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Abstract

Under the European Cosmetic Regulation, safety assessments of cosmetics and their ingredients must be conducted with-
out the use of animals. This regulatory requirement poses a number of challenges, as validated alternative methods are
only available for some of the toxicological endpoints that are typically considered in standard human health risk assess-
ments. Despite significant progress since the ban in 2013, particularly in the development of New Approach Methodolo-
gies (NAMs) for local and acute toxicity, and for mutagenicity/genotoxicity, there remains an urgent need for non-animal
test methods to assess systemic toxicity, which often becomes evident after repeated or long-term exposure. Currently, no
validated animal-free alternatives are available for assessing sub-acute, sub-chronic and chronic toxicity, carcinogenicity,
developmental/reproductive toxicity, or for a major part of toxicokinetics. In response to these challenges, the Methodol-
ogy Working Group of the Scientific Committee on Consumer Safety organised a dedicated workshop in December 2024
to discuss advances in the application of Next Generation Risk Assessment (NGRA) as a strategic animal-free approach
for the safety assessment of cosmetic ingredients. The workshop focused on a number of important key issues for the
practical application of NAMs and NGRA, their regulatory acceptance and identification of possible (partial) solutions to
overcome existing limitations.

Keywords Cosmetics -+ New approach methodology - NAM - Animal-free method - Replacement method - Alternative
method - Next generation risk assessment - NGRA - Safety assessment - Safety evaluation - Scientific Committee on
Consumer Safety - SCCS

Abbreviations Cmax Maximal blood concentration

ADME Absorption, metabolism, distribution and CMR Carcinogen, mutagen, reproductive toxic
excretion DART Developmental and reproductive toxicology

AOP Adverse outcome pathways EATS Estrogen, androgen, thyroid, steroidogenesis

AUC Area under the curve ER Estrogenic receptor

BER Bioactivity exposure ratio ECHA European Chemicals Agency
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EFSA European Food Safety Authority
EMA European Medicines Agency
FDA Food and Drug Administration

GD Guidance document

GIVIMP  Good in vitro method practices

HTPK High throughput pharmaco kinetics

ICCR International Cooperation on Cosmetics
Regulation

ICCS Advancing animal-free safety assessments for
cosmetics

InhalTTC  Inhalation TTC

ITEM Institute for Toxicology and Experimental
Medicine

IVIVE In vitro to in vivo extrapolation

JRC Joint Research Centre

LOAEL Lowest observed adverse effect level

MoA Mode of action

MoS Margin of safety

MOIE Margin of internal exposure

NAM New approach methodology

NGRA Next generation risk assessment

NOAEL  No observed adverse effect level

NOEC No observed effect concentration

NoG Notes of guidance

OECD Organisation for Economic Cooperation and
Development

PBK Physiologically-based kinetic

PBPK Physiologically based pharmacokinetics

PBTK Physiologically based toxicokinetics

PK Pharmaco-kinetic

PoD Point of departure

PoD sys Point of departure (systemically obtained)

QAF QSAR assessment framework

QMRF QSAR model reporting format

QPRF QSAR prediction reporting format

QRRF QSAR Results Reporting Format

(Q)SAR (Quantitative) structure—activity relationship

RAx Read across

RIFM Research Institute of Fragrance Materials

SCCS Scientific Committee on Consumer Safety

TG Test guideline

1HTTC (Internal) thresholds of toxicological concern
WHO World Health Organization

WoE Weight of evidence

Introduction

The safety of cosmetics in the EU is ensured by using safe
ingredients through a standard regulatory risk assessment
that looks at exposure as well as a number of local and sys-
temic toxicological endpoints. In the past, this was done by
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using data obtained from experimental animals, but animal
testing for the purpose of assessing the safety of cosmetic
products and ingredients has not been permitted in the EU
since the implementation of the EU Cosmetics Regulation
(EU) No 1223/2009 (EU 2009). Animal-free alternative
methods, usually termed New Approach Methodologies
(NAMs), have to be used instead. Consequently, the Scien-
tific Committee on Consumer Safety (SCCS) has reworked
its ‘Notes of Guidance for the testing of cosmetic ingredi-
ents and their safety evaluation’ (NoG), 12th Revision, to
give priority to animal-free NAMs (SCCS/1647/2022).
These consist primarily of validated in vitro methods—
such as those for skin and eye irritation, skin sensitisation,
phototoxicity, dermal absorption, mutagenicity/genotoxic-
ity, and certain endocrine activity assays—which are often
complemented by in silico Quantitative Structure—Activity
Relationship {(Q)SAR} models and read-across (RAX).
Also, a physicochemical characterisation of the test sub-
stances is needed to cover data on purity/impurity profiles,
stability, and other key physicochemical parameters such as
lipophilicity, pKa, etc. Also, of particular interest are Physi-
ologically Based (Pharmaco)Kinetic {PB(P)K} and Toxi-
cokinetic (PBTK) models to provide data on toxicokinetic
aspects (SCCS/1647/2022). Historical in vivo data may still
be used, as long as the legislative deadlines for animal test-
ing bans are respected (11 September 2004 for cosmetic
products; and11 March 2009 for all cosmetic ingredients,
with the exception of long-term tests done outside Europe,
for which 11 March 2013 is the end date). Regulatory deci-
sions on safety/non-safety are based on the Weight of Evi-
dence (WoE) approach, which integrates multiple lines of
evidence. This evaluation can be strengthened by additional
data from omics-methodologies, high-throughput screening
and, where available, human clinical and/or biomonitor-
ing studies. Eventually, other non-animal testing data may
be added. For cosmetics ingredients and products, there is
generally a regulatory acceptance for validated animal-free
methodologies, which is the current situation for local tox-
icity and acute effects, mutagenicity/genotoxicity, but not
for systemic and chronic endpoints for which no validated
animal-free NAMs are currently available, apart from some
in silico (Q)SAR models and read-across. While the lack
of validated animal-free NAMs makes many types of risk
assessment more challenging, this is particularly true in the
case of nanomaterials, as currently there are no validated
NAMs for particle-related aspects.

Next Generation Risk Assessment (NGRA), an alter-
native risk assessment methodology based on animal-free
NAMs, has been introduced in the cosmetic field (Berggren
et al. 2017) (Fig 1). Nine principles were established by the
International Cooperation on Cosmetics Regulation (ICCR)
(Dentetal. 2018, 2021). Anumber of publications on NGRA
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Fig. 1 Framework of New Generation Risk Assessment (NGRA) (taken from Berggren et al. 2017 and Dent et al. 2018). TTC: Threshold of Toxi-
cological Concern; MoA: Mode of Action. Copyright from Elsevier, first published in Computational Toxicology, 4, 2017

case studies have appeared in the open literature, dealing
in particular with ab initio application of NGRA to assess
systemic toxicity of cosmetic ingredients. However, these
studies primarily involved data-rich substances (Gilmour et
al. 2023; Baltazar et al. 2020; Middleton et al. 2022; Cable
et al. 2024; Sepehri et al. 2025), for which SCCS Opinions
were available. To further stimulate the acceptability and
practical use of NGRA, the SCCS recently created a safe
harbour for sharing confidential data/information. Making
use of this new possibility, Cosmetics Europe recently sub-
mitted two dossiers in parallel to the SCCS, one based on
standard risk assessment (SCCS/1660/2023) and the other
on an ab initio NGRA approach for systemic toxicity.

