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What’s in a NAM?

Arti Ahluwalia    1,2  , Babette Fletemeyer3, Giuseppe Chirico2,4, Alisa Elezovic    5, 
Winfried Neuhaus6,7, Adrian J. Smith    8, Jeffrey J. Bajramovic    9   & Doris Wilflingseder    3 

The transition away from animal experimentation is gaining momentum across scientific 
disciplines, driven by technological advancements, ethical imperatives and policy support. At 
the forefront of this movement is the development of New Approach Methodologies (NAMs). 
Rather than serving as mere substitutes for animal testing, NAMs represent a paradigm shift. 
Their growing acceptance has been reinforced by recent policy advancements, such as the US 
Food and Drug Administration Modernization Act 2.0 and the European Chemicals Agency’s 
commitment to transitioning toward an animal-free regulatory system, both of which promote 
the adoption of NAMs. However, the term NAMs has become increasingly ambiguous, leading 
to confusion and potential misuse. To address this, we propose a unified definition: NAMs are 
species-specific methodologies, not including the use of living animals. NAMs prioritize the use of 
the target species in some form or another, eliminating the need for interspecies extrapolation. If 
the target species is human, this simple definition implies that working with experimental animals 
as a model never qualifies as a NAM. This distinction positions NAMs as a fundamentally different 
approach to the 3Rs framework of Replacement, Reduction and Refinement, and practical 
examples are discussed. Critically, this definition extends beyond toxicology and regulatory 
science, encompassing basic, applied and translational research. By leveraging cutting-edge 
technologies, including organoids, organ-on-chip, microfluidics, 3D bioprinting, bioinformatics, 
artificial intelligence and machine learning, NAMs provide novel biological insights that differ from 
those obtained through animal models while enhancing species-relevant data accuracy. Although 
challenges remain, particularly in their validation and widespread adoption, continued innovation, 
policy support and interdisciplinary collaboration will be key to unlocking their full potential, 
fostering more sustainable, humane and human-relevant approaches in biomedical research.

Redefining scientific research and regulatory testing
The transition away from animal experimentation is increasingly sup-
ported by political decisions1–3. The coronavirus disease 2019 pandemic 
demonstrated the possibility to waive extensive phases of preclinical 
animal testing and that human data can be integrated earlier in the vac-
cine development process. This paradigm shift, combined with advances 
in technologies, including computational or in silico modeling, in vitro 
systems and high-content/high-throughput screening, as well as improved 
scientific knowledge, has the potential to substantially accelerate vac-
cine innovation4,5. These advances highlight how new paradigms and 
approaches could be leveraged to streamline biomedical research, reducing 

reliance on traditional animal models while maintaining scientific rigor 
and human relevance. New Approach Methodologies (NAMs) are at the 
forefront of these developments.

Origin of NAMs
Conceptually introduced in the US National Academy of Science’s 2007 
report Toxicity Testing in the 21st Century6, but without the use of the 
acronym, NAMs were not merely presented as substitutes for traditional 
animal tests but as a paradigm shift. With its visionary outlook, the report 
aimed to transform safety assessments and toxicology by integrating 
mechanistic insights and exposure data through advanced in vitro and 
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hence expands the acceptance of alternative methods. Similarly, European 
initiatives, such as a 2023 ECHA workshop, proposed the use of NAMs, 
such as computational models and in vitro testing, as tools for predict-
ing chemical risks through methods. As the concept evolved, it became 
evident that NAMs encompass both longstanding and novel non-animal 
tools when they are used within an approach that prioritizes target species 
relevance. The success of NAMs, such as quantitative structure–activity 

computational models. The actual term NAMs was coined at a workshop 
in Helsinki in 2016 organized by the European Chemicals Agency (ECHA, 
https://echa.europa.eu/), whose proceedings were entitled New Approach 
Methodologies in Regulatory Science7.

This forward-thinking framework gained traction in policy with 
milestones such as the Food and Drug Administration Modernization 
Act 2.01, which considers the possibility of obviating animal tests and 

Table 1 | Definitions of NAMs

Organization or author Quotation

ECHA “In this context and according to ECHA, NAMs denote alternatives to traditional toxicity methods that typically involve animal testing. 
These alternatives are useful for predicting and assessing chemical risks and hazards, by providing mechanistic information for biologically 
complex endpoints.
They include, for example in vitro, in chemico methods and in silico computational models, which may be used alone or in combination with 
other methods and have the potential to be quicker, cheaper and use less animals.”22

