European
Commission

EURL ECVAM Strategy for Toxicokinetics

Alicia Paini
EPA, Durham, 17 Feb. 2016




The European Union Reference Laboratory for
Alternatives to Animal Testing

Established under Directive 2010/63/EU on the protection of animals
used for scientific purposes

Key responsibilities*

0]

0]

O

0]

0]

*Article 48 of the Directive, Annex VII

Coordinate and promote development and use

Coordinate validation at Union level Eu Ri

_ ECVAM
Information exchange on development Européin Unlon ReforenBe Laboratory

for Alternatives to Animal Testing

Databases and information systems

Promote dialogue between legislators, regulators and
stakeholders




European
Commission
I

EURL ECVAM Strategy Document (July 2015)

Opportunities for generating and making better use of toxicokinetic data in

human safety assessments, ultimately avoiding the need for animal studies

JRC SCIENCE AND POLICY REPORTS JRC SCIENCE AND POLICY REPORT
EURL ECVAM strategy to replace, reduce EURL ECVAM strategy for achieving
and refine the use of animals in the 3Rs impact in the assessment of
assessment of acute mammalian toxicokinetics and systemic toxicity

systemic toxicity
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Backg_round

= Information on toxicokinetics important in human safety assessment

« Few data requirements in the EU regulatory framework

Table 1: Requirements and recommendations for ADME/TK information? in EU legal frameworks®.

CLP

Not required

Non-specific but numerous
examples about use of species-

Shall and/or should be used as weight of
evidence to classify, lower the classification

Regulation (EC) but ,lljs':l if and route-specific TK or abstain from classification for a particular
No 1272/2008 avaflabe information toxicodynamic endpoint.
In REACH Guidance documents, many
REACH Not required examples of recommendations that would
Requlation (EC) but use if TK (A, D, M, E) replace default assessment factors (e.g.
No 1907/2006 available Sections R7.12 and R84 in Chapters R.7.C
and R.8, respectively).
CPR Human systemic exposure
Recommended . .
Regulation (EC) by 5CC5 (2012) Human dermal absorption Route-to-route extrapolation
No 1225/2009 Biotransformation
A: rate and extent When accumulation indicated, 90 d study
BPR § preferred over 28 d.
- D: tissue
Regulation (EU) Require . If no significant human exposure and no
No 528/2012 iinathwayidieates systemic absorption F = 0, reproduction
E: routes and rate toxicity study not needed.
Oral A, D,M E
PPPR Oral F, AUC, Cres, T
Bioaccumulation potential, tyz Study design (e.qg. dose selection)
Regulation (EC) Often dermal A (i vitro human), | ' lati
en dermal A (in vitro human),  Interspecies extrapolation
No 1107/2009 Required DM EandF
Commission T Route-to-route extrapolation

Regulation (EU)
No 283/2013

Sometimes inhalation A
In vitro comparative metabolism

TK short-term toxicity studies

Residue definition (testing of metabolites)

CLP: Classification and labelling

products;

REACH: Registration, Evaluation,

Authorisation and Restriction of

Chemicals;

CPR: Cosmetic Products;

BPR: Biocidal Products;

PPPR: Plant protection products.
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Table 2: Use cases for ADME and TK information suggested by various EU guidance.

Waiving*
specific in vivo

study

Reproductive study if no systemic absorption.

Dermal acute toxicity if no dermal absorption.

PR

If somatic genotoxicant and germ cells reached, then in vivo
germ cell genotoxicity can be skipped.

EURL ECVAM Strategy Genotoxicity
(Corvi, 2013), EURL ECVAM Strategy
Acute systemic toxicity (Prieto, 2014)

If substance accumulates, skip 28 d study and do 90 d.

Inclusion blood sampling one study may avoid another.

