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A path to validation – SEURAT-1 case 
studies and the role of ECVAM
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Directive 2010/63/EU:
Protection of animals used for scientific purposes

AIM:	
Improve	the	welfare	of	those	animals	still	needed	to	be	used,	as	well	as	to	
firmly	anchor	the	principle	of	the	3	Rs,	to	Replace,	Reduce	and	Refine	the	
use	of	animals.

MEASURES:	
• Animal	experiments	are	restricted	to	certain	purposes	
• Only	certain	types	of	animals	can	be	used
• Authorisationof	breeders,	suppliers	and	users
• Avoidance	of	duplication	and	promoting	alternative	methods
• Establishment	of	a	Union	Reference	Laboratory
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adverse outcome 
or disease in 
human 
caused by a 
chemical 
disturbing the 
biological system 
based on 
systems 
knowledge and 
integrated 
assessment and 
testing methods

objectives:
new in vitro methods to be 
applied in integrated safety 
assessment and identify the 
methods that best will 
contribute to testing 
strategies leading to full 
replacement

knowledge of alternative 
methods and their application 
to promote more efficient 
safety assessment of 
chemicals and to better 
support the 3R principle in all 
scientific research



We try to promote dialogue between 
legislators, regulators, and stakeholders 

Dialogue on regulatory 
and technical issues

Stakeholder
dialogue

Scientific advice 
(ESAC opinions)

PARERE

ESTAF

ESAC

Preliminary 
Assessment of 
Regulatory Relevance 
Network (MS, COM 
and Agencies)

ECVAM Stakeholder 
Forum

ECVAM Scientific 
Advisory Committee

ICATM International 
Collaboration on 
Alternative Test 
Methods

International cooperation

EU-NETVAL (EU Network of 
Laboratories for the Validation 
of Alternative Methods) 



EURL ECVAM Recommendations &
internationally accepted in vitro methods

− Skin Irritation TG 439
− Phototoxicity TG 432
− Skin Corrosion TGs 430, 431, 435
− Eye Irritation / corrosion TGs 437, 438, 

460, 491, 492
− Toxicokinetics TG 428
− Genotoxicity TGs 471, 473, 476, 487, 490
− Skin Sensitisation TGs 442C, 442D
− Carcinogenicity GD on SHE CTA
− Skin Irritation / Corrosion GD on IATA



http://ecvam-dbalm.jrc.ec.europa.eu

EURL ECVAM Databases assisting in finding 
Alternatives

http://qsardb.jrc.ec.europa.eu

JRC QSAR Model Database 

DB-ALM: EURL ECVAM DataBase service 
on ALternative Methods



knowledge and technology 

Genomics
Epigenomics

Transcriptomics
Metabolomics

Proteomics

High Throughput 
In Vitro Assays & 

High Throughput Imaging

Standardized 
human derived 
cell models

Co-culturing and 
3D cell-models

Development of more relevant models to human 
based on current knowledge and technology 

Scientific literature

Chemometrics
Data on already 
assessed 
chemicals

Data on 
failed 
drugs

Clinical 
records

Epidemiological 
studies

Human derived 
tissue models

Biomonitoring'omics 
databases



Stimulating innovation towards more reliable 
but also time and cost efficient approaches

Move away from

-thinking
Transitioning to a new way of describing 
toxicological hazard

Molecular 
Initiating Events

Key Events

Adverse 
Outcomes

Adverse Outcome Pathway Networks



Figure from Sturla  et al. (2014). Systems 
Toxicology: from basic research to risk assessment. 
Chemical Research in Toxicology
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but requires understanding of the 
system in order to be described

It is not therefore a description of the 
system itself,

A description of how a biological 
systems fails and the necessary 
conditions that lead to the failure.

Adverse Outcome Pathways 
– the systems failure



Structure the AOP information in 
collaboration with the rest of the world

Visit AOP Wiki 
(https://aopkb.org) to explore 
currently mapped AOPs, 
improve them or add new 
ones.



