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Abstract 
The 2023 EURL ECVAM Status Report outlines research 
and development activities, along with initiatives that 
foster the implementation and utilisation of non-ani-
mal methods and approaches in scientific research and 
regulation. The Three Rs principle, which advocates for 
Replacement, Reduction, and Refinement of animal use 
in basic, applied, and translational research, as well 
as for regulatory purposes, is firmly established in EU 
legislation, with the ultimate goal of fully replacing 
animal testing.

New approach methodologies encompassing a range 
of innovative technologies, including in vitro methods 
employing 3D tissues and cells, organ-on-chip tech-
nologies, computational models (including machine 

learning  and artificial intelligence), and 'omics 
(transcriptomics and metabolomics), are developed, 
evaluated, and integrated into assessment frameworks 
in order to enhance the efficiency and effectiveness of 
hazard and risk assessment of chemicals and prod-
ucts across various regulatory contexts. Furthermore, 
substantial efforts are directed at promoting the devel-
opment and utilisation of non-animal approaches in 
fundamental and applied research, where the majority 
of animal testing occurs, as well as for educational 
purposes. The achievements and accomplishments 
documented in this report are the culmination of 
collaborative efforts with EURL ECVAM's dedicated 
partners and stakeholders.
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Executive summary

The 2023 EURL ECVAM Status Report provides an over-
view of the ongoing efforts to develop, validate, and 
apply non-animal methods in research and regulatory 
testing. It also highlights initiatives to promote the use 
of these methods in education and training programmes.

Development

The scientific community is making important strides 
in developing non-animal testing methods, driven by 
funding from the EU and collaborative research efforts. 
EURL ECVAM is at the forefront of these developments, 
providing valuable guidance, standardisation strategies, 
and support in promoting methods ready for regulatory 
acceptance. A few examples of such projects are provided 
hereafter.

The ASPIS cluster, powered by Horizon 2020 funding, 
includes three pivotal projects (PrecisionTox, ONTOX and 
RISK-HUNT3R) which aim to refine chemical safety assess-
ment through New Approach Methodologies (NAMs) by 
leveraging genomics, in vitro and in silico techniques, and 
artificial intelligence (AI). More than 70 scientific organ-
isations from 16 countries are involved in this initiative, 
which is designed to improve the accuracy, speed, and 
cost-effectiveness of chemical safety testing.

The ASPIS Regulatory Forum, facilitated by EURL ECVAM, 
aims to enhance dialogue between scientists and 
regulators to expedite the adoption of non-animal meth-
odologies. Online sessions and workshops address various 
topics, such as the ASPIS Safety Profiling Algorithm (ASPA), 
to refine regulatory decision-making using NAMs.

EURION, consisting of eight Horizon 2020-funded projects, 
is entering its fifth year, transitioning from the discovery 
phase to selecting promising biomarkers and test meth-
ods for endocrine disruptor identification. This includes 
different projects focusing on thyroid hormone disrup-
tion, metabolic disruption, developmental neurotoxicity, 
and female reproductive toxicity. EURL ECVAM is actively 
supporting EURION through workshops and promoting 
method validation.

The PARC initiative, a seven-year Horizon Europe part-
nership with a 400 million Euro budget, involves nearly 
200 institutions from 28 countries. It aims to develop and 
implement research to meet current and future chemical 
risk assessment needs. The JRC has established a formal 
collaboration with PARC to contribute to its governance 
and monitoring.

The VHP4Safety project, funded by the Dutch Research 
Council, seeks to improve the prediction of harmful effects 
of chemicals and pharmaceuticals, emphasising a holistic 
definition of human health. This project is developing a 
cloud platform and in vitro models for ADME processes, 
among other tools, to enhance safety assessment.

In Silico World (ISW), another H2020-funded project, 
focuses on overcoming barriers to the widespread adop-
tion of In Silico Trials. The project has been developing 
solutions, providing validation data, and working with 
standard-setting bodies to establish new guidelines and 
promote the credibility of in silico methods.

Validation 

Validation is a crucial component of the scientific pro-
cess, especially in the context of 21st-century toxicology, 
which relies more and more on non-animal testing 
methods. By taking the lead, together with the United 
States and the Netherlands for updating OECD GD 34 
on the validation and international acceptance of new 
or updated test methods for hazard assessment, EURL 
ECVAM is committed to modernising the validation 
process to ensure that new, more efficient non-animal 
methods are scientifically sound and suitable for regu-
latory use. 

Regarding new test submissions, GENOMARK, uses a 
transcriptomics-based signature to distinguish between 
genotoxic and non-genotoxic chemicals in a hepatic cell 
line. Although promising, the method requires further 
development and reliability assessment before it can 
be adopted for regulatory purposes. The EURL ECVAM- 
coordinated validation study of in vitro methods for 
assessing thyroid hormone disruption arrived at its final 
stage. The EU-NETVAL network, consisting of 33 labora-
tories, supported the in vitro method validation process 
of 18 different methods. This study demonstrated 
the feasibility of assessing multiple methods simul-
taneously and emphasised the importance of method 
developer support, financial resources, and collaboration 
across EU-NETVAL laboratories and method develop-
ers. EURL ECVAM is also validating a high-throughput 
androgen receptor dimerization assay (AR2 assay) to 
identify androgen-disrupting chemicals. This assay uses 
a genetically engineered reporter cell line to measure 
luminescence as an indicator of androgenic effects. 

The EURL ECVAM Scientific Advisory Committee (ESAC) 
provides independent scientific advice on the validity of 
non-animal methods. The ESAC oversees peer reviews 
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and has an open call for experts to join specialised sub-
groups. Two genotoxicity tests, the Reconstructed Skin 
Micronucleus (RSMN) and the Reconstructed Skin Comet 
(RS Comet) assays, have been validated by Cosmetics 
Europe and are undergoing an independent peer review 
by ESAC. 

The EURL ECVAM Network for Preliminary Assessment 
of Regulatory Relevance (PARERE) facilitates updates on 
regulatory relevance of test methods and approaches 
and research in this field. EURL ECVAM is also involved 
in standardising complex test systems and technologies, 
such as Organ-on-Chip (OoC) devices. A Focus Group on 
OoC has been established to create a roadmap for stand-
ardisation, which includes best practices and regulatory 
considerations. 

EURL ECVAM has contributed to OoC qualification efforts, 
including a workshop and participation in a ring trial for 
liver OoC devices. High-content imaging is another area 
where EURL ECVAM is working on standardisation to 
ensure data reliability and regulatory acceptance. Simi-
larly, omics-based methods are being standardised, with 
EURL ECVAM taking part in initiatives like drafting the 
"Chemical Grouping – Application Reporting Module" and 
developing an omics data interpretation framework for 
regulatory application. 

Overall, EURL ECVAM's efforts toward validating and 
standardising new non-animal testing methods are 
paving the way for their acceptance in regulatory toxi-
cology, thereby reducing the reliance on animal testing.

Regulatory application

EURL ECVAM is actively involved in several EU and interna-
tional regulatory activities to integrate non-animal science 
into chemical hazard and risk assessments. This involves 
collaboration with organisations like the OECD and UN 
GHS, as well as various EU regulatory agencies and 
stakeholders. EURL ECVAM is involved in advancing the 
application of non-animal testing methods in regulatory 
contexts, working on international guidelines, promoting 
new assessment frameworks, and addressing challenges 
in validation studies thereby contributing to the evolution 
of global chemical safety assessment practices.

In an attempt to increase the pace of chemical safety 
assessments and reduce the number of unassessed 
chemicals on the market, EURL ECVAM proposed "Chemi-
cals 2.0," a new regulatory framework that would maintain 

current protection levels while simplifying the system, to 
be applied to all marketed chemicals, and supporting 
sustainability by design. Through a NAM Designathon 
challenge that is based on the vision of “Chemicals 2.0”, 
the European Partnership on Alternatives to Animal Test-
ing (EPAA) invited the submission of NAM-based solutions 
to inform the development of such a future classification 
system for systemic toxicity to human health based on the 
activity and potential systemic availability of chemicals.

Alternatives in research and education

In 2020, the EU and Norway recorded over 5.5 million 
instances of animal use in biomedical research, a sector 
that accounts for 68% of all animal uses for scientific pur-
poses. To address this, EU Directive 2010/63/EU requires 
that all scientific projects involving animals be evaluated 
with the Three Rs in mind. 

EURL ECVAM launched various initiatives in 2023 to 
promote the use of non-animal models in biomedical 
research. These efforts included analysing the potential 
of advanced models to supplement ongoing animal-based 
projects and initiating a project to gather the most recent 
published models.

EURL ECVAM conducted a feasibility study by analysing 
non-technical summaries (NTS) of authorised projects 
on cardiovascular disease research. The data from these 
summaries allowed EURL ECVAM to pilot a thematic 
review aimed at enhancing the adoption of the Three Rs 
in this field.

A new project commenced to develop an automated 
database that collects and structures information on 
non-animal methods in biomedical research. This data-
base is intended to become a comprehensive resource for 
various stakeholders, facilitating the transition towards 
human biology-based methodologies.

EURL ECVAM published an article and a technical report 
assessing the impact of EU-funded biomedical research 
in Alzheimer's disease, breast cancer, and prostate 
cancer using fourteen indicators. These publications aim 
to improve the translation of scientific innovation into 
societal impact.

EURL ECVAM released draft recommendations to enhance 
methodological clarity in life sciences publications. 
These recommendations target four stakeholder groups 
(researchers, research institutions and departments, 
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publishers and editors, and funders) and focus on captur-
ing clear, accurate methodological details with reusable 
protocols.

The CIAO project successfully concluded, employing the 
Adverse Outcome Pathway (AOP) framework to model 
COVID-19 pathogenesis. This interdisciplinary and 
international collaboration resulted in disseminating 
COVID-AOPs, identifying knowledge gaps, and publishing 
several papers.

EURL ECVAM is reviewing innovations based on human 
data to understand ongoing European research projects 
and their challenges. The EC's EDITH1 consortium is work-
ing towards developing a European 'Virtual Human Twin' 
(VHT), with EURL ECVAM examining how real-world data 
can be reused within the EU legal framework.

The JRC Summer School, titled "Non-animal Approaches 
in Science: Towards Sustainable Innovation", welcomed 
120 international students. The program focused on 
non-animal methods and technologies, encouraging 
networking and active contributions to science without 
animal use.

1 https://www.edith-csa.eu/

2 Science, technology, engineering, and mathematics

EURL ECVAM developed a virtual reality (VR) application 
funded by the European Parliament to educate students 
about alternatives to animal testing. This application 
aims to provide an engaging learning experience for 
secondary school students, combining education on 
non-animal testing methods with STEM2 concepts.

In summary, EURL ECVAM has made significant steps 
in promoting alternatives to animal testing in both 
research and education. By developing resources, 
conducting reviews, and engaging with scientific and 
educational communities, EURL ECVAM is contributing 
to a shift towards more humane and relevant scientific 
methodologies. These efforts are expected to enhance 
the impact of biomedical research and foster a greater 
understanding and acceptance of non-animal methods.

https://www.edith-csa.eu/
https://www.edith-csa.eu/
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1. Introduction

3 Three Rs and 3Rs are used interchangeably in this report

The European Union (EU) is committed to minimizing 
animal testing through a framework of policies and leg-
islation known as the Three Rs3, replacement, reduction, 
and refinement. The ultimate goal is to replace animal 
testing with innovative, non-animal technologies wher-
ever possible. However, in cases where animal testing 
remains necessary, it must adhere to the strict guidelines 
outlined in EU Directive 2010/63/EU on the protection of 
animals used for scientific purposes (EU, 2010).

Under this directive, animal testing can only be con-
ducted if there are no viable alternatives and if the 
expected benefits outweigh the potential harm to the 
animals. Additionally, the use of animals must be ethi-
cally justified.

Replacing animal testing with advanced technologies is 
not only ethically sound but also aligns with the EU's 
commitment to scientific advancement and sustainable 
development with the aim of creating a safer world for 
both humans and the environment.

The development and utilisation of non-animal models 
and methods extend beyond regulatory testing, playing a 
crucial role in advancing basic, applied, and translational 
research. These innovative approaches provide scientists 
with more accurate and relevant tools to investigate 
complex biological processes, leading to breakthroughs 
in disease prevention and treatment.

The 2023 EURL ECVAM Status Report provides an over-
view of the ongoing efforts to develop, validate, and 
apply non-animal methods in research and regulatory 
testing. It also highlights initiatives to promote the use 
of these methods in education and training programmes.

EURL ECVAM, the European Union Reference Laboratory 
for Alternatives to Animal Testing, plays a crucial role in 
fostering the development of new approach technologies 
and advancing animal welfare. Its mandate, as defined 
in Directive 2010/63/EU, encompasses a wide range of 
responsibilities.

In the regulatory domain, EURL ECVAM supports a 
diverse range of EU policies covering a wide spectrum 
of chemicals and products, from industrial chemicals and 
plant protection products to biocidal products, medicinal 
products for human and veterinary use, toys, medical 
devices, and cosmetic products.

As an integral part of the European Commission's Joint 
Research Centre (JRC), EURL ECVAM is deeply committed 
to advancing animal welfare and promoting the devel-
opment and use of non-animal alternatives in research 
and testing.
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2. Development

Scientists are making significant progress in developing non-animal testing methods, thanks to funding from the 
European Union and collaborations among researchers. EURL ECVAM is lending its expertise to these efforts in 
several ways, including providing guidance, sharing best practices for characterising and standardising methods, 
and assisting in the identification of promising methods that can be put into practice and accepted by regulatory 
bodies. The overall aim is to find and advance promising methods so that they can be used in real-world applications 
and gain regulatory approval.

2.1. Collaborative partnerships

2.1.1. ASPIS projects

With a view to developing NAMs for chemical safety 
assessment, three research projects funded under Hori-
zon 2020 started their activities in 2021, led respectively 
by the University of Birmingham (PrecisionTox), the 
Vrije Universiteit Brussel (ONTOX) and Leiden University 
(RISK-HUNT3R). The three projects have joined forces 
in the so-called ASPIS cluster (“aspis” means “shield” in 
ancient Greek), which gathers more than 70 scientific 
organisations across 16 countries of the European Union, 
the United Kingdom and the United States. Its mission 
is to utilize all available knowledge across disciplines 
to improve the accuracy, speed, and affordability of 
chemical safety testing without the use of traditional lab-
oratory animals. Building on advances in (i) comparative 

genomics, transcriptomics and metabolomics, (ii) robust 
in vitro and in silico methodologies and (iii) artificial intel-
ligence (AI), ASPIS provides New Approach Methodologies 
(NAMs) to rapidly accelerate and improve chemical risk 
assessment in the EU and beyond. While the three 5-year 
projects are complementary to each other, they have 
common elements that form the basis of collaboration 
at cluster level. Recent highlights of the three projects 
are given in Box 2.1, Box 2.2 and Box 2.3.

The JRC (through EURL ECVAM) has set up a formal col-
laboration with each of the three projects individually, 
and also contributes to activities at cluster level.
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Box 2.1. PrecisionTox

The overarching goal of PrecisionTox is to propose a new assessment framework for health 
protection from exposure to chemicals based on observable mechanistic processes leading 
to toxicity. Emphasis is placed on uncovering the root causes of toxicity from the disruption 
of critical biological processes that are broadly shared among animals including humans 
by evolutionary descent, and by taking into consideration genetic variation in individual 
susceptibility. This is accomplished by making use of a suite of alternative biomedical 
model species that have already transformed our understanding of the human condition 

in relation to the root causes of disease. Moreover, PrecisionTox does not rely on the strength of science 
alone to engineer change, but also addresses the socio-technical and legal barriers to the uptake of new 
approach methodologies.

Recent highlights include:
 ‣ Implementation of improved automation solutions for higher-throughput and high-content imaging for 

phenotyping adverse effects.
 ‣ Cross-species comparison of dose-response and adverse phenotypes for nearly 100 chemicals that 

uncovers the phylogenetic signature of toxicity and the species conservation of adverse outcomes.
 ‣ Chemical grouping based on toxicological response profiles across the five model species and human 

cells according to chemical classes, modes of action and functional targets.
 ‣ Empirical evidence for the optimal dose and time of sampling for obtaining multi-omics signatures of the 

chemical modes of action across test systems.
 ‣ Extensive genetic variation and profound sexual dimorphism for genetic susceptibility to heavy metals 

(arsenic and cadmium chloride) and 4-methyl imidazole among a subset of 1038 wild-derived inbred and 
fully sequenced lines of the Drosophila Genetic Reference Panel.

 ‣ First report on the socio-technical barriers to the uptake of NAMs.
 ‣ Progress towards a proposed Group First, Regulate Better paradigm.

Website: https://precisiontox.org

Coordinator: John Colbourne, University of Birmingham, Centre for Environmental Research and Justice

Box 2.2. ONTOX

The vision of the highly interdisciplinary and intersectoral ONTOX consortium is to 
provide a viable and sustainable solution for advancing human risk assessment 
of chemicals without the use of animals in line with the principles of 21st century 
toxicity testing and next generation risk assessment. 

Recent highlights from the Work Packages (WPs) include:
 ‣ WP1 advanced with physiological map creation; liver lipid metabolism and bile secretion maps are both 

standardised and annotated. The nephron map was standardised with annotation nearly complete. Pro-
gress on the neural tube closure map, with standardisation finished and annotation underway, while 
submap creation of the brain development is in progress. All maps are readily accessible via stable, 
permanent links on the MINERVA platform. Additionally, 40 foetal brain transcriptomes have undergone 
sequencing, mapping and quantification.