REACH, BPR. PPPR

Read across Toxicokinetic studies, kinetic and metabolic factors. ggili}mpurt elmmaies B2
ECHA report alternatives (ECHA,
ADME and TK models are regarded to be basic elements. 2014), OECD WS Report (0ECD,
2015)
IATA Skin bioavailability critical event in adverse outcome EURL ECVAM Strategy Skin
pathway skin sensitisation. sensitisation (Casati, 2013)
Metabolic stability/clearance + metabolite identification in EURL ECVAM Strategy Acute
vitro. Possibly preventing in vivo acute systemic tox. testing.  systemic toxicity (Prieto, 2014)
Desigring ffurther) toxic dies { ) - 5CCS (2012) Notes of Guidance,
. esigning (further) toxicity studies (e.g. species selection ]
[n vive study based on in vitro metabolism species comparison) and to REACH Guidance on TK. R.12
design help their interpretation. Commission Regulation (EU) No
283/2013
Risk . ) . PPPR
Use of chemical-specific data on ADME and/or TK instead of ™R
assessment default Assessment Factors i
extrapolations - SCCS (2012) Motes of Guidance
TK + human urinary data to set the TWI for cadmium EFSA (2009)
PBTK to reduce extrapolation uncertainty and for derivation L
of ADELs®. Quantitative use of human in vitro ADME data. EFSA PPR Opinion, 2006
EFSA (2014),
Persistency and bioaccumulation noted as selection criterion Rl ECvaM Strategy fish acute
Risk for the emerging chemical risk framework. toxicity + bioaccumulation (Halder,
i

2014)

Establishment of ‘common assessment groups’ using
human metabolism (in silico, in vitro, in vivo) in public
health issue of exposure to mixtures.

EFSA, 2014




Background
« Official (EU/OECD- 417 - 427) methods based mostly on animal procedures
and only one based addressing in vitro dermal absorption (EU/OECD-428)

= Opportunities to use new (non-animal) methods and tools

In vivo concentration-time
course, AUC, .., Css etc.

Exposure
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AlIM

The aim of the EURL ECVAM strategy is to avoid, replace, reduce
and refine animal testing in the assessment of toxicokinetics and
systemic toxicity of substances, showing a significant short to
mid-term 3Rs impact, and at the same time laying the foundation
for a risk assessment approach that is increasingly based on
human ADME/TK data.

LINK: https://eurl-ecvam.jrc.ec.europa.eu/eurl-ecvam-publishes-
its-strateqy-in-the-area-of-toxicokinetics



https://eurl-ecvam.jrc.ec.europa.eu/eurl-ecvam-publishes-its-strategy-in-the-area-of-toxicokinetics

Strategy for Toxicokinetics

Strategic Strategic
AIM 1: AIM 2:
ADME methods Kinetic modelling

Strategic
AlIM 4:

Regulatory
Anchoring
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Development and standardisation of ADME/TK methods
- Need quality assurance framework that covers in vitro, in silico and human data

- Reporting standards already adopted for QSAR & non-guideline in vitro methods
- Need standards for PBK models (= CEN WA Merlin Expo)

Unclassified ENV/IMAONO(2014)35 B st
Orgamitanon de Conpiranon ot de Deveioppemmens Econemigun: OISR Y I R [ [T ) ey
.,’ Orgrmiastion for Ecammsc Comoperation s Development 18 Dee- 2004
Englih - Or. Engiih - et M e i
ENVIRONMENT DIRECTORATE e " e s s
JOINT MEETING OF THE CHEMICALS COMMITTEE AND i o b i 14
= g THE WORKING PARTY ON CHEMICALS, PESTICIDES AND BIOTECHNOLOGY _ EXPO
£ =
iz >
£z
z
=4
=
=

Development of a ion protocol for communicating

exposure models —

)

~

Citfrey P4, Alvenpohl A, Fait G2, Fransman W.9, Pains A%, Radevikovie A, Simon-Coon M, ( -
Sucin N7, Verdonck F® | “

Joint
Research
Centre
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Commission

Development of
standards for
human in vitro

/ ADME methods

Human route
specific excretion
methodology

Human xenobiotic
metabolic pathway
profiling
methodology

Human metabolic
stability/clearance
methodology
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4 In-Vitro Methods Unit

European Centre for the Validation of Alternative Methods (ECVAM)

Performance Standards
for
In-Vitro SKin Irritation Test Methods

based on Reconstructed Human Epidermis (RhE)

Purpose of Performance Standards
1) PS-based equivalence validation studies concerning (a) similar and (b) modified test methods.

