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Read-across is a well-established New Approach Methodol-
ogy (NAM). Its approach and methods are mature and widely 
used, especially for data-gap filling relating to in vivo tests. It is 
supported by guidance and reporting templates, as well as 
computational tools. However, greater expertise and clarity 
are required to gain further acceptance. Challenges and 
needs focus on improving the acceptability of read-across 
predictions. These include: 1) understanding how un-
certainties are quantified and how the overall (tolerable) un-
certainty can be defined, 2) assessing similarity between 
target and source molecules, especially beyond strict 2D 
structural similarity, whilst avoiding activity cliffs, 3) key simi-
larity challenges exist in metabolism, including the ability to 
confirm the principle pathways and biotransformations leading 
to toxicologically significant metabolites, as well as the rates of 
their formation, 4) the lack of suitable data to support read-
across; thus, efforts to justify using non-standard data should 
continue to be developed, and 5) the use of artificial intelli-
gence (AI) in read-across presenting its own set of challenges, 
which are, however, outweighed by the opportunities and 
gains. The role of AI in assessing similarity and, indeed, all 
aspects of read-across will grow, but at this time, how and at 
what speed it will grow is unknown. Read-across also has the 
potential to assist in the integration of non-animal chemical 
safety assessments and Next Generation Risk Assessment 
(NGRA).

Addresses
1 School of Pharmacy and Biomolecular Sciences, Liverpool John 
Moores University, Byrom Street, L3 3AF, Liverpool, UK
2 The University of Tennessee, College of Veterinary Medicine, 2407 
River Drive, Knoxville, TN, 37996-4543, USA

Corresponding author: Cronin, Mark T.D. (m.t.cronin@ljmu.ac.uk)

Current Opinion in Toxicology 2026, 47:100602

This review comes from a themed issue on Next Generation Risk 
Assessment from principle to practice: where are we? (2026) 

Edited by Heather Wallace, Maria Lucia Zaidan Dagli & Emanuela 
Corsini

Available online 20 June 2026

For a complete overview see the Issue and the Editorial 

https://doi.org/10.1016/j.cotox.2026.100602

2468-2020/© 2026 The Authors. Published by Elsevier B.V. This is an 
open access article under the CC BY license (http://creativecommons. 
org/licenses/by/4.0/).

Introduction
Read-across is a well-established in silico (computational) 
New Approach Methodology (NAM) frequently used to 
address toxicological and other data gaps, especially for 
industrial chemicals [1,2]. It is based on the premise 
that similar substances will have similar properties and 
effects; hence, information from a data-rich substance 
can inform a similar data-poor substance [3]. Similarity 
between substances may be defined in a number of 
ways, including computed similarity metrics, common 
functional groups (often relating to a similar mechanism 
of action or metabolism), and being a member of a 
common chemical class, among others [4,5].

The aim of this ‘Comment’ was to provide the authors’ 
personal insights into where we are with read-across, 
their opinions on current challenges and needs, and 
opportunities for the future development of this 
approach. The views stated in this ‘Comment’ are those 
of the authors alone.

State-of-the-art of read-across
Currently, read-across can be considered a NAM in its 
own right and is often used as a standalone approach. It 
can also be applied within a tiered-testing strategy, such 
as an Integrated Approaches to Testing and Assessment 
(IATA), or as part of the implementation of Next Gen-

eration Risk Assessment (NGRA), for instance, as part of 
a broader read-across scheme incorporating exposure [6] 
or the Alternative Safety Profiling Algorithm (ASPA) [7].

Regarding the current regulatory use of read-across, there 
is now extensive guidance, most recently from the Eu-

ropean Food Safety Authority (EFSA) [4] and the Orga-

nisation for Economic Cooperation and Development 
(OECD) [5]. These guidance documents present 
workflows to guide and support the implementation of 
read-across in a relatively standardised manner. Other 
documentation is available for evaluating read-across in a 
regulatory context, such as the European Chemicals 
Agency’s (ECHA’s) Read-Across Assessment Framework 
(RAAF) [8]. Despite the widespread use of read-across to 
fill data gaps [9], evaluations of submitted read-across 
predictions have identified that a significant proportion 
of submissions have not been accepted [10—12]. At the 
current time, there remains a clear need to improve
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documentation and justification of similarities between 
target and source substances, enhance access to high-

quality data, and better assess uncertainties. Several 
practical tools to support the implementation of read-

across workflows are available, some free of charge. The 
most widely used computational tool for read-across is 
the OECD QSAR Toolbox [13,14]. In addition to these 
tools, templates for reporting read-across, documenting 
the underlying data and evaluating uncertainties have 
been provided, most recently by EFSA [4].