Norecopa, Norway “The acronym NAM, on the other hand, is generally used for New Approach Methodologies, that is methods which were not developed 
explicitly to replace or reduce animal research*. Scientists who use animals today may (or may not) find them to be suitable alternatives, or 
supplements, to their in vivo research. NAMs often have little resemblance to an animal model (for example, use of the human placenta), but 
they are often valuable because they involve the use of human tissue.”23

NC3Rs, UK “We use the term non-animal methods as a catch-all to describe full replacement approaches irrespective of the scientific discipline in which 
they are used.”16

“We use the term new approach methodologies specifically to refer to full and partial replacement approaches for assessing chemical or 
drug toxicity.”16

British Toxicology 
Society (BTS)

“New Approach Methodologies (NAMs) collectively refer to technology-enabled strategies for obtaining information about the toxicity of 
chemicals without relying on traditional animal testing. These strategies have the potential to supplement, reduce, and eventually replace 
animal testing by uncovering the fundamental processes, often at the level of biomolecular interactions, which may make certain chemicals 
toxic to humans. Specific NAMs strategies include computational modeling (see BTS statement on in silico approaches), cell and tissue 
culture assays (see BTS statement on in vitro approaches), and the use of alternative model organisms to observe how biology (from cells to 
whole organisms) is impacted by exposure to chemicals.”24

3Rs Centre Utrecht, 
Utrecht University

“The term Replacement is appropriate when talking about the way laboratory animals are used, but essentially excludes animal-free 
methods that do not directly focus on replacement. This realization has led to an increase in the use of the more inclusive non-animal 
methods or new approach methods (NAMs). NAMs are all methods that do not use laboratory animals, including methods that are not 
directly aimed at replacing existing laboratory animal use.”25

Nico D. Müller, 
Philosophical Seminar, 
University of Basel, 
Basel, Switzerland

“For the purposes of this article, the term ‘NAM’ will be used as a generic stand-in for suitable alternatives and strategies that can help to 
avoid animal testing, acknowledging that PPAE would need to define more precisely what should be phased out and what should be phased 
in (see Section 3.1). The term ‘NAM’ will thus not be used in the exact sense of the EPA (2018), which counts non-vertebrate animal testing 
as a form of NAM.”2

FDA “Given the limitations associated with animal testing, in recent years there has been interest in developing faster, less expensive, and more 
informative new approaches to gathering toxicological information. These methods, which researchers aspire to develop for use in place 
of traditional animal testing, are often referred to as new approach methods (NAMs). Of course, before any NAM is used to assess safety, 
it is critical that the validity and reliability of the method have been established. It should be equally or more informative than existing 
guideline studies designed to evaluate a substance’s safety. As these NAMs are developed, validated, refined, and adopted, they present 
an opportunity to: reduce the number of animals used in testing; refine the methods still requiring animals so they are less stressful to the 
animals; and to replace animal testing whenever possible.”13

NAMs Working Group 
(NIH)

“In the WG’s discussions, they focused on the following categories of NAMs, defined as follows: in silico methods, experiments performed 
by computing platforms or custom hardware, encompassing mathematical modeling and simulation, machine learning, and other 
computational techniques; in chemico methods, experiments performed on biological molecules, such as proteins and DNA, outside 
of cells, which may be used to study how these molecules interact with each other and with drugs; and in vitro methods, experiments 
performed on cells outside of the body, including various types of cell, organoid and tissue culture techniques. While the Working Group 
acknowledged that there is a broad and diverse set of tools and techniques that could fall under the rubric of ‘alternatives’, they agreed 
about an initial focus on areas in which emerging technological advances can provide new or improved models for interrogating biological 
processes or states.”26

US Environmental 
Protection Agency (EPA)

“The organizing framework for EPA’s strategy to reduce vertebrate animal testing relies heavily on what have been termed new approach 
methodologies (NAMs). This phrase has been adopted as a broadly descriptive reference to any technology, methodology, approach, 
or combination thereof that can be used to provide information on chemical hazard and risk assessment that avoids the use of intact 
animals.”27

Lauwereyns et al. “NAMs (New Approach Methodologies), represent cutting-edge scientific tools that were likely inconceivable when the 3Rs were first 
articulated 65 years ago. NAMs do not necessarily provide a one-to-one substitute for traditional animal-based techniques, but they 
offer novel ways to address research questions that animal models might not be able to answer. We therefore argue that the concept 
of Replacement could be expanded and updated to include the development of these rapidly emerging non-animal approaches. Thus, 
NAMs can act as specific replacements (surrogates for existing animal tests) or as proactive replacements, opening new and potentially 
unprecedented avenues of research without relying on animals.”28

EFSA journal,  
Usmani et al.