This article presents the proceedings of the second dedi-
cated Workshop that was organised by the Methodology
Working Group of the SCCS in December 2024 to discuss
the progress made since the first Workshop in February
2019 in using NGRA as a strategic, animal-free approach
for assessing the systemic toxicity of cosmetic ingredients
(Rogiers et al. 2020).

Bottlenecks hindering regulatory uptake of NGRA in
cosmetic risk assessment: some of these challenges were on
the agenda for the second Workshop and up for discussion

(i) PBK plays an important role in hypothesis generation in
an ab initio NGRA approach for systemic toxicity. Until
now SCCS has not adopted clear criteria on how to reli-
ably verify the outcomes of PBK modeling when no in
vivo data is available.

(i1) In Vitro-In Vivo Extrapolation (IVIVE) was initially
developed to estimate Absorption, Distribution, Metab-
olism, and Excretion (ADME) properties by scaling in
vitro experimental results to in vivo contexts (Kulkarni
et al. 2021). Also, the approach formed a reliable basis
for PBK modeling and enabled a bottom-up approach to
toxicokinetic assessment (Kuepfer et al. 2016). As prog-
ress has now been made leading to quantitative IVIVE,
(Q)IVIVE, it is important to look at what impact this
will have on the animal-free risk assessments of cos-
metics and their ingredients.

(iii) Most scientific articles in the open literature con-
cerned with animal-free NGRA of cosmetic ingredients
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are based on NAMs that have not yet been validated,
which may hinder their consideration in the regulatory
decision-making process. OECD Test Guideline (TG)
34 on ‘Validation and international acceptance of new
and updated test methods for hazard assessment’ is cur-
rently under refinement/revision and is also taken up
in the ‘Roadmap towards phasing out animal testing
for chemical safety assessments’ (Walder et al. 2025).
Besides the fact that both processes are complex and
time consuming, a significant number of tests still need
to be validated once the international criteria become
available. This need is taken up in the EU Roadmap
towards phasing out animal testing for chemical safety
assessments, but a rigorous action plan still needs to be
worked out (EC 2025).

(iv) Another point of interest in animal-free risk assessment
is evaluating the actual content of the toxicodynamics
toolbox. Which tools are available and how they could
be applied in alternative risk assessment such as NGRA
for systemic toxicity are among the questions that need
to be addressed.

(v) When NGRA is used for animal-free systemic risk
assessment, decisions are often based on the outcome
of the bioactivity exposure ratio (BER). A BER greater
than 1 suggests that the bioactivity threshold surpasses
estimated human exposure, indicating that the sub-
stance is potential safe (Health Canada 2021). A BER
below 1 suggests that bioactivity may occur at the esti-
mated human exposure, which means that safety can-
not be assured unless the exposure is lowered (either
through refinement of estimates or by lowering the lev-
els of intended use). The interpretation of BER values
is under discussion and needs to be agreed upon for risk
assessments carried out by the SCCS. Further evidence
is needed to establish firm regulatory thresholds for dif-
ferent types of NAMs (Wambaugh et al. 2018).

(vi) The Threshold of Toxicological Concern (TTC) and
internal TTC (iITTC) are potential exit points in the
NGRA frameworks (Fig. 1). The question arises
whether TTC can be applied to exposure routes other
than dermal, e.g. inhalation exposure. The same ques-
tion will come up when iTTC data becomes available.

(vii) Despite efforts made at the EU level to define some
critical rules for the application of (Q)SAR models for
toxicological purposes, there remains a risk of misinter-
pretation when applying the QSAR Toolbox, or other
(Q)SAR models and RAX, potentially leading to incor-
rect decisions. Further clarification is also needed in this
field.

Various issues, as depicted in the flow chart below, were
discussed by the invited speakers, stakeholders, and experts
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from the Cosmetics Industry, Academia and regulatory
authorities, including the European Commission, at the sec-
ond Workshop.

Criteria for accepting PBK modeling for new
substances in the absence of in vivo data?

PBK modelling has emerged as a fundamental tool in the
assessment of the biokinetics of chemicals and in extrapo-
lating in vitro data to in vivo by reverse dosimetry (Bell
et al. 2018; Wambaugh et al. 2018). PBK models simulate
the ADME processes within the human body, offering valu-
able insights into how substances behave in vivo (Andersen
1995). The main components of PBK models include com-
partments representing different tissues (e.g., liver, kidneys,
brain) and the processes that occur within and between these
compartments. PBK modeling involves the use of mathe-
matical differential equations to describe the behavior of a
chemical in the body. These models are based on the physi-
ological characteristics of the human body, including tissue
volumes, blood flow rates, and enzyme activity. These mod-
els are particularly useful for situations where traditional
clinical, human and/or animal data are unavailable or insuf-
ficient. One such scenario is the assessment of new chemi-
cal substances for which no in vivo data exists, often due to
limited human exposure and lack of in vivo animal informa-
tion (Paini et al. 2021). In these cases, PBK models can be
used to predict the ADME processes and biokinetics, and
potential toxicity of chemicals based on available in vitro
data, chemical structure, and other factors. These types of
models may also rely on literature values for physiological
parameters and use computational methods to predict the
fate of the chemical substance in the body. However, there is
a need to establish criteria for PBK model acceptance in the
context of new chemicals for which in vivo data is lacking
for model development and evaluation.

Proposal for the acceptance of key criteria for PBK
models

(i) Data quality and availability

The quality of input data is one of the primary determi-
nants of PBK model reliability. In the absence of in vivo
data, other sources of data become crucial, such as in vitro
experiments, computational predictions, and literature val-
ues. Physicochemical properties, metabolic stability, and
partition coefficients should be measured/achieved follow-
ing standardised guidelines (such as OECD TGs). In the
absence of TGs, the OECD Good In Vitro Method Practices
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(GIVIMP) should be followed (OECD 2018). GIVIMP pro-
vides guidance for test method developers and end users of
resulting data on key elements of in vitro methods (OECD
2018). In situations where no direct data is available, com-
putational approaches such as molecular docking, QSAR,
or machine-learning models may be used to estimate these
parameters (Madden et al. 2019). Human tissue volumes,
blood flow rates, and organ-specific metabolic enzyme
activities are essential for accurate model predictions. These
are usually standardised and as such can be retrieved from
literature. If in vivo data are unavailable for a particular
chemical, these parameters can be borrowed from similar
compounds (e.g. RAX), or general physiological knowledge
or by allometric scaling.

In vitro data should be extrapolated to in vivo by apply-
ing scaling factors available in the literature (Wetmore et
al. 2012, 2013, 2015). While IVIVE can be useful, it has
limitations, and accurate scaling requires a thorough under-
standing of the in vitro models and conditions.

(i) Model Structure and Complexity

The structure of the PBK model should be appropriate for
the chemical substance being studied. For new chemicals,
model complexity must be carefully considered. PBK mod-
els can vary from simple compartmental models to more
sophisticated multi-compartment models (Pletz et al. 2020).
In the absence of in vivo data, the following factors must be
carefully balanced:

e simplicity versus detail;

e number and type of compartments; for new chemicals,
tissue distribution based on chemical properties can
guide their choice;

e choice of absorption model based on available in vitro
data for solubility, permeability, transporter interactions;

e incorporation of known or predicted metabolic path-
ways, enzyme kinetics, and elimination routes; predic-
tions could be based on chemical structure and available
metabolic data from similar compounds.