2) for the assessment of the performance of test methods without intending on formal validation
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European Centre for the Validation of Alternative Methods (ECVAM)

Performance Standards

Element 1. Essential Test Method Components:
These consist of essential structural, functional, and procedural elements of a validated test method that

should be included in the protocol of a proposed, mechanistically and functionally similar test method.
These components include unique characteristics of the test method, critical procedural details, and
quality control measures.

Element 2. List of Reference Chemicals:
These are used to assess the accuracy and reliability of a proposed, mechanistically and functionally

similar test method. These chemicals are a representative subset of those used to demonstrate the
reliability and the accuracy of the validated test method.

Element 3. Target Values for Reliability and Predictive Capacity (Accuracy):
These are the performance requisites that should be achieved by the proposed test method when evaluated
using the minimum list of RC, i.e. reliability and predictive capacity that should be achieved by the

proposed test method when testing the RC.
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AIM 1:
ADME methods

Validation framework for in vitro methods based
on standards

Relevance

characterisation of the basic
properties and functionality of the biological ol
test system

validation of the

Biological test

method's utility to measure the endpoint in system
qualitative and quantitative terms

validation of the method In terms of its
potential to serve specific domains of application

A complete set of 'nested’ standards serves all three levels of
characterisation and validation gfgéf In vitro method
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ADME methods —
Validation Standards

What kind of
information
should be
reported to
describe the
method and

per\forman e?

Reporting
Standardised templates for describing the characteristics

of a method and how it used to generate results

Chemical Procedural Data Processing
-Evaluation-
Reference chemicals (Experimental) Protocols Reproducibility

&

with clearly defined structural, goodness of fit!!!

physiochemical, mechanistic,
toxicological and
toxicokinetic properties

3 Doy Uy TN
UJ ¢/ How these

reference

Which reference

chemicals . How should we
should be used Eze;:;:;?équiliﬂ Validate the
to fill the method?

in the required
information?

required
information?

12
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AlIM 1:

ADME methods S
Validation Standards

/ Reporting

Standardised templates for describing the characteristics

_~ Ongoing studies.tanaevelap: standardsiis

- Standards for CYP induction method

- Standards for AR Transactivation Assay methods
- Standards for Clearance methods

Reference chemicals (EXperimental) rrotocois Reproducibility

What kind of
information
should be
reported to
describe the
method and
its
per\forman e?

. . &
with clearly defined structural, :
y goodness of fit!!!
physiochemical, mechanistic,
toxicological and

toxicokinetic properties

N D o T
L)J How these

reference
chemical should
be applied to fill

Which reference
chemicals
should be used
to fill the
required
information?

How should we
Validate the
method?

in the required
information?

12
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Commission

Process followed to generate standards

) Questionnaire Analysis of
Leraturs & entiey EURL ECVAM i
searc ial in vi h i
potential in vitro methods / met od§ using
STANDARD the questionna
: Define and
Expert meetin
anfi refinemenqc describe a Study under GLP Transfer to EU-
R R representative in of representative NETVAL
S'Ic') AND ARCI; vitro method/ method laboratories
Experimental assessment Sl 45 i
(reliability and relevance) VALIDATED Final in vitro STANDARDS for
by EU-NETVAL representative method
method

laboratories

hhm clearance

Joint
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Process followed to generate standards

Lit
S [
|
Exper i
and r o
of ,
STA B
Experi
(reliak for

Standard

hhm clearance

5 14
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ADME methods —

Development of
standards for
human in vitro

ADME methods

Methods to measure
the permeability of
external and internal
membranes

urinary and biliary

Saliva, sweat, hair, tears, nails, Human route Human route
specific excretion specific absorption

exhalation methodology methodology

Dermal TG428
Oral/inhalation None
Others none

Human xenobiotic

metabolic pathway Human tissue

profiling
methodology

distribution and
protein binding

Methods to measure

lipid
(storage/bioaccumu
Human metabolic

stability/clearance Iat_io_n) ar_\d protein
methodology affinity/binding and
distribution.