“Any technology, methodology or approach that can provide useful information to support chemical risk assessment by informing on the 
hazard (considering toxicodynamics and toxicokinetics) and exposure of a chemical without the use of animal tests shall be considered a 
New Approach Methodology (NAM).
This includes in silico, in chemico, in vitro, ex vivo and specifically for NMs, also physicochemical characterization approaches. Any 
non-animal method can qualify as a NAM when it is validated or when it has been demonstrated to be scientifically valid for application in 
risk assessment.
In most cases various NAMs must be applied in combination, usually in frameworks describing tiered approaches, to respond to questions 
of regulatory relevance. However, any approach modifying an existing animal test would not be considered a NAM per se, even though 
innovative methods might be applied for this purpose. In line with this, the application of simple whole organisms in vitro models would 
qualify as NAMs if they can provide useful information for risk assessment and/or enable better design of in vivo testing. Animal tests might 
be included in such frameworks along with NAMs, usually in the higher tiers.”29
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relationship and read across8–12 in reducing and replacing animal experi-
ments in the toxicological field has not gone unnoticed and has led to 
increasing interest from other scientific disciplines.

The increase in popularity of the acronym NAMs has been accom-
panied by considerable differences in its use (Table 1). While many still 
define NAMs as ‘New Approach Methodologies’, other terms such as ‘New 
Approach Methods’13, ‘Non-Animal Methods’, ‘Non-Animal Models’ 
and ‘New Alternative Methods’ are also found. In the European Union’s 
(EU) official roadmap toward phasing out animal testing for chemical 
safety assessment, the term NAMs has been replaced. The document 
exclusively uses the phrase ‘Non-Animal Methods’, spelled out in full 
without abbreviations14. Others prefer to use Non-Animal Technologies 
(NATs) as a counterpart to NAMs15. NAT signifies the direct (one-to-one) 
replacement of an animal model by an alternative method that does not 
use animals—regardless of the animal species to be replaced or the nature 
of the target organism (animal or human). Some group NAMs and NATs 
together under the umbrella of NAMs, where the acronym then stands for 
Non-Animal Methods. This definition is, however, not in use universally. 
The NC3Rs refer to ‘full and partial replacement approaches for assessing 
chemical or drug toxicity’16, linking NAMs directly to the replacement of 
animal studies. Likewise, Sewell et al. (2024) state that NAMs‚ used alone 
or in concert with other methods, improve ‘chemical safety assessment 
through more protective and/or relevant models and as a result, contribute 
to the replacement of animals’12. Quite often, references to NAMs also 
encompass methods that involve the use of animals that are not covered 
in the scope of current legislation, such as zebrafish embryos or insects.

Overgeneralization of a term can lead to confusion, as it can be used 
as a catch-all for all kinds of new methodologies. Misuse of the term 
NAMs, in campaigns for greenwashing or marketing, risks undermin-
ing the credibility of genuine efforts by researchers to supersede animal 
experiments. Importantly, there is also an ongoing discussion as to how 
NAMs are related to the 3Rs (Replacement, Reduction and Refinement) 

framework. Do they, for example, simply equate to replacement, or do they 
represent a completely new line of reasoning outside the 3Rs framework?

Toward a unified vision for NAMs
The ambiguity surrounding the acronym NAM bears the risk of polar-
izing discussions and underlines the necessity of a unified definition. 
As the field evolves, it has become clear that a more precise definition of 
NAMs is needed to ensure conceptual clarity and ethical consistency. A 
clear definition should start with an understanding of what the acronym 
NAMs was meant to refer to. As mentioned in Toxicity Testing in the 21st 
Century6, we consider that the word ‘new’ refers to the ‘approach’ rather 
than to the ‘methodology’. Many non-animal approaches widely used by 
regulators—such as validated in vitro skin and eye irritation assays and 
longstanding Quantitative Structure–Activity Relationship and read-across 
frameworks—are not new per se. They nonetheless fit the NAMs definition. 
The novelty of the ‘approach’ lies in its focus on generating data directly 
in the target species, avoiding reliance on extrapolation from other spe-
cies. We argue that species-specificity should be central to the concept 
and propose a clear, unified definition: NAMs are methodologies that 
produce data directly relevant to the target species. Thus, NAMs do not 
require interspecies extrapolation (for example, extrapolating results from 
rodents to humans using allometric scaling) but may require intermethod 
extrapolation (for example, using in vitro metabolism or transport data 
from human-derived hepatocytes to parameterize in silico pharmacokinetic 
models that predict hepatic drug disposition in humans). At the same time, 
this definition excludes approaches on the basis of interspecies extrapola-
tion, such as studying zebrafish models to understand human neurological 
diseases. By anchoring NAMs firmly in both scientific relevance and ethical 
responsibility, our definition broadens their scope beyond toxicology to 
cover also basic, applied and translational research.