 ‣ WP2 developed a model to predict drug-induced cholestasis outcomes based on accessible clinical param-
eters and drug properties. It also developed quantitative systems models for common AOP KEs/KERs and 
drafted a comprehensive quantitative model of an entire AOP network, both capable of integrating with 
toxicokinetics.

 ‣ WP3 developed computational models to predict the capability of chemicals to interact with endogenous 
targets (enzymes, receptors) relevant for the MIEs of the project's AOPs. Models were developed with 
machine learning and multi-tasking methods and will ultimately be made available in the ONTOXHub.

 ‣ WP4 developed a High-throughput (HTP) Physiologically Based Kinetic (PBK) model to predict in vivo 

https://precisiontox.org
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simulations after oral uptake. In parallel, several in vitro distribution (mathematical) models to refine in 
vitro nominal to free concentration were also applied.

 ‣ WP5 revamped the concept of Probabilistic Risk Assessment with a White Paper discussing it in the context 
of the advent of AI-enabled methods; developed BioBricks, a one-line import command interface for all 
major public databases for chemical toxicity (also supported by US NIEHS and NSF); expanded the SysRev.
com tool for automated systematic reviews to data extraction and automated feed into Physiological 
Maps and AOP Networks.

 ‣ WP6 developed probabilistic models for external exposure linked to kinetic modelling and developed a 
protocol for probabilistic risk assessment (integrating probabilistic exposure prediction, probabilistic hazard 
prediction and probabilistic risk assessment tools); established and maintained collaboration with a range 
of stakeholders to facilitate end-user acceptance by creating real live data and developing case studies 
to demonstrate the Probabilistic Risk Assessment approach.

 ‣ WP7 developed a machine-learning in vitro data-driven approach to identify a transcriptomic signature to 
predict chemical-induced cholestasis. Furthermore, the AOP networks on chemical-induced cholestasis and 
steatosis were updated using artificial intelligence-assisted data collection, subsequently accompanied 
by confidence level quantification.

 ‣ WP8 developed an AOP network for toxicant-induced kidney failure and developed a test battery of in 
vitro assays to monitor this.

 ‣ WP9 used human cell-based in vitro assays to study Key NeuroDevelopmental Processes (KNDP) crucial for 
brain development. With a focus on the adverse outcomes of 'Decreased cognitive function' and 'Impaired 
learning and memory', WP9 created physiological maps, an AOP network, and focused on characterising 
the in vitro assays for gaining confidence in the DNT in vitro battery (IVB). DNT assays were used to link 
KNDP to human neurodevelopmental disease. A computational model was developed to predict neural 
tube closure defects.

 ‣ WP10 steered the research and non-research aspects of the project through an established multi-level 
management structure, which resulted in a positive assessment of the 1st periodic report by the EC, 
strengthened the collaboration with the other two ASPIS consortia (PrecisionTox and RISK-HUNT3R) through 
continuous cluster co-coordination and established links with external projects (VHP4Safety, PARC).

 ‣ WP11 expanded the ONTOX data collection in BioStudies, which contains re-used as well as newly gener-
ated transcriptomics data from WP2, ToxTemp and DB-ALM-SOP entries from WP7-9, physiological maps 
from WP1 and an overview of important key events.

 ‣ WP12 supported the organisation of eight training sessions and three webinars to facilitate knowledge 
transfer within the consortium. Moreover, the ONTOX members were showcased at international confer-
ences through short video interviews posted on the ONTOX LinkedIn page. Furthermore, a live-streaming 
event focusing on LGBTQIA+ community inclusion in science with various ONTOX partners took place 
and can be watched here (https://rb.gy/ytxps). In addition, short video productions, and three podcasts 
highlighting the ONTOX scientists and the EUROTOX activities were put online on the EUROTOX website 
(https://www.eurotox.com/podcast/). WP12 also contributed to establishing the ASPIS Academy, a network 
for young scientists within the ASPIS cluster (https://aspis-cluster.eu/aspis-academy/).

 ‣ WP13 established and released version 1 of the ONTOX Hub, the integration platform designed to pro-
vide access to registered NAMs developed within the ONTOX consortium, such as in silico tools, data, 
information, and in vitro testing, laboratory, and consulting services. The ONTOX Hub version 1 contains 
COSMOS Next Generation data (https://www.ng.cosmosdb.eu/), VEGA (WP3) in silico predictions, and the 
ONTOX-specific data from WP7, WP8, and WP9.

 ‣ WP14 played a pivotal role in disseminating the project's vision to advance human risk assessment of 
chemicals without animal testing. The WP managed the project website (https://ontox-project.eu/), engaged 
target audiences through various social media channels (Facebook https://www.facebook.com/ONTOX-
EUProject/, LinkedIn https://www.linkedin.com/company/ontox/), posted four newsletters and contributed 
to the strategic planning and organisation of important project meetings, ensuring that the project goals 
and achievements reached a broad and informed audience.

Website: https://ontox-project.eu

Coordinator: Matthieu Vinken, Vrije Universiteit Brussel

https://rb.gy/ytxps
https://www.eurotox.com/podcast/
https://aspis-cluster.eu/aspis-academy/
https://www.ng.cosmosdb.eu/
https://ontox-project.eu/
https://www.facebook.com/ONTOXEUProject/
https://www.facebook.com/ONTOXEUProject/
https://www.linkedin.com/company/ontox/
https://ontox-project.eu
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Box 2.3. RISK-HUNT3R

RISK-HUNT3R aims to develop, validate and implement integrated approaches 
to lead the way toward next generation risk assessment (NGRA). The proposed 
approach is based on mechanism-based human-relevant in vitro and in silico sys-
tems (new approach methodologies). Through systematic and iterative evaluation 
of its NAM toolbox, the project will optimise a strategy to assess chemical exposure, 

toxicokinetics, and toxicodynamics.

Recent highlights include:
 ‣ assessing the impact of variability in in vitro clearance data on the output of PBK models and on the ability 

of in vitro systems to generate metabolites observed in vivo; combination of multiple QSAR models with 
kinetic data in the prediction of complex toxicity endpoints like liver cholestasis (Rodríguez-Belenguer et 
al., 2023; Béquignon et al., 2023)

 ‣ combination of in silico and in vitro NAMs to investigate the potentially toxic effects of neonicotinoids and 
nicotinoid metabolites on developing human neurons (Grillberger et al., 2023); application of metabolomics 
and transcriptomics to elucidate the association of proteasome inhibition with Parkinsonian pathology 
(Suciu et al., 2023); establishment of a transcriptomics-based method to improve early safety screening via 
weighted gene coexpression network analysis (WGCNA) to identify co-regulated gene clusters (Callegaro 
et al., 2023); application of high-content imaging methods to investigate links between chemical modes 
of action and cell morphology (Cerisier et al., 2023; Lejal et al., 2023)

 ‣ use of network-based approaches was investigated, combining transcriptomics and proteomics networks 
in liver toxicology (Valls-Margarit et al., 2023); extending the concept of a quantitative adverse outcome 
pathway (qAOP) for liver fibrosis to quantitative systems toxicology (QST); development of approaches 
to incorporate PBK and other kinetic models in qAOPs for liver toxicity and developmental neurotoxicity

 ‣ enabling high-quality descriptions of NAMs through the development of a web platform based on the 
ToxTemp template; development of FAIR principles for in silico models (Cronin et al., 2023)

 ‣ inroads toward sustainable commercialisation, specifically on the SaferWorldbyDesign business and 
portal development

 ‣ scientific and training programs at prominent international conferences, such as the SOT 62nd Annual 
Meeting, EUROTOX 57th Congress, and the 12th World Congress on Alternatives and Animal Use in the 
Life Sciences.

Website: https://www.risk-hunt3r.eu

Coordinator: Bob van de Water, Leiden University

2.1.2. ASPIS Working Groups

ASPIS functions through eight Working Groups (WGs) com-
posed of investigators from all three consortia (including 
early-stage researchers) who specialise in research 
domains that are relevant to the cluster’s mission. Dr Jon-
athan Freedman from PrecisionTox serves as the ASPIS 
Working Group Coordinator to facilitate the development 
and reporting on ASPIS inter-working group projects and 
to link WG activities with the ASPIS leadership, various 
Scientific/Regulatory Advisory Boards and the Regulatory 
Forum.

Activities during the second and current years have 
focused the WGs on case studies (steatosis and conazoles) 
and on the continued development of chemical safety 
assessments based on knowledge of their modes of 
action. Recent highlights of the WGs are given in Box 2.4.

https://www.risk-hunt3r.eu
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Box 2.4. Highlights from the ASPIS Working Groups

Chemical Selection 
The goal of this WG is to coordinate chemical selection among the three projects. This WG is responsible for 
the development of ASPIS-wide case studies and assisting other WGs by providing information about test 
chemicals.

 ‣ Provision of an assembled chemicals list from the three consortia plus those of the JRC, US NTP and US 
EPA, thereby facilitating the work of EU-co-funded PARC projects.

 ‣ Provision of two cross-cutting case studies pursued by all WGs: (a) steatosis and (b) conazoles in collab-
oration with PARC.

 ‣ Development of a third case study on developmental neurotoxicants.

Communication and Dissemination 
This WG harmonises dissemination activities and maximises the impact of ASPIS. Its objective is to effectively 
communicate scientific advances through a clear unified channel to regulatory stakeholders, policymakers, 
non-governmental organisations and the public.

 ‣ Provision of an internationally recognisable ASPIS identity (https://aspis-cluster.eu/).
 ‣ Provision of a stream of symposia at international meetings, webinars and news releases.
 ‣ Establishment of the ASPIS Academy (see below), following a survey completed by the ASPIS Early-Stage 

Researchers (ESRs).

ASPIS Academy
The ASPIS Academy is a network of ESRs focused on chemical hazard and risk assessment using NAMs. It 
promotes the careers of ESRs through specialised training, championing equal opportunity, and creating a 
platform devoted to the voices and aspirations of a new generation of regulatory scientists.

 ‣ Establishment of a cross-consortia ASPIS Academy Core leadership team.
 ‣ Organisation of training courses on science communication, artificial intelligence for reproducible research 

and grant writing.
 ‣ Organisation of poster sessions, networking opportunities and career development workshops at the 

annual ASPIS symposia.

Computational Approaches 
This WG advances the development of in silico models to fill data gaps and to assess toxicity based on 
chemical properties and investigates in silico techniques that can be applied to ASPIS case studies and 
deployed from one project to another.

 ‣ Development of models of the toxicology of chemicals from the ASPIS case studies.
 ‣ Compilation and integration of relevant existing omics datasets from the three consortia.
 ‣ Development of a platform for consensus modelling, and pooling of datasets to broaden the chemical 

space and the interpretations of models.

Database 
This WG is responsible for the F.A.I.R. management and sharing of project data. Its database initially contains 
physicochemical characteristics and toxicological information on chemicals used by ASPIS. It aims to create 
a central resource from the data generated by all three consortia such as:

 ‣ A beta-version release of the ASPIS database.
 ‣ Database resources including biology repositories, omics data and workflows, computational data, meth-

odologies and Knowledge Graphs.
 ‣ Standardised processes for data acquisition including cutting-edge technologies using AI to mine the 

literature for toxicological and risk assessment information.

Kinetics and Exposure 
This WG defines chemical exposure levels in the environment, human populations, target organs and in vitro. 
Its aim is to develop a tiered approach to exposure and kinetics assessment, integrated into a common, 
pragmatic guideline for risk assessors to use exposure, in vitro distribution kinetics, physiologically based 
kinetic and in vitro-in vivo extrapolation models. 

 ‣ Comparative analysis of kinetic models and exposure approaches of each consortium and using the 

https://aspis-cluster.eu/
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ASPIS steatosis and conazoles case studies to further develop and improve kinetics assessment across 
the cluster.

 ‣ Development of in vitro biokinetic modelling approaches to calculate free and cell-associated chemical 
concentrations from nominal concentrations.

 ‣ Development of a tiered testing strategy beginning with in silico predictions, then progressing to exper-
iments to address chemical absorption, metabolism and excretion – including ecotoxicity exposure and 
bioaccumulation testing strategies.

Omics
This WG promotes the transition of omics approaches into NGRA. For this, all data produced by ASPIS will 
be made compliant with the OECD Transcriptomics and Metabolomics Report Framework (TRF and MRF, 
respectively). These frameworks are designed to allow regulatory agencies to assess the quality of omics 
data used in hazard/risk assessment.

 ‣ OECD Reporting Framework in place for ASPIS.
 ‣ Research into the modes of action classification of substances based on gene expression associated with 

steatosis (case study).
 ‣ Progress at leveraging opportunities to harmonise omics datasets generated by the three consortia.

Quantitative AOP 
This WG investigates models that quantify molecular initiating events (MIA) and/or key event relationships 
(KERs) within existing AOPs using public data and data produced by ASPIS while also establishing good practice. 
It aims to develop one or more common qAOPs, including those from linear and network AOPs. 

 ‣ Development of a steatosis qAOP through data and model sharing, including modelling approaches to 
simulate steatotic Key Events.

 ‣ Development of a framework for validating qAOPs and providing qAOP input into regulatory decisions.
 ‣ Development of a prototype of a model to integrate steatosis qAOP and (toxico)kinetics.

Risk Assessment 
This WG investigates the various uses of NAMs for chemical hazard and risk assessment. It coordinates joint 
activities and critically reviews ASPIS research in comparison to previous and other current EU-funded projects. 
It identifies gaps, limitations, and advantages of various NAMs, particularly with a view to identifying early 
targets for regulatory implementation. 

 ‣ ASPIS case studies (i.e. steatosis and conazoles) are mapped to the objectives of the other WGs.
 ‣ Activities conducted by EU-ToxRisk and by the OECD are integrated with those of ASPIS.
 ‣ Maturing the ASPIS Safety Profiling Algorithm (ASPA) by incorporating elements from all three consortia 

into a NAMs chemical safety assessment workflow.

4  Regulation (EC) No 1272/2008 of the European Parliament and of the Council of 16 December 2008 on classification, labelling and packaging of substances and mixtures

2.1.3. ASPIS Regulatory Forum

The ASPIS Regulatory Forum is a EURL ECVAM initia-
tive to establish improved communication and debate 
between scientists and regulators with the purpose 
to facilitate regulatory uptake of non-animal meth-
odologies and develop a common understanding of 
the problems in doing so. In 2021 and 2022, Forum 
meetings were organised as online sessions to facilitate 
wide participation and focus on a specific topic at each 
Forum meeting. In 2023, two alternative formats of the 
Forum took place: the “PARERE-ASPIS workshop on how 
to best achieve Regulatory Relevant Research”, on 30 to 
31 March at the JRC in Ispra (Figure 2.1), and a dedi-
cated session on the role of standardisation supporting 
innovation in chemical safety assessment at the ASPIS 

Open Symposium, on 14 to 15 September in Ljubljana, 
Slovenia (Figure 2.2).

PARERE-ASPIS workshop on how to best achieve 
Regulatory Relevant Research

ASPIS presented the ASPIS Safety Profiling Algorithm 
(ASPA), a workflow and tool for regulatory decision-mak-
ing using NAMs. The main outcomes of the discussion 
that followed together with PARERE were:
 ‣  CLP4 classification must be included in the ASPA prob-

lem formulations, but the current criteria for systemic 
effects are not NAM-based. It was suggested to: (1) 
define criteria for hazards currently not covered by 
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animal studies, (2) introduce new hazard classes com-
patible with NAMs focussing on modes of action, and 
(3) start to experiment with a classification system 
based on key events without demonstrating adverse 
outcome.

 ‣  NAMs cannot provide the same type of information 
required in current safety assessments, but can for 
example provide bioactivity profiling of chemicals. 
Future work could explore how to use such informa-
tion in safety assessment.

 ‣  ASPA is designed as a general safety assessment 
workflow with many regulatory applications. It could 
be a tool to support the strategy towards “one sub-
stance one assessment” (EC, 2020a).

 ‣  Detailed and clear guidance on how to apply ASPA will 
be crucial for successful implementation.

The main take-home message from the March workshop 
was that since ASPA should support regulatory decisions, 
we must embrace co-creation and let science and regu-
lation develop to fit together. Therefore, chemical safety 

assessors (e.g. Member State authorities, agencies, 
industry) should be strongly involved in ASPA devel-
opment to avoid scientific bias, especially regarding 
problem formulations that should be driven by regulation 
rather than scientific preferences.

To follow-up on the discussions at the PARERE-ASPIS 
workshop and allow time for PARERE members to consult 
on the development of ASPA with their Member State 
networks, an online meeting was organised on 6 June 
2023.

While ASPA was initially developed by the scientific 
community, it was now considered timely to ask the 
regulatory community to contribute ideas on how to 
revise ASPA to make it suitable for making regulatory 
decisions using NAMs. Therefore, several actions were 
initiated to invite regulators to contribute directly to the 
further development of ASPA.

Figure 2.1.  Participants of the PARERE-ASPIS workshop.  
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Regulatory Forum at the ASPIS Open Symposium 
on the role of standardisation supporting inno-
vation in chemical safety assessment

The ASPIS Regulatory Forum session devoted to stand-
ardisation of NAMs was organised and chaired by EURL 
ECVAM at the ASPIS Open Symposium in September 
2023 (Ljubljana, Slovenia). The session consisted of 
presentations, interactive questionnaires, and round-ta-
ble discussions, focusing on the theme of standardisation 
supporting innovation in chemical safety assessment. 
Participants were asked to reflect on their current stand-
ardisation activities, both within and external to ASPIS 
projects, and identify areas of their work currently lacking 
standards which need further development. The session 

was highly interactive and provided an abundance of 
opportunities for participants to exchange knowledge on 
existing standards in their work, from exposure of test 
systems through to the reporting of NAM-based stud-
ies. Key areas that were highlighted as needing more 
standardisation included organ-on-chip, high-content 
imaging, omics, and artificial intelligence. An interactive 
questionnaire at the end of the session indicated that 
many participants were of the opinion that (i) standard-
isation is a vital component in accelerating the uptake 
of NAMs, and (ii) ASPIS is in a unique position to lead on 
standardisation efforts. This reinforces the importance 
of EURL ECVAM’s role in advancing standardisation of 
NAMs across broad scientific communities.