Metabolomics
Endogenous and exogenous
Low MW molecule

Clearance
Case study
Dr. V. Gouliarmou

Joint
Research
Centre

10
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modelling

Comprehensive
web-based
Kinetic

modelling
portals

Good Kkinetic
modelling
practice




: _, £ ea Comprehensive
Strategic f==rwms web-based

- kinetic
A.IM 2 = o modelling
Kinetic - portals
modelling

Commission

Organ-on-a-chip
ell cultures
In vitro

Methods

Prediction
of ADME
Parameters

3D tissues

Database for
model
building

In silico
tools

DB existing
models

Your One-Stop-Shop for All
Your BioKinetics Needs

Joint
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AlM 2:
Kinetic

C

delling
Open for Innovation
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- WebPortal
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The future of fully inlegrated
human exposure assessment of
chemicals

arn how b use KERLIN-Expo

Trairing events

IhN-Expo can be GowNIoaced foa of tharge

Integrated modelling
The MERLPY v
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Run simulations

4F|..N Project

Comprehensive
web-based
kinetic
modelling
portals

Convacs | Bawrct | Lagaroticn I

MIDAS PORTAL

Welcome to the MIDAS Portal

MIDAS stands for “Modelling Inventory Database & Access Services™ [T
is & database of models that are in use in JRC . Accessible from within the
Commission Network, HIDAS allows moded users and palicy makers from
JRC and other DG to find models and their descriptions, Lo assess the use of
these models for impact assessment and policy support, and o acess related
datasets, model descrigtions and documents,

Browse

Statistics
Siatistics on medels and related entities in MIDAS.

PEh - e Irforenation Plafoon for Shemical Monvtoniog s a singhe accass point for dlscevering chembcal munitoring cata celbection
managed and avaitatle ts Eurcgaan Com . Mesmbar Staes, and paticral 3

The Platferm sl to uppent o move coordinated aggroach for callocting. stiring. aecessing and assessing dits related s the vesvence of
15 and chemical mixtares, in redation to bumans ared the snvironment. “This would help identiy inks betwesn exposire and

order b explare potentia’ biciogical effects aad head b improved health cutcarmes” [1C Commanication ™The combinition
ical st [COMIZ033/0333 Nl

PCReM s designed and impiemented a5 de-centralised system, providing remete access tn existag kformation systems and data provicers.

‘Show mose

Sty updated - Pilat %\
-
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i i found ¢ st of Cama Chasier
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o e

Tarse characals feurd in systen of nhaics
wmandad ae Fée beach in 1013 (meroury)
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. —= modelling
A_I i 2 - _ o = practice
Kinetic Euspen
modelling

0. Hypothesis

1. Definition of conceptual model

Virtmsl £l B Ay

Citfroy PA%, Altenpoll A, Faat G&, Fransman W4, Pains A, Radoviukovie A%, Simon-Corou M.,
Sucin N7, Verdonck F®

- Vi * Co_cnomicad (K * Co_chomica)
Rictjens et al., 2011

3. Define parameters

Physiclogical and anatomical: fissue volumes, blood flow rates

T - N AIM3

[Literature, in vitro, in silico predictions QSARs]
4. Solving the equation

R packages: deSotve, PR, rgenoud, Reac Tran, PFME, and AN omodary

5. Evaluation of model
performance DB

B e «————- \— AIM3
Then Sensivivity anatysis \ /

6. Model Predictions \ /
e

Applicability (repest ar single expavire)
Expasure scenario, sef ap

7. Model Reporting and DB

Dissemination —_—— ! AlMA4
Joint V\ ’

