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Foreword
Dear reader,
This is the first time we report on regulatory applicability of non-animal approaches, describing
how currently available reliable non-animal approaches can be used under the REACH
Regulation and for active substances under the Biocidal Products Regulation (BPR) to fulfil the
information requirements and reflecting the needs of the Classification, Labelling and
Packaging (CLP) Regulation. The report was requested by ECHA’s Management Board.
Non-animal approaches for investigating hazardous properties of substances are increasingly
used and promoted. Vertebrate animal testing should be the last resort, only used after all
other scientifically reliable methods have been exhaustively explored.
We have reported regularly to the European Commission on how companies use non-animal
approaches under the REACH Regulation (The use of alternative to testing on animals for the
REACH Regulation: 2011, 2014 and 2017). These reports have confirmed that the most
important tool to avoid unnecessary animal testing, i.e. data sharing, is working well. The duty
holders also use extensively adaptation methods and non-animal approaches such as readacross, weight of evidence, computer modelling and in vitro methods. However, in many cases
the quality of information used by registrants in adaptations and from non-animal approaches
submitted is not robust enough to comply with the legal criteria and thus to replace vertebrate
testing. We encourage duty holders to use reliable non-animal approaches and have provided
tools and advice to industry to support compliance with the legal requirements. We have
updated our guidance, practical guides, published case studies and webinars.
To further improve understanding on how the non-animal approaches can be used to meet the
legal requirements, we describe in this report the main types of relevant non-animal
approaches and adaptation rules (Part A – General considerations) and the information
requirements and needs for relevant (eco)toxicological properties (Part B – Specific
considerations). In Part B, we describe for each relevant information requirement the potential
approaches utilising non-animal approaches, the challenges to achieving this and future
perspectives, including those approaches that could be close to regulatory applicability. Duty
holders can use this report in conjunction with ECHA Guidance on non-animal approaches in
their consideration and preparation of dossiers.
During the preparation of the report, various relevant external agencies and institutions, as
well as ECHA’s accredited stakeholders, have been consulted and their feedback collected to
ensure that all the relevant non-animal approaches are considered and given the right
perspective (see the list of contributing partners in Appendix 1).
I hope that this report indicates to the scientific community where further scientific
development and/or regulatory acceptance is needed to reduce animal testing in implementing
the three regulations that ECHA coordinates. I also hope this report stimulates consensus
among authorities and stakeholders about the opportunities and current limitations related to
non-animal approaches. We have included general recommendations in the executive
summary which reflect the complex interplay between the different legal information
requirements of REACH, CLP and the BPR.
I hope you find the report to be of interest to you.
Geert Dancet,
Executive Director
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Executive summary
Significant developments have taken place over the last decade to replace vertebrate animal
testing for chemical safety assessment with non-animal approaches. Scientific research has led
to further progress with concepts, such as the integrated approach to testing and assessment
(IATA) and adverse outcome pathway (AOP) frameworks, which can be used to integrate data
from various non-animal approaches into biologically justifiable steps of investigations to
inform on (eco)toxicological properties. These developments have already resulted in a
reduced need for animal testing under the EU chemicals legislation and hold promise for
enabling the regulators to take further steps towards a stronger implementation of the 3Rs
principle of replacement, reduction, and refinement of animal testing.
In light of the above advances, a careful review and analysis of how the latest scientific
knowledge and developments could be transferred into regulatory use are necessary. This
report reviews the current status of the regulatory applicability of non-animal approaches and
how they may inform on the need for hazard classification and be used to fulfil the regulatory
information requirements for the purpose of chemical safety assessments. Our focus here is on
three EU regulations: the REACH Regulation, the Classification, Labelling and Packaging (CLP)
Regulation, and the Biocidal Products Regulation (BPR). The provisions and requirements of
these regulations still largely rely on the use of vertebrate animal testing. At the same time,
they all involve the obligation to use vertebrate animal testing as a last resort and, therefore,
provide significant opportunities for using non-animal approaches, where appropriate.
The report focuses not only on non-animal approaches as a direct replacement of animal
testing, but also on how they can be used together with other data as supporting evidence in
regulatory processes, and what reduction and refinement methods are available when animal
testing cannot be avoided. The report also provides an outlook of the near and medium-term
future expectations and identifies ways and means to accelerate the development of nonanimal approaches, enhance their applicability and promote their wider use.
The report is aimed at a wide audience including Member State competent authorities, the
research community and other stakeholders, such as registrants under the REACH Regulation
and applicants under the BPR.
As a result of significant international collaboration and progress made in the development of
non-animal approaches, the regulatory acceptance of many non-animal approaches has been
achieved for some of the so-called lower-tier information requirements. For example, the
information requirements on skin corrosion/irritation, serious eye damage/eye irritation, and
skin sensitisation can now be fulfilled by applying non-animal approaches such as in vitro tests,
IATA and AOP concepts. Non-animal approaches for these toxicological properties are already
defined in the legislation as the default method to generate the information in most cases.
While the standard information requirements rely on animal testing for most endpoints, the
legislation highlights that animal testing is a last resort. It also allows the fulfilment of the
standard information requirements through the so-called adaptations, which include the use of
grouping and read-across, and the use of weight-of-evidence. Information from non-animal
approaches may be used as supporting data for a grouping and read-across adaptation or as
elements of a weight-of-evidence adaptation. For instance, a specific weight-of-evidence1
approach may be used for substances with a low sub-acute oral toxicity to adapt the
requirement for an acute oral toxicity study and avoid animal testing for this endpoint in some
cases. In general, adaptation of the standard in vivo studies works better for lower-tier

1

Defined as information combined and weighed from several pieces of evidence.
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endpoints, as toxic mechanisms are less complex and therefore easier to predict with nonanimal approaches (e.g. QSAR, in vitro tests) than for higher-tier endpoints. However, further
promotion of the available non-animal approaches for lower-tier studies and awareness-raising
are still needed to ensure their application.
The legislation stipulates that the data generated must be adequate for hazard classification
and labelling and risk assessment. This is key to ensure that the protection goals for human
health and the environment as laid down in the Regulations are not compromised.
In practice, the results from (eco)toxicity testing are used for hazard classification in line with
the criteria set in the CLP Regulation. This leads to labelling of hazardous chemicals with
warning symbols and instructions for safe use. The type of information needed for hazard
classification depends on the hazard class and its (sub)categories and may be based on:




the dose or concentration levels causing severe effects (for acute toxicity, skin
sensitisation and specific target organ toxicity);
the severity of toxic effects (for skin corrosion/irritation and eye damage/eye irritation);
or
the strength of the evidence demonstrating toxic effects (for germ cell mutagenicity,
carcinogenicity and reproductive toxicity).

Generally, the classification criteria refer mainly to human and animal data, which poses a
challenge for the comparison of non-animal data with these criteria.
The test results are also used in risk assessments under the REACH Regulation and the BPR, as
they provide the points of departure for determining safe levels of exposure to substances.
Under the REACH Regulation, these safe level values are called derived no-effect levels
(DNELs), to protect humans, and predicted no-effect concentrations (PNECs), to protect the
environment. Under the BPR, acceptable exposure levels (AELs) are determined. While the
derivation of safe exposure levels can be achieved with non-animal data for some local effects,
this has proved to be more problematic for systemic effects. This can be due to the lack of
quantitative information generated by some non-animal approaches, or the difficulty in
extrapolating results from non-animal approaches to in vivo values, especially for higher-tier
endpoints, which is necessary for deriving threshold values.
Apart from fulfilling the REACH and BPR information requirements and supporting hazard
classification under CLP, non-animal approaches can provide useful information on
(eco)toxicity mechanisms, bioavailability, and internal and external exposure, which can be
used for screening and (de)prioritisation of substances for further regulatory action.
For higher-tier endpoints, specific non-animal approaches that could directly replace vertebrate
animal tests are not yet available and not foreseen in the near or even medium-term future,
and adaptations are currently the main approaches to reduce the need for new animal testing.
In spite of very active ongoing research in the area of non-animal approaches, approaches
capable of replacing animal testing for complex endpoints are not yet available. Also the nature
of such future approaches cannot be established yet. Furthermore, they may not provide the
same level of information on the toxicity of substances as the current animal studies, for
instance in terms of dose/concentration-response relationship and adverse effects. New nonanimal approaches, such as in vitro microsystems and high-throughput/high-content methods,
are under development and aim at providing more comprehensive insights into the
mechanisms of toxicity than current non-animal approaches. However, they will require further
standardisation, especially for the interpretation of the results and validation, before they can
be considered for regulatory purposes. For example, it would need to be clarified how to make
use of the evidence from new non-animal approaches that do not directly inform on adversity
or specific toxicities for classification under the CLP Regulation, or how to use such data for
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determining (no-)effect levels in risk assessment. Therefore, the wider use of non-animal
approaches for regulatory purposes would require an extensive discussion on how results from
non-animal approaches can be used in a regulatory context where classification and risk
assessments are currently strongly dependent on information on effects in humans or animals.
A continuous and active dialogue between the research community and regulatory authorities
is also needed to ensure the regulatory relevance of the research efforts and to avoid delays in
the transfer of scientific developments into regulatory use.
Building an inventory of non-animal approaches and available models predicting different types
of effects, and being at different stages of development and regulatory applicability, would
clarify their diversity and interrelations, and hence could facilitate their further development
and application. Applying information from humans, animal studies and non-animal approaches
(for example, “-omics”) together or in parallel would enhance the interpretation of the results
of non-animal approaches and the understanding of their predictive capacity and their
performance, thereby increasing confidence in their ability to produce reliable and consistent
results that are relevant for regulatory decision making.
ECHA stays committed to promoting the development and use of non-animal approaches. In
this regard, ECHA:







closely follows the scientific developments in the field and collaborates internationally to
explore the best practice, using the information from non-animal approaches whenever
applicable;
contributes to the discussion in international fora on how the information from nonanimal approaches could be applied in the context of hazard classification;
regularly updates both its guidance and its website to include information on updated
and new test methods, including non-animal approaches, thereby supporting duty
holders in understanding how these methods may be used to meet the information
requirements under the different regulations;
raises awareness and promotes the newly-developed methods and approaches among
its own staff, scientific committees and stakeholders; and
gives proactive scientific and technical advice to the European Commission on specific
non-animal approaches, including recommendations on the update of the corresponding
legal text, and on generic aspects related to non-animal approaches.
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List of abbreviations
ADME
AEL
AFT
AOP
ATE
AUC