Thus, to summarise the current state of read-across use, 
it is widely used with high expectations, especially for 
replacing in vivo tests. Multiple uses of read-across are 
envisioned, from hazard identification, e.g., to support 
classification, prioritisation for testing, through to po-

tency determination to support risk assessment, 
among other uses. It is well supported by guidance and 
reporting templates, as well as computational tools that 
facilitate the process. However, greater expertise and 
clarity are needed to gain acceptance of read-across for 
data-gap filling. The challenges and needs for read-

across, therefore, centre on improving acceptability 
and broadening its scope and applicability.

Challenges and needs for read-across
Quantifying uncertainties and defining tolerable 
uncertainty
Addressing the need to improve the acceptability of 
read-across requires clear statements of what is 
acceptable for a particular purpose. One approach is to 
frame acceptability in terms of tolerable uncertainty, as 
stated by EFSA [4]. This requires clear problem 
formulation in read-across that specifies tolerable un-

certainty for the purpose, endpoint, and substance. It is 
acknowledged that different purposes may require more 
stringent tolerable uncertainty levels; for instance, 
waiving the requirement for an in vivo animal test may 
necessitate intrinsically lower uncertainty in read-across 
than in hazard identification for classification, where 
classification may be itself be based on potency (e.g., 
acute toxicity) or evidence (e.g., endocrine disruption) 
and thus have differing levels of tolerable uncertainty. 
There is a clear need for a greater understanding of how 
uncertainties in read-across are quantified, how the 
overall uncertainty can be defined, and what its expec-

tation is. This also requires a greater appreciation that 
not all elements of uncertainty have a high impact on 
overall uncertainty [15]. Thus, there is a need for a more 
global appreciation of the levels of tolerable high-impact 
uncertainty, which could be achieved through retro-

spective analysis of accepted read-across analyses. Two 
elements of read-across can be considered to have a high 
impact on overall uncertainty, regardless of the endpoint 
or context: the hypothesis and justification for similarity 
between the target and source substances, and data 
quality. The focus of overall uncertainty assessment

should be based on these key, high-impact un-

certainties. The EFSA [4] guidance demonstrates that 
the read-across community has learnt extensively from 
risk -assessment knowledge o uncertainty. Other op-

portunities could also be investigated, with a possible 
focus on improving the understanding of the credibility 
of computational models [16].

Assessing similarity of target and source 
substances and avoiding activity cliffs
A key aspect of uncertainty in read-across is the simi-

larity between target and source molecules. As similarity 
drives read-across, it will always have a high impact; 
however, it is often acknowledged that chemical simi-

larity alone may be insufficient to support read-across 
[17]. In addition, a greater appreciation of the relevant 
type of similarity (e.g., based on properties, toxicody-

namics, toxicokinetics, metabolism, etc.) for a particular 
endpoint and context is required. It is known that there 
are different ways to describe chemical similarity (of 
small molecules), ranging from easy-to-compute simi-

larity metrics to structural fragments and groupings. 
Metrics, or indices, of chemical similarity have been 
shown to be inadequate for many aspects of similarity 
determination [18]. Such metrics are not mechanisti-

cally based and, as such, are prone to missing ‘activity 
cliffs’, where a small change in structure can lead to 
considerable variation in activity [19]. Other, more 
bespoke methods of determining chemical similarity 
include the development of chemistry-based groupings, 
termed structure—activity groups (SAGs), based on in-

dicator phrases (IPs) [20]. These IPs group similar 
molecules based on rational decisions about chemical 
structure that are directly attributable to adverse effects 
and/or mechanisms of action.

Activity cliffs in read-across pose a particular challenge, 
and there is a need to raise awareness and develop so-

lutions to ensure that similarity is appropriately 
captured to avoid them. An activity cliff implies a 
change in effect, most likely due to a change in mech-

anism or metabolic profile. If such a change is not 
captured by chemical similarity, biological or mecha-

nistic information must be included in the assessment of 
similarity [21]. There is also a need to identify which 
endpoints exhibit the most prominent activity cliffs. 
This is likely to be the case for complex chronic effects, 
notably at the organ level, and may affect developmental 
toxicology. There is no silver bullet for the concern over 
activity cliffs, and there is limited knowledge of the 
scale of the problem. The development of improved 
grouping methods, such as the aforementioned SAGs, 
may facilitate this.

Linked to improving similarity assessment and reducing 
uncertainty is the need to, where possible, systemati-

cally include additional NAM data [22]. As noted above 
[17], a significant challenge is that chemical similarity is
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often considered to be insufficient to support or justify 
read-across. This is explicitly stated in the EFSA read-

across workflow [4] and elsewhere [23]. Greater expe-

rience with NAM data and uncertainty assists with 
identifying the presence or absence of a specific 
mechanism and whether a lack of mechanistic knowl-

edge is critical to supporting read-across (as confirmed 
by Daston et al. [21]), particularly to avoid delays caused 
by excessive and unnecessary data estimation or mea-

surement. Various NAMs, including connectivity map-

ping (Cmap) [24], cell painting [25] and toxicogenomic 
data [26] have been used to support read-across hy-

potheses. In vitro NAMs may have particular function-

ality as a standalone similarity metric or fingerprint, to 
assist with similarity justifications for mixtures or un-

known or variable composition, complex reaction prod-

ucts, or biological materials (UVCB) substances.