Research
Centre
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Databases

Collection of
human in vitro
ADME data in
vivo TK
information

Joint
Research
Centre

Sampling
strategy,
methods,
preparations
and analytical
determination



- JRC DB ALM = http://lecvam-dbalm.jrc.ec.europa.eu/beta/
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Human in vitro ADME methods & data collection

‘ strategy,
Databases methods,
preparations
. and analytical
Collection of determination
human in vitro

Sampling

ADME data in
vivo TK
information

QSAR databases - http://gsardb.|rc.it/gmri/

Human in vivo TK data

- ECVAM KinPar database = https://eurl-ecvam.|rc.ec.europa.eu/about-
ecvam/validation-requlatory-acceptance/systemic-toxicity/toxicokinetics#available-

- RIVM Interspecies database = https://www.interspeciesinfo.com/

for-downloading-are

-Online RIVM document: Data Collection on kinetic parameters of substances, Noorlander et al., 2008

Anatomical and physiological data

Integration of databases with modelling platform

D4



http://ecvam-dbalm.jrc.ec.europa.eu/beta/
http://qsardb.jrc.it/qmrf/
https://eurl-ecvam.jrc.ec.europa.eu/about-ecvam/validation-regulatory-acceptance/systemic-toxicity/toxicokinetics#available-for-downloading-are
https://www.interspeciesinfo.com/

Strategic

AlIM 4:
Regulatory
anchoring

Commission
I

Evolution of
legislative
anchoring of
human ADME / TK
data

Four strategic aims to facilitate
generation and use of human
ADME and TK data in a IATA

25
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Guidance on )
use of USE CASES SEURAT-1 Project
ADME/TK
data within
IATA
Evol_utio_n of 1. TTC
Iegr:sle_atlvef 2. READ-ACROSS
anchonhy o 3. AB INITIO

human ADME / TK
data




Pietes of evidence and intial considerations
« Purposs of the assessment
confext

+ Expertknowledge and judgement based on existing evidence / data

&

Towlc oidnetics
Aszazsment of ANME properies

Overall Assessment (including uncertainties and knowledge gaps)

Use of prediction for pre-defined
Improve assessment if necessany purpose (with consideration of
acteptahie unceranty)

1 Thee deps m e ADP (mokauka niidig evenl, key events) will be assmssed sy a

selecion of loks sy & s pediors aml & vdolests.

European I s
Commission
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The SEURAT-1 ab initio case study

Building a logic decision workflow combining
in silico knowledge & predictions and in vitro
data

Aiming on an integrated risk assessment

relying only on alternative methods

Identifying remaining weaknesses and
knowledge gaps to further advance
alternative assessment approaches

Seurat 1 Ab initio team:
Berggren E, Bois FY, Mahony C, Ouedraogo G,
Paini A, Richarz AN, White A.

Joint




Define exposure based on proposed use case and route of exposure.

A4

Collect/calculate phys chem properties, identify structure and active
groups, predict metabolites, search for existing data

\ 7 [

Predict systemically available concentrations and identify relevant
organs for further assessment.

\ V4 /

Determine mode of action using in silico, in vitro (HTS screening) and
omics technologies

\ "V /

Estimate cmax, free concentration and in vitro to in vivo extrapolation

\  ~ /

J T Eor
Read-
across?

PBPK
modelling

Virtual Cell
Based Assay

Predict a point of departure for safety assessment based on relevant AOP
Incorporating kinetics and biomarker data from repeat dose assays

_\ Xy /

Define margin of safety based on variability and uncertainty
estimates.

\~/

Describe safety decision and any open issues that could assist in
gaining higher confidence.

Joint

Research
Centre




Define exposure based on proposed use case and route of exposure.

N/

Collect/calculate phys chem properties, identify structure and active 1R_I_Cdor
groups, predict metabolites, search for existing data P

\ { } / across?