Absorption, distribution, metabolism and excretion
Acceptable operator exposure level
Acute fish toxicity
Adverse outcome pathway
Acute toxicity estimates
Area under the curve

BCF
BCOP
BMF
BPR
BSAF

Bioconcentration factor
Bovine corneal opacity and permeability assay
Biomagnification factor
Biocidal products regulation
Biota-sediment accumulation factor

CLP
Cmax
CRED
CSA
CSR
CTA
CYP

Classification, labelling and packaging
Maximum concentration in the blood or plasma
Criteria for reporting and evaluating ecotoxicity data
Chemical safety assessment
Chemical safety report
Cell transformation assay
Cytochrome P450

DIPs
DNA
DNEL

Data interpretation procedure
Deoxyribonucleic acid
Derived no-effect level

EC50

ESAC
EURL ECVAM

Half-maximal effective concentration (concentration inducing response
halfway between the baseline and maximum after a specified exposure
time)
Extended one-generation reproductive toxicity study
European Union network of laboratories for the validation of alternative
methods
EURL ECVAM scientific advisory committee
European Union reference laboratory for alternatives to animal testing

FET

Fish embryo toxicity

GD
GIVIMP
GLP

Guidance document
Good in vitro method practice
Good laboratory practice

hESC
hrER
HTS/HTPS
HTTK

Human embryonic stem cell
Human recombinant estrogen receptor
High-throughput screening
High-throughput toxicokinetics

IATA
ICATM
ITS
IUCLID
IVIVE

Integrated approach to testing and assessment
International cooperation on alternative test methods
Integrated testing strategy
International uniform chemical information database
In vitro to in vivo extrapolation

KE
Kow

Key event
Octanol-water partition coefficient

EOGRTS
EU-NETVAL
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LLNA
L(O)AEL

Lethal concentration 50 (acute toxic concentration causing the death of
50 % of the test population)
Lethal dose 50 (acute toxic dose causing the death of 50 % of the test
population)
Local lymph node assay
Lowest (observed) adverse effect level

MAD
MIE
MoA
mRNA,
MPPD
MTD

Mutual acceptance of data
Molecular initiating event
Mode of action
Messenger ribonucleic acid
Multiple-path particle dosimetry
Maximum tolerated dose

NAM
N(O)AEL
NRC
NTP
OECD
OHT

New approach methodology
No (observed) adverse effect level
(US) National Research Council
National Toxicology Program, US Department of Health and Human
Services
Organisation for Economic Cooperation and Development
OECD harmonised template

PBT
PBTG
PBTK
PNEC

Persistent, bioaccumulative and toxic
Performance-based test guideline
Physiologically-based toxicokinetic
Predicted no-effect concentration

(Q)SAR
QSPR
QIVIVE

(Quantitative) Structure-activity relationship
Ouantitative structure-property relationship
Quantitative in vitro to in vivo extrapolation

RAAF
RhCE
RHE
RNA

Read-across assessment framework
Reconstructed human cornea-like epithelium
Reconstructed human epidermis
Ribonucleic acid

SciRAP
STOT RE
STOT SE
STS
SVHC

Science in risk assessment and policy (tool)
Specific target organ toxicity – repeated exposure
Specific target organ toxicity – single exposure
Sequential testing strategy
Substance of very high concern

TER
TDAR
TG
TGR
TMR
TTC

Transcutaneous electrical resistance
T-cell-dependent antibody response
Test guideline
Transgenic rodent
Test Methods Regulation
Threshold of toxicological concern

UVCB

Substance of unknown or variable composition, complex reaction products
or biological materials

vPvB
WoE

Very persistent and very bioaccumulative
Weight-of-evidence

LD50
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List of terms
3Rs principle

Principle of “Replacement, Reduction and Refinement” of animal
use, which ultimately lead to the development of non-animal
approaches. It was first defined by the scientists William Russell
and Rex Burch in “The Principles of Humane Experimental
Technique”(1959). (See below for specific definitions for each
term.)

Accuracy

The closeness of agreement between test method results and
accepted reference values. It is a measure of test method
performance and one aspect of relevance. The term is often
used interchangeably with “concordance” to mean the
proportion of correct outcomes of a test method.

Adaptation

Refers to specific and general adaptation rules under the REACH
Regulation and the BPR, which allow fulfilling the required
standard information requirement by omitting, replacing by
other information or adaptation by other way. There may be
also conditions that require further information. The duty
holders must state the adaptation and give the reasons for each
adaptation.

Adverse outcome pathway

An adverse outcome pathway (AOP) describes a logical
sequence of causally linked events at different levels of
biological organisation, which follows exposure to a chemical
and leads to an adverse health effect in humans or animals.
AOP is endpoint-specific and thus substance-agnostic. Similar
approaches can be used for mechanisms which may not
necessarily lead to an adverse outcome (such as endocrine
modes of action).

Benchmark dose (BMD)

The dose corresponding to a specified small increase in effect
over the background level.

Benchmark dose lower
confidence limit (BMDL)

The lower 95 % confidence interval of a benchmark dose.

(Substance) Category

Group of substances with physicochemical, toxicological and
ecotoxicological properties that are likely to be similar or follow
a regular pattern as a result of structural similarity.

Defined approach

A defined approach to testing and assessment consists of a
fixed data interpretation procedure (DIP) used to interpret data
generated with a defined set of information sources, which can
be used on its own, or together with other information sources
within an IATA, to satisfy a specific regulatory need.

Endpoint

Observable or measurable inherent property/data point of a
chemical substance. It may refer to a physicochemical property
(e.g. vapour pressure), to degradability, or to a biological effect
that a given substance has on human health or the environment
(e.g. carcinogenicity, irritation, or aquatic toxicity).

Ex vivo test

An ex vivo test is conducted outside the living organism using
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tissues or organs obtained from an animal.
Hazard

The potential for an adverse health or ecological effect. The
adverse effect is manifested only if there is an exposure of
sufficient level (OECD GD 34).

High-content method (HCM)

High-content method refers to a high-content screening (HCS)
or a high-content analysis (HCA) that describes a set of
analytical methods using automated microscopy, multiparameter image processing and visualization tools to extract
quantitative data from cell populations.

High-throughput screening
(HTS)

A method which involves an automated-operation platform,
data processing and control software to quickly conduct many
biochemical, genetic or pharmacological tests. It usually allows
to test a large number of substances at the same time.

Integrated approach to
testing and assessment
(IATA)

A structured approach which strategically integrates and weighs
all relevant data to inform on a potential hazard and/or risk
and/or the need for further targeted testing.
It leads towards minimising vertebrate animal testing used for
hazard identification (potential), hazard characterisation
(potency) and/or safety assessment (potential/potency and
exposure) of a chemical or group of chemicals.

In chemico test

Abiotic assay that measures chemical reactivity or other
physicochemical properties of substances.

Integrated testing strategy
(ITS)

Integrates different types of (eco)toxicological data and
information as part of a decision tree to consider the need for
further testing to assess the safety of a substance.

Intrinsic properties

In the context of this report, the intrinsic properties of a
substance are considered to be purely related to the hazards of
the substance, without taking into account (internal or external)
exposure. Thus, information on absorption and, for example, on
releases from materials into artificial fluids mimicking biological
fluids, is related to exposure and may affect the toxicity but not
the intrinsic properties of a substance.

In vitro test

Literally stands for “in glass” or “in tube”. The test takes place
outside the “body” of an organism, usually involving isolated
organs, tissues, cells or biochemical systems.

In vivo test

Test conducted within a living organism.

In silico test

Computer-based methods e.g. (Q)SARs. These may be called
“non-testing information”.

Lowest observed adverse
effect level (LOAEL)

The lowest dose level of a test substance in a given test that
causes an observed and significant adverse effect on the test
species when compared with the controls.