(ii1) Calibration and validation

Calibration and Validation are essential for ensuring that
the PBK model provides reliable predictions. If no in vivo
data are available for the new chemical substances, data
from structurally similar compounds can be used for com-
parison. While not a direct validation, this approach helps
to check the model’s internal consistency and evaluates its
predictive power. It is important to stress that as new data
becomes available, the PBK model should be refined. For
example, the model can be updated with new in vitro or in

silico data, or it may be adjusted based on expert judgment
or external knowledge.

One of the key aspects of model validation is assessing
the uncertainty and variability in the predictions. Sensitiv-
ity analysis allows researchers to identify which param-
eters most affect the model’s output (Najjar et al. 2022).
For new chemicals with limited data, sensitivity analysis is
particularly important to ensure that predictions are robust
and reliable. Parameters with the greatest uncertainty, such
as metabolic rate constants or tissue partition coefficients,
should be clearly identified. Sensitivity analysis helps to
assess the impact of these uncertainties on predictions of
exposure, efficacy, and toxicity. Uncertainty quantification
involves the use of statistical methods, such as Monte Carlo
simulations or Bayesian approaches, to propagate the uncer-
tainty in input parameters through the model. This approach
provides a range of possible outcomes rather than a single
deterministic result, offering a more realistic prediction of
chemical behavior.

Regarding the ‘Proof of Predictivity’, it should not
be solely based on a specific value or threshold. Najjar et
al. (2022) referenced a statement from the World Health
Organisation (WHO 2010), which noted that ‘/n PBK mod-
elling, predictions that are, on average, within a factor
of 2 of the experimental data have often been considered
adequate’. This threshold is also present in the SCCS NoG
(SCCS/1647/2022). In the specific case considered here,
this value might be too conservative, since biological fac-
tors, at a minimum, account for a factor of 3 (WHO 2005).
For more generic PBK models, which require a broader
applicability domain, a stringent limit of 2 could become
unrealistic. For instance, Punt et al. (2022) found that varia-
tions in in vivo Cmax values can range from 1.3 to fivefold,
and even as much as 16-fold. U.S. EPA researchers, analys-
ing in vivo toxicokinetic (TK) data, showed that replicate in
vivo measurements are often within a factor of two of each
other around 80% of the time. These findings suggest that a
more flexible range for the deviation between predicted and
observed kinetics could be more appropriate (Cook et al.
2022). It is crucial to acknowledge that both model simu-
lations and experimental data are subject to uncertainty,
which must be considered to allow for a fair comparison
(WHO 2010). Since establishing a rigid limit for model pre-
dictions is challenging, alternative qualitative approaches
have been proposed. These include analysing the discrepan-
cies between the model and experimental data and, based on
understanding the reasons for these differences, determining
whether the model is suitable for extrapolation and under
which conditions (Najjar et al. 2022).

(iv) PBK model Platforms
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To develop and run PBK model simulations, various pro-
gramming languages and platforms can be used:

o MATLAB (https://www.mathworks.com/products/matl
ab.html),

e R/RStudio (https://cran.r-project.org/bin/windows/base

N,

Python (https://www.python.org/),

C++ (https://isocpp.org/),

Fortran (https://fortran-lang.org/),

Berkely Madonna (https://berkeley-madonna.myshopif

y.com/).

e MCsim (https://www.gnu.org/software/mcsim/).

Additionally, user-friendly generic PBK platforms exist,
like:

e GastroPlus (https://www.simulations-plus.com/softwar
e/gastroplus/),

e PKSim (https://www.open-systems-pharmacology.org
N,

e SimCyp (https://www.certara.com/software/simcyp-pb
pk/),

o TKplate (https://r4eu.efsa.europa.eu/),

e HTTK(https://cran.r-project.org/web/packages/httk/ind
ex.html)

This list of programing languages and platforms for PBK
modeling is not exhaustive. The choice of platform largely
depends on the modeler’s goals, budget, and expertise.
When selecting a platform or programming language, key
factors to consider include ease of use, flexibility, scalabil-
ity, availability of libraries, and computational efficiency.
The decision should be based on the specific needs of the
PBK model development, for instance, the complexity of the
model, available resources, and the required performance.
Agencies should allow submissions using any coding lan-
guage or platform, while recommending clear and trans-
parent documentation, easy accessibility of the tool, and
maintaining a dialogue with risk assessors. Open access and
open source should be the ideal solution. Submitters should
provide all relevant evidence and information to ensure the
results can be properly assessed and interpreted, considering
that at present not all agencies have the means to evaluate
PBK models from different platforms. When venturing into
the development or application of PBK models, modelers
should engage in dialogue with agencies to find common
ground for the application of these tools in risk assessment.

(v) Regulatory considerations
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Regulatory acceptance of PBK models is crucial for their
use in decision-making processes, particularly in the
absence of in vivo data. Regulatory agencies, such as the
Food and Drug Administration (FDA), European Medicines
Agency (EMA), and others, require a rigorous evaluation
of the PBK model’s quality and its ability to predict human
biokinetics and toxicity, and to this end, they use qualifica-
tion systems (FDA 2018; EMA 2018). In addition, Regula-
tory Agencies require comprehensive documentation of the
PBK model, including detailed descriptions of the model
structure, assumptions, parameter values, and input data
(Tan et al. 2020). Such transparency ensures that the model
can be evaluated by external experts. The model should
undergo peer review by independent experts to assess its
scientific validity and applicability to the specific chemicals
being evaluated.

In 2021, the OECD published a Guidance Document,
GD 331, describing a scientific workflow for characterising
and validating PBK models developed using in vitro and in
silico data (OECD 331 2021). The GD 331 also includes
a template for documenting the model characteristics, and
a checklist for evaluating the quality of a model. It also
highlights the principles, criteria and tools laid out in the
OECD PBK model GD, with the aim of facilitating the dia-
logue between model developers and risk assessors (Paini
et al. 2021). These templates have also been taken up in the
SCCS Notes of Guidance, 12th Revision (Appendix 13 of
SCCS/1647/2022).

Practical application of IVIVE in cosmetic
ingredient risk assessment

(i) IVIVE and quantitative use

As mentioned before, IVIVE is a key methodology provid-
ing a framework for translating experimental findings from
in vitro systems into meaningful predictions about biologi-
cal and toxicological processes in living organisms, includ-
ing humans. The approach plays a dual role in toxicokinetic
and toxicodynamic assessments (Breen et al. 2021), offer-
ing an alternative to traditional animal testing for regulatory
risk assessments (Najjar et al. 2022). Over the last decade,
the number of VIVE-related publications has increased sig-
nificantly, highlighting its importance in NGRA (Chang et
al. 2022b). Recently, (Q)IVIVE was introduced to quantita-
tively translate in vitro bioactivity concentrations into exter-
nal doses, through reverse dosimetry (Najjar et al. 2022).
By integrating PBK models (Louisse et al. 2017), (Q)IVIVE
predicts internal concentrations over time in humans or ani-
mals, facilitating the identification of Points of Departure


https://www.mathworks.com/products/matlab.html
https://www.mathworks.com/products/matlab.html
https://cran.r-project.org/bin/windows/base/
https://cran.r-project.org/bin/windows/base/
https://www.python.org/
https://isocpp.org/
https://fortran-lang.org/
https://berkeley-madonna.myshopify.com/
https://berkeley-madonna.myshopify.com/
https://www.gnu.org/software/mcsim/
https://www.simulations-plus.com/software/gastroplus/
https://www.simulations-plus.com/software/gastroplus/
https://www.open-systems-pharmacology.org/
https://www.open-systems-pharmacology.org/
https://www.certara.com/software/simcyp-pbpk/
https://www.certara.com/software/simcyp-pbpk/
https://r4eu.efsa.europa.eu/
https://cran.r-project.org/web/packages/httk/index.html
https://cran.r-project.org/web/packages/httk/index.html