In a nutshell: NAMs are species-specific methodologies, not includ-
ing the use of living animals. As simple as it seems, this definition is 
self-explanatory and easily applied to all preclinical, nonclinical and basic 
research. If humans are the target species, then any research that uses 
nonhuman animals (even nonvertebrates) does not qualify as a NAM. 
NAMs can be used to reduce our reliance on animal testing by replacing 
and reducing experimental animal use but, while there is considerable 
overlap, NAMs are not per se defined by that purpose.

To further clarify the utility of this definition, also in relation to the 
3Rs framework, some practical examples are provided in Box 1.

Strategic approaches are needed to foster the adoption of NAMs 
across disciplines. In basic research, funding and policy support are essen-
tial to encourage innovation and standardization. In applied and regulatory 
contexts, collaboration between academia, industry and policymakers 
can streamline validation processes and enhance the translatability of 
species-specific models.

Box 1 | Practical scenarios mapping 
NAMs to the 3Rs
 

•• The use of human stem cell-derived in vitro systems to study a 
human disease, instead of using in vivo rodent experiments. This 
is both a NAM and a replacement because rodents are being 
specifically replaced by tissue from the target organism

•• The use of human in vitro systems for diseases where an animal 
model is lacking. This is a NAM, but not a replacement

•• The use of in silico modeling to predict human neurotoxicity, 
instead of using rodent in vivo studies. If the underlying data for 
the model derive from human material, then it is a NAM; if the 
data derive from animal studies, then it is not a NAM. In both 
cases, it is a replacement. Notably, improved model performance 
can often be achieved by sharing and harmonizing existing 
human datasets rather than generating new in vivo data

•• The use of dogs, in an animal facility, in microdosing studies to 
study the physiological response to new compounds for use in 
canines. This is neither a replacement nor a NAM. Although the 
studies are species-specific, living animals are being used

•• The use of advanced in vivo imaging technology to reduce 
experimental animal use in a canine model for canine cancer. 
This is neither a NAM nor a replacement, but it may be 
considered a reduction or refinement, if animal welfare is also 
improved

•• The use of human volunteers in microdosing studies to study 
their physiological response to new compounds. This is not a 
NAM, but it is a replacement if otherwise experimental animals 
would have been used

Box 2 | Brief immune-focused example 
(TLR7/8 species gap)
 
Question: Synergistic innate immune activation via Toll-like 
receptors (TLRs) TLR7/8 differs markedly between humans and 
common laboratory animals42.

NAM approach: High-content imaging of primary human 
peripheral blood mononuclear cells tracks NF-κB/IRF nuclear 
translocation, cytokine-secretion kinetics and cell–cell interaction 
metrics after exposure to candidate compounds and viral RNA 
mimetics.

Systems biology layer: Single-cell time-course data are 
integrated to infer signaling-network dynamics that predict cytokine 
storm propensity in humans—an effect that animal models fail to 
reproduce because of TLR7/8 expression and signaling differences.
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The promise and evolution of NAMs
NAMs embrace a wide range of advanced technologies, from cell-based 
assays and organ-on-chip systems to artificial intelligence (AI), machine 
learning (ML) and bioinformatics. They are revolutionizing research in 
toxicology, drug discovery and both basic and applied sciences, contrib-
uting to continuous and advancing scientific progress. For data-driven 
approaches such as AI and ML, the model credibility depends critically 
on data quality, provenance and curation. Notably, progress does not 
necessarily require generating new in vivo data. Substantial gains can be 
achieved by sharing, harmonizing and reanalyzing existing datasets, with 
priority given to target-species data to avoid cross-species extrapolation.

As implied above, NAMs are not per se about replacing animal 
models. They offer tools for deeper biological understanding that have 
the potential to surpass what many areas of traditional animal testing can 
currently achieve. Indeed, NAMs are particularly valuable in addressing 
questions that animal models alone cannot answer. For instance, systems 
biology and high-content screening allow researchers to explore dynamic 
interactions specific to human biology that were previously inaccessible 
as described in the example within Box 2.