Mechanistic information

• toxicokinetic pathways

• Adverse Outcome 
Pathways

From Adverse Outcome Pathways to Practical 
Applications

Alternative Methods 
Toolbox

• in chemico assays

• in vitro assays

• in silico models

• chemical categories

Integrated 
Approaches to Testing 

and Assessment 
(IATA)

• classification & 
labelling

• risk assessment 

• hazard identification 

• priority setting
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IATA (Integrated Approaches to Testing and 
Assessment):  a way to structure the information 

• Generic guidance on the evaluation and application of 
an IATA for a certain health hazard

• Reporting template for IATA, thereby providing a 
harmonised framework for the documentation and 
evaluation of IATA

• Range of IATA solutions, covering different regulatory 
goals (hazard identification, classification, and potency 
assessment)
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Regulation	1907/2006	
on	registration,	evaluation,	 authorisation	and	restriction	

of		chemical	substances	 (REACH)

Regulation	440/2008	
on	test	methods

Regulation	1272/2008	
on	classification,	 labelling	 and	packaging	of	chemical	substances	

and	mixtures	(CLP)

Community	
Strategy	on	
Endocrine	
Disrupters Directive	91/414	

on	authorisation	of	plant	protection	active	
ingredient		and	products

A	GLOBAL	THINKING	-
A	LARGE	HORIZON Regulation	1290/2013	 	

on	participation	in	"Horizon	2020	- the	
Framework	Programme	for	Research	and	
Innovation	(2014-2020)"	

Proposal	 for	a	
Regulation	on	
Animal	Health	

Regulation	528/2012	
on	authorisation	of	biocidal active	

ingredients	an	products

Regulation	1829/2003	on	genetically	
modified	 food	and	feed

Proposal	 for	a	
Regulation	on	

veterinary	medicinal	
products

Regulation		1223/2009	
on	cosmetics	products

Regulation	726/2004	
on	authorisation	 and	supervision	 of	
medicinal	products	 for	human	and	

veterinary	use



IATA an instrument for evolution
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• The IATA is not validated, but indicates where methods are 
needed (relevance), and these methods might then be 
prioritized for validation, to guarantee robustness and 
reproducibility.

• The IATA is a structure encouraging flexibility providing space 
for development.



EURL ECVAM strategies

ü Analysis of regulatory 
information needs

ü Cross-sectorial scope

ü Broad strategic aims

ü Ambitious but 
pragmatic 

ü Solutions for 
regulatory 
acceptance

ü International TGs and 
Guidance 

https://eurl-ecvam.jrc.ec.europa.eu/eurl-ecvam-strategy-papers



The SEURAT strategy is to adopt a toxicological mode-of-action
framework to describe how any substance may adversely affect
human health, and to use this knowledge to develop complementary
theoretical, computational and experimental (in vitro) models that
predict quantitative points of departure needed for safety
assessment.

• Cluster of seven collaborative 
projects

• 50 million Euro investment
• Co-financed by EC and Cosmetics 

Europe
• Over 70 research partners
• 16 countries plus EC
• 6 year programme

Seurat-1: towards replacement of in vivo
repeated dose systemic toxicity testing 

http://www.seurat-1.eu/



SEURAT-1 Alternative Methods 
Toolbox

Chemical

Cells	
exchange

Project	data	and	
protocol	warehouse

Bioreactors	for	engineering	
tissues

Models	to	link	in	
vitro	to	in	vivo	
biokinetics

Database	on	cosmetics	ingredients	and	
properties

Genetically	
engineered	
reporter-gene	
cell	lines

Multi-scale	models	of	
organ	toxicity

Protocols	for	stably	
differentiated	iPSC



Level	1:	Development	of	Adverse	
Outcome	Pathway	(AOP)	constructs

Level	2:	Development	of	Integrated	
Testing	Strategies	to	Predict	Toxicity

Level	3:	Application	of	Predictive	Systems	
to	support	regulatory	Safety	Assessment

Seurat-1Proof of Concept on three levels
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Level 3: Safety Assessment

Pieces of evidence and initial considerations!
•  Purpose of the assessment 
•  Exposure context!
•  Expert knowledge and judgement based on existing evidence / data 

!