Figure 2.2.  Group discussions focused on the role of standardisation supporting innovation in chemical safety assessment at 
the ASPIS Open Symposium. Photo courtesy of Agata Ormanin-Lewandowska, Project Manager of PrecisionTox.
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2.1.4. EURION

5 Public-private platform for the validation of endocrine disruptors characterisation methods

EURION, a cluster of eight European research projects 
funded by Horizon 2020, aiming to develop new test 
methods for the identification of endocrine disruptors is 
now into its fifth year of operation. Activities are switching 
from the discovery phase to the selection of most prom-
ising biomarkers/test systems and methods for use within 
testing strategies to identify endocrine disrupting chemi-
cals. There are three projects focusing on thyroid hormone 
system disruption (ATHENA, SCREENED and ERGO), three 
on metabolic disruption (EDCMET, GOLIATH and OBERON) 
one on endocrine-mediated developmental neurotoxicity 
(ENDpoiNTS), and one on female reproductive toxicity, 
focusing primarily on the human ovary (FREIA).

Some projects have been active in connecting with reg-
ulators at national level, with the OECD Working Party of 
National Coordinators of the Test Guidelines Programme 
(WNT) and the OECD AOP community, and plan to bring 
forward project proposals on certain methods to the 
OECD. A few methods have been taken up by PEPPER5 
for validation: extension of H295R steroidogenesis assay 
(FREIA), in vitro assay for hepatic triglyceride accumu-
lation (OBERON) and retinoic acid receptor (RAR)- and 

glucocorticoid receptor (GR)-dependent human neural 
progenitor cell proliferation arrest (ENDpoiNTs) (Grignard 
et al., 2022).

EURL ECVAM has been active in supporting the cluster 
on many aspects, holding a number of workshops. These 
workshops introduced the cluster to the concepts of 
validation, including Test Readiness Criteria (adapted for 
endocrine relevant methods from (Bal-Price et al., 2018)) 
to be used to self-assess the readiness of their methods 
to enter validation processes. The use of templates such 
as ToxTemp (Krebs et al., 2019) was also encouraged, as 
a way of providing complete descriptions of their methods. 
In 2023, EURL ECVAM organised a workshop on Integrated 
Approaches to Testing and Assessment (IATA) to cover the 
principles of IATA, share progress and stimulate ideas and 
cross-cluster collaborations on IATA development.

Following budget neutral extensions of the projects 
applied due to COVID-19, the final meeting of the EURION 
cluster will take place in Brussels on 13 to 14 June 2024, 
where the project deliverables will be showcased to all 
stakeholders.

Website: https://eurion-cluster.eu/ 

2.1.5. PARC

The European Partnership for the Assessment of Risks 
from Chemicals (PARC) was established to support the 
development and implementation of a research and inno-
vation programme to address current and future needs in 
relation to chemical risk assessment. PARC is a seven-year 
Horizon Europe public-public partnership, co-funded by 
the European Commission and the Member States with 
a budget of 400 million Euro. The partnership is coor-
dinated by ANSES, the French Agency for Food Safety, 

Environmental Protection and Occupational Health. 

As a multinational European project, PARC involves close 
to 200 institutions working in the areas of the environment 
or public health from 28 countries and three EU authori-
ties, including the European Chemicals Agency (ECHA), the 
European Food Safety Authority (EFSA) and the European 
Environment Agency (EEA). Five Directorates-General of 
the European Commission (DG RTD, DG GROW, DG ENV, 

https://eurion-cluster.eu/


CHAPTER 2

19

DG SANTE and JRC) and the relevant ministries of the 
countries involved are contributing to the governance of 
PARC and monitoring its activities. In addition, the JRC has 
set up a formal collaboration agreement with PARC, so 
that JRC staff can be involved in various aspects of the 

work consistent with the JRC Work Programme.

The seven-year project formally started on 1 May 2022. 
Recent highlights are given in Table 2.1.

Table 2.1 Highlights from PARC activities considering NAMs.  

Thematic Area Highlights

Risk assessment

 ‣    During its first year of activity, PARC focused on selected priority outcomes related 
to immunotoxicology, non-genotoxic carcinogenesis, endocrine disruption, metabolic 
disruption and neurotoxicology. An inventory of Adverse Outcome Pathways has 
been established as well as a first inventory of NAMs for the chosen endpoints.

 ‣  Closing data gaps on mycotoxins and bisphenol A alternatives.
 ‣  Development of IATAs.
 ‣  A position paper on validation elaborated with JRC.
 ‣   Establishment of the PARC Roadmap towards implementation of NGRA as the 

default risk assessment approach across legislation.
 ‣   First steps in the development of a strategy and roadmap to assess aggregate 

exposure through different living environments, sources and routes.
 ‣   Strategy to perform mixture risk assessment based on human biomonitoring (HBM) 

data, knowledge developed for mixtures in regulatory risk assessment and in the 
field of toxicology, exposome and epidemiology. Its applicability was first tested on 
four prioritised chemical families (pesticides, metals, PFAS and mycotoxins) which 
are associated with specific effects of concern.

Tools and Resources

 ‣   Inventory of Physiologically based kinetic (PBK) models currently available for 
assessing internal exposure during the life course.

 ‣   Statistical analysis of HBM data (e.g. for mixture identification) has been imple-
mented in the Monte Carlo Risk Assessment (MCRA) toolbox.

 ‣   Overview of i) sampling strategies, ii) sample preparation methods for bioassays 
and chemical analysis, iii) Effect Based Monitoring using bioassays, iv) chemical 
analytical methods including target, suspect and non-target screening, v) Effect 
Direct Analysis and iceberg modelling, and vi) future perspectives and needs for 
an Early Warning System.

Building capacities

 ‣   Contributed to the 1st edition of the Safe and Sustainable by Design (SSbD) Boot 
Camp organised on 25 to 27 October 2023 in collaboration with JRC.

 ‣   Participation in the EFSA-organised Knowledge Innovation Community meeting on 
NAMs (19 October 2023).

 ‣  Presentations to the OECD WPHA.

 

Science to Policy
Establishment of PARCopedia, PARC’s online knowledge and community platform  
(www.parcopedia.eu).

Website: https://www.eu-parc.eu/

Coordinator: Pascal Sanders, ANSES.

https://www.parcopedia.eu
https://www.eu-parc.eu/
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2.1.6. Virtual Human Platform for safety assessment (VHP4Safety)

The Virtual Human Platform for Safety Assessment 
(VHP4Safety) is a five-year research project funded by 
the Dutch Research Council (NWO) programme ‘Dutch 
Research Agenda: Research on Routes by Consortia 
(NWA-ORC)’. The VHP4Safety project started in June 
2021, with the mission to improve the prediction of the 
potential harmful effects of chemicals and pharmaceu-
ticals based on a holistic, interdisciplinary definition of 
human health, thereby accelerating the transition from 
animal-based testing to innovative safety assessment. 
VHP4Safety will integrate data on human physiology, 
chemical characteristics and perturbations of biological 
pathways, in order to incorporate: 1) human-relevant 
scenarios to discriminate vulnerable groups such as 
disease state, life course exposure, sex and age; 2) 
chemicals from different sectors: pharma, consumer 
products and chemical industry; and 3) different regu-
latory and stakeholder needs.

Recent highlights of the VHP4Safety project include:
 ‣  the development of the foundation of the Virtual 

Human Platform, the VHP cloud. 
 ‣  the establishment of in vitro models that provide 

parameters for modelling of chemical absorption, 
distribution, metabolism and elimination (ADME) 
(i.e. intestinal, lung, skin, blood-brain barrier, kidney 
models).

 ‣  testing of the in vitro models with selected test chem-
icals has started. 

 ‣  the development of AOPs for each of the three case 
studies (chronic kidney disease, neurodegenerative 
disease and life course exposure, and thyroid medi-
ated developmental neurotoxicity).

 ‣  the design of a multi-stakeholder process, focusing 
on integration of stakeholders into work packages, 
communication and constructive technology assess-
ment activities.

Coordinators: Anne Kienhuis, National Institute for Public Health and the Environment (RIVM); Cyrille Krul, HU 
University of Applied Sciences Utrecht; and Juliette Legler, Utrecht University 

Project Manager: Esmeralda Krop, Institute for Risk Assessment Sciences, Utrecht University

Website: https://vhp4safety.nl/

 
2.1.7. In Silico World

In Silico World (ISW) is a four-year H2020-funded project 
which started in January 2021 with the mission to lower 
the barriers to a universal adoption of In Silico Trials. 
The term “In Silico Trials” refers to the use of computer 
modelling and simulation to evaluate the safety and 
efficacy of a medical product, whether it be a drug, a 
medical device, a diagnostic product or an advanced 
therapy medicinal product (Viceconti et al., 2021). The 
ISW project aims to accelerate the uptake of in silico 
trials by lowering seven identified barriers: development, 

validation, accreditation, optimisation, exploitation, infor-
mation, and training.

As recent highlights, ISW has:
 ‣  developed or further developed 11 solutions for in 

silico trials (five for the development of medical 
devices, four for medicinal products, one for vaccine 
development, and one for regenerative medicine 
products), contributing to the portfolio of available 
solutions.  Two are already commercially available 

https://vhp4safety.nl/
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for preclinical use through the InSilicoTrials6 cloud-
based platform, and a few more will be commercially 
available as products or services by other industrial 
partners, Materialise Motion7  and Mimesis8, before 
the end of the project.

 ‣  made available three validation data collections 
(TBValid9, StentValid10, and HFValid11) in open access; 
four more will be published on Zenodo before the end 
of the project.

 ‣  worked closely with ASME and ISO/IEC to support the 
creation of a new ISO/IEC workgroup and to ensure 
that the risk-based approach to model credibility 
assessment applied to medical devices, first proposed 
in the ASME VV-40:2018, is recognised also in future 
EU-harmonised standards.  Key references include 
Musuamba et al., 2021; Curreli et al., 2023; Pappa-
lardo et al., 2022. ISW also submitted two requests 
for qualification advice for two In Silico Trials to EMA, 

6 https://insilicotrials.com/

7 https://www.materialise.com/en/healthcare/hcps/pressure-measurements-orthotics

8 https://www.mimesis.srl/

9 https://zenodo.org/record/8307759

10 https://zenodo.org/record/7752991

11 https://zenodo.org/record/7555270

12 https://link.springer.com/book/9783031482830

13 https://insilico.world/press-release/a-workshop-on-responsible-research-innovation/

14 https://data.jrc.ec.europa.eu/dataset/4824023e-ad0f-4126-a6a4-f0e7b0bc330a

and will produce in Q1/2024 a full report of this expe-
rience, including the sharing in Open Access of all 
the documentation. In addition, the ISW Community 
of Practice was essential in the development of the 
Toward Good Simulation Practice12 open access book 
published by Nature-Springer.

 ‣  conducted substantial work on Responsible Research 
& Innovation (RRI). On the communication side, there 
have been more than 180 communication activities 
including papers, conferences, scientific events, work-
shops, and press releases. For example, in April 2023 
a RRI Workshop13 was organised in Bologna. Tailored 
content was produced for social media, where over 
700 communication items were published.

 ‣  carried out an in-depth analysis of the ethical and 
legal aspects of in silico trials. This led to a second 
report (Biasin, 2023) summarising the main legal 
challenges surrounding in silico EU trials. 

Coordinator: Marco Viceconti, University of Bologna

Website: https://insilico.world/

ISW Community of Practice: https://insilico.world/community/join-the-community-of-practice-channels/

 
2.1.8. Mechanistic analysis of repeated dose toxicity studies

In a two-year EURL ECVAM-funded study (2020-2022), 
the Free University of Amsterdam (VU Amsterdam), 
together with Edelweiss Connect GmbH, collected and 
analysed toxicological information provided by repeated 
dose systemic studies. The aim of the study was to 
“reverse engineer” repeated dose toxicity studies by 
describing how they capture the key characteristics (KCs) 
of repeated dose systemic toxicants. The concept of KC 
was interpreted within the context of this study as a prop-
erty of a particular chemical that is likely to be implicated 
in the initiation and/or development of organ toxicity in 
repeat dosing scenarios. A key feature of the project was 
to refine and organise the mechanistic evidence in terms 
of KCs, and to create logical and plausible associations 
with specific organ toxicity.

An extended list of chemical KCs causing liver, lung, car-
diovascular and kidney toxicities in repeated dose studies 
were drawn up using a combined literature and data 
driven approach. Case study chemicals, known to cause 
chronic toxicity, helped to generate a shortened list of 
KCs per organ, giving a rationalisation of the target organ 
specificity of these chemicals (Figure 2.3).

The approach and the data elaborated should prove 
helpful in improving mechanistic understanding of tox-
icological observations and for designing/optimising new 
experimental methods. 

The results of the project are available through a JRC tech-
nical report (Jennings et al., 2023) and the collection of in 
vivo data have been included in the JRC Data Catalogue14.

https://insilicotrials.com/
https://www.materialise.com/en/healthcare/hcps/pressure-measurements-orthotics
https://www.mimesis.srl/
https://zenodo.org/record/8307759
https://zenodo.org/record/7752991
https://zenodo.org/record/7555270
https://insilicotrials.com/
https://www.materialise.com/en/healthcare/hcps/pressure-measurements-orthotics
https://www.mimesis.srl/
https://zenodo.org/record/8307759
https://zenodo.org/record/7752991
https://zenodo.org/record/7555270
https://link.springer.com/book/9783031482830
https://insilico.world/press-release/a-workshop-on-responsible-research-innovation/
https://data.jrc.ec.europa.eu/dataset/4824023e-ad0f-4126-a6a4-f0e7b0bc330a
https://link.springer.com/book/9783031482830
https://insilico.world/press-release/a-workshop-on-responsible-research-innovation/
https://insilico.world/
https://insilico.world/community/join-the-community-of-practice-channels/
https://data.jrc.ec.europa.eu/dataset/4824023e-ad0f-4126-a6a4-f0e7b0bc330a
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Figure 2.3.  Stepwise approach followed to make use of large in vivo RDT datasets: Step 1. Selection of the most relevant RDT 
parameters to identify relevant mechanistic information contributing to target organ toxicities repeated dose studies. 
Step 2. Identification of organ-specific KCs derived from existing RDT data and their linkage to time of exposure. 
Step 3. Profiling selected chemicals in relation to the identified KCs.  

2.2. Applications of NAMs and modelling

2.2.1. Physiologically based kinetic models

15 https://www.toxicology.org/events/am/AM2023/continuing-education.asp

16 https://www.eurotox2023.com/programme/

17 https://www.ecetoc.org/event/chronos-and-kairos-understanding-time-in-biology-time4ngra/

Physiologically based kinetic (PBK) models are playing an 
increasingly important role in in vitro to in vivo extrapo-
lation and chemical risk assessment (Chang et al., 2022). 
These models simulate what the body does to the chemi-
cal, in terms of how the chemical is absorbed, distributed, 
metabolised and eliminated, so called ADME processes. 
The human health risks of a chemical are directly linked 
to its levels in body tissues, which vary over time as the 
chemical is absorbed and removed. 

To accelerate the acceptance and use of PBK models, the 
JRC and the US Environmental Protection Agency (EPA) 
led an international working group at the Organisation for 
Economic Cooperation and Development (OECD) to draft a 
guidance document on the characterisation, validation and 

reporting of these models (OECD, 2021). To further pro-
mote the guidance document, dedicated training courses 
were held at the 2023 Society of Toxicology (SOT 202315) 
meeting in Nashville, USA, and at the 57th Congress of the 
European Toxicologists and European Societies of Toxicol-
ogy (EUROTOX 202316), in Ljubljana, Slovenia.

Going beyond traditional applications in drug development 
and chemical risk assessment, one area of application 
where PBK models have been rarely used is forensic sci-
ence. To explore opportunities in this area, Fairman et al., 
2023 reviewed PBK models developed for illicit drugs and 
environmental chemicals that could be applied for forensic 
interpretation, highlighting the gaps, uncertainties, and 
limitations.

2.2.2.  Introducing time variables in toxicology

EURL ECVAM participated in an ECETOC workshop titled 
“Chronos and Kairos – Understanding time in biology: 
Time4NGRA17”. The workshop explored the need for 
approaches to study the influence of time and level of 
biological organisation in next generation risk assess-
ment (NGRA) based on NAMs. More specifically, there 

were discussions on how to integrate the influence of 
exposure time window, duration, frequency and damage 
accrual rate in developing and interpreting in vitro models, 
quantitative adverse outcome pathways (qAOPs) and 
quantitative in vitro to in vivo extrapolation (QIVIVE).