Instead, organoids and 3D bioprinting enable mimicking human tis-
sues with unprecedented accuracy, while AI and computational modeling 
can provide predictive insights into disease mechanisms and therapeutic 
responses. These methodologies are inherently species-specific, so that 
we can, for example, address human physiology directly rather than 
extrapolating data from animals. This shift in focus has implications not 
only for biomedical research but also for regulatory processes, where 
human-centered data can enhance precision and relevance.

Overcoming challenges in the adoption of NAMs
Despite their promise, the adoption of NAMs is not easy and presents 
challenges. Ethical considerations are integral to their development but 
they must be accompanied by an honest acknowledgment of limitations. 
Overstating their capabilities not only creates unrealistic expectations in 
the minds of opponents of animal research but also alienates scientists 
who see no alternative to animal use with today’s technology and therefore 

hesitate to enter the debate about the way ahead. NAMs are developed 
and interpreted within the broader fabric of biological knowledge, much 
of which historically derives from in vivo research. Foundational in vivo 
observations, together with clinical, epidemiological and mechanistic 
in vitro evidence, provide essential context for defining mechanisms, 
boundary conditions and acceptance criteria for NAMs.

NAMs also require practical expertise and specialized training, 
which require access to hands-on courses or collaboration with expe-
rienced laboratories. This is essential for proper implementation and 
improved reproducibility. The transition from traditional methods to 
NAMs is a complex, gradual process involving scientific, regulatory 
and cultural shifts. Validation, standardization and reproducibility are 
essential to ensure the reliability of NAMs. Here, we must be cautious 
not to repeat the mistakes sometimes made with animal-based research, 
where inappropriate statistical methods, poor experimental design and 
excessive standardization contributed to the reproducibility crisis and, 
paradoxically, undermined translational value17,18. Unlike animal models, 
NAMs operate within systems that do not raise the same ethical concerns, 
allowing for greater flexibility in their refinement and optimization. This 
unique advantage should be leveraged to foster innovation rather than 
impose rigid frameworks that might limit their potential to transform 
biomedical science.

Tracking the development of NAMs and facilitating access to 
NAMs expertise
To unlock the full potential of AI and ML within NAMs, sustained 
support for findable, accessible, interoperable, reusable (FAIR) and 
privacy-preserving data infrastructures is essential, enabling continuous 
improvement through aggregation of target-species datasets19. Although 
many NAMs are already being used in basic and translational research, 
it can be challenging to keep track of all the new developments. In the 
past 10 years, several organizations have launched datasets or databases 
where publications about NAMs are cited and can be searched; examples 
are presented in Table 2. As of July 2025, some of these databases are 
snapshots of the period in which they were created and have not been 

Table 2 | NAM databases (from July 2025)

Name Organization Area No. of methods/
publications

Last upload Reference

RE-Place Alternative 
Methods to Animal 
Testing

Initiated by Flemish government, 
supported by Brussels government; 
coordinated by Sciensano and the 
Vrije Universiteit Brussel

Mostly Belgium 308 (as of  
21 July 2025)

16 July 2025 (as of 21 
July 2025)

30

AnimAlt-ZEBET Zentralstelle zur Erfassung und 
Bewertung von Ersatz- und 
Ergänzungsmethoden zum 
Tierversuch

Germany 800 NA Offline (analog assessment 
possible)31

SMAFIRA German Federal
Institute for Risk Assessment

International PubMed library NA 32

Joint Research Centre 
Data Catalogue

EURL-ECVAM
(European Union Reference 
Laboratory for Alternatives to 
Animal Testing)

International 3,048 (284, 183, 
935, 449, 542, 88 
and 567)

Mostly until 2019 Respiratory33

Autoimmune diseases34

Breast cancer35

Cardiovascular diseases36

Immuno oncology37

Immunogenicity testing38

Neurodegenerative diseases39

BioMedModelHub 
(BimmoH)

EURL-ECVAM (European 
Union Reference Laboratory for 
Alternatives to Animal Testing)

International Datasets from 2019 
plus new methods

Continuously updated BimmoH - Biomedical Models 
Hub. Deceuninck, P, Straccia, 
M, Whelan, M., 2025, European 
Commission, Joint Research 
Centre (JRC) (Dataset) PID: http://
data.europa.eu/89h/ba511666-
1c31-4ac0-a4a4-97567e480aba

NAT Database Doctors Against Animal 
Experiments Germany

International 2,147 (as of  
10 June 2025)

16 June 2025 (as of 10 
June 2025)

40

TSAR EURL-ECVAM International 143 (as of  
21 July 2025)