Defining similarity of common metabolites and/ 
or degradants
One of the read-across similarity scenarios is the pro-

duction of the same, or highly similar, seminal metabo-

lite or degradant. Whilst this approach is likely to be 
more widely applied in the future, we are currently 
limited by our knowledge and technology in supporting 
and justifying such a hypothesis. These challenges 
include the inability to confirm the identity of the 
principal pathways and biotransformations that lead to 
toxicologically significant metabolites, as well as the 
rates at which they form. Current in silico methods are 
limited in this regard [27] although new techniques are 
being developed [28,29]. There may also be a require-

ment for experimental measurement of metabolism or 
degradation, such as could be provided by NAMs, to 
provide an acceptable read-across argument [30].

Need for high quality and relevant data for 
source molecules
There is a substantial need for high-quality data for the 
source analogue in addition to supporting NAM data for 
the justification of similarity. The lack of suitable data to 
support read-across will continue to be a major limiting 
factor for the approach and may restrict the applicability 
of read-across to well-characterised areas of chemistry, 
such as high-production volume (HPV) chemicals. The 
fundamentals of data availability are well established in 
the relevant guidance [6,7]; the data to be read across 
must be for the endpoint in question, ideally from an 
OECD Test Guideline study, and must have been 
generated under Good Laboratory Practice (GLP), with 
a number of schemes such as Klimisch [31] and the 
ToxRTool [32] being utilised to assess data quality. 
Since the availability of appropriate in vivo data will 
remain a limiting factor, read-across efforts to justify the 
use of non-standard data (e.g., from non-OECD test 
guideline assessments, non-validated NAM assays and

mechanistic information etc.) will continue to be 
developed, in addition to the use of technologies such as 
federated learning to potentially tap into confidential, or 
commercially sensitive, data sources [33]. Whilst non-

standard data will be encouraged, effort will be 
required to ensure the relevance and appropriate quality 
of the data.

There is a fundamental role for read-across in tiered 
testing strategies and NGRA in particular [6,7,34]. This 
is typically at one of the first tiers of NGRA, and is 
usually seen as being sufficient for a decision on risk 
assessment to be made. Whilst the acceptability of read-

across is being better defined, the decision points in 
NGRA need to be clearly stated, such that an appro-

priate decision may be made. NGRA may also allow for 
different evidence and acceptability, for instance based 
on in vitro and in chemico NAMs. Another possibility may 
be for low-exposure compounds, where higher uncer-

tainty may be tolerable. It is further hypothesised that 
the application of read-across in NGRA will foster 
intelligent testing using NAMs and support the use of 
artificial intelligence (AI), particularly machine learning 
(ML), to develop the next generation of in silico tools.

Defining the role of AI in read-across
AI is currently a hot topic across all areas of society, with 
its presence being increasingly felt in chemical risk 
assessment [35]. Regarding its use in toxicology, we are 
clearly at the start of AI adoption, with several potential 
applications [36]. There is an improving understanding 
of the role of AI in toxicology as being ‘predictive’, e.g. 
the use of ML in QSAR and related approaches, and 
‘generative’, e.g., the use of large language models 
(LLMs) to create and assimilate text [37]. Recent, 
exciting, examples of the use of agentic AI have 
demonstrated the capability to assist in the read-across 
process and the utilisation of tools such as the OECD 
QSAR Toolbox [38]. Beyond the speed of change in this 
area, there are multiple challenges to the use of AI in 
toxicology and read-across, but these are outweighed by 
the opportunities and gains. However, we suggest 
caution. First, avoid the hype and be realistic about what 
is required and what can be achieved; this will require a 
global consideration of the issue and a two-way dialogue 
between AI developers and the toxicology community. 
Second, particularly for read-across, provide AI that is 
cognisant of toxicology and chemistry, i.e., has the 
documented knowledge of a trained expert, rather than 
merely access to the information. Third, provide sus-

tainable platforms; our current technologies that are 
readily available, such as the OECD QSAR Toolbox, 
have largely been funded by government agencies. 
Whilst such software is ‘free-to-use’, it does require 
considerable funding and commitment to develop and
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maintain. Plans and funding for large-scale informatics 
AI infrastructure will need further funding and/or an 
appropriate business model and plan.

Continual development and sustainability of 
read-across
As noted above, the essential practical need for the 
successful application of read-across is to ensure the 
continual update and development of computational 
tools and data resources. The success and uptake of the 
OECD QSAR Toolbox demonstrate the importance of 
sustainability in computational tools, and the funding 
and contributions that underpin the Toolbox are 
acknowledged and will need to be maintained [14]. 
Updates to the Toolbox and similar tools will be vital to 
enable opportunities in software infrastructure and 
informatics development, new databases and profilers, 
and changes and requirements in chemical regulation. 
Related to sustainability is the ongoing process of 
training and capacity building to ensure that appropriate 
standards are met for the future acceptance of read-

across.