Archives of Toxicology

704

(2]
o
2

(4
o

S
o

POD-NAM type

POD-NAM, 95
POD-NAM, 50

Frequency
- N w
o o o

o
n

B Sl U U

I
I
I
I
I
I
I
I
I
I
I
I
I
I
1

3241012234256 7 8
log10 POD-traditional:POD-NAM Ratio

Fig. 2 Log;,PoD ratio distribution illustrates for the PoD-NAM, 95
and 50 percentiles. The medians of the Log;,PoD ratio distributions
are shown as dashed lines for PoOD-NAM, 95 and 50 percentiles, figure
adapted from Paul-Friedman et al. (2020)

(PoDs) for hazard characterisation or defining safe use con-
centrations of cosmetic ingredients. On the other hand, PBK
modeling can be applied through forward dosimetry to pro-
vide information about relevant in vitro test concentrations or
apply interim iTTC for risk assessment (Najjar et al. 2023).
An example by Paul-Friedman et al. (2020) compared PoDs
derived from NAMs using a generic high-throughput model
with traditional hazard information for 448 chemicals. The
study reported the distribution of PoD ratios, showing that
NAM-derived PoDs are 10 to 100 times more conserva-
tive than traditional in vivo PoDs (Fig. 2). Depending on
the complexity and the extent of the physiological details,
two PBK modeling approaches can be applied. The first is a
generic high-throughput modeling such as High Throughput
Toxicokinetics (HTTK) and High-Throughput Pharmacoki-
netics (HTPK) (Naga et al. 2022; Pearce et al. 2017), which
is designed for early-stage research, and screening chemi-
cals for potential risks. The second approach involves full
PBK models, which are essential for regulatory submissions
and detailed risk assessments. Full PBK modeling requires
extensive data for parameterisation and is computationally
intensive and time-consuming. However, it offers higher
accuracy, although comparable accuracy can be achieved
with a well-parameterised generic mode (Naga et al. 2022).

(ii) Case Studies

(A) The implementation of (Q)IVIVE in risk assessment
of cosmetic ingredients was explored through several cases
studies including its role in hazard characterisation (Najjar
et al. 2024c¢, d). Genistein was used as a read-across com-
pound to daidzein, as both interact with estrogen recep-
tor alpha (ERa) and beta (ERPB). Legacy in vivo data for
no observed adverse effect level (NOAEL) was converted
using a PBK model to estimate the corresponding internal

exposure (Cmax). The estimated Cmax was comparable
with the observed in vitro PoD derived from CALUX assay
on ERa (Najjar et al. 2024c). For daidzein, reverse dosim-
etry of the no observed effect concentration (NOEC) to its
ERa interaction has estimated the corresponding NOAEL at
4.1 mg/kg bw/day, comparable to the reported in vivo rats
NOAEL at 5 mg/kg bw/day (SCCS/1641/2022). The study
highlighted the correlation between the nominal and free
test concentrations in the in vitro toxicodynamics assays,
accounting for non-specific binding and cellular exposure,
and the need to refine the observed NAM-based PoDs. Addi-
tionally, the extrapolation revealed that the free plasma con-
centration at the NOAEL dose, rather than the total plasma
concentration, correlated with the derived in vitro PoD
(Najjar et al. 2024c, d). These results support the knowl-
edge that free concentrations represent the active form of a
drug or chemical in organisms and raise the need for further
research to identify plasma concentrations relevant for risk
assessment. In the risk assessment of cosmetic ingredients,
(Q)IVIVE can be applied to determining safe exposure
levels of compounds, e.g. daidzein and benzyl salicylate
(Ebmeyer et al. 2024; Najjar et al. 2024c¢). In these exam-
ples, NAMs-based PoDs derived for the parent ingredients,
or their relevant metabolites were extrapolated to estimate
safe cosmetic use concentrations. The safety of daidzein
in a body lotion was evaluated using the NGRA workflow
to define the maximum use concentration, considering the
in vitro PoD at ERa. A bottom-up human PBK model was
developed to estimate the safe external dose for dermal
exposure. Since daidzein undergoes phase II metabolism
as its major route of elimination, the risk assessment was
driven by the parent compound rather than its metabolites.
The model incorporated skin first-pass metabolism (Génics
et al. 2025a,b), population variability, and uncertainty of
the in vitro measurements. The plasma concentration-time
profile of daidzein was simulated after repeated use of the
body lotion (Najjar et al. 2024d). Model evaluation using
legacy data for genistein demonstrated a strong correlation
between observed and estimated pharmacokinetic param-
eters, supporting the model’s validity.

(B) Benzyl salicylate, used in face creams at 0.5%, was
evaluated for safety using NGRA ab initio. Dermal penetra-
tion studies revealed intensive skin metabolism, generat-
ing several metabolites: salicylic acid, benzoic acid, benzyl
alcohol, and hippuric acid (Ebmeyer et al. 2024). Any traces
of benzyl salicylate that reach the blood circulation are rap-
idly metabolised in the liver, producing these metabolites
along with additional phase II metabolites. In vitro data on
the fraction unbound and metabolic stability were generated
for benzyl salicylate and its metabolites. A bottom-up human
PBK model was developed to simulate the plasma concen-
tration-time profile of benzyl salicylate and the identified
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metabolites. The case study identified salicylic acid as the
‘toxdriver’ with the highest internal exposure. Salicylic acid
was further tested using toxicodynamics bioassays to obtain
the lowest PoDs. A probabilistic PBK model was developed,
incorporating probable distributions of the input parameters
and population variability. The model estimated the range
of internal dose metrics (Cmax and Area Under the Curve,
AUC) following repeated applications of the face cream.
The results were used to calculate a so-called “Bioactivity/
Exposure Ratio” (BER) based on the PoDs obtained from
toxicogenomics assays (Ebmeyer et al. 2024).

(C) An additional example illustrates the implementa-
tion of IVIVE/PBK models and advanced modeling meth-
ods to provide a better understanding of the toxicokinetics
of various salicylate esters (Najjar et al. 2024a). The study
estimated their contributions to the aggregated exposure to
the common metabolite salicylic acid. It was estimated by
integrating a so-called ‘metabolism factor’ into the expo-
sure modeling (Najjar et al. 2024a). To achieve this, a well-
stirred model has been used for predicting hepatic clearance
from a liver S9 assay, incorporating the fraction of unbound
to account for the effect of plasma protein binding and non-
specific binding on intrinsic clearance. The observed in vitro
half-life derived from the liver S9 assay was translated to
the in vivo half-life in humans using high-throughput PBK
modeling. The predicted half-life values were used to cal-
culate the metabolism factor that estimates the converted
amount of an ester to salicylic acid within 24h.