NA 41
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updated and some have been discontinued. Others have been published  
in 2025, such as the BioMedModelHub (BimmoH, PID: http://data. 
europa.eu/89h/ba511666-1c31-4ac0-a4a4-97567e480aba) led by the EU 
Reference Laboratory for Alternatives to Animal Testing–European Centre 
for the Validation of Alternative Methods (EURL-ECVAM). BiMMoH 
brings together experts from academia, industry and regulatory bodies 
to develop an automated database. It uses ML techniques to screen scien-
tific publications and identify models with high translational potential20. 
Notably, even when resources are provided to build a database or dataset, 
long-term sustainability is not guaranteed and is often not achieved. An 
alternative approach would be to generate a database curated by NAM 
experts to facilitate access to up-to-date, state-of-the-art knowledge. 
Currently, this solution is being explored by a team of researchers col-
laborating under the EU Cooperation in Science and Technology (COST) 
Action IMPROVE. Thanks to this action, a support desk has been estab-
lished at the 3Rs Centre Utrecht21 to provide access to NAM experts in 
this database for researchers, animal welfare bodies, ethical committees 
and funding organizations.

Are NAMs guiding us toward a future without experimental 
animals?
NAMs represent more than a shift in methodology. They signify a trans-
formation in how we approach science itself. By prioritizing ethical 
responsibility, scientific rigor and species-specific relevance, NAMs offer 
a path toward more humane, effective and forward-thinking research 
practices, in which care and welfare concur to advance science and knowl-
edge. Through continued innovation and collaboration, they can fulfill 
their promise of reshaping biomedical research and regulatory testing 
for a more sustainable future. To consolidate a globally aligned definition 
and implementation roadmap, we propose convening an international 
workshop that includes the multiple stakeholders involved; from regula-
tors, industry, academia and patient and animal-welfare organizations to 
policymakers and standards bodies.

Received: 27 August 2025; Accepted: 9 April 2026 
Published online: xx xx xxxx

References
1.	 FDA Modernization Act 2.0 (US Congress, 2022).
2.	 Müller, N. D. Phase-out planning for animal experimentation: 

a definition, an argument, and seven action points. ALTEX 41, 
260–272 (2024).

3.	 Russell, W. M. S. & Burch R. L. The Principles of Humane 
Experimental Technique (Methuen, 1959).

4.	 Reid, K., Juvin, P. & Lang, J. Fitting vaccine research into one year -  
were animals used? EFPIA https://www.efpia.eu/news-events/ 
the-efpia-view/blog-articles/fitting-vaccine-research-into-one- 
year-were-animals-used/ (2021).

5.	 Busquet, F., Hartung, T., Pallocca, G., Rovida, C. & Leist, M. Harnessing 
the power of novel animal-free test methods for the development of 
COVID-19 drugs and vaccines. Arch. Toxicol. 94, 2263–2272 (2020).

6.	 National Research Council. Toxicity Testing in the 21st Century:  
A Vision and a Strategy (The National Academies Press, 2007).

7.	 New approach methodologies in regulatory science. In Proc. of a 
Scientific Workshop https://go.nature.com/4cxzWb8 (European 
Chemicals Agency, 2016).

8.	 Bearth, A. et al. New approach methodologies in human health risk 
assessment across European regulatory frameworks. Environ. Int. 
196, 109279 (2025).

9.	 Krebs, A. et al. The EU-ToxRisk method documentation, data 
processing and chemical testing pipeline for the regulatory use of 
new approach methods. Arch. Toxicol. 94, 2435–2461 (2020).

10.	 Madden, J. C., Enoch, S. J., Paini, A. & Cronin, M. T. D. A review of 
in silico tools as alternatives to animal testing: principles, resources 
and applications. Altern. Lab. Anim. 48, 146–172 (2020).

11.	 Schmeisser, S. New approach methodologies in human regulatory 
toxicology—not if, but how and when!. Environ. Int. 178, 108082 
(2023).

12.	 Sewell, F. et al. New approach methodologies (NAMs): identifying 
and overcoming hurdles to accelerated adoption. Toxicol. Res. 13, 
tfae044 (2024).

13.	 New Approach Methods (NAMs). US Food and Drug 
Administration https://www.fda.gov/food/toxicology-research/
new-approach-methods-nams (2024).

14.	 Roadmap towards phasing out animal testing. European 
Commission https://single-market-economy.ec.europa.eu/sectors/
chemicals/reach/roadmap-towards-phasing-out-animal-testing_en 
(2025).