Predict systemically available concentrations and identify relevant '
organs for further assessment. PBPK

modelling
Determine mode of action usi
omid

ning) and

\ Virtual Cell
Based Assay
Estimate cmax, free concentrs rapolation |
IVIVE

\ WORK IN PROGRESS

Predict a point of departure for plevant AOP
Incorporating kinetics and biomarker data from repeat dose assays

\ s /

Define margin of safety based on variability and uncertainty
estimates.

\\//

Describe safety decision and any open issues that could assist in
gaining higher confidence.

Joint
Research
Centre




Metabolically '
active test systems

Metabolically
inactive test systems
Cell free systems A

Cytotoxicty ’

0.01
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Our case study:

Can we safely use 12.5% Piperonyl butoxide (PBO) in a body lotion applied
twice a day (corresponding to 144.797mg/kg/day)?

Even with the remaining variability and uncertainty it appears
there is not an adequate margin of safety for a use scenario of

Y. vy
._-.T‘Ilol.1__ IIIII!TJW il

NVS_ADMS Cyp3A4 ATG_ NR activation

Microarray Pathway
NOTELr

Refined population blood & Liver concentration 95% Cl

initial population blood & Liver concentration 95% ClI

The figure illustrates predicted liver and blood concentrations of PBO alongside in vitro assay

results overlap.

Joint
Research
Centre




JRC SCIENCE AND POLICY REPORT

M Wit

In conclusions ....

Better design of in vitro toxicity studies & biokinetic models | - -
Better documentation of biokinetic models and in vitro toxicit
methods

Develop a Risk Assessment based approach on only in silico, in vitro
and in vivo human data, without use of animals methods or new
animals data.

Integrated Approaches to Testing and Assessment (IATA)

Laying common grounds for TK in several areas of toxicology (ENV,
NANO, ACUTE, MIX) with an organized knowhow

Support the regulatory decision making process

31
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.take home message

Developmons of
atandands for

- hmsan in vitro
" ADME methods

L

re ___I Hypothesis

1. Definition of conceptual model

= Vi C\w-JiK.‘Q,_oou

Literature search on in
Oatiamane wah
vitre human hepatic it et i LB ECYAM call for i s e At of ebechaal e
metabolic fhhm) i atra STANDARDS for Bhan etk
el e desere &
e vef et of T s G o ira 1 vere reprecantocie
i Tox bl e e JC e s charires o
clesrwce mesods e ) et
conmmitisian
gy
e Tt
reluality sl pebevarce o Lt e AE RS Firal i witro STANDARDS for hbm clearance
complimce weh CLP by 115 rrpretative S derace
TV latoratore. meved izl
Define expasure based on proposed use case and route of exposul

'\
S T o e o P | m”
S ups, predict mesaboli tesl, search for existing data_ “m”?

Predict systemically available concentrations and identify :elmn&
organs for further assessment.

modedling

aaaaa

Y g % ! Virtual Call

| Estimate cmax, free concentration and in vitro to in wivo extrapolation |
T IVIVE

\ /
Predict a point of departure for safety assessment based on relevant ADP
incorporating kinetics and biomarker data from repeat doss assays |
" l__.-’

| Define margin of safety based on variability and uncertainty

ot s T ST estimates, Tee BT
4L/
| D:s:rbesl{e{ydeclsu ind any open Issues that could assist in [e]
ing higher

IDanhascs anahgical 4

Mietjems et al. 2011
3. Define parameters
Physiological snd conutant, metabolic
volumes, h:;' [LBsraturs, in vitro, in
b predeionss
img the equ ation’

Miachamical: vatake
K pacagrsc defiave, PR, pomsnd. Keve Trom, FIME. and A cmodars

5. Evaluation of model

performance
i viere dute.
{ T, A

' 6. Model Predictions

Appiicebility frepeet e g expaarei
Exposare sermarie, st up.

. 7. Model Reporting and

\_% Dissemination

The implementation of this strategy will rely not only on the
efforts of EURL ECVAM, but on the collective and coordinated
contribution of a wide range of stakeholders and international

Joint

collaboration.

Centre
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