New approach methodologies This concept has been used as an umbrella for various
(NAMs)
approaches utilising non-animal methods and technologies
which may also allow multiple investigations from a high
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number of samples at the same time. In this report we present
the approaches individually and do not generally use this
collective term.
Non-animal approaches

Non-animal approaches in this report include all approaches
which do not involve new animal testing. Thus, in addition to in
vitro approaches, this term covers approaches which use
existing information from animal studies but do not require new
animal tests. In vitro approaches are included although they
may need serum or cells from animals, but they are not actual
animal testing. The definition encompasses the use of individual
non-animal approaches, such as in vitro methods and QSARs;
the use of combined and stepwise approaches, such as
integrated testing strategies (ITS); or integrated approaches to
testing and assessment (IATA) (including defined approaches).
In the context of the REACH Regulation, non-animal approaches
relate to the use of in vitro and in silico methods, grouping and
read-across (Article 13(1)): “Information on intrinsic properties
of substances may be generated by means other than tests,
provided that the conditions set out in Annex XI are met.
Information shall be generated whenever possible by means
other than vertebrate animal tests, through the use of
alternative methods, for example, in vitro methods or
qualitative or quantitative structure-activity relationship models
or from information from structurally related substances
(grouping or read-across).”

No observed adverse effect
level (NOAEL)

The highest dose level of a test substance in a given test that
does not cause any observed and statistically significant
adverse effect on the test species when compared with the
controls.

PBTK model (physiologically– PBTK models provide simulated concentration versus time
based toxicokinetic model)
profiles of a substance and its metabolites in plasma or an
organ of interest and simultaneously allow for estimation of
maximum plasma concentrations, absorption kinetics,
distribution kinetics, and elimination. Physiologically-based
pharmacokinetic (PBPK), physiologically-based biokinetic
(PBBK) and physiologically-based kinetic (PBK) models are used
as synonyms.
Performance standards

Standards, based on a validated test method, that provide a
basis for evaluating the comparability of a proposed test
method that is mechanistically and functionally similar. Included
are: (i) essential test method components; (ii) a minimum list
of reference substances selected from among the substances
used to demonstrate the acceptable performance of the
validated test method; and (iii) the comparable levels of
accuracy and reliability, based on what was obtained for the
validated test method, that the proposed test method should
demonstrate when evaluated using the minimum list of
reference substances.

Prediction model

A formula or algorithm (e.g. rule or set of rules) used to convert
the results generated by one or more tests into a prediction of
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the (toxic) effect of interest. Also referred to as decision criteria.
Quantitative structure-activity
relationship (QSAR) and
structure-activity relationship
(SAR)

Theoretical (mathematical) models that can be used to predict
in a quantitative or qualitative manner the physicochemical,
biological (e.g. (eco)toxicological) and environmental fate
properties of a substance from the knowledge of its structure
and properties. A SAR is a qualitative relationship linking a
(sub)structure to the presence or absence of a property or
activity of interest. A QSAR is a quantitative (regression) model
that relates a set of predictor variables (substance structure) to
the potency of the response variability (property or activity of
interest).

(Grouping and) Read-across

Approach using information from a structurally analogous
substance, or a substance with similar mechanisms/modes of
action, to predict the properties of a substance. This approach
can be used under the REACH and CLP Regulations and the BPR.
For the purposes of the REACH Regulation (Article 13(1)),
(grouping and) read-across is considered by ECHA to be a
replacement (if available information can be used) or reduction
(if new animal studies are proposed but less than without readacross) method. Similarly, under BPR, read-across is an
adaptation approach where information from an structurally
analogous substance may be used to predict the properties of a
substance. Information from other substances, structurally
similar or with similar mechanisms/modes of action, can be
used under the CLP Regulation.

Reduction

Any approach that will result in fewer animals being used to
achieve the same objective. It includes maximising the
information obtained per animal as well as reducing the number
of animals used in the original procedure and/or limiting or
avoiding the subsequent use of additional animals.

Refinement

Modification of any procedures or husbandry and care practices
from the time the experimental animal is born until its death, so
as to minimise the pain, suffering and distress experienced by
the animal and enhance its wellbeing.

Relevance

Description of the relationship of the test to the effect of
interest and whether it is meaningful and useful for a particular
purpose. It is the extent to which the test correctly measures or
predicts the biological effect of interest. Relevance incorporates
consideration of the accuracy (concordance) of a test method.

Replacement

Any methods, strategies or approaches which enable to avoid
the use of live animals to achieve the same objective.

Sensitivity

The proportion of all positive results/active substances that are
correctly classified by the (non-animal) test. It is a measure of
accuracy for a test method that produces categorical results,
and is an important consideration in assessing the validity of a
(new, non-animal) test method.

Specificity

The proportion of all negative results/inactive substances that
are correctly classified by the (non-animal) test. It is a measure
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of accuracy for a test method that produces categorical results,
and is an important consideration in assessing the validity of a
(new, non-animal) test method.
Standardised test methods

Test methods validated and standardised at the international
level (OECD, ECVAM).

Test (or assay)

Experimental system set up to obtain information on the
intrinsic properties or adverse effects of a substance.

Test battery

Group of tests used for one specific purpose, e.g. several
individual non-animal approaches, which are combined to cover
one in vivo endpoint.

Validated test method

A test method which has successfully passed the validation
studies process, aiming at determining the relevance (including
accuracy) and reliability for a specific purpose. To gain
regulatory acceptance, validated test methods also have to
show that they are fit for purpose.

Validation

Scientifically-based process by which the reliability and
relevance of a method are established for a specific purpose.

Vertebrate animal

Animal that belongs to the subphylum Vertebrata; animal with a
backbone or spinal column.

Weight-of-evidence (WoE)
approach

Approach which can generally be described as a stepwise
process/approach of collecting all available evidence, evaluating
their quality, integrating and weighing them, to reach a
conclusion on a particular property with a (pre)defined degree
of confidence. The WoE approach normally requires expert
judgement. This is a general approach for evaluating
(eco)toxicological properties when information from various
sources is available and may allow to follow the weight-ofevidence (WoE) adaptation rule (see below). The approach is
also used in evaluating if the properties meet the CLP criteria.

Weight-of-evidence (WoE)
adaptation

One of the general adaptation rules under the REACH
Regulation and the BPR where information from several
independent sources may allow assumption/conclusion of a
particular hazardous property of a substance. Results from nonanimal approaches may be used as pieces of evidence in a WoE
adaptation, usually together with other types of information.
However, there may be sufficient weight-of-evidence (WoE)
from the use of newly developed test methods, not yet included
in the test methods referred to in Article 13(3), or from an
international test method recognised by the Commission or the
Agency as being equivalent, leading to a conclusion that a
substance has or has not a particular dangerous property.
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Introduction
Scope
This report reviews the current status of and the near and medium-term future expectations
for the regulatory relevance and acceptance of non-animal approaches for information
requirements involving vertebrate animals for registration under the REACH Regulation and for
applications of biocidal active substance approval under the BPR. This also includes
consideration of using the study results to apply the criteria for classification under the CLP
Regulation (hazard classification) and for risk assessment (e.g. DNEL and PNEC setting).2
The provisions of using vertebrate animal testing as a last resort is included in the REACH
Regulation and the BPR and is also reflected in the CLP Regulation. All these regulations
promote the use of non-animal approaches according to the 3Rs principle of replacement,
reduction and refinement of animal use for testing. Therefore, duty holders have to consider all
possibilities to use non-animal approaches that would fulfil information requirements and
hazard classification: only if it is not possible to gather sufficient reliable data through nonanimal approaches should animal testing be conducted. The present report focuses on
approaches that can be used to reliably investigate potential (toxic) effects and
bioaccumulation properties relevant for human health and the environment while avoiding the
use of vertebrate animals as far as possible.
This report considers the challenges in using non-animal approaches and considers what
actions could be taken to overcome them. For instance, integrated approaches to testing and
assessments (IATAs) may pose a particular challenge because they cannot be validated for
regulatory purposes in the conventional manner, except when defined approaches are used.
IATAs allow the use of flexible approaches and WoE approaches using expert judgement, which
are more difficult to standardise and are more complex to evaluate compared to single test
methods.
This report does not replace any ECHA Guidance Documents and is not primarily addressed to
duty holders. This report aims to communicate the opportunities and limitations of using nonanimal approaches in a regulatory context involving a wide audience – including registrants
under the REACH Regulation, applicants under the BPR, Member State competent authorities,
NGOs, the research community and other stakeholders – to understand how these methods
may be used.
Where to find information on updated and new test methods?
The main source of information on how to fulfil the information requirements under the REACH
Regulation and BPR is the ECHA Guidance Documents. ECHA also frequently updates its
website on updated and new test methods (https://www.echa.europa.eu/support/oecd-eutest-guidelines). With this web page, ECHA supports duty holders in understanding how these
methods may be used to meet the information requirements. For example, the role of new test
guidelines within testing strategies is described, when appropriate. This information is provided
before ECHA's guidance is formally updated.
Use of non-animal approaches
Non-animal approaches and methods (including evidence from humans) may be used under
the REACH and CLP regulations and the BPR in different ways, such as:
 to fulfil the information requirements under the REACH Regulation and the BPR:

2

See list of relevant legislation in Appendix 2 to this document.
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when the non-animal approach is an information requirement;
to adapt or support adaptation of a standard information requirement (e.g. readacross or WoE);
o
to trigger a need of further information to address a concern (REACH or BPR):

to address further a particular concern under the REACH Regulation or the
BPR;

to investigate specific mechanisms or modes of action under the BPR.
o
to support an information requirement.
to define a hazard classification under the CLP Regulation as (one of the) main or
supporting information depending on CLP criteria;
to support a proposal for inclusion of substances of very high concern (SVHCs) in the
Candidate List;
as information sources in risk assessment reports.
o
o





The applicability of non-animal approaches and the related uncertainties and total confidence
of the conclusion may differ and depends on the regulatory context and purpose. At the time
of adoption of the REACH Regulation in 2006, the time horizon for replacing animal testing for
systemic endpoints could not be estimated. It was however predicted that, for example,
methods for skin sensitisation were seven to nine years away [1]. Indeed, validated nonanimal methods for skin sensitisation have been recently incorporated into the REACH
Regulation.
Non-animal approaches are a valuable tool for the evaluation of the available information,
although they may not always provide sufficient evidence when considered alone.
Promotion of non-animal approaches
Promotion of non-animal approaches is among the objectives of the REACH, CLP and Biocidal
Products regulations. However, this objective shall not undermine the main objectives of
REACH – to ensure a high level of protection of human health and the environment.
The application of non-animal approaches in REACH registrations by registrants is analysed by
ECHA in a tri-annual report on the use of alternatives to testing on animals, in accordance with
Article 117 (3) of the REACH Regulation [2].
ECHA stays committed to promote the development and use of non-animal approaches. In this
regard, ECHA closely follows the scientific developments in the field and collaborates
internationally. Currently this includes the best practices to use the information from nonanimal approaches and contribution to the discussion on how the information from non-animal
approaches could be applied in the context of hazard classification. ECHA also promotes the
familiarity of the newly-developed methods and approaches among its own staff, scientific
committees and stakeholders and regularly updates both its guidance and its website to
include information on updated and new test methods to support the duty holders in how these
methods may be used under different regulations. Furthermore, ECHA gives proactive scientific
and technical advice to the European Commission on both generic aspects related to nonanimal approaches and on details of the methods/approaches. ECHA also supports the
European Commission in updating the specific annexes.
Test methods, information requirements and adaptations
Non-animal validated test methods are normally included first into the OECD test guidelines
(TGs), and only after that are they included in the EU Test Methods Regulation (EC) No
440/2008 (TMR), although this is not a formal requirement. The TMR provides the test
protocols (usually based on existing OECD test guidelines) in all EU languages. However,
amending the TMR with new methods is a time-consuming process and relevant OECD TGs and
potentially other internationally accepted test methods may be considered being appropriate
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according to REACH Article 13(3) prior to their inclusion in the TMR. This is reflected e.g. in the
information requirements in REACH Annexes VII-X or in ECHA guidance, as appropriate. When
regarded as applicable and relevant for the given regulatory purpose, they are normally
included in the formal information requirements of REACH and/or BPR. Authorities normally
recognise the new relevant method and inform duty holders of its applicability even before the
formal incorporation of a new OECD TG to the EU regulations. Furthermore, even if a new
method has not yet been accepted by the Commission and/or ECHA to fulfil the information
requirement, or has not yet been taken up in Regulation 440/2008 and the relevant REACH
Annexes VII–X, it may nevertheless be used in a WoE adaptation approach in accordance with
REACH Annex XI, Section 1.2. WoE adaptation allows the use of not yet internationally
accepted non-animal approaches.
The information requirements under the REACH Regulation and the BPR differ mainly by the
tonnage-based approach applied for REACH and the “core dataset” and “additional dataset”
approach for the BPR. Under both regulations, non-animal approaches are mostly applied
under “adaptation” rules. However, for certain endpoints, non-animal approaches are already
specified as (part of) an information requirement itself, in which case they are mandatory,
“default” requirements.
The legislation includes both adaptation rules specific to an information requirement and
general adaptations rules that can apply to all information needs. These rules are described in
the REACH and BPR Annexes, and ECHA has elaborated upon them in the REACH Guidance on
Information Requirements and Chemical Safety Assessment (IR&CSA), Guidance on BPR
Volumes III (Human Health) and IV (Environment), and in the Practical Guide “How to use
alternatives to animal testing to fulfil your information requirements for REACH registration”.
Non-animal approaches in CLP Regulation
Regarding classification obligations, Article 7(1) of the CLP Regulation states that “where new
tests are carried out for the purposes of this Regulation, tests on animals within the meaning
of Directive 86/609/EEC [replaced by Directive 2010/63] shall be undertaken only where no
other alternatives, which provide adequate reliability and quality of data, are possible”. Article
8 of the CLP Regulation also refers to all other means of generating information, including the
general adaptation rules provided in Section 1 of Annex XI to the REACH Regulation (i.e.
existing data, WoE, QSAR, in vitro methods, grouping of substances and read-across
approach). If new studies are to be conducted, they must follow the test methods described in
the EU TMR, other international methods recognised by the European Commission or ECHA as
being appropriate, or follow internationally recognised sound scientific principles, and be
validated according to international procedures. In its preamble, the CLP Regulation highlights
that the EURL ECVAM plays an important role in the scientific assessment and validation of
non-animal approaches. In addition, these methods shall be carried out in accordance with
good laboratory practice (GLP) or other international standards recognised as being equivalent
by the Commission or the Agency, and with the provisions of Directive 86/609/EEC, if
applicable. It should be noted that there is no obligation to perform tests for the purpose of
CLP only. Therefore, all available data may be used for the classification of a substance under
the CLP Regulation. If REACH or BPR information requirements have been fulfilled for an
endpoint, the corresponding data should also be adequate for classification (including subcategorisation, where applicable) for the corresponding hazard class. This also means that to
be considered compliant with the information requirements, the data need to be applicable for
classification (and risk assessment).
It should be noted that, although there are already legal provisions for the use of non-animal
data under the CLP Regulation, in practice their use for classification is limited and the CLP
Regulation does not explicitly mention criteria for the results from in vitro tests for all health
hazards endpoints. However, CLP allows for a WoE determination using expert judgement
decisions on classification, and also non-animal data is regularly relied on in those cases.
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Structure of the report
General considerations on all the above aspects of use of non-animal approaches for regulatory
purposes under the REACH, CLP and Biocidal Products regulations are presented in the first
part of this report (Part A), while the second part of the report (Part B) addresses the
information requirements for each endpoint separately. In Part B, each section gives an
overview of the currently available non-animal approaches that can be used to minimise
animal testing, as well of the challenges to their use and future perspectives. Information
requirements, CLP criteria, relevant test methods and specific adaptation rules per endpoint
are considered in Appendix 3 to this document.
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Part A: General considerations
A.1 Non-animal approaches
Background
Non-animal approaches in this report include all approaches which do not involve new in vivo
testing. Thus, in addition to in vitro approaches, this term covers approaches which use
existing information from animal studies but do not require new animal tests. For instance,
QSAR model predictions or grouping (categories or read-across) adaptations are almost all
based on existing in vivo test data.
Before conducting any animal study, all the available information (physicochemical properties,
grouping, (Q)SARs and expert systems, in vitro data, human data and animal data) needs to
be assessed. Further guidance is available in that respect within the Guidance on the
Application of the CLP Criteria, Guidance on IR&CSA (Chapters R.6, R.7a, R.7b and R.7c), and
Guidance on BPR (Volumes III and IV). Most published studies focus on demonstrating the
presence of (eco)toxic effects, while the publication of results reliably and adequately showing
no (eco)toxicity would also help avoid unnecessary investigations and animal testing.
The REACH Regulation highlights in particular the possibility to use in vitro methods, (Q)SARs,
grouping and read-across (Article 13(1)) to avoid animal testing: “Information on intrinsic
properties of substances may be generated by means other than tests, provided that the
conditions set out in Annex XI are met. In particular for human toxicity, information shall be
generated whenever possible by means other than vertebrate animal tests, through the use of
alternative methods, for example, in vitro methods or qualitative or quantitative structureactivity relationship models or from information from structurally related substances (grouping
or read-across).” Thus, the REACH Regulation refers to information which is generated by
means other than vertebrate animal tests and uses the term “alternative methods”. For the
purpose of this report, we use the term “non-animal approaches” to cover all the means other
than vertebrate animal tests for the substance. Any combination of non-animal approaches,
which may also include information from observations in humans and information from existing
animal studies, may also be used under a WoE adaptation (Annex XI, Section 1.2), as this
allows for bringing together several independent sources of information. An IATA developed for
a particular purpose is one such approach, which can integrate information from many
different sources such as in vivo and in vitro methods, QSAR predictions, adverse outcome
pathways (AOPs), etc.
To fulfil the aim of ensuring that the use of a substance and mixtures containing the substance
is safe for human health and the environment, the potential hazardous properties of the
substance need to be identified and investigated. The methods used for such investigations
must produce relevant and reliable results adequate for both risk assessment and classification
(including sub-categorisation) and labelling. This concept applies to both whether the
information requirements are fulfilled with the results from the studies described in information
requirements or with data used to adapt these information requirements for example from
non-animal approaches. Indeed, under the REACH Regulation (column 2 of Annexes VII-X or
Annex XI) and the BPR (column 3 of Annexes II or Annex IV), the stated information
requirements (e.g. for information from a reproductive toxicity study) may be adapted, i.e.
replaced by other information that allows equivalent regulatory conclusions or outcomes on the
hazardous properties and risks of a substance to be reached with a similar level of confidence.
Non-animal approaches which are not yet explicitly included in the standard information
requirements of the REACH Regulation and the BPR must be used in the context of
adaptations. In many cases, this means their use as supporting evidence in grouping and readacross or within a WoE adaptation.
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Although not specifically mentioned in the REACH Regulation and the BPR, the 3Rs principle
underpins the provisions related to animal testing. The 3Rs refer to: the replacement of an
animal test with a test that uses non-animal systems, invertebrate species or early-stage
vertebrates, or other non-animal approaches; the reduction of the number of animals used in
a test; and the refinement of a test to enhance animal wellbeing and selecting methods
causing as little pain or distress for the animals as possible. Refinement may also be achieved
through methods using lower vertebrate species (for example fish instead of mammals). This
principle was developed by Russell and Burch in 1959 [3] and, based on Directive 2010/63/EU
on the protection of animals used for scientific purposes and other specific regulations referring
to animal testing, there is an obligation to consider the 3Rs in all safety evaluations (see also
the European Commission web pages on 3Rs:
http://ec.europa.eu/environment/chemicals/lab_animals/3r/alternative_en.htm.)
More specifically, the replacement approach has been defined by Russell and Burch as “any
scientific method employing non-sentient material which may in the history of animal
experimentation replace methods which use conscious living vertebrates” (as cited by Balls in
1994 [4]). They distinguished between relative replacement, in which animals would still be
required but would not be exposed to any distress in the actual experiment, and absolute
replacement, in which animals would not be required at any stage. Relative replacement
includes, for example, killing animals to collect cells or organs for conducting in vitro tests
replacing the need for animal tests. For the purpose of this report, these two replacement
approaches are considered as non-animal approaches as they do not involve new in vivo
testing.
Reduction of the number of animals used may be achieved, for example, by using the socalled limit tests, where only one (high) dose level is used instead of several dose levels for a
substance with expected low toxicity. The use of a limit dose is mentioned in most standard in
vivo test guidelines for toxicity testing. Another possibility may be to combine the
investigations of two different toxicity endpoints into one study. This may be possible for
certain information requirements, such as mutagenicity and repeated-dose toxicity (see the
endpoint-specific sections in Part B). Approaches that integrate in vitro and in vivo methods in
a stepwise manner (such as those concerning serious eye damage/eye irritation, and skin
corrosion/irritation) may also be considered as reduction methods, as new testing is not
conducted systematically but is dependent on the results from the previous step. Including the
measurement of new parameters, for example, to investigate endocrine activity, in existing
test methods is also a relevant approach and may allow to obtain more information from the
same number of test animals.
Usually, there are no study- or endpoint-specific refinement possibilities recommended in the
internationally accepted in vivo test methods, since test conditions are considered as having
been already optimised at the OECD and/or EU level. However, general methods to improve
housing, husbandry and care as well as refined experimental procedures exist and should be
used. Repeating invasive operations or sampling should be avoided in new studies if existing
data is reliable and adequate.
It is foreseen that less invasive methods – such as imaging techniques (e.g. magnetic imaging
resonance) and investigations using smaller sample sizes – will be developed in the future,
thereby reducing potential pain and distress of test animals. Obtaining more information from
the same sample may also reduce the number of animals needed, which could be considered
as both a refinement and a reduction.
The European Commission’s Joint Research Centre (JRC) operates a database service on nonanimal approaches (DB-ALM). The DB-ALM is a public, factual database service that provides
evaluated information on development and applications of advanced and non-animal
approaches in biomedical sciences and toxicology, both in research and for regulatory purposes
(see https://ecvam-dbalm.jrc.ec.europa.eu/ and the annual status reports on https://eurl-
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ecvam.jrc.ec.europa.eu/eurl-ecvam-status-reports).
In the following sections, various non-animal approaches and some important aspects that
should be taken into account when using non-animal approaches are described, including ways
of combining the data for regulatory adaptations.