Data collection

Key Characteristics

Literature Review

Chemical Case Studies

interviews

Unified dataset
1091 unique chemicals 

• Extended list
• Short list

survey

RDT parameters

Step 2

Step 3

Step 1

Histopathology
Gross pathology
Clinical chemistry
Haematology

Days: 28, 90,
180 & 365

Route: Oral

https://www.toxicology.org/events/am/AM2023/continuing-education.asp
https://www.eurotox2023.com/programme/
https://www.ecetoc.org/event/chronos-and-kairos-understanding-time-in-biology-time4ngra/
https://www.toxicology.org/events/am/AM2023/continuing-education.asp
https://www.eurotox2023.com/programme/
https://www.ecetoc.org/event/chronos-and-kairos-understanding-time-in-biology-time4ngra/
https://www.ecetoc.org/event/chronos-and-kairos-understanding-time-in-biology-time4ngra/
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3. Validation

Validation is an intrinsic part of the scientific process aiming at building confidence in new methods. While estab-
lished validation principles remain relevant, the evolving landscape of 21st century toxicology demands a more 
streamlined and efficient validation approach to accommodate the wide array of non-animal testing methods. This 
chapter delves into EURL ECVAM’s efforts towards modernising and enhancing the validation process. These include 
rigorous scientific evaluation through EURL ECVAM's validation process, support from EURL ECVAM networks, and 
initiatives dedicated to standardising complex test systems and technologies like Organ-on-Chip platforms. The 
chapter further explores facets of scientific validation and standardisation across various projects, ranging from 
those spearheading the development and optimisation of novel testing methodologies (see Section 2) to those 
contributing to the development of international standards (see Section 4).

3.1. Test method submissions

3.1.1. GENOMARK

GENOMARK is a transcriptomics-based signature aimed 
at providing insights into the molecular events underlying 
the genotoxic mode of action of different types of test 
chemicals. The test method is based on the measurement 
of expression of 84 genes to differentiate between gen-
otoxic and non-genotoxic chemicals in the metabolically 
competent hepatic cell line HepaRG™ and a prediction 
model using a supervised machine learning algorithm 
is applied to classify the test chemicals as genotoxic 
or non-genotoxic (Thienpont et al., 2023). EURL ECVAM 
considers the submitted method a valuable tool to 
potentially de-risk chemicals misleadingly identified as 
positive within the standard in vitro genotoxicity battery. 

Such an approach may therefore reduce unnecessary 
animal testing that, otherwise, would be conducted to 
follow up on positive in vitro results. However, EURL 
ECVAM recognises that additional work is ongoing since 
the submitters are conducting further method develop-
ment and optimisation (e.g., by increasing the throughput 
of the method, developing new prediction models and 
developing a quantitative approach). Therefore, a final 
version of the method’s Standard Operating Procedures 
(SOPs) is not yet available and some additional aspects 
(e.g. assessment of reliability) still need attention to 
establish the scientific validity of the method with a view 
to its use in a regulatory context.
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3.2. Validation studies

3.2.1. Thyroid methods validation study

18 https://tsar.jrc.ec.europa.eu/

The multi-laboratory study, aiming at validating 18 in 
vitro methods for different modes of action relevant 
for the thyroid hormone signalling pathway, has been 
finalised and a validation report has been published.

The validation report provides details on the sites where 
chemicals can modulate thyroid hormone signalling 
(Figure 3.1), the study organisation, the mechanistic 
methods, the experimental design, the partners involved, 
the chemicals selected, and the overall outcome of the 
validation study (Bernasconi et al., 2023). For two meth-
ods investigating sodium iodide symporter activity and 
monocarboxylate transporter 8 activity, work to generate 
the data and study reports is still ongoing by the Euro-
pean Union Network of Laboratories for the Validation 
of Alternative Methods (EU-NETVAL). 

For several methods, the SOPs and study reports were 
made publicly available in the online tracking system 
for alternative methods towards regulatory acceptance 
(TSAR18), and will gradually be added for all methods. 
Study data and reports have been assessed for most of 
the methods by the OECD thyroid disrupting methods 
expert group (TDM-EG), deciding if the method is promis-
ing for inclusion in the OECD test guidelines programme, 

and if and how further validation activities should con-
tinue (see Section 4.1.4).

The validation study for thyroid methods, has been quite 
a challenge for the 15 EU-NETVAL laboratories, the 14 
method developers and the validation coordination 
team. The following are some lessons learnt from this 
validation study: it is possible to assess many methods 
simultaneously, support from the method developer for 
trouble shooting and training during implementation of 
the method is essential and available financial support 
for ingredients purchase and hire of personnel greatly 
helps to speed up the validation process.

In summary, for 11 out of 18 methods a data set was 
produced that is valuable to judge on the methods’ valid-
ity and data for two additional methods will be upcoming. 
Further assessment and validation was stopped for five 
methods because of lack of resources (four methods) or 
poor method performance (one method). Also, a mecha-
nism is in place through the OECD TDM-EG (see Section 
4.1.4) and PARC (see Section 2.1.5) to use the results 
from this validation study for the development of testing 
strategies to address thyroid hormone system disruption.

Block# Description
Block#  Description

   1  Central regulation (HPT axis).

   2  Thyroid Hormone (TH) syntheses.

   3  Binding and transport in serum.

   4   Metabolism and excretion (by hepatic deiod-
nases, glucuronidation and sulfation).

   5   Local cellular concentrations (TH selective 
membrane tranposters e.g. monocarboxylate 
transporter 8 (MCT8)).

   6    Cellular responses (activation of specific 
nuclear receptors TRα and TRβ).

   7   Relevant short term assays integrating multiple 
MoAs.

   8  Integrative cellular assays

Figure 3.1.  Figure from the validation study report showing the sites where the thyroid hormone system can be disrupted 
(Bernasconi et al., 2023).

https://tsar.jrc.ec.europa.eu/
https://tsar.jrc.ec.europa.eu/
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3.2.2.   Validation of a high-throughput in vitro assay to identify androgen-disrupting chemicals

To support the identification of endocrine disrupting 
chemicals, EURL ECVAM is commencing a study aiming 
to validate a high-throughput androgen receptor dimeri-
zation assay (known as the AR2 assay) developed by the 
US Environmental Protection Agency (Brown et al., 2023). 
The AR2 assay, which screens for androgenic effects of 
chemicals, is intended to feature in a test battery to facil-
itate the assessment of pesticides in the US. The AR2 
assay is available in both agonist and antagonist modes 
and employs a genetically engineered reporter cell line 

(HepG2-AR2). The cell line expresses the androgen recep-
tor fused to either of two subunits of NanoLuc® luciferase. 
In the presence of an agonist, the androgen receptor 
undergoes homodimerization, which brings the subunits 
together reconstituting the NanoLuc® luciferase for subse-
quent measurement of luminescence in the presence of a 
substrate. The study is envisioned to complement several 
international efforts focused on using non-animal data to 
identify endocrine disrupting chemicals.

3.3.  EURL ECVAM Network of Laboratories for the Validation of Alternative Methods 
(EU-NETVAL)

The European Union Network of Laboratories for the Val-
idation of Alternative Methods (EU-NETVAL), coordinated 
by EURL ECVAM, includes 33 highly qualified laboratories 
across Europe, to support the in vitro method validation 
process. Members in this network have been appointed 
by the Member States in response to Directive 2010/63/
EU (Article 47).

The network has been active in the past few years with 
the EURL ECVAM coordinated validation study of thyroid 
hormone disruption assays (see Section 3.2.1). About 
50% of EU-NETVAL’s capacity (15 EU-NETVAL facilities) 
was involved in this study, validating 18 in vitro methods 
simultaneously.

In September 2023, the 6th EU-NETVAL meeting was 
organised at the JRC (Figure 3.2). Speakers from EFSA, 
DG RTD, PEPPER and OECD were also invited. The first 
day of the meeting focused on method validation topics, 
including the need for validated methods, organisational 
and funding challenges in validation studies, the transfer-
ability of methods including methods with complex test 
systems and endpoints. A highlight of the meeting was 
a panel interview and discussion on perspectives from 
Contract Research Organisations (CROs) and industrial 
end-users. The second day concentrated on the recently 
completed validation study of Thyroid Hormone System 
Disruption assays. Eleven facilities that participated in 
this study presented their results, challenges and lessons 
learned. Moreover, current activities related to these in 
vitro methods at OECD and within the PARC project were 
discussed.

Figure 3.2. Participants of the 6th EU-NETVAL meeting at the JRC.
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3.4. EURL ECVAM Scientific Advisory Committee (ESAC) peer reviews

The EURL ECVAM Scientific Advisory Committee (ESAC) 
is a formal expert group of the European Commission 
that is charged with providing EURL ECVAM with inde-
pendent scientific advice. In particular, the ESAC acts as 
a scientific peer-review body by providing EURL ECVAM 
with its opinion on the adequacy and outcome of formal 
validation studies carried out to assess the reliability and 
relevance of non-animal methods/approaches, typically 
in the context of regulatory safety assessment. The ESAC 
may also provide scientific advice on other scientific 

issues of relevance to the work and mission of EURL 
ECVAM. The ESAC’s tasks are:
 a)   to assess the scientific validity of non-animal meth-

ods/approaches intended for a given purpose;
 b)   to advise the JRC on other scientific matters related 

to the work of EURL ECVAM and the protection of 
animals used for scientific purposes;

 c)   to share its knowledge and experience on non-animal 
methods/approaches used in science.

3.4.1. Continuously open call for applications for the selection of members of ESAC sub-groups

Peer-reviews and other work of the ESAC are normally 
facilitated by specialised ESAC sub-groups set up 
by the JRC. On 25 October 2022, the JRC launched a 
continuously open call for applications for the selec-
tion of members of the sub-groups operating under 
the ESAC, which is available at: https://ec.europa.eu/
transparency/expert-groups-register/core/api/front/
calls-application/77960/download.

Experts who are interested in participating in ESAC peer 
reviews are invited to apply to this continuously open 
call. In order to ensure the smooth functioning of ESAC 
sub-groups, the JRC has established a list of suitable 
experts (expert pool) from applicants complying with the 
eligibility criteria referred to in this call. The members of 

a specific sub-group that are not members of the ESAC 
shall be selected by the JRC from the expert pool on the 
basis of the selection criteria referred to in this call and 
of their qualifications/expertise related to the specific 
question(s) under review.

Each ESAC sub-group must comprise at least one ESAC 
member who shall chair it but may be composed of any 
combination of ESAC members and sub-group members 
that are not members of the ESAC. ESAC sub-groups 
typically consist of up to 10 members in total. Members 
of ESAC sub-groups shall be individuals appointed in a 
personal capacity who shall act independently and in the 
public interest (Type A members).

3.4.2. Genotoxicity in reconstructed skin models

The Reconstructed Skin Micronucleus (RSMN) and the 
Reconstructed Skin Comet (RS Comet) assays are two 
genotoxicity tests for topically exposed substances. Both 
tests have been fully validated by Cosmetics Europe.

The RSMN is an adaptation of the well-established in 
vivo and in vitro micronucleus tests (OECD TG 474 (OECD, 
2016a) and OECD TG 487 (OECD, 2023e)). The RSMN 
was designed in the EpiDerm™, a three-dimensional 
reconstructed human epidermis model that resembles 
the structure, morphology, and xenobiotic metabolism 
of the human epidermis. This model is obtained from 
normal human epidermal keratinocytes derived from 
neo-natal foreskin tissue on specially prepared tissue 
culture inserts.

The RS Comet is an adaptation of the alkaline comet 
assay, which measures DNA strand breaks in eukaryotic 
cells and for which an OECD in vivo mammalian test 
guideline is already available (OECD TG 489, (OECD, 

2016b)). The RS Comet was designed in a three-dimen-
sional reconstructed human skin model: the Phenion® 
full-thickness skin model. This model resembles the 
fully differentiated epidermis and the underlying dermis. 
The Phenion® full-thickness skin model is composed of 
human primary keratinocytes and fibroblasts cultured 
under air-liquid-interface conditions on a collagen 
scaffold.

RSMN and RS Comet are recommended to be used within 
regulatory genotoxicity hazard identification testing 
strategies to follow up positive results from the clas-
sical in vitro test battery. Moreover, the test submitter 
proposes to use the two tests together to cover all the 
genotoxicity endpoints that need to be addressed for 
regulatory purposes (gene mutation, clastogenicity, and 
aneugenicity).

EURL ECVAM has assessed the completeness and quality 
of the information provided for the two tests (available 

https://ec.europa.eu/transparency/expert-groups-register/core/api/front/calls-application/77960/download
https://ec.europa.eu/transparency/expert-groups-register/core/api/front/calls-application/77960/download
https://ec.europa.eu/transparency/expert-groups-register/core/api/front/calls-application/77960/download
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from TSAR) and the EURL ECVAM Scientific Advisory 
Committee (ESAC) is currently conducting an independent 

peer review to assess the scientific validity of both 
assays.

3.5. EURL ECVAM Network for Preliminary Assessment of Regulatory Relevance (PARERE)

The 12th meeting of the Preliminary Assessment of Reg-
ulatory Relevance network (PARERE, see Box 3.1) was 
held on 30 March 2023 at the European Commission’s 
Joint Research Centre, Ispra, Italy. Activity updates were 
provided by EU Member States, the European Commis-
sion’s Scientific Committee on Health, Environmental and 
Emerging Risks (SCHEER), EU agencies and Commission 
services. Updates from EURL ECVAM included new test 
(pre)submissions (see Section 3.1), the revision of the 
chapter on skin sensitisation of the Globally Harmonized 
System of Classification and Labelling of Chemicals 
(GHS; see Section 4.4.3); follow-up activities to the OECD 
project in the area of developmental neurotoxicity (DNT, 
see Section 4.1.1), innovating chemical safety assess-
ment (“Chemicals 2.0”) and the related EPAA project (see 
Section 4.2 and Section 4.3.1); follow-up to the EURL 
ECVAM thyroid hormone validation study and activities 

at the OECD thyroid disrupting methods expert group 
(see Sections 3.2.1, 3.3 and Section 4.1.4); test readi-
ness criteria applied within the EU Horizon 2020 project 
EURION (see Section 2.1.4); updates on the ECVAM 
Scientific Advisory Committee (ESAC, see Section 3.4) 
and updates on the revision of OECD GD 34 on the val-
idation and international acceptance of new or updated 
test methods for hazard assessment (see Section 3.6).

The PARERE meeting was followed up by a PARERE-ASPIS 
workshop on how best to achieve regulatory relevant 
research on 30 March (afternoon) and 31 March. Part 
1 of the workshop presented and discussed regulatory 
relevant research undertaken within the ASPIS cluster 
(EU H2020 funded project; see Section 2.1.1), whereas 
Part 2 was dedicated to the JRC recommendations for 
more regulatory relevant research.

Box 3.1. Preliminary Assessment of Regulatory Relevance (PARERE) network

The Preliminary Assessment of Regulatory Relevance (PARERE) network is a trans-sectoral network of regu-
lators from EU Member States, representatives from EU agencies, and relevant policy services of the EC. It 
was established by EURL ECVAM through Directive 2010/63/EU to provide advice on the regulatory relevance 
and suitability of alternative approaches proposed for validation.

PARERE members are consulted on several occasions over the year, either on the regulatory relevance of 
individual methods or approaches that are submitted to EURL ECVAM for validation, peer review, or evaluation, 
or on other topics such as EURL ECVAM Recommendations, and methods and approaches developed within 
research projects funded by the EU Framework Programme for Research and Innovation.

The PARERE network helps to ensure that alternative approaches to animal testing are relevant to the needs 
of regulators and that they will be accepted for use in regulatory testing.

More information on the PARERE network can be found here: https://joint-research-centre.ec.europa.eu/
eu-reference-laboratory-alternatives-animal-testing-eurl-ecvam/alternative-methods-toxicity-testing/advi-
sory-and-consultation-bodies/parere-eurl-ecvam-network-preliminary-assessment-regulatory-relevance_en 

https://joint-research-centre.ec.europa.eu/eu-reference-laboratory-alternatives-animal-testing-eurl-ecvam/alternative-methods-toxicity-testing/advisory-and-consultation-bodies/parere-eurl-ecvam-network-preliminary-assessment-regulatory-relevance_en
https://joint-research-centre.ec.europa.eu/eu-reference-laboratory-alternatives-animal-testing-eurl-ecvam/alternative-methods-toxicity-testing/advisory-and-consultation-bodies/parere-eurl-ecvam-network-preliminary-assessment-regulatory-relevance_en
https://joint-research-centre.ec.europa.eu/eu-reference-laboratory-alternatives-animal-testing-eurl-ecvam/alternative-methods-toxicity-testing/advisory-and-consultation-bodies/parere-eurl-ecvam-network-preliminary-assessment-regulatory-relevance_en
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3.6.  Revision of OECD Guidance Document 34 on the validation and international 
acceptance of new or updated test methods for hazard assessment

Guidance Document (GD) 34 (OECD, 2005) has been an 
important reference to support the validation and inter-
national acceptance of test methods for hazard and risk 
assessment since its publication in 2005 (based on prin-
ciples agreed in an OECD workshop held in 1996). Since 
then, toxicological science has evolved tremendously and 
so has the number and type of methodologies available 
to assess the hazardous properties of chemicals. While 
the fundamental principles of validation enshrined in GD 
34 still hold true today, several aspects related to the 
validation process are not reflecting the current state 
of the art. In fact, there is widespread recognition that 
the processes used in the past decades for validation 
and international acceptance need to be updated to 
encourage timely uptake of fit for purpose and biologi-
cally relevant NAMs, while ensuring that GD 34 provides 
practical guidance for validation of all types of methods. 
Therefore, the JRC submitted a new project proposal 
(SPSF) to the OECD WNT to update GD 34 and guarantee 
that it will continue to be a valuable asset in the years to 
come. The project was approved by the WNT during its 
annual meeting in April 2023 and will be co-led by the 
EU (JRC), the United States and the Netherlands.