Summary: the future for read-across
The approach and methodology for toxicological read-

across are well established. Whilst the general 
approach has changed little over three decades, we have 
much greater knowledge and experience in applying 
read-across and incorporating new types of information. 
This knowledge and these needs will be further devel-

oped to support the overwhelming requirement for 
greater acceptability of read-across predictions. Prefer-

ably, there will be an increase in the depth and 
complexity of similarity methods that account for 
knowledge of chemical space (i.e., well-investigated 
regions, with a low probability of activity cliffs), end-

points, and mechanisms of action, with a targeted 
approach to incorporating biological and computational 
NAMs. Associated with improvements in similarity and 
grouping will be better assessments of uncertainty and 
credibility, thereby improving acceptability. The role of 
AI in assessing similarity and, indeed, all aspects of read-

across will grow, but at this time, how and at what speed 
it will grow is unknown. The identification and practical 
quantification of tolerable uncertainty will become 
commonplace as our understanding of how to achieve it 
grows.

Read-across also has the potential to support several 
upcoming opportunities. One is its improved integration 
into non-animal chemical safety assessment, enabling 
the evaluation of One Health (the interrelationship 
between human and environmental adverse effects) 
[39]. The current paradigm is read-across of individual 
effects; this could be extended by incorporating 
knowledge of cross-species groupings. There is already a 
need to extend the approach beyond single definable

chemicals. Grouping for nanomaterials is well-

established [40], and many read-across predictions are 
made for UVCBs (see, e.g., ECHA guidance [41]; 
Prussia et al. [42]) and botanical mixtures [43]. Further 
areas of opportunity are to solve upcoming problems for 
industry and regulators in the evaluation of data-poor 
substances, as has been demonstrated for N-nitrosamine 
impurities [44], potential endocrine disruptors [45] per-

and polyfluoroalkyl substances (PFAS) [46], amongst 
others, as well as macromolecules such as mycotoxins 
[47], proteins, food enzymes and genetically modified 
organisms (GMOs) [48].

Declaration of competing interest
The authors declare that they have no known competing 
financial interests or personal relationships that could 
have appeared to influence the work reported in this 
paper.

CRediT authorship contribution statement
Mark Cronin: Conceptualisation; Writing — original 
draft. Terry Schultz: Conceptualisation; Writing — 
review and editing.

Data availability
No data was used for the research described in the 
article.

References
Papers of particular interest, published within the period of review, 
have been highlighted as:

* of special interest
* * of outstanding interest

1. Hanway RH, Evans PF: Read-across of toxicological data in 
the notification of new chemicals. Toxicol Lett 2000, 
116(Suppl. 1):61.

2. Cordova AC, Klaren WD, Ford LC, Grimm FA, Baker ES, 
Zhou YH, et al.: Integrative chemical-biological grouping of 
complex high production volume substances from lower 
olefin manufacturing streams. Toxics 2023, 11:586. https:// 
doi.org/10.3390/toxics11070586.

3. Hartung T, Rovida C: Mechanistic read-across comes of age: 
a comparative appraisal of EFSA 2025 guidance, ECHA’s 
RAAF, and good read-across practice. Front Toxicol 2025, 7, 
1690491. https://doi.org/10.3389/ftox.2025.1690491.

4. Bennekou SH, Allende A, Bearth A, Casacuberta J, Castle L, 
Coja T, et al.: Guidance on the use of read-across for chem-
ical safety assessment in food and feed. EFSA J 2025, 23, 
e9586. https://doi.org/10.2903/j.efsa.2025.9586.

5. OECD: Guidance on grouping of chemicals, third edition, OECD 
series on testing and assessment, no. 418. Paris: OECD Pub-
lishing; 2025. https://doi.org/10.1787/b254a158-en. . Accessed 
31 December 2025.

6. Baltazar MT, Cable S, Cubberley R, Hewitt NJ, Houghton J, 
Kukic P, et al.: Making safety decisions for a sunscreen active 
ingredient using next-generation risk assessment: 
Benzophenone-4 case study. ALTEX 2025, 42:511 – 530. 
https://doi.org/10.14573/altex.2501201.