Concepts, individual methods and techniques
Adverse outcome pathway and mode of action
An adverse outcome pathway (AOP) is defined by the OECD as “an analytical construct that
describes a sequential chain of causally linked events at different levels of biological
organisation that lead to an adverse health or ecotoxicological effect. AOPs are the central
element of a toxicological knowledge framework being built to support chemical risk
assessment based on mechanistic reasoning.” [5].
An AOP typically starts with a molecular initiating event (MIE), which is the interaction of the
substance of interest with its biological targets, e.g. cellular proteins. The MIE triggers a
sequential chain of key events (KEs), which are alterations of biological processes each causing
a certain downstream effect. This chain eventually leads to an adverse outcome at the
tissue/organ level (like liver fibrosis) or at the organism or even population level (for
environmental effects).
It is generally assumed that a certain threshold has to be met to provoke the MIE and each of
the following KEs. Thus, a certain concentration of the substance is needed to lead to an
adverse outcome. It should also be considered that several upstream KEs might lead to the
same downstream event. In that sense, there is not a unique AOP for each adverse health or
(eco)toxicological effect; rather, it can be through several, sometimes inter-linked, AOPs that
substances can cause a specific adverse effect. AOPs do not include aspects related to the
toxicokinetics of a substance [5]. Therefore, additional information, in particular on
metabolism, is essential to understand whether, for instance, it is the substance itself and/or
its metabolites that trigger the MIE.
Modes of action (MoAs) refer to (eco)toxicological pathways leading to effects. MoAs may not
describe mechanisms of action but refer to pathways at a more general level. MoAs and AOPs
are different frameworks, although there are similarities. As described above, AOPs concern
non-substance-specific biological pathways and the final outcome of an AOP is an adverse
effect [5]. By contrast, MoAs are substance-specific and include elements such as
toxicokinetics and metabolism, and adversity is not needed to define a MoA. Information on
MoAs may be used to support read-across within a group (category) if, for example, it can
properly be shown that similar substances have the same MoA. This can be used for both
hazard identification (classification) and risk assessment if quantitative information is
available.
The knowledge of various potential MoAs and AOPs is limited, thus restricting the development
of AOP-based methods and approaches. It is not possible to develop an AOP without
knowledge of the MIE and KEs and how they are linked together and lead to an adverse
outcome. In addition, the classification criteria set some challenges.
Both toxicological and ecotoxicological AOPs have been developed, so far for some simple
endpoints. AOPs help structure knowledge of biological and (eco)toxicological processes and
can promote the development of AOP-based non-animal approaches addressing the different
biological pathways. This is the case for the first AOP accepted by OECD on skin sensitisation,
for which the recommended integrated approach to testing and assessment (IATA) is based on
in vitro/in chemico test methods specific for each of the main KEs (see Section B.4).
Generally, a major limitation to the development of AOPs for (eco)toxicity is the current lack of
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necessary knowledge about both the underlying mechanisms and MoAs. Extensive efforts are
ongoing, for example, in organ toxicity to close this gap in the future.
For complex (eco)toxicity endpoints, it is challenging to develop AOPs, because many of them
actually cover a wide range of mechanisms. This is the case, for instance, for reproductive
toxicity, which can relate to both parental toxicity and toxicity to the developing organism (see
Section B.8). Although complex endpoints could in principle be split into several processes
which are easier to model, there are still many unknown aspects and many biological events
that may not be covered. This makes the prediction using these non-animal approaches
currently impossible for the complex endpoints: they cannot yet provide the data to conclude
on no hazardous/adverse effects for risk assessment and hazard classification categorisation.
The comparison of the results from an AOP-based non-animal approach with the CLP criteria
may pose a particular challenge, at the same time as quantitative information would be
needed for risk assessment. Results from AOP-based non-animal approaches may show
adverse effects adequate for classification, including sub-categorisation, and for risk
assessment. If the adverse effects detected are adequate for meeting the classification criteria
of the most severe category, then it is clear that any other investigation for that property
cannot provide more information for hazard classification. These adverse effects, whether
meeting the classification criteria or not, may be used together with additional supporting data
for grouping and read-across or within a WoE adaptation, or they may trigger the conduct of a
definitive study.
To conclude, AOPs have been developed for some simple endpoints, but not yet for more
complex endpoints, and it will require significant further effort to reach the set targets. The
real challenge is not the development of individual AOPs, but rather the development of a
comprehensive set of AOPs that would cover all possible mechanisms that can lead to adverse
effects for a given endpoint. This is particularly important if reliable predictions of the absence
of hazard/adverse effects are to be achieved with AOP-based methods or approaches.
For further information
Further details can be found on the OECD web page on Adverse Outcome Pathways, molecular
Screening and Toxicogenomics. The first five AOPs were published in the new OECD AOP series
The collaborative AOPWiki collects the AOPs under development and provides a free online AOP
training course. An example of AOP-based toxicodynamic model and a review of this area have
been published [6, 7].

