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Inclusion Exclusion

•In vitro exposure and assays (fish, amphibians and marine 

mammals);

•Embryo exposure irrespective of species if the exposure doesn’t 

exceed the endogenous feeding stage;

•Embryo exposures if they exceeded the non-protected life stage 

but only if they evaluated endpoints within the non-protected life 

stage period;

•In silico approaches using in vivo data (both existing and 

experimental) if relevant species (i.e., fish, amphibians, marine 

mammals);

•Exposure of chemicals using microinjection;

•Scientific papers written in English;

•Fish receptor transfection or binding assays.

• In vivo exposures followed by in vitro assays;

•In vitro studies with non-aquatic mammalian cells (i.e., human, 

mice, rats);

•Generation or offspring effect(s);

•Early life stage/whole life cycle exposures;

•Embryo papers when protected life stages were exposed to 

chemicals.

•Yeast estrogen and androgen screening assays;

•Studies using bacteria, algae, birds or invertebrates;

•Reviews, commentaries or concept papers;

•Book chapters; Restricted or subscription only scientific papers;

•Methodological papers, i.e., characterization of cell lines, 

optimization of biological assays without further chemical 

exposure;

•Embryo papers that investigated the effects of chemicals only on 

traditional toxicity endpoints such as survival and morphology 

(malformations).



Screening identified 4,275 unique articles; 1,310 included for full-text review
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Step 2, Level 1 paper screening from wide literature search using SWIFT active screener (inclusion and exclusion 
criteria).

Database developed with all reviewed 
information containing 18 metadata fields 
including the assay type, species, 
endpoints, and readiness level. 
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• Accelerate interlaboratory ring trials and SOP development and expand OECD Test 
Guidelines to include mechanistic endpoints; 

• Develop advanced models (e.g. co-culture systems, 3D organoids, microphysiological 
systems) and prioritize developing NAMs for poorly covered endpoints (e.g. immunotoxicity 
and epigenetics); 

• Establish workflows for transcriptomic/metabolomic points of departure (tPOD, mPOD) to 
enable quantitative risk assessment; 

• Link NAM endpoints to AOPs for mechanistic interpretation and regulatory relevance; 

• Combine NAMs within IATAs for weight-of-evidence decision-making;

• Promote cross-species extrapolation and IVIVE modeling for ecological relevance;

• Align aquatic NAM strategies with human health frameworks to leverage synergies.

Recommendations & Conclusions

Success depends not on replacing individual animal tests one-for-one, but on building confidence 
in integrated NAM-based decision frameworks that are fit-for-purpose for environmental risk 
assessment and aid Avoiding vertebrate testing wherever possible.
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