(ii1) Remaining Issues

Challenges remain in understanding the role of in vitro bio-
kinetics, variability of parameters and uncertainties, and
model evaluation in the absence of in vivo data. Currently,
robust model evaluation including adherence to good mod-
eling practices with standardised physiological and scaling
parameters, efficient sensitivity and uncertainty analyses,
and human health protective assumptions to address data
gaps are critical for boosting confidence in prediction and
fostering regulatory acceptance (Najjar et al. 2022, 2024b).

Readiness criteria: concept, structure and
coverage of template proposed by JRC for
GD 34 revision

The OECD GD 34 ‘Guidance Document on the validation
and international acceptance of new or updated test meth-
ods for hazard assessment’ is currently being revised by the
OECD, reflecting progress made and addressing outstand-
ing challenges. Against this background, a subgroup was
charged with the development of a template for assessing
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the readiness of a test method for different steps of the vali-
dation process. The template, once finalised and agreed, will
be annexed to the revised OECD GD 34 and will provide
a comprehensive framework for evaluating the status of
development, reliability and relevance of in vitro/in chem-
ico/ex vivo testing methods.

The template proposal, developed by the JRC, is based
on several existing resources (e.g., EURL ECVAM submis-
sion process, Bal-Price et al. 2018; GIVIMP 2018; Krebs
et al. 2019; ReadEDTest by Crouzet et al. 2023, Holzer et
al. 2023; Petersen et al. 2023; Van der Zalm et al. 2022).
The template considers only essential criteria that must be
fulfilled before a method enters either validation, transfer-
ability or peer-review. It was suggested that the proposed
criteria could be also useful for the purposes of the SCCS,
which is to judge the validity of non-animal and non-val-
idated methods before they can be used to evaluate risk
assessments of cosmetic ingredients.

(i) Template structure and content

Focus lies on individual in vitro/in chemico/ex vivo meth-
ods. It is endpoint-agnostic and can be applied to methods
covering any toxicity endpoint. However, it does not cover
in vivo and in silico methods. The template is structured
around four columns:

1. Categories of readiness criteria,

2. Definition of each criterion,

3. Actual criteria in the form of questions to be answered
as Yes/No/Not applicable/Unknown,

4. Context to better understand the questions, including
references and examples.

The criteria are grouped into five categories:

Test method definition and description,

Data management, evaluation, and interpretation,
Test method reliability,

Test method relevance,

Data integrity and quality assurance.

wkhwb =

Each category includes several sub-criteria. Particular
emphasis has been given to the description of the test sys-
tem, including basic information, quality controls, char-
acterisation of the test system, acceptance criteria, and
metabolic competence. Other important elements that need
to be addressed include information on the control (and ref-
erence) items used in the method, acceptance criteria for the
results, and assessment of interferences such as cytotoxic-
ity. In addition, the template includes criteria for assessing
various aspects of the relevance of the test method, such
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as the biological relevance of the test system (e.g. how the
test system is relevant to human toxicity), the mechanistic
relevance of the measured endpoints (e.g. why the test end-
point is relevant to an adverse effect), and the regulatory
relevance of the test method which is of paramount impor-
tance for demonstrating that the biology and mechanisms
covered by the test method are indeed relevant to address a
regulatory concern.

(i) Key elements and applications

The template includes essential criteria for evaluating the
readiness of a method for validation, transferability, and
peer review. It provides a simple ‘Yes/No/Not relevant/I
don’t know’ answer format.

Toxicodynamics toolbox in animal-free risk
assessment of cosmetic ingredients?®

In compliance with the animal testing ban for cosmetics,
the identification of the potential mode of action and the
corresponding PoDsys has to be evaluated by appropriate
animal-free NAMs. The use of a toxicodynamics toolbox
containing suitable assays is key. As such, cheminformat-
ics & in silico toxicodynamics tools are part of the toolbox
and can be combined with toxicogenomics and a cell stress
panel, a pharmacology profiling panel and functional tests,
which could also cover developmental and reproductive
toxicity (DART) endpoints.

(i) Case Studies

The (Q)IVIVE examples, described under point 4, with
focus on systemic toxicity and NAMs were carried out
under the umbrella of the Cosmetics Europe Long Range
Science Strategy (LRSS). They used a toxicodynamic tool-
box showing that a combination of NGRA, RAx and ab ini-
tio case studies can be valuable for the determination of the
PoDsys of a compound under study.

a. Using a 10-step RAx approach as a case study (Alexan-
der-White et al. 2022), the toxicodynamics toolbox was
applied for daidzein to determine the PoDsys based on
results of Estrogen, Androgen, Thyroid, Steroidogen-
esis (EATS) assays combined with a cell stress panel,
a pharmacology profiling panel, and toxicogenomics
assays. The most relevant endpoint for daidzein was
derived from the ERa assay, with a lowest observed
effective concentration of 100+0.0 nM, leading to an in
vitro PoDsys of 33 nM (Najjar et al. 2024d).

b. In the ab initio benzyl salicylate case study, the toxicity
driver was the main metabolite salicylic acid, for which
PoDsys was determined. It was significantly directed by
toxicogenomics (with a NOEL of 10.6 uM). In addition,
DART was assessed based on in silico models and indi-
cations from Toxicity Forecasting (ToxCast™) using
a ReproTracker™ Assay combined with a cell stress
panel and pharmacology profiling panel (Ebmeyer et al.
2024).

c. Application of toolbox components makes it possible to
generate a relevant PoDsys. If needed, additional tools
or assays can be added, as was the case for the UV-filter
benzophenone-4, where the primary human proximal
tubule cells model (aProximate™ Assay-Ready Plates
for transporter studies) was introduced. By applying
NAMs in an NGRA framework, the safety of a sub-
stance in a cosmetic product can be properly assessed.
This way of working is even more conservative (more
protective) than traditional risk assessments.

(i1) Further developments

The pharmacology profiling panel, originally starting with
44 assays, was enlarged to 83 assays (Burbank et al. 2024).
As such, this toolbox panel became a great support in cap-
turing toxicodynamic processes. It is of paramount impor-
tance to note, however, that toxicogenomics testing must be
standardised. In this field, the International Collaboration
on Cosmetics Safety (ICCS) has launched promising proj-
ects in cooperation with universities, regulatory bodies and
industry. The ever-widening possibilities of predicting the
toxicological effects of chemical substances by cheminfor-
matics, machine learning and other sophisticated techniques
enable precise focusing on critical pathways. These can then
be further investigated using existing functional tests, such
as DART or EATS assays to yield relevant PoDsys values.
A closer look to the ReproTracker® assay shows 85% con-
cordance (same for specificity and sensitivity), which is a
better performance than earlier used assays (Jamapoor et al.
2022). In this context, also the highly advanced devTOX
quickPredict ™ assay (Stemina, Todd et al. 2020) needs
to be mentioned. This assay uses metabolomics-based key
biomarkers to predict developmental toxicity and also dis-
plays 85% accuracy (Chang et al. 2022a). In conclusion,
despite a lack of OECD guidelines and official validation, a
fit-for-purpose toxicodynamics toolbox for animal-free risk
assessment of cosmetic ingredients is available and can be
put to practical use, providing the possibility, if predicted or
needed, to incorporate additional emerging assays.
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Practical use of a bioactivity exposure ratio
(BER) in animal-free cosmetic ingredient risk
assessment