General adversities ! Organ specific adversities!
 !

Toxicodynamics!
•  Target organ: full assessment based on 

Adverse Outcome Pathway (AOP)1 

•  Non-target organ: limited assessment!

Toxicokinetics 
Assessment of ADME properties 

  

Overall Assessment (including uncertainties and knowledge gaps)!

Use of prediction for pre-defined 
purpose (with consideration of 

acceptable uncertainty)!
 !

 !
Improve assessment if necessary!

 !

1) The steps in the AOP (molecular initiating event, key events) will be assessed using a 
selection of tools including in silico predictions and in vitro tests. 

Hypothesis generation 
regarding mode of action  

Toxicodynamics!
•  Many biological targets (based on chemi-

cal structure, e.g. alkylating agents) 
•  Specific targets present in many cells / 

tissues / organs (e.g. AhR-pathway) 

Type of adversity 

Definition of relevant  
dose range 

Determination of  
point of departure 

Evaluation 

Result 

TTC

One	conceptual	framework	- three	case	studies:

AB	INITIO



I. Chemical	similarity	of	compounds	that	do	not	require	metabolic	transformation	
to	exert	a	potential	adverse	human	health	effect	

II. Chemical	similarity	involving	metabolic	transformation	resulting	in	exposure	to	
the	same/similar	proximal	toxicant

III. Chemicals	with	general	low	or	no	toxicity	

IV. Distinguishing	chemicals	in	a	structurally	similar category	with	variable	toxicities	
based	on	Mode	of	Action	hypothesis

Four different scenarios





Level 3: The Ab initio case studyAB	INITIO

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)?



Level 3: Ab initio 
workflowAB	INITIO

Set	up	relevant	exposure	scenario

Collect	phys chem properties	of	the	molecule

Identify	molecular	structure	and	active	groups	

Identify	molecular	structures	and	active	groups	of	
predicted/possible	 metabolites

Evaluation	of	1-4	together	and	Tier	1	data	(e.g.	
exisiting profiling	 data	like	omics	and	ToxCast data)	ð

hypothesis
Toxicokinetic modelling	 based	on	exposure	scenario		

ð estimate	internal	dose	and	relevant	dose	for	in	vitro
testing

Predict	corresponding	 concentrations	for	substances	
with	known	effects	(in	target	organ)	for	benchmarking.

EXIT

EXIT

EXIT

MORE	
EVIDENCE	
NEEDED

NEW
HYPOTHESIS

No	real	concern	identified,	
TTC	assessment	considered	

precautionary	 enough

Chemical	 analogues	with	
good	data	identified,	 a	read-

across	assessment	is	
possible.

The	risk	assessment	
is	considered	robust	and	
reliable,	 and	is	finalized	
based	on	the	data	and	
reasoning	provided.

1
2

3

4

5

6

7

8

9

10
11

Evaluate	which	alternative	methods	 (in	vitro	tests	and	
in	silico models)	 could	 provide	useful	 evidence.	

Perform	testing/modelling	 to	
confirm/dismiss	 the	hypothesis.

Collect	and	evaluate	all	data.

Final	risk	assessment	 or	summary	on	
insufficient	 information.



Final Reporting

Everyone is welcome 

Register at:
http://www.seurat-1.eu/

Horizon 2020 project: EUToxRisk21
Starting this autumn will continue 
what SEURAT-1 started.





Just	published	&	available	at
http://publications.jrc.ec.europa.eu/repository/handle/JRC97811

The yearly update on 
alternatives:
The EURL ECVAM 
Status Report



THANK YOU FOR THE ATTENTION

Thanks for your attention!

elisabet.berggren@ec.europa.eu