7 
* *
. Leist M, Tangianu S, Affourtit F, Braakhuis H, Colbourne J,

Cöllen E, et al.: An alternative safety profiling algorithm
(ASPA) to transform next generation risk assessment into a

4 Next Generation Risk Assessment from principle to practice: where are we? (2026)

Current Opinion in Toxicology 2026, 47:100602 www.sciencedirect.com

http://refhub.elsevier.com/S2468-2020(26)00033-1/sref1
http://refhub.elsevier.com/S2468-2020(26)00033-1/sref1
http://refhub.elsevier.com/S2468-2020(26)00033-1/sref1
https://doi.org/10.3390/toxics11070586
https://doi.org/10.3390/toxics11070586
https://doi.org/10.3389/ftox.2025.1690491
https://doi.org/10.2903/j.efsa.2025.9586
https://doi.org/10.1787/b254a158%2Den
https://doi.org/10.14573/altex.2501201


structured and transparent process. ALTEX 2026, 43:
158 – 175. https://doi.org/10.14573/altex.2509081.

This publication provides a framework for the practical implementation 
and application of next generation risk assessment.

8. ECHA: Read-across assessment framework (RAAF). Helsinki, 
Finland: European Chemicals Agency; 2017. https://doi.org/ 
10.2823/619212. ECHA-17-R-01-EN.

9. ECHA: The use of alternatives to testing on animals for the 
REACH regulation. Sixth report under article 117(3) of the 
REACH regulation. Helsinki, Finland: European Chemical 
Agency; 2026. https://doi.org/10.2823/6631057. ECHA-26-R-
06-EN.

10. Roe HM, Tsai HD, Ball N, Wright FA, Chiu WA, Rusyn I: 
A systematic analysis of read-across adaptations in testing 
proposal evaluations by the European chemicals agency. 
ALTEX 2025, 42:22 – 38. https://doi.org/10.14573/altex.2408292.

11
*
. Roe HM, Tsai HD, Ball N, Oware KD, Han G, Chiu WA, et al.:
What does "success" look like in compliance check de-
cisions by the European chemicals agency? The curious
cases of accepted read-across adaptations. ALTEX 2026, 43:
127 – 141. https://doi.org/10.14573/altex.2505191.

This publication assesses how the outcome of the REACH compliance
checks undertaken by ECHA, giving a valuable insight into the relevant
criteria for acceptance.

12. Schmitt BG, Roberts J, Kavanagh L, Dawick J, Frijus-Plessen N, 
Houthoff E, et al.: Learning from experience: a retrospective 
analysis of read-across strategies for surfactants under 
REACH. Regul Toxicol Pharmacol 2025, 162, 105884. https:// 
doi.org/10.1016/j.yrtph.2025.105884.

13. OECD QSAR toolbox. 2026. https://qsartoolbox.org/. Accessed 
27 April 2026.

14. Dimitrov SD, Diderich R, Sobanski T, Pavlov TS, Chankov GV, 
Chapkanov AS, et al.: QSAR toolbox - workflow and major 
functionalities. SAR QSAR Environ Res 2016, 27:203 – 219. 
https://doi.org/10.1080/1062936X.2015.1136680.

15
*
. Cronin MTD, Schultz TW: A scheme for the assessment and
definition of tolerable uncertainty in read-across for toxico-
logical data gap filling. Regul Toxicol Pharmacol 2026, 168,
106057. https://doi.org/10.1016/j.yrtph.2026.106057.

This publication provides a practical and flexible scheme for utilising
tolerable uncertainty in read-across

16
*
. Patterson E, Mullan A, Dvurecenska K: Industrial application of
a credibility framework: two case studies. R Soc Open Sci 
2026, 13, 251335. https://doi.org/10.1098/rsos.251335.

This publication provides a novel means of assessing the credibility of 
read-across predictions in the broader context of how computational 
predictions may be accepted in other industries and technologies.

17. Lester C, Byrd E, Shobair M, Yan G: Quantifying analogue 
suitability for SAR-based read-across toxicological assess-
ment. Chem Res Toxicol 2023, 36:230 – 242. https://doi.org/ 
10.1021/acs.chemrestox.2c00311.

18. Mellor CL, Marchese Robinson RL, Benigni R, Ebbrell D, 
Enoch SJ, Firman JW, et al.: Molecular fingerprint-derived 
similarity measures for toxicological read-across: recom-
mendations for optimal use. Regul Toxicol Pharmacol 2019, 
101:121 – 134. https://doi.org/10.1016/j.yrtph.2018.11.002.

19. Cronin MTD: The state of the art and future directions of 
category formation and read-across for toxicity prediction. In 
Chemical toxicity prediction: category formation and read-across. 
Edited by Cronin MTD, Madden JC, Enoch SJ, Roberts DW, 
Cambridge UK: The Royal Society of Chemistry; 2013:168–179.

20. Muldoon J, Moustakas H, Schultz TW, Penning TM, Bryant-
Friedrich A, Botelho DJ, et al.: Advancing chemical grouping: 
development and application of signature-based structure-
activity groups for non-animal safety assessments. Comput 
Toxicol 2025, 36, 100391. https://doi.org/10.1016/ 
j.comtox.2025.100391.