15.	 New-Approach Methodologies (NAMs) and Non-Animal 
Technologies (NATs). Understanding Animal Research https://www.
understandinganimalresearch.org.uk/fact-checking/factsheets/
non-animal-methodologies (2026).

16.	 Replacement and NAMs—it’s all in the NAMe. National Centre 
for the Replacement Refinement and Reduction of Animals in 
Research https://nc3rs.org.uk/replacement-and-nams-its-all-name 
(2025).

17.	 Voelkl, B., Würbel, H., Krzywinski, M. & Altman, N. The 
standardization fallacy. Nat. Methods 18, 5–7 (2021).

18.	 Frommlet, F. Improving reproducibility in animal research. Sci. Rep. 
10, 19239 (2020).

19.	 Bjerke, I. E. Data sharing and re-use as a moral imperative in 
animal research. Eur. J. Neurosci. 60, 7148–7151 (2024).

20.	 Zuang, V. EURL ECVAM Status Report 2024. European 
Commission https://publications.jrc.ec.europa.eu/repository/
handle/JRC141304 (2025).

21.	 Support desk for access to expertise on NAMs. Utrecht 
University https://www.uu.nl/en/organisation/3rs-centre/research/
support-desk-for-access-to-expertise-on-nams (2025).

22.	 Towards an animal-free regulatory system for industrial chemicals: 
ECHA New Approach Methodologies Workshop background paper 
(European Chemicals Agency, 2023).

23.	 Norecopa. NAMs and NATS. Norecopa https://norecopa.no/
alternatives/nams-and-nats/ (2026).

24.	 New Approach Methodologies (NAMs). British Toxicology 
Society https://www.thebts.org/wp-content/uploads/2024/05/
New-approach-methodologies.pdf (2024).

25.	 Replacement & NAMs. Utrecht University https://www.uu.nl/en/
organisation/3rs-centre/mission/replacement-nams (2025).

26.	 Howard, Y., et al. Catalyzing the Development and Use of Novel 
Alternative Methods. Report to the Advisory Committee to the 
Director (National Institutes of Health, 2023).

27.	 Strategic Plan to Promote the Development and Implementation  
of Alternative Test Methods Within the TSCA Program  
(US Environmental Protection Agency, 2018).

28.	 Lauwereyns, J. et al. Toward a common interpretation of  
the 3Rs principles in animal research. Lab Anim. 53, 347–350 
(2024).

29.	 Usmani, S. M. et al. Review of New Approach Methodologies for 
application in risk assessment of nanoparticles in the food and 
feed sector: status and challenges. EFSA Support. Publ. 21, 8826E 
(2024).

30.	 RE-Place alternative methods to animal testing. The Re-Place 
Project https://www.re-place.be/database (2025).

31.	 AnimAlt-ZEBET. Norecopa https://norecopa.no/3r-guide/
animalt-zebet (2025).

32.	 German Centre for the Protection of Laboratory Animals. SMAFIRA 
https://smafira.bf3r.de/ (2025).

33.	 Hynes, J. et al. Advanced Non-animal Models in Biomedical 
Research: Respiratory Tract Diseases (Publications Office of the 
European Union, 2020).

http://www.nature.com/laban
https://doi.org/10.1038/s41684-026-01731-8
http://data.europa.eu/89h/ba511666-1c31-4ac0-a4a4-97567e480aba
http://data.europa.eu/89h/ba511666-1c31-4ac0-a4a4-97567e480aba
https://www.efpia.eu/news-events/the-efpia-view/blog-articles/fitting-vaccine-research-into-one-year-were-animals-used/
https://www.efpia.eu/news-events/the-efpia-view/blog-articles/fitting-vaccine-research-into-one-year-were-animals-used/
https://www.efpia.eu/news-events/the-efpia-view/blog-articles/fitting-vaccine-research-into-one-year-were-animals-used/
https://go.nature.com/4cxzWb8
http://www.fda.gov/food/toxicology-research/new-approach-methods-nams
http://www.fda.gov/food/toxicology-research/new-approach-methods-nams
http://single-market-economy.ec.europa.eu/sectors/chemicals/reach/roadmap-towards-phasing-out-animal-testing_en
http://single-market-economy.ec.europa.eu/sectors/chemicals/reach/roadmap-towards-phasing-out-animal-testing_en
http://www.understandinganimalresearch.org.uk/fact-checking/factsheets/non-animal-methodologies
http://www.understandinganimalresearch.org.uk/fact-checking/factsheets/non-animal-methodologies
http://www.understandinganimalresearch.org.uk/fact-checking/factsheets/non-animal-methodologies
http://nc3rs.org.uk/replacement-and-nams-its-all-name
https://publications.jrc.ec.europa.eu/repository/handle/JRC141304
https://publications.jrc.ec.europa.eu/repository/handle/JRC141304
http://www.uu.nl/en/organisation/3rs-centre/research/support-desk-for-access-to-expertise-on-nams
http://www.uu.nl/en/organisation/3rs-centre/research/support-desk-for-access-to-expertise-on-nams
https://norecopa.no/alternatives/nams-and-nats/
https://norecopa.no/alternatives/nams-and-nats/
https://www.thebts.org/wp-content/uploads/2024/05/New-approach-methodologies.pdf
https://www.thebts.org/wp-content/uploads/2024/05/New-approach-methodologies.pdf
http://www.uu.nl/en/organisation/3rs-centre/mission/replacement-nams
http://www.uu.nl/en/organisation/3rs-centre/mission/replacement-nams
https://www.re-place.be/database
https://norecopa.no/3r-guide/animalt-zebet
https://norecopa.no/3r-guide/animalt-zebet
http://smafira.bf3r.de/