The project will address key considerations that have 
been identified by the WNT in a workshop on emerging 
technologies held in December 2022 and any follow-up 
discussions/workshops within the WNT, as well as by var-
ious recent publications addressing the need to revisit 
the processes used to establish scientific confidence in 
NAMs and achieve regulatory acceptance (Bal-Price et 
al., 2018; Browne et al., 2019; Burgdorf et al., 2019; 
Casati et al., 2018; EFSA, 2022; ICCVAM, 2018; ICCVAM, 
2023; Parish et al., 2020; Patterson et al., 2017; Pat-
terson et al., 2021; Petersen et al., 2023; Piersma et 
al., 2018a; Piersma et al., 2018b; Sewell et al., 2017; 
US CPSC, 2022; US EPA, 2018; US FDA, 2017; US FDA, 
2021; van der Zalm et al., 2022). These key considera-
tions will be further discussed within a new project group 
that was established by the OECD for this project. The 
proposed revision will also include a simplification and 
general revisions of the document, where possible and 
appropriate.

The project group had its first meeting (virtually) in 
December 2023 and will meet face-to-face in Paris in 
April 2024.

3.7.  ICATM satellite meeting on validation and establishment of confidence in new 
approach methodologies

The International Cooperation on Alternative Test Meth-
ods (ICATM) held a satellite meeting during the 12th World 
Congress on Alternatives and Animal Use in the Life 
Sciences (see Section 4.6) to discuss the validation and 
establishment of confidence in new approach methodol-
ogies. The meeting aimed to develop a collective ICATM 
position on the key elements necessary for an updated 
OECD GD 34, which focuses on validation standards for 
regulatory application (see Section 3.6). During the meet-
ing, the partners discussed various aspects of validation, 
including quality systems for data integrity, the impor-
tance of accurate method descriptions, the need for ring 
trials, the concept of applicability domain, the potential 
for a repository of technically validated methods, and 
the possibility of a stand-alone guidance document on 
technical validation. The partners agreed that technical 
validation should focus on the scientific and biological 
relevance of non-stand-alone mechanistic methods, 
which are combined in defined approaches (DAs) or inte-
grated approaches to testing and assessment (IATAs) for 
regulatory application. They emphasised the importance 
of method readiness, reproducibility, and well-designed 
transferability studies. The partners also discussed the 
validation of DAs, highlighting the differences between 
DAs and IATAs. They agreed that DAs can be validated 

and included in OECD test guidelines, while IATAs require 
a more flexible approach due to the use of different 
information sources and expert judgment. Other topics of 
discussion included the need for clear criteria for selecting 
reference chemicals, the importance of demonstrating 
reproducibility and proficiency in testing, and the need for 
a quality system or standard for non-GLP labs. The part-
ners suggested to focus on validation only and remove 
international acceptance from the guidance document 
since this part repeats many concepts already described 
in the validation part. Overall, the partners recognised the 
need to update OECD GD 34 to reflect current scientific 
progress, including the emergence of defined approaches, 
computational models, and new technologies. They agreed 
that the updated guidance should be high-level, simple, 
and easily implemented, and that validation should be 
viewed as a flexible and modular approach adaptable 
to different needs and contexts. The discussions at the 
ICATM satellite meeting provided valuable insights into 
the key elements necessary for the validation and estab-
lishment of confidence in new approach methodologies. 
These insights will inform the development of an updated 
OECD GD 34 and contribute to the advancement of alter-
native test methods in regulatory applications (see also 
Section 3.6).
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3.8. Standardisation of complex test systems and technologies

19 https://www.ema.europa.eu/en/committees/working-parties-other-groups/chmp/3rs-working-party

Biotechnology is advancing at an unprecedented pace, 
making complex systems and technologies available for 
use in industry and regulatory domains, as well as for 
biomedical research. Standardisation and harmonisation 
can help to define common terminology, protocols, crite-
ria for design and characterisation, but also analysis and 

data reporting. By enabling the development of reference 
materials and reference chemical lists, quality control 
procedures, best practices and standards promote active 
use of the information generated with these technolo-
gies by companies and regulatory bodies.

3.8.1. Organ-on-chip 

To address the growing need for standards in the field 
of OoC, in March 2022, the European Committee for 
Standardization (CEN) and the European Committee for 
Electrotechnical Standardization (CENELEC) decided to 
establish a Focus Group on OoC (FGOoC). This group is 
analysing the landscape of standards for OoC and defin-
ing a roadmap on OoC standardisation for the coming 
years. This roadmap will list the main relevant terms and 
their definitions to establish a common language that 
can be used by the OoC community. Best practices and 
standardisation needs will be described for biosciences, 
including cell model selection, culture, use of extracellu-
lar matrix and culture media, and engineering, discussing 
the design and fabrication of microfluidics, laboratory 
equipment, and microelectronics. The FGOoC is also dis-
cussing and describing best practices for experimental 
design and data management. The roadmap will also 
include regulatory, legal, and ethical considerations of 
OoC development and use.

Qualification of organ-on-chip for use in the 
pharmaceutical sector

The pharmaceutical sector stands out as the primary 
domain where OoC technology is currently being imple-
mented, especially for internal decision making during 
the drug development process.

EURL ECVAM is involved in different activities around OoC 
qualification. EURL ECVAM acts as observer member of 
the EMA 3Rs working party19 that has the role to advise 
EMA committees on all matters concerning the use of 
animals in the regulatory testing of medicines. An initial 
activity prioritised by the 3Rs working party refers to 
the identification of qualification criteria to establish the 
scientific credibility of OoC. To support this endeavour, 
EURL ECVAM conducted a mapping exercise of current 
relevant documents, including guidance documents/
guidelines from regulatory agencies (EMA, 2017a; EMA, 
2016; EMA, 2017b; ICH, 2020; ICH, 2005; ICH, 2013), 
and scientific peer-review papers (Hartung et al., 2004; 
Parish et al., 2020; Patterson et al., 2021; van der Zalm 

et al., 2022) on the topic of qualification and validation. 
This has allowed to identify the main, high-level features 
that were commonly described in those documents.

To promote the use of OoC devices for regulatory appli-
cations, EURL ECVAM created, in collaboration with the 
European Society of OoC Regulatory Advisory Board, a 
repository of resources for developers and end-users to 
support validation and qualification of these new tech-
nologies (Batista Leite et al., 2021)

In addition, on 26 June 2023, EURL ECVAM, organised a 
workshop as a pre-conference event of the Microphysi-
ological Systems (MPS) World Summit 2023. The “Heads 
on! Designing a qualification framework for Organ-on-
Chip” workshop had the aim of collecting the developers 
and end-user perspectives on what features a qualifi-
cation framework for OoC should consider. Practical 
solutions and the stakeholders who should be involved 
were also discussed. During the workshop, the developed 
proposals were pitched to a panel composed of three 
experts from the pharmaceutical industry, regulatory 
authority and academia (Piergiovanni et al., 2024).

Liver organ-on-chip ring trial

The Human Liver Ring Trial (HLRT) is an industry-led 
experimental study to evaluate the reproducibility and 
robustness of an OoC device for use in the pharma-
ceutical sector. The HLRT study will build confidence 
on the TissUse liver OoC, for the early identification of 
Drug-Induced Liver Injury (DILI), metabolism and intrin-
sic clearance of selected reference drugs (including 
low-clearance compounds).

Primary hepatocytes will be treated for 14 days with five 
reference compounds to test DILI. In addition, three refer-
ence compounds will be tested for drug metabolism. The 
HLRT will measure biomarkers (albumin, urea), viability 
(ATP, LDH) and parent drug concentrations (by LC-MS/
MS). A digital-twin model of the biological liver-chip will 
be developed to simulate hepatic metabolism, compound 

https://www.ema.europa.eu/en/committees/working-parties-other-groups/chmp/3rs-working-party
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binding to plastic, compound metabolism and kinetics. The 
developed software platform will comprise an advanced 
mathematical description of the underlying biological 
processes in liver-on-chips. This combined experimental 
and computational strategy will enable more human-rel-
evant estimations of both in vitro clearance and EC50 
values for pharmacokinetics and pharmacodynamics 

studies, respectively.

The following companies opted to become member of 
the HLRT: UCB, Bayer, Orion Pharma, Servier, AstraZeneca, 
Sanofi, ESQLabs and TissUse. EURL ECVAM will contrib-
ute to the study by providing expertise, knowledge, and 
insights.

3.8.2. High-content imaging

Imaging technologies are playing an increasing role in bio-
medical sciences, as one of the main tools to investigate 
a variety of endpoints in cell-based assays. Recently, the 
use of imaging has started to gain a prominent role also 
in regulatory toxicology, with the example of the devel-
opmental neurotoxicity in vitro battery (OECD, 2023a). 
Most of the cell-based assays in the neurotoxicity battery 
are using high-content imaging to capture relevant mor-
phological characteristics and measure dimension and 
migration of cells in time. It is therefore crucial to start 
discussing challenges in regulatory acceptance, to ensure 
practical implementation and reliability of high-content 

imaging and facilitate transferability and validation. The 
development and use of standards can support all key 
steps of imaging (image acquisition, data analysis and 
interpretation) to ensure that the data produced with this 
technology would be fit for use in a regulatory context. 
With the view of bridging between developers, end-users, 
and regulators, EURL ECVAM is currently performing a 
gap analysis on standardisation. Particular attention is 
posed on GLP implementation, proficiency testing and 
reference materials, instrument calibration and main-
tenance, and existing best practices in reporting and 
metadata.

3.8.3. Omics-based methods

Despite growing interest in using omics-based approaches 
for chemical safety assessment, their uptake and routine 
use in this area is scarce. One significant barrier is the 
lack of standardisation of omics-based methods. For 
this reason, EURL ECVAM is currently working towards 
standardisation of omics-based methods (such as tran-
scriptomics and metabolomics) through both in-house 
activities and collaborations with other ongoing initia-
tives. At OECD level, EURL ECVAM is actively participating 
in drafting the “Chemical Grouping – Application Report-
ing Module”, which aims to describe how omics data 
should be reported for the purpose of chemical group-
ing. This activity therefore complements the recently 
completed OECD Omics Reporting Framework (Harrill et 
al., 2021). EURL ECVAM is also involved in a new task 
force formed by the European Centre for Ecotoxicology 
and Toxicology of Chemicals (ECETOC), which focuses 
on the development of an omics data interpretation 
framework for regulatory application. This represents 
one of the greatest challenges posed when working with 

omics data. Internally, EURL ECVAM is also addressing 
standardisation needs at key stages, from development 
through transferability and optimisation, to application 
of omics-based in vitro methods. This work envisions 
development of a comprehensive support package to 
bring together knowledge resources, tools, and guidance 
to aid the implementation of standardisation in a sys-
tematic, efficient, and collaborative manner. The primary 
goal of this package is to assist stakeholders undertak-
ing method development using omics technologies and 
subsequently support application of these methods in a 
regulatory context, but the package may also have wider 
application across the omics field to support general 
development in this space.





©
 ip

op
ba

-A
bo

de
St

oc
k.

co
m



34

4. Regulatory application

20 https://etendering.ted.europa.eu/cft/cft-display.html?cftId=13967

EURL ECVAM contributes to many EU and international activities, working with the OECD, UN GHS and EU regulatory 
agencies, and collaborating with a range of stakeholders with different interests, in order to bring forward emerging 
non-animal science and technologies into practical application within the context of regulatory hazard and risk 
assessment of chemicals. Here is a flavour of the ongoing work in these many different fora over 2023.

4.1. Test methods and integrated approaches to testing and assessment

4.1.1. Developmental neurotoxicity - in vitro battery

At present there is no a priori requirement for pesticides, 
biocides or other chemicals, to be tested for neurotox-
icity (NT) and developmental neurotoxicity (DNT) prior 
to registration but testing can be triggered based on 
observed neurotoxic effects in repeat-dose testing, a 
known neurotoxic mode of action, or a structure-activity 
alert (OECD, 2007; OECD, 2018).

In the last years, EFSA has engaged with the scientific 
community including EURL ECVAM for the development 
of NAMs that could contribute to the NT and DNT risk 
assessment in a cost and time effective manner. EFSA 
now aims to expand the use of NAMs in these areas 
to be applied in the weight of evidence assessment of 
pesticides.

To this end, in 2023 a call for tender was launched by 
EFSA with the overarching goal of advancing the under-
standing of how chemical exposures impact on brain 
development in order to implement this knowledge for 
the protection of human health. The overall objective of 
the call is to identify test systems to be used in a DNT 
screening programme, prioritise chemicals to be tested, 
develop high throughput methods using molecular or 
cellular approaches and to produce proof-of-concept 
case studies to conclude on risk assessment. The call is 
also aiming at progressing the regulatory uptake of DNT 
NAMs through an initial evaluation of their laboratory 
transferability and reproducibility20.

4.1.2. Towards achieving a modernised science-based approach for carcinogenicity testing

Decades of research have described the limitations of 
the rodent cancer bioassay leading to international initi-
atives to seek alternatives and establish approaches that 
predict carcinogenic potential without the rodent cancer 
bioassay. Among these initiatives, EURL ECVAM contrib-
uted to a paper (Hilton et al., 2023) outlining challenges 
and opportunities that authorities should consider when 
building a roadmap that leads to global acceptance and 

incorporation of fit-for-purpose, scientifically defensi-
ble new approaches for human-relevant carcinogenicity 
assessment of agrochemicals. 

Following a pilot case study on carcinogenicity of 
agrochemicals, the OECD Working Party on Hazard 
Assessment (see Box 4.1) has called for more integrated 
approaches to testing and assessment (IATA) through 

https://etendering.ted.europa.eu/cft/cft-display.html?cftId=13967
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case studies evaluating human carcinogenicity using a 
variety of approaches across different chemical sectors.

In particular, the assessment of non-genotoxic carcin-
ogens is considered a regulatory gap, prompting the 
OECD to set up an expert group to develop an IATA 
for non-genotoxic carcinogens (Jacobs et al., 2016). 
The expert group agreed on a general AOP-like struc-
tured IATA, including assay blocks, based on hallmarks 
of cancer (Jacobs et al., 2020) and conducted critical 
reviews of assays in the various blocks identified. This 
led to several papers published in a special issue of the 

International Journal of Molecular Sciences on advances 
in mechanism-based toxicity and hazard assessment of 
non-genotoxic carcinogenic chemicals (Sovadinová et al., 
2021; Desaulniers et al., 2021; Ohmori et al., 2022; Pillo 
et al., 2022; Oku et al., 2022; Colacci et al., 2023). Cur-
rently, the work is progressing, including the preparation 
of a non-genotoxic carcinogenicity IATA draft regulatory 
framework and further publications to support the future 
IATA. Cooperation between this expert group and the 
OECD Case study project mentioned above is important 
and offers the opportunity for mutual feedback.

4.1.3. Relative metal/metalloid release using a simple simulated gastric fluid

The EC (through EURL ECVAM) is leading a project for the 
development of an OECD test guideline that describes 
how to conduct a test using a simple simulated gastric 
fluid (0.032M HCl) to generate relative metal/metalloid 
release data for metals and metalloids in massive and 
powder forms. An OECD expert group composed of 
regulators, industry representatives and academics is 
supporting the project.

The last WNT commenting round on the draft TG was 
launched in December 2021 and comments were 
received beginning of February 2022 together with a 
testing proposal from the Netherlands, aiming at clar-
ifying a possible role of the particle size on the metal/
metalloid release. Since then, EURL ECVAM has been 
trying to address these comments on particle size, as 
well as issues raised by Canada in June/July 2022 on 
(i) the need for the TG vis a vis other existing standard 
methods (i.e., ASTM D5517 and US EPA 1340), (ii) the 
pH and fluid composition, (iii) the biological relevance, 
(iv) the loadings used and possible saturation, (v) the 
modifications made to the protocol after the ring trial, 
(vi) the reproducibility, and (vii) the validation status of 
the method.

New data on particle size were presented and discussed 
with the Netherlands. Given the positive feedback 
received by the Netherlands, it was decided to present 
those data to the wider expert group.

Throughout 2022 and 2023, the EC engaged in multiple 
bilateral meetings with Canada to address their ques-
tions and concerns regarding the draft TG. While these 

discussions were not entirely successful, the EC remained 
open to considering Canada's feedback and proposed 
revisions to the TG in an attempt to reach a consensus. 
However, Canada deemed these revisions insufficient 
and put forward more extensive changes that the EC 
found unacceptable. These proposed revisions, if imple-
mented, would significantly diminish the value of the 
0.032 M HCl method, raising concerns about its scientific 
validity and justification from the EC's perspective.

As a result, the EC decided that it would be preferable not 
to establish a TG that explicitly and unjustifiably limits 
its own applicability. Given the prolonged deadlock and 
the absence of a clear resolution, the OECD secretariat 
organised an expert group meeting in October 2023 to 
address Canada's concerns and determine the project's 
future. During this meeting, the data on the impact of 
particle size on metal release was presented to the expert 
group and received positive feedback. Canada reiterated 
its comments, and the EC provided an update on the 
ongoing discussions. While several experts expressed 
their views on these issues, a solution remained elusive.

In an effort to find a solution, the UK proposed bilateral 
discussions with Canada. However, if a resolution cannot 
be reached, the project will be discontinued.