21 
* *
. Daston G, Burbank M, Gautier F, Hales BF, Jamalpoor A, 

Kanda Y, et al.: Hypothesis-driven approach to develop-
mental toxicity assessment: using mechanistic information 
to inform testing. Reprod Toxicol 2026, 140, 109119. https:// 
doi.org/10.1016/j.reprotox.2025.109119.

This publication provides evidence and mechanistic examples of ac-
tivity cliffs in read-across, as well as solutions through the provision of 
in vitro NAM data.

22. Escher SE, Kamp H, Bennekou SH, Bitsch A, Fisher C, 
Graepel R, et al.: Towards grouping concepts based on new 
approach methodologies in chemical hazard assessment: 
the read-across approach of the EU-ToxRisk project. Arch 
Toxicol 2019, 93:3643 – 3667. https://doi.org/10.1007/s00204-
019-02591-7.

23. Cronin MTD, Baltazar MT, Barton-Maclaren TS, Bercaru O, De 
Abrew KN, Desaintes C, et al.: Report on the European part-
nership for alternative approaches to animal testing (EPAA) 
"New Approach Methodologies (NAMs) User Forum Kick-Off 
Workshop". Regul Toxicol Pharmacol 2025, 159, 105796. 
https://doi.org/10.1016/j.yrtph.2025.105796.

24. De Abrew KN, Natoli T, Lester CC, Wang X, Shobair M, 
Subramanian A, et al.: A new approach methodology (NAM) 
based assessment of butylated hydroxytoluene (BHT) for 
endocrine disruption potential. Toxicol Sci 2022, 190:
227 – 241. https://doi.org/10.1093/toxsci/kfac099.

25. Camilleri F, Wenda JM, Pecoraro-Mercier C, Comet JP, 
Rouquié D: Cell painting and chemical structure read-across 
can complement each other for rat acute oral toxicity pre-
diction in chemical early derisking. Chem Res Toxicol 2024, 
37:1851 – 1866. https://doi.org/10.1021/ 
acs.chemrestox.4c00169.

26. Barnett RE, Lawson TN, Rivetti C, Barata C, Cronin MTD, 
Lacorte S, et al.: Substantiating chemical groups for read-
across using molecular response profiles. Regul Toxicol 
Pharmacol 2025, 162, 105894. https://doi.org/10.1016/ 
j.yrtph.2025.105894.

27. Chapkanov A, Ivanova H, Poryazova G, Todorova I, Schultz TW, 
Mekenyan OG: Modeling metabolism: evolution of toxicody-
namic and toxicokinetic considerations. Adding a new ki-
netics layer. Comput Toxicol 2026, 37, 100394. https://doi.org/ 
10.1016/j.comtox.2025.100394.

28. Hagan B, Groff L, Patlewicz G, Shah I: Toward metabolic 
similarity in read-across: a case study using graph convo-
lutional networks to predict genotoxicity outcomes from 
simulated metabolic networks. Chem Res Toxiccol 2025, 38: 
1122 – 1133. https://doi.org/10.1021/acs.chemrestox.5c00120.

29. Enoch SJ, Hasarova Z, Cronin MTD, Bridgwood K, Rao S, 
Hueser A, et al.: Metabolism-based category formation for the 
prioritisation of genotoxicity hazard assessment for plant 
protection product residues (part 5): acetyl CoA carboxylase 
inhibitors. Regul Toxicol Pharmacol 2026, 168, 106079. https:// 
doi.org/10.1016/j.yrtph.2026.106079.

30. Ball N, Bartels M, Budinsky R, Klapacz J, Hays S, Kirman C, 
et al.: The challenge of using read-across within the EU 
REACH regulatory framework; how much uncertainty is too 
much? Dipropylene glycol methyl ether acetate, an exem-
plary case study. Regul Toxicol Pharmacol 2014, 68:212 – 221. 
https://doi.org/10.1016/j.yrtph.2013.12.007.

31. Klimisch H-J, Andreae M, Tillmann U: A systematic approach 
for evaluating the quality of experimental toxicological and 
ecotoxicological data. Regul Toxicol Pharmacol 1997, 25:1 – 5. 
https://doi.org/10.1006/rtph.1996.1076.

32. Schneider K, Schwarz M, Burkholder I, Kopp-Schneider A, 
Edler L, Kinsner-Ovaskainen A, et al.: "ToxRTool", a new tool 
to assess the reliability of toxicological data. Toxicol Lett 
2009, 189:138 – 144. https://doi.org/10.1016/j.toxlet.2009.05.013.

33 
*
. Spînu N, Stripelis D, Cronin MTD, Warren GL, Worth AP:
Federation of toxicological data resources for in silico new
approach methodologies (NAMs). Comput Toxicol 2026, 37, 
100404. https://doi.org/10.1016/j.comtox.2026.100404.

This publication demonstrates how federation of toxicological data 
resources can support and improve in silico models for toxicology.