(i) Biological Coverage in Toxicological Risk Assessment

The safety assessment of cosmetic ingredients follows a
tiered and iterative process (Dent et al. 2018). Where there
is insufficient chemical-specific data to allow a safety deci-
sion to be made, techniques such as exposure-based waiv-
ing and RAx can be used (Berggren et al. 2017). Where
these approaches do not allow a safety conclusion, further
data needs to be generated to study the potential biological
effects of chemical exposure. Historically in the toxicologi-
cal risk assessment of cosmetics, biological coverage was
provided by performing in vivo toxicology studies, usu-
ally in one species (the rat) and analysing many different
organ systems using a variety of analysis techniques (e.g.
as described in OECD TG 408). There are clearly strengths
and limitations to this approach. The main strengths are that
the laboratory rat represents an integrated in vivo model,
taking into account ADME, and provides an understanding
of whether exposure could lead to an adverse effect (a path-
ological change). The main scientific limitations are that a
single strain of laboratory rat is not biologically equivalent
to a human, and that whilst analytical tools and our under-
standing of the molecular basis of disease have developed
exponentially in recent years, standardized in vivo test
guidelines rely on laboratory techniques developed in the
nineteenth and twentieth centuries. In NGRA, biological
coverage is provided by a suite of mostly human-derived
cells or cellular components, and perturbations in the func-
tion of such test systems can be analysed at the level of
individual genes or the function of individual proteins. This
provides unprecedented opportunities to harness the ever-
increasing body of biological information now available
to develop a more robust and human-relevant approach to
assessing the risks posed by chemicals (Krewski et al. 2010),
and BERs offer a practical and conservative starting point to
tiered decision-making as part of NGRA. A BER is the ratio
between a chemical’s in vitro biological activity-based point
of departure and its calculated or measured internal con-
centration following exposure (Paul-Friedman et al. 2020)
and has recently been proposed as a workable solution to
allow decision making for complex endpoints such as sys-
temic toxicity without testing on animals (Health Canada
2021; SCCS/1647/2022). Although the BER could be seen
as similar to the margin of safety (MoS) traditionally used in
cosmetic ingredient safety assessment (SCCS/1647/2022),
there are some important differences.
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(i1)) BER versus MoS

Whilst the MoS uses apical endpoint animal data represent-
ing a known adverse health effect as the numerator, the in
vitro bioactivities used when calculating a BER represent
changes in cellular function (e.g. protein/receptor interac-
tions, transcriptomic changes), which do not necessar-
ily represent adverse effects. In adverse outcome pathway
(AOP) terms these bioactivities are potential molecular
initiating or key events, and therefore precede an adverse
outcome (Vinken 2013). Secondly, the denominator in MoS
calculations (MoS=PoDsys/systemic exposure dose) for
cosmetic ingredients.

is depending on an externally applied dose, expressed in
mg of the chemical/kg body weight/day (SCCS/1647/2022).
BERSs on the other hand use internal exposure expressed as a
concentration in a body compartment (often blood or plasma)
as the denominator (Baltazar et al. 2020). The hypothesis
that underpins the use of BERs at the early tier of NGRA
is that at exposures which result in internal concentrations
which are free of any relevant in vitro biological activity,
there can be no adversity (Dent et al. 2021). Although the
concept of protecting against non-specific effects as opposed
to predicting specific toxicities may sound at odds with the
traditional animal-based paradigm, in reality this is how the
majority of such animal-based safety decisions have been
made (Browne et al. 2024). However, transitioning from
an integrated ‘in vivo biosensor’ (i.e. an animal test) with a
suite of ‘in vitro biosensors’ clearly requires safety assessors
to be confident that all relevant biological activities which
could lead to an adverse outcome have been covered and
adequately studied in vitro. Furthermore, it requires that the
dose response for any effects is sufficiently understood to
assign a robust PoD.

(iii) Confidence in using BER

If the new approaches are based on perturbations in human-
derived cells and evaluate endpoints that are not present
in traditional animal toxicology studies, confidence can-
not and should not come from validating the results of
NAMs against the results of traditional animal tests. Rather,
building this confidence requires a new approach (Van der
Zalm et al. 2022). One such approach is to benchmark the
safety decisions that would be made using NGRA with
safety decisions generated by using traditional animal-
based approaches. For example, in one evaluation strategy
(Middleton et al. 2022), BERs were obtained for known low
and high-risk exposures using specific NGRA tools. Those
bioactivity tools were an in vitro pharmacological profiling
panel (Burbank et al. 2024), a cell stress panel (Hatherell et
al. 2020) and high throughput transcriptomics (Farmahin et
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al. 2017; Reynolds et al. 2020). Used alongside robust PBK
modeling, the most sensitive points of departure from this
bioactivity toolbox were demonstrated to show an equiva-
lent level of protection to a stand-alone repeat-dose toxicity
study in rats for 46 benchmark chemical exposures (Cable et
al. accepted 2024). However, because the data analysis tech-
niques used in this evaluation were designed to be conserva-
tive (e.g. basing the transcriptomics point of departure on a
single gene change), the toolbox only correctly identified 7
of the 24 low-risk exposures as low risk. This work illus-
trates two main points. Firstly, it is important to benchmark
the specific NAM toolbox used against relevant known low
and high-risk exposures to understand the level of protec-
tion and utility it affords. This not only means ensuring the
physicochemical properties of the benchmarks are relevant
to the chemical being assessed, but also that any lead mode-
of-action or toxic effect identified during the assessment is
expressed by benchmark chemicals in the dataset. Secondly,
because BERs are based on bioactivities that may or may
not lead to an adverse outcome, a BER<1 does not neces-
sarily indicate a high risk and may require further data gen-
eration, e.g. in more physiologically relevant test systems.

Progress in inhalation TTC

(i) Inhalation TTC Development

The use of TTC is described in detail in the SCCS Notes of
Guidance, 12" Revision (SCCS/1647/2022). The thresholds
proposed are applied for risk assessment of lifetime expo-
sures by the oral route and are not intended to be applied
or extended to the inhalation route due to relevant route-
specific differences in exposures and associated portal of
entry effects in the respiratory tract. However, there is an
increased interest in developing TTC for inhalation expo-
sure risk assessments and a need to establish a universal
limit for substances with little to no information on their
toxicological potency (Bowden et al. 2023). Therefore,
establishing inhalation TTC values is important for assess-
ing local respiratory and systemic effects from inhalation
exposures to consumer products.

Carthew et al. (2009) published TTC limits based on
inhalation exposure-related toxicological studies in rodents.
The authors proposed specific limits for systemic and local
effects from inhalation exposures with a precise applica-
tion domain for consumer products or industrial materials,
where any inhalation exposure is incidental in most cases.
The inhalation TTC dataset consisted of 92 substances
with high-quality inhalation exposure studies in rodents
and excluded compounds that were genotoxic carcinogens,

in vivo mutagens, heavy metals, dioxins, polychlorinated
biphenyls, organophosphates, and polymers. These chemi-
cal classes were not considered representative of the ingre-
dients, that are or could be used in aerosols for consumer
use. A refined yet conservative approach was later pub-
lished (Escher et al. 2010) in which no significant differ-
ence between local and systemic effects for inhalation TTC
values could be observed. Therefore, inhalation TTC limits
based on general toxicological effects were recommended.
Also, the application domain was less restrictive, which
increased the dataset inventory to 203 chemicals. In 2016,
the Research Institute for Fragrance Materials (RIFM) initi-
ated a collaborative project with a cosmetic company. The
efforts included increasing the chemical inventory, thus
expanding the applicability domain beyond the consumer
product space and developing a suitable potency-based clas-
sification system for analysing local respiratory effects from
inhalation exposures. More recently, the inhalation TTC
was proposed as a screening tool in a risk-based context
for prioritising thousands of chemicals from large invento-
ries (Nelms and Patlewicz 2020). Cramer structural classes
were not found to be effective at discriminating against
substances based on their potencies. Instead, use of aquatic
toxicity modes of action, such as observed in the work of
Verhaar et al. (1992), were found to be effective at sepa-
rating substances in terms of their potencies and deriving
inhalation TTC values. The collaboration was expanded
with the objective to combine, harmonise, and curate the
inhalation exposure datasets, develop an appropriate clas-
sification scheme for defining toxicological potency, and
derive the 5th percentile inhalation TTC (inhal TTC) values
for local respiratory and systemic effects of inhalation expo-
sure to substances. The final goal is to publish the outcome
and make datasets publicly available.