Lab Animal

Perspectivehttps://doi.org/10.1038/s41684-026-01731-8

34.	 Otero, M. J. et al. Advanced Non-animal Models in Biomedical 
Research: Autoimmune Diseases (European Commission, 2022).

35.	 Rossi, F. et al. Advanced Non-animal Models in Biomedical 
Research: Breast Cancer (European Commission, 2020).

36.	 Capellini, K. et al. Advanced Non-animal Models in Biomedical 
Research: Cardiovascular Diseases (European Commission,  
2022).

37.	 Romania, P. et al. Advanced Non-animal Models in Biomedical 
Research: Immuno Oncology (European Commission, 2021).

38.	 Canals, J. M. et al. Advanced Non-animal Models in Biomedical 
Research: Immunogenicity Testing for Advanced Therapy Medicinal 
Products (European Commission, 2022).

39.	 Witters, H. et al. Advanced Non-animal Models in Biomedical 
Research: Neurodegenerative Diseases (European Commission, 
2021).

40.	 Doctors Against Animal Experiments Germany. Non Animal 
Technologies https://nat-database.org/ (2025).

41.	 TSAR - Tracking System for Alternative methods towards 
Regulatory acceptance. European Commission https://tsar.jrc.
ec.europa.eu/ (2025).

42.	 Heil, F. et al. Species-specific recognition of single-stranded  
RNA via toll-like receptor 7 and 8. Science 303, 1526–1529  
(2004).

Acknowledgements
This publication is based on work from the Working Group 2 on 
Implementation of 3Rs within the European Cooperation in Science 
and Technology (COST) Action CA21139 IMPROVE (‘3Rs concepts to 
improve the quality of biomedical science’), supported by COST  
(www.cost.eu).

Author contributions
D.W. and B.F. wrote the first draft. D.W., A.A., B.F. and J.J.B. edited the 
text on the basis of contributions, comments from the coauthors and 
working discussions with the coauthors G.C., A.E., W.N. and A.J.S.  
All authors have contributed to the paper and have approved 
submission of the paper in its current form.

Funding
Open access funding provided by University of Veterinary  
Medicine Vienna.

Competing interests
The authors declare no competing interests.

Additional information

Correspondence and requests for materials should be addressed to 
Arti Ahluwalia, Jeffrey J. Bajramovic or Doris Wilflingseder.

Peer review information Lab Animal thanks Suzanne Fitzpatrick and 
the other, anonymous, reviewer(s) for their contribution to the peer 
review of this work.

Reprints and permissions information is available at  
www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by/4.0/.

© The Author(s) 2026

http://www.nature.com/laban
https://doi.org/10.1038/s41684-026-01731-8
http://nat-database.org/
http://tsar.jrc.ec.europa.eu/
http://tsar.jrc.ec.europa.eu/
http://www.cost.eu
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	What’s in a NAM?

	Redefining scientific research and regulatory testing

	Origin of NAMs

	Toward a unified vision for NAMs

	Practical scenarios mapping NAMs to the 3Rs

	The promise and evolution of NAMs

	Brief immune-focused example (TLR7/8 species gap)

	Overcoming challenges in the adoption of NAMs

	Tracking the development of NAMs and facilitating access to NAMs expertise

	Are NAMs guiding us toward a future without experimental animals?

	Acknowledgements

	Table 1 Definitions of NAMs.
	Table 2 NAM databases (from July 2025).