34. Gautier F, Tourneix F, Assaf Vandecasteele H, van Vliet E, 
Bury D, Alépée N: Read-across can increase confidence in 
the next generation risk assessment for skin sensitisation: a 
case study with resorcinol. Regul Toxicol Pharmacol 2020, 
117, 104755. https://doi.org/10.1016/j.yrtph.2020.

Opinion of read-across for data gap filling Cronin and Schultz 5

www.sciencedirect.com Current Opinion in Toxicology 2026, 47:100602

https://doi.org/10.14573/altex.2509081
https://doi.org/10.2823/619212
https://doi.org/10.2823/619212
https://doi.org/10.2823/6631057
https://doi.org/10.14573/altex.2408292
https://doi.org/10.14573/altex.2505191
https://doi.org/10.1016/j.yrtph.2025.105884
https://doi.org/10.1016/j.yrtph.2025.105884
https://qsartoolbox.org/
https://doi.org/10.1080/1062936X.2015.1136680
https://doi.org/10.1016/j.yrtph.2026.106057
https://doi.org/10.1098/rsos.251335
https://doi.org/10.1021/acs.chemrestox.2c00311
https://doi.org/10.1021/acs.chemrestox.2c00311
https://doi.org/10.1016/j.yrtph.2018.11.002
http://refhub.elsevier.com/S2468-2020(26)00033-1/sref19
http://refhub.elsevier.com/S2468-2020(26)00033-1/sref19
http://refhub.elsevier.com/S2468-2020(26)00033-1/sref19
http://refhub.elsevier.com/S2468-2020(26)00033-1/sref19
http://refhub.elsevier.com/S2468-2020(26)00033-1/sref19
https://doi.org/10.1016/j.comtox.2025.100391
https://doi.org/10.1016/j.comtox.2025.100391
https://doi.org/10.1016/j.reprotox.2025.109119
https://doi.org/10.1016/j.reprotox.2025.109119
https://doi.org/10.1007/s00204%2D019%2D02591%2D7
https://doi.org/10.1007/s00204%2D019%2D02591%2D7
https://doi.org/10.1016/j.yrtph.2025.105796
https://doi.org/10.1093/toxsci/kfac099
https://doi.org/10.1021/acs.chemrestox.4c00169
https://doi.org/10.1021/acs.chemrestox.4c00169
https://doi.org/10.1016/j.yrtph.2025.105894
https://doi.org/10.1016/j.yrtph.2025.105894
https://doi.org/10.1016/j.comtox.2025.100394
https://doi.org/10.1016/j.comtox.2025.100394
https://doi.org/10.1021/acs.chemrestox.5c00120
https://doi.org/10.1016/j.yrtph.2026.106079
https://doi.org/10.1016/j.yrtph.2026.106079
https://doi.org/10.1016/j.yrtph.2013.12.007
https://doi.org/10.1006/rtph.1996.1076
https://doi.org/10.1016/j.toxlet.2009.05.013
https://doi.org/10.1016/j.comtox.2026.100404
https://doi.org/10.1016/j.yrtph.2020


35
*
. Luechtefeld T, Hartung T: Navigating the AI frontier in toxi-
cology: trends, trust, and transformation. Curr Environ Health
Rep 2025, 51. https://doi.org/10.1007/s40572-025-00514-6.

This publication provides an excellent perspective on how AI could be
implemented in various aspect of toxicology and the needs for this.

36. Kleinstreuer N, Hartung T: Artificial intelligence (AI) - it’s the 
end of the tox as we know it (and I feel fine). Arch Toxicol 
2024, 98:735 – 754. https://doi.org/10.1007/s00204-023-03666-2.

37. Gant TW, Boxall A, Burgwinkel D, Zare Jeddi M, Djidrovski I, 
Friedrichs S, et al.: Building trust in the integration of artificial 
intelligence into chemical risk assessment: findings from 
the 2024 ECETOC workshop. Arch Toxicol 2026, 100:
2149 – 2167. https://doi.org/10.1007/s00204-025-04286-8.

38 
* *
. Djidrovski I, Pieters R, Legler J, Teunis M: O-QT assistant: a
multi-agent AI system for streamlined chemical hazard
assessment and read-across analysis using the OECD
QSAR toolbox API. Comput Toxicol 2026, 37, 100395. https://
doi.org/10.1016/j.comtox.2025.100395.

This publication provides a visionary implementation of agentic AI to
support the read-across process through integration with the OECD
QSAR Toolbox.

39. Donnelly F, Stilianakis NI: Key aspects of one health gover-
nance in the European Union. One Health 2026, 22, 101325. 
https://doi.org/10.1016/j.onehlt.2026.101325.

40. Stone V, Gottardo S, Bleeker EAJ, Braakhuis H, Dekkers S, 
Fernandes T, et al.: A framework for grouping and read-
across of nanomaterials- supporting innovation and risk 
assessment. Nano Today 2020, 35, 100941. https://doi.org/ 
10.1016/j.nantod.2020.100941.