(i) Gaps

Knowledge gaps are associated with inhalation exposure-
related effects evaluation. It is important to understand the
underlying toxicological mechanisms of the adverse effects
observed from animal studies, which may help refine the
inhal TTC values. Since one of the applications of inhal TTC
is to protect against irritative chemical exposures, it is criti-
cal to account for physicochemical properties in addition to
structural features of the inhaled substances when devel-
oping an appropriate toxicological potency-based classifi-
cation system. The further development of inhalTTC will
aid in the safety assessment of inhalation exposures to con-
sumer products and/or their ingredients, and for prioritisa-
tion of chemicals for regulatory purposes. However, it is not
yet ready for practical application.
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Progress in internal TTC (iTTC)

(1) iTTC Development

iTTC refers to a TTC derived from plasma concentration of
the chemical substance under evaluation. It is proposed as
an evolution of the external dose-based TTC and serves as
a promising strategy for advancing non-animal methods, as
well as for enhancing the application of TTC in broader con-
texts. Various groups have made initial attempts to establish
an iTTC, each employing unique methodologies. An update
on this work was provided in the proceedings of the first
workshop (Rogiers et al. 2020). Since then, some progress
has been made. Approximately 300 chemicals are included
now in the iTTC chemical database and are representative
of the TTC chemical space from Munro et al. (1996), Yang
et al. (2017) and Patel et al. (2020). To convert the NOAELs
for these chemicals into estimates of internal exposure, PBK
modeling is employed. This modeling requires chemical-
specific input parameters related to ADME. Therefore, a
comprehensive literature search was conducted to gather
existing in vivo pharmacokinetic data and in vitro metabo-
lism data. Additionally, in vitro Caco-2 permeability and
hepatocyte metabolism studies were conducted for about
200 chemicals. The Caco-2 assays measured bidirectional
cell permeability, at pHs of 6.5 and 7.4 in the apical and
basolateral compartments, respectively, to mimic intestinal
conditions. The apparent permeability of the iTTC chemi-
cals measured in Caco-2 cells showed a high variability. The
metabolism assays utilised cryopreserved hepatocytes from
the species from which the NOAELs were derived, mea-
suring in vitro intrinsic clearance through a substrate deple-
tion approach at concentrations of 0.1 and 1 uM. However,
metabolism data for about 15% of the assays were deemed
unsuitable for clearance determination due to issues such as
analytical interference, chemical instability, or rapid loss of
test chemical under the assay conditions. PBK model input
parameters (e.g., absorption, metabolism) for the iTTC
chemicals may come from existing in vivo PK data or from
in vitro studies. As such, the compiled in vivo and in vitro
data on permeability, metabolism and pharmacokinetics
were integrated into several kinetic modeling workflows,
including top-down, middle-out and bottom-up approaches.
These simulations were then compared with corresponding
in vivo time-course data. For each chemical, the ratios of
in vivo to predicted values for peak plasma concentration
and plasma area under the curve were assessed. Addition-
ally, the performance of specific workflows was evaluated
to see whether the predictions exhibited a bias towards over-
or under-estimation, and to measure the proximity of the
model predictions to the experimental data.
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Initial simulations utilising a generic oral rat model with
in vivo inputs (top-down) demonstrated good concordance
with in vivo oral rat pharmacokinetic data, while those using
in vitro inputs (bottom-up) yielded more variable results in
terms of concordance.

(i) Gaps

Areas for improvement in the bottom-up modeling work-
flows have been identified and are the primary focus of the
ongoing work. Case studies highlighting the practical appli-
cations of iTTC in human safety assessment will continue to
be pursued. In the meantime, a conservative interim iTTC of
1 uM has been proposed.

OECD guidance for the use of QSARs in
regulatory assessments

The OECD definition of NAMs includes in chemico, in
silico, in vitro and in vivo approaches that are aligned with
the ‘3R’ principles and bridge the gaps in moving towards
animal-free regulatory assessments. The use of NAMs is
intended to increase the throughput of chemicals assess-
ments, while using the best available and most relevant sci-
ence, and simultaneously reducing the reliance on animal
testing. However, it should be noted that the use of in vivo
data represents an important inhibitory factor for the safety
assessment of cosmetics in Europe as only animal-free
NAMs are allowed.

The QSAR Toolbox (www.gsartoolbox.org), initially
launched in 2008 with the European Chemicals Agency
(ECHA) and rapidly joined as a co-lead, was initially fore-
seen as a software application to support grouping and RAx
approaches. While it has been and continues to be used
for this purpose, the Toolbox also includes a repository of
experimental data on more than 100,000 chemicals and three
million datapoints. Users can retrieve experimental data,
physical-chemical properties, and simulate metabolism and
degradation products from parent chemicals. In addition,
the QSAR Toolbox Repository (https://repository.gsartool
box.org/) houses a variety of third-party software applicat
ions that can support computational predictions of chemi-
cal effects. The software is updated regularly to expand the
functionality and improve the user interface, with new ver-
sions released on an approximately annual basis.

In addition to the software application itself, the OECD
published principles for the validation of QSARs (OECD
2004) models and guidance for the application of validation
principles to QSAR models (OECD 2007) in a regulatory
context to help assure the reliability and robust use of these
approaches in chemical risk assessment. The principles for
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QSAR validation were directly adapted from the principles
for validation of OECD test guidelines for using experi-
mental approaches for evaluating chemical hazards (OECD
2005). Along with guidance for evaluating the scientific
validity of QSARs, templates for providing information on
models (QSAR Model Reporting Format (QMRF)) and pre-
dictions (QSAR Prediction Reporting Format (QPRF)) were
developed to ensure necessary information for the evalua-
tion was reported in a standardised way.

In response to the identified need to build on the estab-
lished OECD principes for evaluating QSAR models, a
QSAR Assessment Framework (QAF) was developed for
systematic and harmonised guidance for the regulatory
assessment of QSAR models and predictions (also from
multiple models). The guidance was primarily intended for
regulatory authorities; however, the same principles could
be used as a reference for all stakeholders developing and
using QSARs for regulatory purposes. An updated QAF
was published in 2024 (OECD 2024) and includes a new
QSAR Results Reporting Format (QRRF) developed for
standardising the reporting of results from multiple QSAR
predictions. Important to know is that the guidance, various
reporting formats, checklists for evaluating criteria associ-
ated with each assessment element, and examples for apply-
ing the QAF in real-world, regulatory examples are provided
on the OECD website (https://www.oecd.org/en/publication
8/2023/11/q-sar-assessment-framework-guidance-for-the-re
gulatory-assessment-of-quantitative-structure-activity-relat
ionship-models-and-predictions9b064821.html).