In silico methods
In silico refers to computational methods such as those based on quantitative or qualitative
structure-activity relationships ((Q)SARs), expert systems or physiologically-based
toxicokinetic (PBTK) modelling. In silico methods do not require new animal studies and are
therefore sometimes described as non-testing methods. It should however be noted that the
data they are built on and use for making predictions of toxicological effects mainly comes
from existing information, including in vivo studies. Several in silico tools for (eco)toxicity are
available and have been extensively characterised in the scientific literature [8, 9, 10] (for
details on PBTK modelling, see Section B.1 on toxicokinetics).
QSARs are models that can be used to predict in a quantitative manner, yielding continuous or
categorical results, physicochemical, (eco)toxicological, or environmental fate properties of
substances based on their structures. In the development of QSAR models, substance
structure/molecular descriptor information and experimental information on the endpoint of
interest for these substances are collected and used as the basis to derive relationships. Once
established, these relationships can be applied to predict the same property for a given query
molecule if it is well represented by the training set of substances used to develop the QSAR
model (i.e. the prediction for the query substance is within the applicability domain of the
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QSAR model).
Expert systems are rule-based with the rules being derived by expert knowledge and/or
statistical induction. Some expert systems also incorporate (Q)SAR models and read-across
assumptions. These systems typically predict test results based on aggregated data from
multiple sources, and may therefore provide a high-level assessment of (eco)toxic potential.
Some QSAR models are trained (developed) to give categorical/binary results: the substance is
predicted to have or not to have a particular toxicological property, like mutagenicity, in an
Ames test. Such models could be of use in screening and (de)prioritisation. However, ruling
out toxicity on the basis that no alert was found within a single SAR system is not normally
possible because there may be other mechanisms not included in the model. Therefore, the
regulatory use of these (Q)SAR models is challenging: they may detect alerts if models predict
effects, but may not if used alone allow to rule out toxicity if they predict no effects.
Another common limitation is that dose-response information required for risk assessment, for
example a N(L)OAEL, cannot be derived from current QSAR models. However, for
ecotoxicological assessment, many QSAR models have been developed to predict short-term
aquatic ecotoxicity, especially in fish, algae and daphnids, and they typically predict LC50 or
EC50 values, which may be used for both hazard classification and environmental risk
assessment. For bioaccumulation evaluation, too, some QSAR models can predict actual
bioconcentration factor (BCF) values.
The general rules for adaptation mentioned in Section 1.3 of REACH Annex XI and BPR Annex
IV state that: “Results obtained from valid qualitative or quantitative structure-activity
relationship models may indicate the presence or absence of a certain dangerous property.”
Thus, the results obtained from reliable (Q)SAR models may allow to adapt standard
information requirements and thus reduce testing on living organisms. Results from a QSAR
model can be used if: (i) the scientific “validity” (i.e. reliability and relevance) of the model has
been established (for instance, following the OECD QSAR validation principles); (ii) the
substance falls within the applicability domain of the model; (iii) the prediction is fit for
regulatory purpose (i.e. for hazard classification categorisation and risk assessment); and (iv)
the applied method is well documented.
Results from QSAR models may also be used as one piece of evidence in a WoE adaptation
(Section 1.2 of REACH Annex XI and BPR Annex IV), as supporting evidence in combination
with other data when reading across (eco)toxicological properties in a grouping and readacross adaptation (Section 1.5 of REACH Annex XI and BPR Annex IV) and classification and
labelling, or within an integrated approach like an IATA.
It should be noted that for complex toxicological endpoints, QSAR prediction models are not
currently considered reliable. For instance, reproductive toxicity includes both information from
developmental toxicity, sexual function and fertility, and from key parameters which are
currently not covered by QSAR (or any other non-animal approach) to the extent that either of
them or both information requirements would be fulfilled, for prenatal developmental toxicity
(OECD TG 414) and extended one-generation reproductive toxicity study (EOGRTS, OECD TG
443). Therefore, a negative result from a QSAR prediction alone will not be acceptable for
complex toxicological properties unless there is additional supporting evidence so that the all
elements for that (eco)toxicological property are adequately covered.
To conclude, depending on the predicted property and the regulatory purpose, valid and
adequate QSAR data may suffice on their own or may need to be supported by other types of
evidence to come to a conclusion. These data can indicate a potential hazard and trigger
further testing.
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For further information
There are several commercial and public domain in silico tools available. For instance, the
OECD QSAR Toolbox is free to download and is maintained and developed systematically as
software. It can be used to help group substances for read-across based on structural
similarity, mechanism of action and metabolism. Another freely available tool is the Database,
which provides prediction profiles concerning physical-chemical, environmental fate,
ecotoxicity and toxicological (including some endocrine disruption-related) endpoints. Further
freely available QSAR/expert systems include the rule-based Toxtree [8], EPISUITE, VEGA,
T.E.S.T., Metaprint-2-D-calc., SPARC, etc. JRC QSAR Model Database can be found on JRC’s
website.
Recommendations on how to apply QSAR can be found in Chapter R.6 of the REACH Guidance
on IR&CSA. In ECHA’s updated Practical Guide “How to use and report QSARs”, issues of
applicability domain and reporting are included. Advice on pitfalls and good practice in using
QSARs are recorded annually in the ECHA Evaluation reports.

