-01 7.50E-01 7.50E-01 1.00E+00 1.25E+00

C-max 
(mg/ L)

9.76E-03 4.36E-02 3.44E-01 1.59E+00 2.40E+00

Half-life (h) 2.25E+00 2.25E+00 2.50E+00 3.00E+00 3.50E+00

AUC (h * 
mg/ L)

3.31E-02 1.48E-01 1.23E+00 7.05E+00 1.25E+01



NEW MODELS FOR TKPLATE

New Human models
 Refine QIVIVE models  
 Generic models  for a  range of metabolic pathways
 Introducing a  microbiome compartment
 Pregnancy/ Ges tational models
 Ontogenes is  of enzymes
 Generic models  for metabolites  (detoxification/ bioactivation)
 Revers e dos imetry models  for metabolites / HBM/ urine etc
 Bringing a  module for chemical-s pecific PBK models
 Bioaccumulation models  (EFSA/ ECHA)



MOVING FORWARD

 TKPlate Training
oPilot planned for EFSA Staff and experts  on 21-22 November 2024
oPending Feedback s econd tra ining with ECHA planned for J an 2025
oMoving towards  recorded online tra ining available open acces s  ?

Moving towards  application of QIVIVE and TKPlate in EFSA panels
oCommunicating outputs  to panels  through practical cas e s tudies
oDifference in NAM acceptance acros s  panels  : regulations , his tory
oContaminants , pes ticide, feed additive and novel food applications
oChange management may be needed: from in vivo to NAMs

 EC/International collaborations  to implement models  in RA
oPARC/ ASPIS EU : follow up on models  and data  developed, uptake TKPlate
oFuture APRCA cas e s tudy on us e of TKPlate for QIVIVE

https://www.epa.gov/chemical-research/accelerating-pace-chemical-risk-assessment-apcra
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Thank you for your a ttention !         Ques tions  ?



STAY CONNECTED

SUBSCRIBE TO
efs a.europa.eu/ en/ news / news letters
efs a.europa.eu/ en/ rs s
Careers .efs a.europa.eu – job alerts

FOLLOW US ON TWITTER
@efs a_eu @methods _efs a
@plants _efs a @animals _efs a

FOLLOW US ON INSTAGRAM
@one_healthenv_eu

CONTACT US
efs a.europe.eu/ en/ contact/ as kefs a

FOLLOW US ON LINKEDIN
Linkedin.com/ company/ efs a

LISTEN TO OUR PODCAST
Science on the Menu – Spotify, Apple Podcas t and YouTube 
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