Regulatory and policy issues related to the use of the 
metal release data are discussed in parallel within a 
Competent Authorities for REACH and CLP (CARACAL) 
bioelution subgroup. No meeting of the subgroup took 
place in 2023.
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Box 4.1. Highlights from the OECD Working Party on Hazard Assessment

The 7th Meeting of the OECD Working Party on Hazard Assessment (WPHA) was held as a hybrid meeting on 
27 to 28 June 2023. Topics included country updates, progress on OECD-related IT Tools (IUCLID, eChemPortal, 
QSAR Toolbox, OHTs), an update on ECHA’s Robust Study Summaries project, the IATA Case Studies Project, 
work on the use of validated effect biomarkers to address human and environmental exposures to mixtures, 
progress on the Omics Application Reporting Module (ARM) for Chemical Grouping, and an update on OECD 
Guidance Document 194 on Grouping. 

The WPHA had previously endorsed two IATA case studies from the 8th (2022) review cycle, which were 
declassified in March 2023. At the 7th meeting, the WPHA approved the IATA Considerations document (OECD, 
2023c). More information can be found here: https://www.oecd.org/chemicalsafety/risk-assessment/iata/

An important outcome was the endorsement of the QSAR Assessment Framework (QAF) (OECD, 2023b), the 
development of which was led by the EU (ECHA) and Italy (ISS). The QAF is a systematic and harmonised 
framework for evaluating Quantitative Structure Activity Relationship (QSAR) models and their predictions, 
including QSAR “results” based on the predictions of multiple QSAR models. Further information can be found 
here: https://echa.europa.eu/-/new-qsar-assessment-framework-supports-alternatives-to-animal-testing

The JRC (EURL ECVAM) provided an update on the development of a Guidance Document to Improve the Use 
of Academic Data in Regulatory Assessments (see also Section 4.5.3). 

Three new proposals were approved for: a) developing guidance on best practices and standardisation of 
omics samples; b) developing proteomics modules for the OECD Omics Reporting Framework (OORF); and c) 
completion of the Enrichment Analysis Reporting Module of the OECD Omics Reporting Framework (EARM).

“The OECD (Q)SAR assessment framework (QAF) 
further improves the regulatory assessment of 
(Q)SAR results. This project was an important 
step of ECHA efforts to increase the confidence 
on computational modules and reduce reliance 
on animal testing as quickly as possible. With 
clear criteria and instructions how to apply them, 
registrants will be able to assess whether a given 
property can be reliably predicted, and regulators 
will gain confidence and transparency in their 
evaluations. Furthermore, (Q)SAR developers and 
users will be able to produce models and results 
that are more fit for the intended regulatory 
application. ECHA believes that the OECD QAF 
will significantly increase the use of the QSAR 
predictions for simpler endpoints. The framework 
is in line with ECHA’s current evaluation practices 
and rules for (Q)SAR results, and REACH registrants 
can expect references to the QAF in future 
assessments of QSARs by ECHA.”

Andrea Gissi (ECHA)

https://www.oecd.org/chemicalsafety/risk-assessment/iata/
https://echa.europa.eu/-/new-qsar-assessment-framework-supports-alternatives-to-animal-testing


CHAPTER 4

 

37

4.1.4. OECD thyroid disruption methods expert group

On behalf of the OECD WNT, the Thyroid Disruption 
Methods Expert Group (TDM-EG) continued its assess-
ment of data generated by EU-NETVAL laboratories with 
methods that are relevant for thyroid hormone system 
disruption. The assessments were completed for 10 
methods investigating deiodinase-1 activity, thyroper-
oxidase activity, tyrosine iodination, thyroid hormone 
transport in serum, thyroid hormone glucuronidation, 
thyroid hormone receptor (in)activation and a method 
incorporating several modes of action using zebrafish 
eleutheroembryos.

During meetings in May and October 2023, the TDM-EG 
recommended further validation efforts for several 
methods to confirm with a limited amount of chemicals 
the methods’ transferability to other laboratories and 
between laboratory reproducibility. Methods relevant for 
deiodinase-1 activity and thyroid hormone transport in 
serum will be further validated by PEPPER. For the vali-
dation of the other methods, the OECD is making efforts 
to find interested OECD member countries.

The plan is to hold the next meeting of the TDM-EG in 
May 2024.

4.1.5. OECD stakeholder workshop on organisational and financial aspects of validation

At the 35th meeting of the Working Party of National 
Coordinators of the OECD Test Guidelines Programme 
(WNT, see Box 4.2), it was agreed to hold an OECD 
Stakeholders’ workshop on operational and financial 
aspects of validation. The workshop took place on 14 to 
15 December 2023 and followed up on the 2022 WNT 
workshop to prepare the test guidelines programme for 
emerging technologies (OECD, 2023d).

The objectives of the workshop were to:
 ‣  Develop a good understanding of the global validation 

stakeholder community, including differences across 
regions.

 ‣  Understand the needs, drivers, and difficulties of 
validation for regulatory purposes, and how the stake-
holder community is responding.

 ‣  Discuss and determine acceptable and good opera-
tional practices for validation moving forward with the 
uptake of emerging science and techniques.

A stakeholder survey on practical, organisational, and 
financial aspects of validation took place from July 
to September 2023 to collect different perspectives 
on issues that were subsequently discussed at the 
workshop. The workshop clarified the landscape of 
stakeholders involved in validation activities, including 
method developers, partner laboratories, organisations 
that provide financial support to validation activities, val-
idation bodies, regulatory agencies, and standard-setting 
organisations. The workshop also provided case exam-
ples of what works well and does not work in validation, 
clarified practical aspects of validation that may need 
to be reflected in GD 34 revisions or elsewhere, and 
discussed how to increase trust in validation processes, 
practices, and resultant methods. A workshop report will 
be published in 2024.

Box 4.2. Highlights of the 35th meeting of the WNT

The OECD test guidelines (TG) for chemicals are internationally agreed-upon testing methods used by gov-
ernments, industry, research labs, and academia to assess the safety of chemicals and products. They are 
used in regulatory safety testing and chemical notification and registration. The OECD regularly updates the 
TGs to reflect scientific developments and member countries' regulatory needs. Scientists from government, 
academia, and industry provide input through OECD-wide networks of National Coordinators.

The OECD test guidelines programme (TGP) and Mutual Acceptance of Data (MAD) agreement are the main 
tools for ensuring globally harmonised regulatory safety testing of chemicals. This supports an open global 
market, avoids non-tariff barriers to trade for the chemicals industry, and protects workers, consumers, and 
the environment. OECD is committed to animal welfare and implements the 3Rs principles in developing TGs. 
The MAD system saves governments and industry around 309 million euros each year (OECD, 2019) and 
thousands of animals by avoiding duplicate testing. The Working Party of National Coordinators of the Test 
Guidelines Programme (WNT) oversees the programme. The Joint Research Centre (JRC) acts as a National 
Coordinator for the OECD TGP, representing the European Commission and EU, and is a member of the WNT.
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The 35th meeting of the WNT was held on April 25 to 28, 2023. The following new and updated Test Guidelines 
(TG), as well as other types of documents, were approved:

 ‣ New TG hydrophobicity index of manufactured nanomaterials
 ‣ Revised TG 240 Medaka Extended One-Generation Reproduction Test
 ‣ Revised TG 218-TG 219: sediment-water Chironomus test
 ‣ GD on Juvenile Medaka anti-androgen screening assay
 ‣ DRP on inclusion of thyroid-related endpoints in fish TGs
 ‣ Revised TG 442E skin sensitisation on IL-8 Luc assay (Annex 3)
 ‣ Initial recommendations on evaluation of data from DNT In Vitro Battery
 ‣ Study report on applicability of TG 442D for nanomaterials
 ‣ Updated Performance Standards 216 for TG 492B RhCE methods for eye hazard potential
 ‣ Validation and Peer-review reports for EpiSensA
 ‣ Corrected TGs 125, 316, 442C, 456, 458, 487, 497, 437, 438, 460, 491, 492, 494, 496, 498.

In addition, thirteen new project proposals were included into the TGP’s workplan.

More information can be found on the OECD website of the TGP: www.oecd.org/chemicalsafety/testing/
oecd-guidelines-testing-chemicals-related-documents.htm 

4.2. Chemicals 2.0 - a vision for chemical safety in the EU

While contributing to the work of the REACH revision in 
the context of the Chemicals Strategy for Sustainability 
(EC, 2020b), it became clear that non-animal approaches 
do not generally fit for safety assessment as set up 
under the current legislative framework. In addition, it is 
too time-consuming to finalise the assessments of indi-
vidual chemicals (EEB, 2022), while the majority of the 
chemicals on the market are not subject to any safety 
assessment at all (EEA, 2019).

Therefore, EURL ECVAM suggested a new future regula-
tory framework for chemicals – Chemicals 2.0 (Berggren 
et al., 2023b), where the idea is to keep the levels of 
protection as today by calibrating the new system based 

on harmonised classified chemicals under the CLP 
Regulation (EC, 2008), so that the chemicals already 
classified as hazardous under the current system would 
be also caught by the new system (Figure 4.1).  The new 
classification system should not consider observable 
adverse effects but cover essential toxicodynamic and 
toxicokinetic mechanisms leading to such effects with-
out making predictions. The idea is that this simplified 
system would be possible to apply to all chemicals on 
the market and thereby improve the protection of human 
health and the environment, while identifying chemicals 
to be used for replacement of hazardous chemicals, sup-
porting sustainability by design.

Figure 4.1.  The principle of equivalent protection underpins the proposed transition to Chemicals 2.0. In this approach, NAMs 
are judged by their utility to reach the same decisions, rather than predict the same adverse outcomes.

Chemicals presumed to be
non-hazardous

Hazardous chemicals

Chemicals of high concern

Innovate
Use without restriction

Restrict via concentration limits
Demostrate safe use

Ban for some or all uses

https://www.oecd.org/chemicalsafety/testing/oecd-guidelines-testing-chemicals-related-documents.htm
https://www.oecd.org/chemicalsafety/testing/oecd-guidelines-testing-chemicals-related-documents.htm
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4.3. EPAA promotion of the regulatory acceptance of alternatives to animal testing

The European Partnership for Alternative Approaches 
to Animal Testing (EPAA), a partnership between seven 
industry sectors, different Commission services and 
EU agencies, is continuing its activities which aim to 
replace animal testing by innovative, non-animal testing 
methods, to reduce the number of animals used and to 
refine procedures where no alternatives exist or are not 
sufficient to ensure the safety of substances (the '3R 
principle').

At the core of the EPAA work are the scientific projects, 
which synergistically combine the expertise available 
across industry sectors, academia, NGOs and regulatory 
agencies. EURL ECVAM co-chairs the project platform, 

and a number of individual projects. The status of these 
projects is summarised in Box 4.3 showing that several 
projects have been successfully completed in 2023.

In addition, the EPAA seeks to promote its activities 
through international collaboration, knowledge sharing, 
its annual conference and stakeholder dialogue, includ-
ing the continued and valuable input received from the 
mirror group. The aim of the annual conference was to 
give participants insight on the EPAA achievements in 
2023, announce the EPAA Refinement Prize winner, and 
to discuss challenges and opportunities for protection of 
people and the environment through NAMs.

Read more at EPAA Annual report:  
https://single-market-economy.ec.europa.eu/document/download/2612b269-bff4-4060-b19b-
d93d2f25f7d2_en?filename=Annual%20report-2023-WEB.pdf

EPAA annual conference:   
https://single-market-economy.ec.europa.eu/events/
epaa-annual-conference-2023-protection-people-and-our-environment-through-nams-2023-11-15_en

4.3.1. EPAA project on non-animal science in regulatory decisions for chemical safety in the EU

The EPAA project on opportunities to use non-animal 
science in regulatory decisions for chemical safety in 
the EU builds on the actual experience of EPAA part-
ners in the use of NAMs for decision-making and on the 
exchange of this experience between the industry sectors 
and Commission partners.

As follow up of the ‘deep-dive’ workshop on NAMs in 
November 2021 that kicked-off the discussions (West-
moreland et al., 2022), two initial working groups were 
established to address the challenges identified around 
regulatory frameworks and knowledge sharing.

Working Group 1 focuses on addressing the gap between 
scientific research and regulatory use through reflect-
ing on frameworks for the use of NAMs for regulatory 
decisions. It has explored the feasibility of two published 

conceptual frameworks: the ECETOC framework for 
chemical safety assessment incorporating NAMs within 
REACH (based on Ball et al., 2022) and the “Chemical 
2.0” framework, a cross-sector approach to safety 
assessment and risk management (see Section 4.2). 
 
From the discussions, the group identified three main 
topics for follow up:
 ‣  to examine exposure-based approaches in the context 

of REACH, building on the concept of “classification 
of exposures”;

 ‣  to survey existing weight of evidence approaches and 
evaluate their potential use to characterise chemical 
hazards, and 

 ‣  to investigate a tiered approach as an alternative 
classification system for risk management/classifi-
cation and labelling without using animal data. 

https://single-market-economy.ec.europa.eu/document/download/2612b269-bff4-4060-b19b-d93d2f25f7d2_en?filename=Annual%20report-2023-WEB.pdf
https://single-market-economy.ec.europa.eu/document/download/2612b269-bff4-4060-b19b-d93d2f25f7d2_en?filename=Annual%20report-2023-WEB.pdf
https://single-market-economy.ec.europa.eu/system/files/2023-11/Annual%20report-2023-WEB.pdf
https://single-market-economy.ec.europa.eu/events/epaa-annual-conference-2023-protection-people-and-our-environment-through-nams-2023-11-15_en
https://single-market-economy.ec.europa.eu/events/epaa-annual-conference-2023-protection-people-and-our-environment-through-nams-2023-11-15_en
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Given the current priorities and expertise within the group, 
it was agreed to explore a new concept of future use of 
NAMs for hazard classification through a NAM Designa-
thon challenge that is based on the vision of “Chemicals 
2.0” (see Section 4.2). During the autumn 2023, EPAA 
invited the submission of NAM-based solutions to inform 
the development of a future classification system for 
systemic toxicity to human health based on the activity 
and potential systemic availability of chemicals21. The 
future system will divide chemicals into three classes of 
high, medium or low concern. The deadline for proposals 
was the end of 2023. In March 2024, all contributors will 

21 https://single-market-economy.ec.europa.eu/calls-expression-interest/epaa-launches-designathon-human-systemic-toxicity_en

meet to compare and contrast the different solutions, 
and to plan a follow-up phase to further develop and 
test the new classification system.

Working Group 2 is progressing the implementation 
of a NAMs User Forum with the aim of addressing the 
lack of cross-sector, scientific consensus on NAMs’ use 
for chemical regulatory testing. The first User Forum 
workshop was held on 7 to 8 December 2023 (Helsinki) 
hosted by ECHA and included discussions on different 
toxicological endpoints and NAMs through selected case 
studies.

Box 4.3. Status of EPAA projects

Clostridial vaccines – completed
Aim: replacement of alternatives to in vivo tests required for in-process testing of Clostridium septicum 
vaccines (Behr-Gross et al., 2021).

Monoclonal antibodies – completed
Aim: to reduce the use of animal studies in the non-clinical safety studies during the drug development 
programmes of monoclonal antibodies for humans (Chien et al., 2023).

Acute toxicity – completed, but dissemination is still ongoing
Aim: Evaluate if clinical signs (evident toxicity) are predictive of mortality at higher dose levels in acute oral 
toxicity studies and are an appropriate alternative to death as an endpoint (Sewell et al., 2023).

Prediction of Carcinogenic Potential of Agrochemicals – final manuscript under preparation
Aim: enhance the prediction of carcinogenic potential of agrochemicals in humans using mechanistic infor-
mation together with 90-days repeated dose toxicity data to reduce or replace the need for the 2-year 
carcinogenicity studies.

Rabies vaccines – start of phase 3
Aim: replace the current in vivo potency test for the release of human rabies vaccines (US National Institute 
of Health mice intracranial challenge test) with an in vitro antigen (G glycoprotein) quantification assay using 
an ELISA technology.

Skin sensitisation User Forum - ongoing
Aim: build confidence in the use of NAMs for skin sensitisation in decision-making through knowledge exchange.

Harmonisation of 3Rs in Biologicals - ongoing
Aim: facilitate harmonisation and international convergence of 3Rs in regulatory testing requirements for 
biological products (Cirefice et al., 2023)

Non-animal science in regulatory decisions for chemical safety – ongoing (See Section 4.3.1)

Read more: https://single-market-economy.ec.europa.eu/system/files/2023-11/Annual%20report-2023-WEB.pdf

https://single-market-economy.ec.europa.eu/calls-expression-interest/epaa-launches-designathon-human-systemic-toxicity_en
https://single-market-economy.ec.europa.eu/system/files/2023-11/Annual%20report-2023-WEB.pdf
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4.4. Classification and Labelling

4.4.1. Inclusion of new hazard classes in the CLP Regulation

22 https://environment.ec.europa.eu/publications/clp-delegated-act_en

23 https://echa.europa.eu/support/guidance/consultation-procedure/ongoing-clp

24 https://unece.org/info/events/event/368936

25 https://unece.org/info/events/event/373701

The Classification, Labelling and Packaging (CLP) Regu-
lation (EC, 2008) requires that companies communicate 
the hazards presented by chemicals they place on the 
market. In this way, the EU aims to protect workers, con-
sumers and the environment from the hazards posed by 
these substances as well as ensuring the free movement 
of substances, mixtures and articles. 