In vitro and in chemico methods
In vitro methods usually involve isolated organs, tissues, cells, or biochemical systems. Most
common in vitro methods are based on cell or tissue cultures consisting of similar cells
(monoculture systems) or combining different cell types (co-culture system). Some test
methods are based on the culture small organs in vitro. These organ cultures are also called ex
vivo cultures because the organs or part of them are taken directly from exposed or nonexposed animals or humans and cultured under in vitro conditions. The isolated chicken eye
test method (EU B.48/OECD TG 438) and bovine corneal opacity and permeability test method
(EU B.47/OECD TG 437) are examples of such ex vivo test methods.
In chemico assays are abiotic assays that measure chemical reactivity. A JRC report explains
the basis of the in chemico approach to toxicity prediction and reviews the studies that have
developed the concept and its practical application since the 1930s, with special attention to
studies aimed at the development of QSAR models and grouping and read-across [11]. The
main applications identified are related to the assessment of skin sensitisation, aquatic toxicity
and hepatotoxicity.
The cells used in in vitro methods may be obtained from animals or humans directly (primary
culture) or from specifically-developed immortal cell lines usually derived from cancer cells.
Alternative techniques of cell immortalisation have been developed and are commercially
available, like “conditionally immortalised” cell lines, which can undergo differentiation [12]
and have some metabolic competence. Furthermore, embryonic stem cells or other pluripotent
stem cells can be used and differentiated into organ-specific types of cells to study the effects
of test substances in various tissues [13, 14, 15]. Various stem cell applications are under
development [16, 17], such as the in vitro neural embryonic stem cell test as a replacement
for the neurodevelopmental toxicity test [18, 19].
Cells may be cultured in monolayer, in two layers, or in more complex structures. The most
advanced methods aim to mimic the functions of an organ, as inlike 3D skin models or organson-a-chip. The organs-on-a-chip microsystems are artificial mini-organs built as multi-channel
3D microfluidic translucent cell culture devices. These organs-on-a-chip may simulate
physiological activities, such as the breathing motions in the lung or the peristaltic movements
in the intestine, and can be used to study the functions and responses of an entire organ or
even multi-organ systems when several microsystems are connected with one another by
vascular channels (forming a so-called “human body-on-a-chip”). The methodology is
undergoing remarkable research activity biomedical engineering and there are different models
of organs-on-a-chip available. So far, organ models implemented in microfluidic devices
include the heart, lung, kidney, artery, bone, cartilage, and skin. These systems are expected
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to become a promising tool in drug development and future toxicity testing and in providing
relevant information to predict toxicity and chemical exposure within the human body at
different life stages (e.g. [20, 21]). One limitation of the organs-on-a-chip methodology is the
size of the organs, i.e. the low number of cells mimicking each organ. It should however be
noted that the different models vary significantly in terms of technology, design and approach
and they still need further development, optimisation, standardisation and validation before
clear recommendations on their use for regulatory purposes can be made. Currently, results
from organs-on-a-chip microsystems may support grouping and read-across and a WoE
adaptation as one piece of evidence. However, the information is limited on the organs
investigated and cannot show widely “no repeated dose toxicity” or “no specific target organ
toxicity”.
The combination of high-throughput and high-content techniques with in vitro methods allows
the use of multi-analyses and multi-sample test systems compatible with automation and
reduced amounts of test substance. Not all in vitro test methods are compatible with such
techniques, which usually not only imply technical and methodological adaptations compared
to the classic method (e.g. change of equipment, culture plate formats, culture conditions,
read out and analytical approach), but also require a separate validation of the modified test
method. For instance, while widely used for screening, the miniaturised versions of the Ames
test for mutagenicity testing have not been universally accepted as replacements for standard
regulatory testing, although they are described in OECD TG 471. An OECD review of existing
data for a possible retrospective validation of the miniaturised Ames tests is ongoing (see
Project 4.109 of the OECD Work plan for the Test Guidelines Programme 2017 [22]).
It should be noted that some in vitro systems may require the use of animals, like those using
primary cells. In addition, serum obtained from animals may be needed for cell culture. Some
in vitro test methods also require the use of a metabolic activation system (S9 fraction), which
is usually obtained from the liver homogenate of rodents treated with a chemical. However,
there are efforts ongoing to limit animal use and develop, for instance, serum-free or human
cell-based in vitro methods.
Currently, in vitro testing is an information requirement for skin corrosion/irritation, serious
eye damage/eye irritation and mutagenicity under the REACH Regulation and the BPR, and for
skin sensitisation under the REACH Regulation. A number of standard in vitro, ex vivo and in
chemico methods for these endpoints are available in the OECD test guidelines programme
and in the EU TMR (see Sections B.3, B.4 and B.6, respectively) and should be used to fulfil
the information requirements.
Results obtained from suitable in vitro methods, i.e. in vitro methods developed according to
internationally agreed criteria (see Section A.2.3), may indicate the presence of a certain
hazardous property or may be important for mechanistic understanding. Such results normally
require confirmatory testing unless the conditions for adaptation stated in Section 1.4 of
REACH Annex XI and BPR Annex IV are met. However, results from one in vitro test alone may
not suffice for the adaptation to fulfil the information requirements. Results from several in
vitro test methods may be used in combination to support a WoE adaptation (Section 1.2 of
REACH Annex XI and BPR Annex IV). Additionally, in vitro data can be used together with
other information as supporting (mechanistic) information for grouping and read-across and as
elements within a WoE adaptation (for example, in integrated approaches such as IATAs) for
more complex information requirements (Sections 1.5 and 1.2 of REACH Annex XI and BPR
Annex IV).
It should be noted that in vitro models can only predict effects that are known and for which
these models were designed for – in vitro models cannot be used to detect unknown
mechanisms. Ideally, results from in vitro studies should be extrapolated to reflect the
situation in vivo or in humans to allow considerations of hazardous exposure levels. One of the
reasons why so far in vitro tests have been successful mostly for qualitative risk assessment
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lies in the fact that there is still limited knowledge on (quantitative) in vitro to in vivo
extrapolation ((Q)IVIVE). The (Q)IVIVE approach [23] uses PBPK modelling [24] and provides
a useful tool to correlate the in vitro concentration-response curves to equivalent in vivo or
human dose-response relationships and helps determine threshold exposure values for risk
assessment (see also Section B.1). However, as described below, several aspects should be
taken into account when interpreting the results from in vitro test methods and extrapolating
them to the in vivo situation.
One challenge is that cell lines may give a different response compared to cells in the
body (“wild type cells”) because of their different background and, furthermore, because
cultured cells may show alterations in their biology. The in vitro environment differs from the
in vivo environment with respect to oxygen level, medium composition, extracellular matrix
composition and the functional interactions between tissues. A better understanding of these
differences, the identification of relevant cellular characteristics to help select an appropriate
cell line and/or better interpret test results (as for example recommended for some standard
mammalian in vitro mutagenicity test methods [25]), and the improvement of cell culture
methods and approaches (for instance, to better model cell organisation and interactions in the
body) may provide some answers to this challenge.
Moreover, cultured cells may lack metabolic capability or have an unbalanced metabolism. This
is often compensated for in in vitro tests by the addition of an external source of metabolic
enzymes (S9 fraction), although this implies using animal samples. Metabolic competence is
however not always crucial, notably if the substance is not metabolised or if the focus of the
study is on certain local effects.
Depending on the endpoint, consideration of the relevance of the in vitro test results includes
the requirement to reflect systemic interactions of cells, tissues and organs, which is often
lacking. Furthermore, most models do not simulate the effects in the whole organism, which is
always more complex than a combination of information from several in vitro tests. As
described above and in Section A.1.2.3, some methods using complex cell culture systems,
such as 3D skin models and organs and body-on-a-chip devices, are able to address this
aspect to some extent.
The design of in vitro methods for complex toxicity properties, such as reproductive toxicity, is
especially challenging due to a large number of potential targets/mechanisms associated with
this broad area of toxicity. Replacement of complex endpoints by in vitro methods does require
systems and strategies for adequate reflection of metabolism and systemic tissue interactions.
Also, species-specific aspects need to be considered. While many modern assays incorporate
aspects of metabolism and biotransformation, they are often still subject to limitations
regarding tissue interactions or long-term stability.
In vitro biokinetics inform on the fate of the substance in the in vitro test system, including
binding to proteins, cell/culture medium partitioning, binding to plastics, etc. This information
is critical for the establishment of concentration-response curves and interpretation of the test
results because the free concentration and the intracellular concentration of a substance do not
directly correspond to the quantity applied. Measuring biokinetics in in vitro studies to improve
predictivity is essential and allows a better (Q)IVIVE.
The above considerations can be seen as limiting the relevance of information obtained from in
vitro tests. However, such information may still adequately reflect the toxicity when the lack of
networks and function of the whole organisms is not critical. This is the case in particular for
endpoints like skin sensitisation. Among the non-animal approaches, in vitro methods are often
the ones most fit-for-purpose for certain endpoints, whether as stand-alone information (e.g.
for irritation and mutagenicity testing) or, for example, as supporting mechanistic information
in defined approaches (see Section A.1.3.1 below), IATAs or AOP-based strategies (see Section
A.1.2.1 above).
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In conclusion, in vitro methods can be used as stand-alone information, potentially as part of
defined approaches, or as one element in WoE, depending on the purpose and information
requirement in question. They may provide important information on mechanisms and MoAs,
also support grouping, and read-across. Significant efforts are ongoing to develop in vitro
methods based on AOPs and organs-on-a-chip technology and apply the QIVIVE approach for
in vitro to in vivo extrapolation of effects.
For further information
Recommendations on the use of the recently adopted in vitro methods for each endpoint can
be found in Chapter R.7 of the Guidance on IR&CSA, the respective EU test methods or OECD
TGs, and ECHA’s web page “Testing methods and alternatives”.

Methods based on “-omics”
Various methods are based on “-omics”, which are large-scale analytical techniques that can
be used to support and understand biological and (eco)toxicological mechanisms.
Methods based on “-omics” are used to group particular sets of biological molecules produced
in cells and provide profiles or “fingerprints” that reflect cell response under different
conditions, like after exposure to a substance. These methods may detect a cellular response
but whether this response is linked to adversity or an adaptive response, how it relates to the
substance dose/concentration, or whether changes are reversible or not, may not be predicted
from the results. However, it may be possible to identify a “tipping point”, i.e. a substance
dose or concentration above which the effect is no longer reversible but leads to an adverse
outcome.
The analysis can be done on samples taken from animals and in vitro tests. Depending on the
focus of the study, different sets of analyses can be done. For example:











The genome is the genetic material of an organism. It is defined by deoxyribonucleic
acid (DNA) sequences divided into chromosomes. The genome is composed of both the
genes (coding regions of the DNA) and non-coding DNA. The corresponding “-omics”
investigation is called genomics.
The transcriptome is the set of all the messenger ribonucleic acid (mRNA) molecules in
one cell or in a specified population of cells. It reflects gene expression at a given
moment and may vary depending on environmental conditions. The corresponding
“-omics” investigation is called transcriptomics.
The proteome is the entire set of proteins expressed by a genome (at a given time
under defined conditions). The levels of mRNAs are not directly proportional to the
expression level of the proteins they code for. The corresponding “-omics” investigation
is called proteomics.
The metabolome refers to the entire set of small molecules (metabolites) found in an
organism, tissue or cell. It may include endogenous metabolites as well as exogenous
substances. The corresponding “-omics” investigation is called metabolomics.
The epigenome refers to specific epigenetic modifications involving changes to the
chromatin structure, regulating gene expression through, for instance, DNA
(de)methylation or histone (de)acetylation. The corresponding “-omics” investigation is
called epigenomics.
The regulome refers to transcription factors and other molecules involved in the
regulation of gene expression. The corresponding “-omics” investigation is called
regulomics.

Functional genomics is a field of investigation that focuses on gene (and protein) functions and
interactions. It covers function-related aspects of the genome itself, such as mutations,
polymorphisms, and molecular activities through the use of different techniques, such as
transcriptomics, proteomics and metabolomics. Thus, functional genomics focuses on the
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dynamic aspects of cell response – including gene transcription, translation, regulation of gene
expression and protein-protein interactions over time (such as during an organism's
development) or space (such as in the different body regions) – as well as on studies of
natural or experimental functional disruptions affecting genes, chromosomes, RNAs or
proteins.
Analyses based on “-omics” can be combined with in vivo studies or in vitro tests to enhance
the information obtained from test animals or cells, both in terms of quantity – as they have
high data content – and quality – as more insight into the underlying mechanisms can be
gained.
Non-animal approaches based on “-omics”, or test methods integrating these techniques, are
still under research and development. The execution of such analyses and the interpretation of
their results are yet to be standardised. Therefore, further development is needed before they
can be integrated into regulatory decision making. However, “-omics” analyses are expected to
be able to support grouping and read-across and WoE approaches (under the REACH, CLP and
Biocidal Products regulations) and in principle could already be applied for these purposes if
the analyses reflect the (eco)toxicity to the organ, tissue or biological system in question.
In conclusion, various “-omics” may enhance mechanistic understanding and provide biological
profiles at different levels of investigation, and they can also provide a tool for screening and
(de)prioritisation for further regulatory action. These methods may also help identify potential
biomarkers of exposure to a substance or some biological effects. They do not provide direct
information on adversity but may indicate potential toxicity pathways that may lead to adverse
health effects.
Analysis based on “-omics”, approaches integrating such a technique, and the interpretation of
related results are still under development and approaches have not yet been standardised for
regulatory use.