41. ECHA: Advice on using read-across for UVCB substances. 
2022. ac1f64a6-9ee5-441e-cf1c-92914b843b4e.

42. Prussia AJ, Welsh C, Somers TS, Ruiz P: Workflow for pre-
dictive risk assessments of UVCBs: cheminformatics library 
design, QSAR, and read-across approaches applied to

complex mixtures of metal naphthenates. Front Toxicol 2024, 
6, 1452838. https://doi.org/10.3389/ftox.2024.

43. Thakkar Y, Joshi K, Hickey C, Wahler J, Wall B, Etter S, et al.: 
The BlueScreen HC assay to predict the genotoxic potential 
of fragrance materials. Mutagenesis 2022, 37:13 – 23. https:// 
doi.org/10.1093/mutage/geac004.

44. Woolley DR, Johnson GE, Cross KP: Risk (Re)assessment of 
N-Methyl-N-nitrosophenethylamine for use in computing risk 
levels of N-Nitrosamine drug substance related impurities. 
Regul Toxicol Pharmacol 2025, 162, 105888. https://doi.org/ 
10.1016/j.yrtph.2025.105888.

45. Johansson HK, Rosenmai AK, Boberg J, Draskau MK, 
Holmer ML, Svingen T, et al.: Using read-across to identify 
isobutylparaben as an endocrine disruptor. Regul Toxicol 
Pharmacol 2026, 164, 105965. https://doi.org/10.1016/ 
j.yrtph.2025.105965.

46. Patlewicz G, Judson RS, Williams AJ, Butler T, Barone Jr S, 
Carstens KE, et al.: Development of chemical categories for 
per- and polyfluoroalkyl substances (PFAS) and the proof-
of-concept approach to the identification of potential candi-
dates for tiered toxicological testing and human health 
assessment. Comput Toxicol 2024, 31, 100327. https://doi.org/ 
10.1016/j.comtox.2024.100327.

47. Pestana CB, Leme DM, Moreira Silva EZ, Kiessig S, Firman JW, 
Kneuer C, et al.: Challenges and opportunities of read-across 
for the tumor promotion effects of microcystins. Regul 
Toxicol Pharmacol 2025, 163, 105938. https://doi.org/10.1016/ 
j.yrtph.2025.105938.

48. Palazzolo L, Laurenzi T, Ben Mariem O, Bassan A, Guerrini U, 
Eberini I: Development of in silico methodologies to predict the 
toxicity of novel proteins in the context of food and feed risk 
assessment. EFSA supporting publication; 2024:99. https:// 
doi.org/10.2903/sp.efsa.2024.EN-9063. EN-9063.

6 Next Generation Risk Assessment from principle to practice: where are we? (2026)

Current Opinion in Toxicology 2026, 47:100602 www.sciencedirect.com

https://doi.org/10.1007/s40572%2D025%2D00514%2D6
https://doi.org/10.1007/s00204%2D023%2D03666%2D2
https://doi.org/10.1007/s00204%2D025%2D04286%2D8
https://doi.org/10.1016/j.comtox.2025.100395
https://doi.org/10.1016/j.comtox.2025.100395
https://doi.org/10.1016/j.onehlt.2026.101325
https://doi.org/10.1016/j.nantod.2020.100941
https://doi.org/10.1016/j.nantod.2020.100941
http://refhub.elsevier.com/S2468-2020(26)00033-1/sref41
http://refhub.elsevier.com/S2468-2020(26)00033-1/sref41
https://doi.org/10.3389/ftox.2024
https://doi.org/10.1093/mutage/geac004
https://doi.org/10.1093/mutage/geac004
https://doi.org/10.1016/j.yrtph.2025.105888
https://doi.org/10.1016/j.yrtph.2025.105888
https://doi.org/10.1016/j.yrtph.2025.105965
https://doi.org/10.1016/j.yrtph.2025.105965
https://doi.org/10.1016/j.comtox.2024.100327
https://doi.org/10.1016/j.comtox.2024.100327
https://doi.org/10.1016/j.yrtph.2025.105938
https://doi.org/10.1016/j.yrtph.2025.105938
https://doi.org/10.2903/sp.efsa.2024.EN%2D9063
https://doi.org/10.2903/sp.efsa.2024.EN%2D9063

	Read-across for toxicological data gap filling: state-of-the-art, challenges and future needs
	Introduction
	State-of-the-art of read-across
	Challenges and needs for read-across
	Quantifying uncertainties and defining tolerable uncertainty
	Assessing similarity of target and source substances and avoiding activity cliffs
	Defining similarity of common metabolites and/or degradants
	Need for high quality and relevant data for source molecules
	Defining the role of AI in read-across
	Continual development and sustainability of read-across

	Summary: the future for read-across
	Declaration of competing interest
	CRediT authorship contribution statement
	Data availability
	References