New hazard classes for classifying, labelling and packag-
ing (CLP) substances and mixtures were introduced via 
a revision of the CLP regulation in December 2022, and 
entered into force on 20 April 202322. The new hazard 
classes are:
 ‣  Endocrine disruption for human health - ED HH in 

Category 1 (known or presumed ED) and Category 2 
(suspected ED)

 ‣  Endocrine disruption for the environment - ED ENV in 
Category 1 (known or presumed ED) and Category 2 
(suspected ED)

 ‣  PBT (persistent, bioaccumulative, toxic), vPvB (very 
persistent, very bioaccumulative)

 ‣  PMT (persistent, mobile, toxic), vPvM (very persistent, 
very mobile)

ECHA is now in the process of updating the CLP guidance 
to include guidance on application of the new CLP criteria 
for the ED hazard classes. A stakeholder consultation on 
the draft guidance is underway through the so-called 
‘Partner Expert Group’. This will be followed up with a 
consultation of ECHA’s Committees and will be concluded 
via consultation of the European Commission and the 
Member State Competent Authorities. The aim is to 
finalise the guidance by mid-2024. A similar process 
is ongoing for an update of the guidance to include the 
application of the new criteria for the PBT/vPvB and PMT/
vPvM hazard classes23.

4.4.2. Inclusion of new hazard classes in UN GHS

Since the CLP Regulation is based on the UN’s Globally 
Harmonised System of Classification and Labelling of 
Chemicals (GHS) a proposal to introduce the new hazard 
classes into the UN GHS was made by the EU delegation 
to the UN GHS Sub-Committee in December 2022. The 
proposal was accepted and the EU is now leading a new 
UN informal working group on ‘potential hazard issues’ 
(PHI-IWG) to consider the need to develop global criteria 
for a number of different hazard classes24.

The PHI-IWG has developed a work plan for the 2023-24 
biennium starting with those hazard classes introduced 
into the CLP regulation via the recent update, (endo-
crine disruptors for human health and the environment, 
PBT/vPvB, and PMT/vPvM) (see Section 4.4.1), but also 
considering other critical hazards such as neurotoxicity, 
immunotoxicity, and hazardous to the terrestrial environ-
ment which was approved at the 44th session of the UN 
GHS sub-committee of experts in July 202325.

As a first step a mandate to the OECD was drawn up 
to request a review of the science needed for classifi-
cation and labelling of substances and mixtures that 

have endocrine disrupting properties, using the current 
IPCS/WHO definition of endocrine disruptors as a basis 
and considering the extent to which current GHS hazard 
classes may already address endocrine disruptors. OECD 
accepted the mandate and has set up an ad hoc expert 
group, which started its work in September 2023, aiming 
to provide a response to the UN GHS’s request by the 
end of 2024. JRC is co-chairing the ad hoc expert group.

The PHI-IWG also agreed to develop a mandate for the 
OECD in relation to ‘persistence and mobility’ within the 
new PMT/vPvM criteria, and start the work on criteria for 
PBTs/vPvBs and hazardous to the terrestrial environment 
in different work streams with different co-leads. Del-
egates that have volunteered so far to co-lead on the 
different hazard endpoints are as follows:
 ‣ DE-EU co-leading on persistence and mobility
 ‣ US-ICCA co-leading on immunotoxicity.

The work related to neurotoxicity and immunotoxicity will 
be initiated later, but still within the current biennium if 
resources allow.

https://environment.ec.europa.eu/publications/clp-delegated-act_en
https://echa.europa.eu/support/guidance/consultation-procedure/ongoing-clp
https://unece.org/info/events/event/368936
https://unece.org/info/events/event/373701
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4.4.3. Revision of the UN GHS chapter on skin sensitization

26  Non-standard methods, according to GHS Chapter 3.4.5.3.6, are validated but not yet adopted in chemico/in vitro methods as well as in vivo test methods which do 
not comply with internationally agreed guidelines

27 https://unece.org/transport/documents/2023/07/standards/ghs-rev10

28  Non-testing methods include computer models predicting qualitative structure activity relationships (structural alerts, SAR); quantitative structure-activity relationships 
(QSARs); computer expert systems and read-across using analogue and category approaches.

In the biennium 2021-2022 EURL ECVAM contributed 
to the work of the informal working group on the use 
of non-animal test methods (NATM) for classification of 
health hazards by revising Chapter 3.4 to include crite-
ria based on non-animal data (from in chemico, in vitro 
methods and non-standard methods26) for classification 
of skin sensitising substances. The revised chapter was 
published in July 2023 in the tenth revision of the GHS27.

The informal working group - NATM has been working 
since then on amending Chapter 3.4 to include non-an-

imal methods for the classification of mixtures and to 
develop a guidance section specific to mixtures providing 
a detailed overview of factors to be considered in the 
classification of mixtures. The IWG-NATM is aiming to 
get consensus from the group on the revised text by 
March 2024 with a view to submitting a formal proposal 
for adoption at the UN GHS sub-committee meeting in 
July 2024.

4.4.4. Revision of the UN GHS classification criteria for germ cell mutagenicity

EURL ECVAM is leading the informal working group on 
germ cell mutagenicity on behalf of the European Union 
since 2021. The objective of the working group is to 
review the classification criteria, but also update the 
Chapter 3.5 on germ cell mutagenicity in general and 
according to the current state of science, including newly 
available test guidelines, as well as add guidance.

The discussion on merging category 1A and 1B and 
defining common criteria for category 1 stalled during 
2023 after initially gaining considerable support in the 
working group, thus no consensus was reached to pres-
ent such a proposal to the GHS sub-committee. The issue

is to be revisited at a later stage. The discussion on the 
criteria of category 2 will now be started.

A new section including text on the use of non-testing 
methods28 for classification was imported into Chapter 
3.5 from the recently revised Chapters 3.2, 3.3, 3.4 on 
topical toxicity. The introduction of this text triggered 
considerable discussion within the working group, pri-
marily because germ cell mutagenicity is considered as 
a more critical endpoint than local effects to skin and eye 
and skin sensitisation, and there is thus the perception 
that this could lead to less protection. The working group 
will also consider how and if to introduce classification 
criteria based solely on in vitro methods.

Read more: Report of the Sub-Committee of Experts on the Globally Harmonized System of Classification and Label-
ling of Chemicals on its forty-fifth session: https://unece.org/sites/default/files/2023-12/ST-SG-AC10-C4-90e.pdf
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4.5. Data and knowledge management

4.5.1. AOP Knowledge Base

The AOP-Wiki is the central repository for Adverse Out-
come Pathway (AOP) related knowledge. AOPs are a 
framework for organising scientific knowledge about how 
chemicals, other stressors, and biological processes can 
lead to adverse effects in humans and other organisms. 
The AOP-Wiki currently holds more than 400 AOPs and is 
used by researchers, regulators, and other stakeholders 
around the world.

A group of experts, led by EURL ECVAM, is working 
to develop a new version of the AOP-Wiki, known as 
Wiki 3.0. This new version will be designed to meet the 
needs of a growing user base and to support the latest 
advances in AOP science.

Wiki 3.0 will introduce a range of new features, including:
 ‣  A more intuitive user interface that is accessible to 

users with a wide range of technical expertise.
 ‣  A clearer and more pronounced way of managing and 

displaying information about test methods used to 
assemble AOPs.

 ‣  Improved FAIRness (Findability, Accessibility, Interop-
erability, and Reusability) of the Wiki.

 ‣  Improved ways to trace who contributed which knowl-
edge and what their rationale was.

 ‣  Tagging of certain free text elements (stressors, ref-
erences, and others) to increase searchability.

This added and improved functionality is expected to 
increase trust in the Wiki content, so that regulators will 
feel more comfortable applying AOP knowledge.

Actual development work on Wiki 3.0 is expected to start 
in late 2024, and it is a significant undertaking. However, 
it has the potential to improve the way that AOPs are 
developed, applied, and communicated. By making AOP 
knowledge more accessible, reliable, and FAIR, Wiki 3.0 
will help to accelerate the development of new and safer 
chemicals and products.

4.5.2. Use of chemical monitoring data from IPCHEM to build indicators

IPCHEM, the Information Platform for Chemical Mon-
itoring, is a single access point where EU authorities, 
national and regional authorities, and researchers can 
find and share information about where chemicals are 
found in the environment and at which concentrations. 
Users can discover information on chemical concentra-
tions in air, water and soil, food and animal feed and in 
humans (Figure 4.2). IPCHEM will be integrated in the 
future common open data platform on chemicals (CDPC), 
which will facilitate the sharing, access and re-use of 
different types of information on chemicals coming from 
different sources.

On top of continuously integrating new data and updat-
ing already included datasets, the focus of the JRC’s 

IPCHEM team is to use data to address policy questions. 
Lately, the team explored the use of EU-scale monitor-
ing datasets to develop indicators to track progress in 
reducing exposure to chemicals and related risks. Such 
indicators are used under the various strategies such 
as the Chemicals Strategy for Sustainability to evaluate 
the progress towards policy targets. Examples include 
the use of pesticide residue data in soil in the context 
of evaluating risk to soil organisms (Vieira et al., 2023). 
Other examples under development are exploring the 
use of human biomonitoring data to look at the trends of 
risks from mixtures of chemicals found in humans, and 
the use of pesticide residues in food to look at trends in 
dietary exposure of humans.
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Figure 4.2. Overview of data integration status in IPCHEM in 2023.

4.5.3. Improving the use of academic data in risk assessment

Chemical legislation across countries and policy areas 
requires assessors to consider all relevant and relia-
ble scientific data in performing safety assessments. 
Much of these data, published worldwide, are generated 
using non-standard methods that include an increasing 
amount of data obtained using non-animal approaches. 
Such data is highly heterogeneous in their methodo-
logical quality and reporting standards. Consequently, 
assessors struggle to implement transparent, rigorous 
and efficient workflows to identify and evaluate this 
deluge of data.

The JRC is leading an expert group in the OECD Working 
Party on Hazard Assessment to develop and implement 
a Guidance Document to improve the use of academic 
data in regulatory assessments. The work is ongoing, 
and the outcome is expected in 2024. In 2023, the expert 
group carried out four case studies and two surveys. The 

case studies explored current workflows implemented by 
assessors in four representative regulatory scenarios. 
Through the survey, the expert group collected evidence 
on the state of play and recommendations from asses-
sors, publishers, editors and data repository managers 
(https://ec.europa.eu/eusurvey/publication/OECD-WPHA_
Survey_Publication_Academic_Data_Regulatory_Use). 
The information collected is currently informing the 
development of the guidance document. The aims of 
this guidance are to define good practice for researchers 
to maximise the regulatory utility of published scientific 
data. It also aims to identify opportunities to harmo-
nise and reuse elements of assessment workflows. This 
includes tools for the evaluation of non-standard data 
and templates to facilitate the reuse of results from 
screening and evaluation workflows.

What IPCHEM can do for you:

Support for planning  
of future monitoring  
campaigns at EU or  
Member State level. 

Faster retrieval of chemical  
monitoring data from 
different sources using one 
reference gateway.

Monitoring data enable  
the evaluation of the 
effectiveness of chemicals 
policy.

Data are quality-checked 
and comparable.
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IPCHEM is a unique information platform that promotes collaboration between researchers and policy makers, local, regional 
and national bodies, EU institutions and agencies. 
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4.6. World Congress on Alternatives and Animal Use in the Life Sciences (WC12)

EURL ECVAM participated in the 12th World Congress on 
Alternatives and Animal Use in the Life Sciences (WC12) 
in Niagara Falls, Canada, on 27 to 31 August. Its contri-
butions were key to several of the main themes of WC12. 
Besides the plenary sessions, there were six parallel 
sessions mirroring the main themes and many activities 
and opportunities to interact with other participants. The 
sessions represented forefront research on alternatives 
to animal testing and implementation of such methodol-
ogies in legislation, education and in different industrial 
sectors, based on ethical reasons as well as supporting 
scientific progress towards a sustainable future.

A key note speaker from EURL ECVAM gave a talk enti-
tled, “Regulatory acceptance, unpacked and unplugged”, 
explaining the challenges and opportunities to translate 
non-animal approaches into chemical safety assessment 
and referring to several unit activities.

Another EURL ECVAM representative contributed with 
two oral presentations under the theme “Regulatory 
acceptance and global harmonisation”, one looking at 
the introduction of NAMs in the UN Globally Harmonised 
System for Classification and Labelling of Chemicals 
(see Section 4.4); and the other on a future vision of 
method validation underlining that it’s not all about ring 
trials (see Section 3.6). A further presentation was given 
under the same theme on how to evolve the regulatory 
framework based on innovative and scientifically valid 
methods. EURL ECVAM also presented and participated 

in two panel discussions: “Putting All the Chips on the 
Table! Doubling Down on Regulatory Acceptance of MPS” 
and “The 3Cs: Curating & Cultivating Change for Faster 
Integration of NAMs in Animal-Free Policy Making”.

Within the theme “Ethics, welfare, policies and regula-
tions”, an oral presentation was made on how to develop 
indicators to monitor progress on the implementation 
of the Three Rs (see Section 5.1.3). A future vision of 
a more efficient chemical safety assessment applying 
animal-free approaches was laid out, based on a recent 
paper on Chemicals 2.0 (see Section 4.2), which is also 
the basis for the EPAA Designathon (see Section 4.3).

In a session on “Next-gen education”, the EURL ECVAM 
initiative on how to introduce the Three Rs in school and 
high school education was described, including how EURL 
ECVAM carried out training online for teachers together 
with the European Schoolnet including learning scenarios 
(see Section 5.2).

Other topics explored by EURL ECVAM speakers included 
the credibility of computational models in biology and 
toxicology under the theme of “Human centred biomed-
ical research”, as well as oral presentations on how to 
accelerate transition to animal-free biomedical research, 
and non-animal methods in neuroscience. Finally, a ses-
sion on animal-free reagents, methods and standards 
was chaired by EURL ECVAM.
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5.  Alternatives in research and 
education

In 2020, the EU and Norway witnessed over five and a half million uses of animals for biomedical research related 
to human purposes (excluding ethology/animal behaviour/animal biology under basic research and animal welfare, 
and animal diseases and disorders under translational and applied research; Figure 5.1). This makes biomedical 
research the predominant sector utilising animals for scientific purposes, accounting for around 68% of all animal 
uses in research and testing. Therefore, incorporating the principles of the Three Rs into research practices represents 
a formidable challenge that necessitates specific approaches.

As per Directive 2010/63/EU, all scientific projects must undergo evaluation, taking into consideration the 3Rs, before 
receiving approval. Replacement proves to be a particularly arduous task due to the inherent nature of scientific 
experimentation itself, which involves developing new methods, testing hypotheses, and exploring novel ideas. To 
make progress in this direction, it is crucial to shift mindsets and increasingly incorporate non-animal approaches 
in basic, applied, and translational research.
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Figure 5.1. Statistics on the use of animals for scientific purposes for EU and Norway, including re-uses, in 2020.

In 2023, EURL ECVAM, built upon the seven reviews of advanced non-animal models in biomedical research29 (see 
Box 5.1) to identify how to foster the adoption of non-animal methods in biomedical research. It also continued 
the knowledge sharing of alternative approaches to animal testing by promoting its educational resources and 
organising its fourth JRC Summer School.

29  https://joint-research-centre.ec.europa.eu/eu-reference-laboratory-alternatives-animal-testing-eurl-ecvam/biomedical-research_en

https://joint-research-centre.ec.europa.eu/eu-reference-laboratory-alternatives-animal-testing-eurl-ecvam/biomedical-research_en
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5.1. Biomedical research

In 2023, EURL ECVAM launched new initiatives aimed at 
enhancing the recognition and utilisation of advanced 
non-animal models in biomedical research. These initia-
tives involved analysing the potential of these models to 

provide supplementary information to approved research 
projects that currently use animals and starting a project 
to collect most recent published models.

5.1.1.  Thematic review on the state of 3Rs implementation in cardiovascular diseases, a feasibility study

Directive 2010/63/EU on the protection of animals used 
for scientific purposes mandates that Member States 
(MS) publish non-technical summaries (NTS) of author-
ised projects involving animals within six months from 
their approval. The information to be provided includes 
the projects’ objectives, the number and type of animals 
to be used, the severity of the harm inflicted, and the 
demonstration of compliance with the 3Rs. The lan-
guage used should be understandable by the public to 
increase transparency on animal-based research. Since 
January 2021, NTS are submitted to a central database. 
Additionally, the directive stipulates that the European 
Commission should conduct periodic thematic reviews 
on available non-animal approaches with the potential 
to replace or reduce the numbers of animals used for 
scientific purposes (article 58).

EURL ECVAM conducted a feasibility study through an 
analysis of the information found in the NTS approved 
for cardiovascular disease research. The projects were 
classified according to the subject matter investigated, 
using as basis the categories found in the dataset coming 
from its report (Celi et al., 2022), and were deemed to be 
of sufficient quality to carry out a pilot thematic review 
related to improving the adoption of the Three Rs in 
cardiovascular disease biomedical research.

After presenting its conclusions to the 25th National 
Contact Point meeting on 10 to 11 October 2023, EURL 
ECVAM decided to launch together with DG ENV a pilot 
thematic review on the state of 3Rs implementation in 
cardiovascular diseases.

5.1.2.  European Parliament pilot project on the development and use of artificial intelligence/
machine learning approaches for biomedical models review updates

In November 2023, EURL ECVAM kicked-off a new pro-
ject to develop an automated database that collects 
and structures information on non-animal models in use 
for biomedical research, using automated approaches 
to mine the vast body of published literature. This will 
enable the creation of an up-to-date, state of the art 
knowledge source collating non-animal models applied 
to biomedical research, allowing the extension of already 
collected models both in time (from 2019 up to now) 
and in scope with the addition of new diseases catego-
ries (including infectious diseases, metabolic diseases 
and gastrointestinal disorders). Moreover, it will allow 
interested parties (e.g., scientists working in biomedical 
research, Member States evaluation committees, educa-
tional institutions, etc.) to search easily for information 
on available non-animal models in specific categories.