Discussion and conclusion

At the second SCCS Workshop on ‘The way forward for
assessing the human health safety of cosmetics in the EU’,
experts with knowledge and experience of applying NAMs
an NGRA as the key methodologies for animal-free safety
assessment of cosmetics and their ingredients were brought
together. In preparation of the one-day workshop, specific
questions were sent to the speakers beforehand to elicit
science-based and reliable responses on a range of com-
plex issues highlighted as potential gaps in animal-free
risk assessment of chemical substances used in cosmetic
ingredients.

One of the key questions concerned the criteria neces-
sary for the acceptance of PBK models when assessing a
new chemical (e.g. cosmetic ingredients) for which no in
vivo data exists. This scenario arises when human exposure
is limited—and therefore relevant human data is not avail-
able—and animal testing is prohibited under the Cosmetics
Regulation. In such cases, where an ab initio NGRA for sys-
temic toxicity is required, a defined set of criteria needs to be

met. Development of such decision factors is crucial. Clear
and well-supported suggestions were discussed, drawing on
considerations previously explored by EFSA. It was empha-
sised that PBK models can provide valuable insights into
the biokinetics and toxicity of new chemicals, provided that
key elements are carefully addressed, namely: the quality of
the input data, the appropriateness of the model structure,
calibration processes, sensitivity analysis, and alignment
with the regulatory requirements. However, in the absence
of in vivo data, the acceptance of PBK models will need rig-
orous validation/evaluation, transparent model documenta-
tion, and the use of advanced computational tools to address
uncertainties inherent to the model simulations. Finally,
the workshop underscored the importance of continued
dialogue between model developers and risk assessors to
enhance effective PBK model application for the assess-
ment of chemicals, in this case cosmetic ingredients.

Further insight into the increasing importance of PBK
use emerged from the presentation on (Q)IVIVE. Based
on practical case studies involving cosmetic ingredients, it
was demonstrated that (Q)VIVE serves as a critical tool for
enabling the implementation of NAMs and NGRA in cos-
metic safety assessments. Indeed, (Q)IVIVE allows for the
prediction of internal concentrations over time in humans
(or animals), facilitating the identification of PoDs for haz-
ard characterisation and the determination of safe use con-
centrations for cosmetic ingredients. As this methodology
continues to evolve, it is expected to increasingly play a
central role in regulatory decision-making, enabling a shift
toward more protective, human-relevant, and non-animal-
based testing frameworks.

The same case studies were used to highlight the value
of developing a comprehensive toxicodynamics toolbox,
containing a variety of different animal-free methodologies.
In particular, the lack of validated animal-free assays for
developmental/reproductive toxicity remains a critical gap,
especially given the relevance of these endpoints in standard
risk assessments of new substances, such as preservatives.

A newly developed template outlining readiness crite-
ria for NAMs was introduced by the EU’s Joint Research
Centre at the Workshop. These criteria have to be fulfilled
before a method can proceed to either validation, trans-
ferability or peer-review. It was suggested that they could
support the SCCS in evaluating the scientific validity of
non-animal, non-validated methods before their potential
use in the safety assessment of cosmetic ingredients.

During the discussion on the use of the BER as a practical
and robust basis for safety decisions, it was noted that more
confidence in the approach is needed. To build this trust
and to better understand the level of protection provided by
NGRA application, it is important to evaluate not only low-
risk compounds but also high-risk substances. Furthermore,
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there is a need to establish a flexible and practical range of
BER thresholds, adaptable to the characteristics of different
substances and the available supporting data.

Further progress has been made with respect to the appli-
cation of TTC for inhalation exposure as an effective ani-
mal-alternative tool for the safety assessment of data-poor
substances. However, it is not yet sufficiently developed
for use in a regulatory context. Similarly, some advance-
ments in iTTC have been made, but further work is needed.
Specific areas for improvement in the bottom-up modeling
workflows have been identified and are the focus of ongoing
work. Once finalised, the outcomes will be openly shared
and documented to support broader implementation.

The work of the OECD in standardising new technolo-
gies is highly valued. However, the OECD’s current defini-
tion of NAMs, which allows for the inclusion of new animal
data, is not compatible with the regulatory framework for
cosmetics. This represents a need for harmonising the
terminology.

Finally, several issues were raised during the workshop
that merit further discussion and elaboration:

*Regulatory confidence in NAMs: A central question
remains whether NAMs provide the same level of con-
fidence to regulators as traditional in vivo methodology.
Encouragingly, for certain toxicological endpoints there
seems to be a clear shift from ‘unlikely’ to’likely’, but chal-
lenges remain for more complex endpoints.

*Challenges from the animal testing ban: The ban of
animal testing in the cosmetic sector brings significant chal-
lenges for both the development of new ingredients/prod-
ucts as well as for regulatory risk assessors. While several
promising tools are available, several key endpoints are not
covered and a clear harmonised guidance is missing.

*Alignment of NGRA with regulatory needs: The
NGRA approach is a valuable alternative that can be used
in risk assessment, but its practical application requires bet-
ter alignment with the needs of assessors/regulators. Fur-
thermore, most NGRA case studies of cosmetic ingredients
that are available in the open literature follow a similar set
of methods to retrieve valuable data. Higher methodologic
variation, possibly introduced by different stakeholders,
could further contribute to building trust.

*Scientific validity versus validation and weight of
evidence: For concepts such as ‘scientifically valid’ and
‘qualification’ (new terminology being developed in an
EFSA project for non-validated nanomaterials in food and
feed), a set of criteria must be further developed as they will
provide a pragmatic solution to make further progress in the
practical application of animal-free methodology. Indeed,
they can represent a realistic step forward in the complex
validation process. Risk assessors and regulatory bodies
also need to gain experience and expertise in the effective
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application of a “WoE’ approach to make reliable safety
assessment decisions. It remains unclear, however, who
finally determines the acceptance of innovative methodol-
ogy such as NGRA in risk assessment of cosmetics and their
ingredients.

*Quantitative versus hazard-based assessment: In
Europe, cosmetics and their ingredients are safe due to the
stringent Cosmetic Regulation based on quantitative risk
assessment. The risk assessment process is science-based
and rigorously described in the SCCS Notes of Guidance,
which are regularly updated and used worldwide as a refer-
ence. A shift toward purely hazard-based decision-making
will clearly undermine the scientific rigor and trust in the
risk assessment process.

* Additional questions, although not directly discussed
in this workshop, have been identified for future exploration:

e (Canamode of action (if any) be reliably derived through
RAXx approaches?

e While a systemic and harmonised NGRA framework
for cosmetic ingredients/chemicals is supported by case
studies, how can nano-size substances, mixtures and ag-
gregate exposure be addressed?

e When NGRA is applied for systemic toxicity, are all po-
tential toxicodynamic effects adequately covered?

e When the BER concept is used, is the distinction be-
tween biological activity and adversity appropriately
considered in decision making?

In conclusion, to advance the use of NGRA as an animal-
free risk assessment strategy for both new and existing
cosmetic ingredients, a close interaction between different
stakeholders in the field is essential. Such cooperation is key
to fostering a shared understanding and promoting regula-
tory acceptance of NAM-based safety assessments.
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