By understanding and sharing information on successful 
non-animal models in biomedical sciences, it is expected 
that the transition of the scientific community towards 
human biology-based methodologies will be encour-
aged, facilitated and potentially accelerated. In fact, the 
use of human biology-based models and methods is 
vital to improve the relevance of biomedical research, 
to enhance the likelihood that results will translate 
to patients and to accelerate the transfer of research 
results into clinical and public health practices. It is also 
expected that such databases represent a valuable and 
sustainable resource for stakeholders such as Member 
State Competent Authorities responsible for project eval-
uation or research project funding organisations.
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Figure 5.2. Implementation objectives of the artificial intelligence driven database of non-animal models in biomedical research.

Though the automation of the selection process and the organisation of identified non-animal models, extension in 
time and scope should continue beyond the project and continuously deliver new models (Figure 5.2).

5.1.3.  EURL ECVAM indicators to assess the impact of EU-funded research into Alzheimer's disease, 
breast cancer and prostate cancer

In 2023, EURL ECVAM published a scientific article on 
“Gauging innovation and health impact from biomedical 
research: survey results and interviews with recipients 
of EU-funding in the fields of Alzheimer’s disease, breast 
cancer and prostate cancer” (Pistollato et al., 2023) and 
a technical report on the assessment of the impact of 
EU-funded biomedical research in the areas of Alzheim-
er’s disease, breast cancer and prostate cancer through 
the use of fourteen indicators (Gastaldello et al., 2023a).

The article discusses the main findings coming from a 
survey carried out in 2020 and addressed to former and 
current participants of EU-funded research projects in 
the fields of Alzheimer’s disease, breast cancer and pros-
tate cancer, complemented by the in-depth interviews of 
thirty participants and followed by a round table discus-
sion with DG JRC, RTD and SANTE organised at the end of 
2021. It proposes a set of priority actions that could be 
considered to help improving the translation of scientific 
innovation of biomedical research into societal impact.

The report describes the development and refinement 
of these indicators and presents a case study of their 
use applied to EU-funded biomedical research. The pub-
lication summarises and further develops work initiated 
in 2020 about the retrospective monitoring of outputs 
and societal impact of biomedical research in the three 

above-mentioned areas funded by the EU framework 
programmes FP5, FP6, FP7 and H2020 in the previous 
20 years. The report is accompanied by a data table 
accessible from the JRC data catalogue, which can be 
exploited by interested stakeholders to delve deeper into 
the findings and/or carry out tailored-made analyses 
(Gastaldello et al., 2023b).

The report classified outputs according to funding pro-
gramme and disease area of research, but did not take 
the type of methods and approaches employed into 
consideration. To further the analysis in this direction, 
in 2023, EURL ECVAM in collaboration with the Humane 
Society International, started work on using some of 
the indicators to assess the impact of methods on the 
outputs of EU-funded research. Projects were there-
fore categorised based on whether they used methods 
employing animals, methods not employing animals, 
or a combination of both. This work will inform on the 
relationship between methods and outputs/impact, and 
possibly shape future funding strategies to improve their 
returns in terms of societal impact.
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5.1.4. Promoting Reusable and Open Methods and Protocols (PRO-MaP): draft recommendations to 
improve methodological clarity in life sciences publications

Detailed, accessible methods are essential for reproduc-
ibility, trust in science and scientific advancement, yet 
many studies suggest that the reporting of methodo-
logical details in life sciences research publications is 
often incomplete. This may be due to a lack of incentives 
or reporting standards, or other cultural or educational 
factors.

In 2023, EURL ECVAM published a pre-print (Leite et al., 
2023) together with the participants of the “Scientific 
methods and protocols: roadmap to increase clarity in 
life sciences peer reviewed publications” workshop that 
took place in June 2022. It contains recommendations 
for Promoting Reusable and Open Methods and Proto-
cols (PRO-MaP) to increase and improve the reporting 
of detailed, reusable and open methods and reusable 
step-by-step protocols in the life sciences. These draft 

recommendations outline actions that four stakeholder 
groups such as researchers, research institutions and 
departments, publishers and editors, and funders, can 
take to achieve these goals. While some recommenda-
tions address study design and reporting guidelines, the 
primary focus is on capturing clear, accurate, methodo-
logical detail, e.g. with re-usable step-by-step protocols.

During summer 2023, Charité Berlin led a set of consul-
tations amongst the four stakeholder groups, including 
experts in improving methodological reporting, to finalise 
the recommendations. Feedback received during consul-
tation sessions will be incorporated to the pre-print and 
a publication prepared to encourage organisations and 
individuals from each stakeholder group in collaboratively 
working to improve the reporting of detailed methods 
and reusable step-by-step protocols in the life sciences.

5.1.5. CIAO – applying the AOPs in the biomedical research to model the COVID-19 pathogenesis

The CIAO project (Modelling the pathogenesis of COVID-
19 using the Adverse Outcome Pathway Framework) 
was successfully concluded in 2023. Initiated by EURL 
ECVAM in the first weeks of the pandemic, the project 
quickly developed into a large scale interdisciplinary and 
international collaboration of 70+ scientists from 50+ 
renowned research, academic and government organi-
sations world-wide. Amidst the deluge of COVID-related 
information, the CIAO project aimed to distill and organ-
ise this vast knowledge into manageable streams of 
evidence. By doing so, the project sought to identify 
critical gaps in our understanding, pinpoint relevant bio-
markers, and elucidate the mechanisms by which diverse 
factors, such as age, impact clinical outcomes. Adverse 
Outcome Pathways (AOPs) are an OECD-led knowledge 
management framework well acknowledged in toxicol-
ogy, and the CIAO project succeeded in extending this 
proven conceptual approach for structuring knowledge 
to a viral disease. The COVID-AOPs were disseminated 
via the publicly accessible AOP-Wiki website and led to 

the publication of numerous papers (Carusi et al., 2023; 
Hogberg et al., 2022; Shahbaz et al., 2022).

Developing evidence-based pathways starting from bind-
ing of the virus to its receptor and leading to the diverse 
disease outcomes (e.g. respiratory distress, anosmia) via 
a series of key events at the different levels of biological 
organisation (molecular, cellular, organ, tissue, individual) 
required input from several scientific disciplines. Hence, 
within CIAO, AOPs were effective in supporting a true 
interdisciplinary collaboration. The CIAO way of collab-
oration, i.e. to assemble a community across various 
scientific domains, deploy a conceptual framework as 
the basis for a shared language, collect and disseminate 
knowledge at a central location, make the exploration of 
synergies between disciplines the default mind-set, has 
raised significant interest, both at EURL ECVAM and out-
side. Applying the lessons learned in CIAO, both in terms 
of results and process, to other science and research 
areas will be the legacy of the project.
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5.1.6. Re-use of human health data in biomedical research

30 https://www.edith-csa.eu

31 https://www.europarl.europa.eu/news/en/headlines/society/20230601STO93804/eu-ai-act-first-regulation-on-artificial-intelligence

32 https://health.ec.europa.eu/ehealth-digital-health-and-care/european-health-data-space_en

Mathematical models offer the opportunity of reducing 
the use of animals in biomedical research, while pro-
viding innovative tools which can be used as clinical 
decision support systems, for personal health forecasting 
or as methodologies for the development of personal-
ised medical products. Computational models can be 
defined either as knowledge-driven, when they are based 
on prior mechanistic knowledge on cause-and-effect 
relationships of the phenomenon of interest or as data-
driven, when they rely directly on data without making 
any causal assumption, such as artificial intelligence 
methods. Both approaches are effective depending on 
the question of interest and many models are built as 
a combination of those approaches. Independently of 
the modelling approach, such models require human 
health data such as medical images, electrophysiologi-
cal signals or genomic data, for their development and 
validation.

EURL ECVAM is working on reviewing the current inno-
vations in biomedical research based on human data, to 
provide a clear picture of the ongoing research projects 

at the European level and the current challenges in the 
field. Among the research projects, the EC launched 
the EDITH30 consortium with the mission of defining a 
roadmap to build a European ‘Virtual Human Twin’ (VHT) 
by identifying the main barriers towards its implemen-
tation. The VHT aims to be an integrated multiscale and 
multi-discipline representation of quantitative human 
physiology and pathology designed to accelerate the 
development of patient-specific predictive computer 
models. Besides the lack of high-quality data available 
in open access, major barriers in the re-use of human 
health data for the development and validation of VHT 
are the lack of guidance of data anonymisation and data 
sharing, the lack of harmonisation and standardisation 
among different collectors and the lack of clear and 
consolidated regulatory pathways. As those challenges 
are linked to specific regulations, EURL ECVAM will also 
contribute to assess how real-world data can be re-used 
in line with the EU legal framework (Data governance 
act (EU, 2022), Artificial Intelligence act31) and initiatives 
(European Health Data Space32).

Box 5.1. EURL ECVAM reviews of advanced non-animal models in biomedical research

EURL ECVAM has released a series of studies aimed at assessing the current and emerging non-animal models 
used in biomedical research across seven disease domains, including respiratory tract diseases, breast cancer, 
neurodegenerative disorders, immuno-oncology, immunogenicity testing for advanced medicinal therapy 
products, cardiovascular diseases, and autoimmune diseases.

https://www.edith-csa.eu
https://www.europarl.europa.eu/news/en/headlines/society/20230601STO93804/eu-ai-act-first-regulation-on-artificial-intelligence
https://health.ec.europa.eu/ehealth-digital-health-and-care/european-health-data-space_en
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The objective of these studies is to identify and elucidate specific research scenarios where traditional animal 
models have been replaced by innovative non-animal techniques. These novel approaches encompass in vitro 
methodologies employing human cells and engineered tissues, as well as in silico methods utilising computer 
modelling and simulation.

The expectation is that by understanding and sharing information on successful use-cases of alternative 
models in biomedical research, the transition towards non-animal approaches can be better facilitated and 
potentially accelerated. 

Encouraging the uptake of alternative methods is important to tackle such considerable reliance on animal 
experiments for carrying out research. Furthermore, non-animal methodologies offer the promise of more 
accurately replicating human physiology compared to many traditional animal models, ultimately enhancing 
our comprehension of human-specific biology and disease.

Each disease domain is covered by a technical report describing the specificities of the models identified in 
this area, an executive summary providing an overview of the non-animal methods development as well as 
a list of models containing references to peer reviewed articles. Reports can be downloaded from the JRC 
science hub and individual datasets from the JRC data catalogue, EURL ECVAM collection33.

33 https://data.jrc.ec.europa.eu/collection/id-0088

5.2. Education and training

5.2.1. JRC Summer School 2023: towards sustainable innovation

The aim of the JRC Summer School is to share knowledge 
and experience on the latest non-animal approaches in 
science and to promote their use in biomedical research, 
regulatory applications and drug development. It is 
specifically tailored for post-graduate students and ear-
ly-career scientists working in the biosciences field and 
focused on non-animal methods and technologies. Hun-
dred-twenty students from all over the world participated 
at the fourth edition of the JRC Summer School entitled 
"Non-animal Approaches in Science: Towards Sustainable 
Innovation" at the JRC in Ispra, Italy, 23 to 26 May 2023 
(Figure 5.3; (Berggren et al., 2023a)).

The summer school is organised every second year, and 
this was the fourth edition with a highly engaging and 
interactive programme combined with lectures by both 
invited and in-house experts across several scientific  

fields, with plenary sessions followed up with round table 
discussions. The students themselves took the lead in 
debate sessions, explored how to introduce the Three Rs 
in university education and prepared poster presentations. 
The JRC Summer School is not only a Three Rs training, 
it is about creating networks across sectors, across the 
globe, and even across generations. We observed how 
students from the earlier editions are now sending their 
own PhD students to attend, or are themselves invited 
as speakers. The emerging science without the use of 
animals is a game changer, because it forces us to 
understand more of the underpinning biology, and the 
summer school students themselves are actively contrib-
uting to this progress when interacting and challenging 
both speakers and other students with multi-disciplinary 
background in discussions and debates.

Figure 5.3. Participants of the JRC Summer School 2023.

https://data.jrc.ec.europa.eu/collection/id-0088
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5.2.2. EURL ECVAM laboratory virtual reality

The EURL ECVAM laboratory virtual reality (VR) appli-
cation is a project funded by the European Parliament. 
The aim of the project is to develop a digital learning 
application for students between 14 and 18 years old, 
which provides awareness for alternatives to animal 
testing. In 2023, EURL ECVAM completed the storytelling 
and launched, with the support of the publication office, 
an implementation contract with Markenfilm Space that 
will design it with young people media habits in mind 
(Figure 5.4).

Students will explore the laboratory setting through a 
playful experience. They will work with a professor and 
learn about alternatives to animal testing. Specifically, 
they will complete a series of experiments and tasks, 
which will enable them to evaluate a novel non-animal 
method for testing chemicals. The VR experience should 
take 20 minutes to complete and is expected to make a 

significant contribution to science education by providing 
students with a fun and engaging way to learn about 
science, technology, engineering and mathematics in 
general and alternatives to animal testing in particular. 
The application will have educational purposes and it will 
be used in the context of school lessons.

After the VR prototype is developed, selected users will 
evaluate its functionality and users’ understanding of the 
concepts. The findings of the user testing will enable to 
improve the application before it is released to the public. 
Oculus Quest 2 as well as a web application will be used 
to run the VR that will be also accessible to visually and 
hearing-impaired users.

This virtual reality application will be added to the 
resources on the 3Rs already developed by EURL ECVAM 
for primary and secondary pupils (see Box 5.2). 

Figure 5.4. A view of the virtual EURL ECVAM laboratory.
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Box 5.2. EURL ECVAM educational resources for primary and secondary students

34 https://www.scientix.eu/projects/steam-partnerships/3rs

In 2023, EURL ECVAM finalised the Three Rs project implemented by EU Schoolnet focusing on introducing 
the principles of the Three Rs in primary and secondary education. The goal was to inspire students to think 
critically about science, become aware of the scientific progress made for a future science without animal 
use, and build the skills to debate nuanced and complex topics such as animal testing.

With the learning activities of the project, students will develop science literacy skills by exploring topics 
such as ethics in science, how the European Union is protecting the welfare of laboratory animals, and what 
high-tech non-animal tools are available as alternatives.

All resources are available on the Scientix website34  and can be downloaded freely. Teachers will find engaging 
teaching materials to include in their school lessons: career sheets, podcasts and interviews with experts 
working in the field as well as interesting learning scenarios. 

Ten learning scenarios are available for primary school and seven for secondary school pupils. These scenarios 
are completed by additional resources linked to existing pedagogical trends and the 21st century skills to 
help teachers to integrate the Three Rs in their curriculum and prepare students for future careers in the field.

The materials can be used as part of one lesson, or throughout several lessons. Learning scenarios can be 
also implemented as project-based interdisciplinary activities that could be implemented in collaboration 
with several teachers. While generally intended for STEM classes, materials can be implemented in non-STEM 
classes with small adaptations.

Last, teachers will also find information from their peers presenting their own experience of implementing 
some of the learning scenarios in their classroom.

https://www.scientix.eu/projects/steam-partnerships/3rs
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6. Conclusions

35 http://www.stopvivisection.eu/

36 https://europa.eu/citizens-initiative/initiatives/details/2021/000006_en

37 https://oeil.secure.europarl.europa.eu/oeil/popups/ficheprocedure.do?reference=2021/2784(RSP)&l=en

The 2023 EURL ECVAM Status Report showcases a strong commitment to advancing the development, validation, 
and regulatory application of non-animal methods in scientific research and testing. Through collaborative projects, 
EURL ECVAM is leading the charge in promoting NAMs that offer more ethical, cost-effective, and potentially more 
accurate alternatives to traditional animal-based models. EURL ECVAM’s commitment to update OECD GD 34 and 
to the validation and standardisation of innovative and complex methods and technologies demonstrates EURL 
ECVAM's pivotal role in ensuring that non-animal methods meet the rigorous standards necessary for regulatory 
acceptance. EURL ECVAM's initiatives are also aligned with the objectives of the European Citizens Initiatives "Stop 
Vivisection35" and "Save cruelty free cosmetics – commit to a Europe without animal testing36”, as well as the 
European Parliament’s resolution37, which call for a shift away from animal testing towards more humane and 
scientifically advanced alternatives. The report's focus on regulatory applications of non-animal methods reflects a 
proactive response to these initiatives, highlighting efforts to integrate NAMs into the regulatory frameworks that 
govern chemical hazard and risk assessments. Furthermore, EURL ECVAM has taken significant steps to integrate 
non-animal approaches into education and training programmes, which is crucial for nurturing a culture of innovation 
and ethical scientific practices among the next generation of researchers. Projects like the JRC Summer School and 
the development of a virtual reality application for students underscore the importance of incorporating alternatives 
into the educational mainstream. The 2023 EURL ECVAM Status Report, therefore, not only reflects the progress 
made in the field of alternatives to animal testing but also emphasises the ongoing need for research, validation 
efforts, collaboration, and education to fully realise a future where non-animal methods are the gold standard in 
scientific testing and research. With continued support and commitment from the scientific community, regulatory 
bodies, and the public, the vision of a Europe that champions cruelty-free and better science and respects animal 
welfare can become a reality.

http://www.stopvivisection.eu/
https://europa.eu/citizens-initiative/initiatives/details/2021/000006_en
https://oeil.secure.europarl.europa.eu/oeil/popups/ficheprocedure.do?reference=2021/2784(RSP)&l=en
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