Concluding remarks
A number of non-animal approaches are available. The AOP-based concept significantly
increases the possibilities for constructing non-animal approaches that utilise information on
biological pathways and disturbances which relate to adverse effects. Analyses based on
“-omics” are rapidly evolving to provide increasingly accurate information on pathways
involved in toxicity and may provide a general view of various molecular and potential
functional changes in cells caused by a substance. Organ-on-a-chip technology offers a
promising approach to predict organ toxicity and can also reflect interactions between various
organs. Many of these approaches are under development, to be used either as stand-alone
methods for certain endpoints or as supporting evidence, for example, for read-across. It is
important to develop standardised rules for conducting such studies and for how to interpret
and present the results for regulatory use.
Together with in vitro, in chemico, in silico and other techniques and non-animal approaches,
“-omics” analysis are also called by the term new approach methodologies (NAMs), especially if
data are collected using high-throughput screening (HTS) methods or high-content methods
(HCMs). HTS and “-omics” methods are not toxicity tests in their own right, but rather
represent analytical techniques that enhance toxicity tests in vivo or in vitro by adding new
endpoints or parameters, pattern recognition, high-throughput, etc. These methods may be
used in screening and (de)prioritisation, in suggesting a mode of action (MoA), in identifying
endpoints that can be used in AOP development (or “-omics” to interpret read-outs for HTS),
as supporting information for grouping and read-across, in integrated approaches such as
IATAs, and as elements within WoE determination and adaptations.
The potential of non-animal approaches in a number of regulatory settings was recognised
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recently in the context of the REACH Regulation and other international chemical legislation
during the ECHA Topical Scientific Workshop “New Approach Methodologies in Regulatory
Science”, which took place on 19-20 April 2016. A number of key recommendations for the
further applications of non-animal approaches in a regulatory context were made (see the
corresponding workshop proceedings [26]).
Non-animal approaches are able to confer classical, whole organism-based toxicology with
mechanistic information. Non-animal approaches are considered to have great potential in riskbased approaches as described in [27] and [28]. In general, toxic effects could be better
understood with the help of changes observed in “-omics” information. ECHA will further
explore the use of these approaches for priority setting and as supporting evidence in hazard
and risk assessment.
In the current situation, non-animal approaches cannot predict the outcome of an animal
study, and as such cannot be seen as direct replacements for animal studies in the short term.
They do however give information on the effects of chemicals on the organism or parts of it.
This information could potentially be used to set safe values of exposure. Thes concepts can be
used for (de)prioritisation of chemicals, but could also – at least in principle – be an integral
element of a chemicals management system. Further exploration of what levels of protection
these approaches could offer, especially compared to current animal study-based systems, is
needed. Especially the matters of “over-protection” or “over-regulation of chemicals demand
careful consideration in this context.

Methods and approaches to use, integrate and weigh available
information
Sequential testing, IATA and defined approaches
Different approaches exist to characterise hazards based on the combination of the available
data and/or the generation of new data to fill in data gaps. Depending on how these
approaches are structured and defined, different terms are commonly used.
The general term integrated approach to testing and assessment (IATA) is used for a
pragmatic, science-based approach of hazard identification and characterisation. It relies on an
integrated analysis of existing information coupled with the generation of new information
where needed using testing strategies [29] (see also http://www.oecd.org/chemicalsafety/riskassessment/iata-integrated-approaches-to-testing-and-assessment.htm). An IATA consists of
modules or components which are each based on individual information sources. These are
grouped together according to, for example, the type of information provided (i.e. in vitro
data, in vivo data, physicochemical properties, etc.) or the “mechanistic level” of the
information (i.e. toxicokinetic data, or toxicodynamic data related to KEs within an AOP). An
IATA necessarily includes a degree of expert judgement in weighing the available
information.
Gathering existing information and use of information from non-animal approaches in an IATA
may be similar regardless of the decision context. However, generation of new test data (e.g.
data from in chemico or in vitro methods) may differ depending on the scope of the IATA and
the evidence collected. Generation of new data should be tailored to reduce the uncertainty of
the conclusion. Evaluation of existing information or generation of additional data within an
IATA can be performed on the basis of a non-formal WoE approach or by using predefined,
structured approaches such as defined approaches or their combination as described below.
As defined by OECD [29], “a defined approach to testing and assessment consists of a fixed
data interpretation procedure (DIP) used to interpret data generated with a defined set of
information sources, that can either be used on its own, or together with other information
sources within an IATA, to satisfy a specific regulatory need”. Defined approaches to testing
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and assessment are standardised (i.e. rule-based) and may be used as components in an IATA
[29]. In a defined approach, data generated by non-animal and animal methods deemed to be
fit-for-purpose are evaluated by means of a fixed DIP. The output of a DIP is typically a
prediction of a biological effect of interest. A DIP is rule-based in the sense that it is based, for
example, on a formula or an algorithm (e.g. decision criteria, or a rule or set of rules) that
does not involve WoE determination3 using expert judgement [29, 30]. The use of defined
datasets and a more objective assessment than WoE determination using expert judgement
are expected to facilitate the regulatory application of these defined approaches. While no
defined approaches have been formally approved yet, in April 2017 the OECD approved a
project aiming to analyse the predictivity of several preliminary defined approaches for skin
sensitisation. If found acceptable, these defined approaches can be used under the REACH
Regulation. These defined approaches are potentially useful for REACH registrants, since they
would enable more robust use of the in vitro methods specified under the REACH Regulation.
A sequential testing strategy (STS) is a fixed stepwise approach for obtaining and
assessing test data, involving interim decision steps which, depending on the test results
obtained, can be used on their own to make a prediction or to decide on the need to progress
to subsequent steps. At each step, information from a single source/method is typically used
by applying a prediction model associated with that source/method [29].
An integrated testing strategy (ITS) is a term previously used for an approach in which
multiple sources of data or information are assessed at the same time by applying a variety of
specific methodologies to convert inputs from the different information sources into a
prediction. For this purpose, a variety of specific methodologies can be applied, such as
statistical and mathematical models [29]. It is to be noted that the concepts of IATA and ITS
are still under development [31], and that IATA and ITS have often been used as synonyms.
However, as indicated above, an ITS can be considered as a limited type of IATA that uses
identified methods, and an IATA has a slightly broader scope than an ITS with respect to the
“assessment” part, since it uses a WoE assessment (see NTP). For a proper evaluation of an
IATA, the various components and information sources used within the IATA should be well
characterised and documented in terms of their applicability, limitations and performance. To
this end, several templates exist, for example, from OECD for reporting defined approaches to
testing and assessment [29], individual information sources [29], QSARs [32], grouping and
read-across strategies [33], and non-guideline test methods [34].
Several examples of IATAs or defined approaches have been published or are under discussion
by the OECD for skin corrosion/irritation [35], serious eye damage/eye irritation [36], and skin
sensitisation [37], and other IATAs are being developed for non-genotoxic carcinogenicity. A
specific strategy for skin sensitisation assessment under the REACH Regulation has been
developed based on the above OECD Guidance Documents (GDs) (see Section B.4 on
sensitisation and Section R.7.3 of the Guidance on IR&CSA – Chapter R.7a).
The use of an IATA under the REACH Regulation and the BPR falls in most cases under WoE
adaptations, unless the components of the IATA strictly correspond to the (standard)
information requirements for a property. This may be the case for example for skin
corrosion/irritation and serious eye damage/eye irritation endpoints, skin sensitisation
endpoints, and mutagenicity endpoints (see Sections B.3, B.4 and B.6, respectively, and the
corresponding Sections R.7.2, R.7.3 and R.7.7, respectively, of the Guidance on IR&CSA –
Chapter R.7a).
For those endpoints for which in vivo testing is still the default information requirement under
the REACH Regulation, an IATA can nevertheless be used to structure a WoE adaptation. Such

3

WoE determination using expert judgement is the terminology used under CLP Regulation for a WoE
approach (see Section A.1.3.2).
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a WoE adaptation would also be needed for using an IATA to fulfil the information
requirements for skin sensitisation under the BPR, since those requirements do not yet reflect
the in vitro/in chemico – in vivo stepwise approach described in the revised REACH Annex VII.
Even if an IATA contains only in vitro studies or only QSAR predictions, it should be used under
the WoE adaptation as long as there are several independent sources of information used
together. It could be possible to build up an IATA for a source substance, and read-across the
result to a target substance and use it under a WoE adaptation; however, there are no
examples yet for that kind of an approach and its feasibility. In all cases, care should be taken
that the IATA addresses relevant aspects of the information requirement and that the
substance falls within the applicability domain of the methods used within the IATA.

Weight-of-evidence approach and weight-of-evidence adaptation
In a weight-of-evidence (WoE) approach, all relevant information should be collected
together, which may then suffice to allow for a conclusion to be made without further studies.
The WoE approach is a normal way of considering all information available for an information
requirement or (hazard) assessment under the REACH, CLP and Biocidal Products regulations.
There is no single formal definition of WoE. The principles are described in Section 1.2 of
REACH Annex XI and BPR Annex IV and within ECHA Guidance Documents (Guidance on
IR&CSA - Chapters R.2 to R.4). Further practical aspects of the use and reporting of WoE
under the REACH Regulation can be found in Section 4.1 of ECHA Practical Guide “How to use
alternatives to animal testing to fulfil your information requirements for REACH registration”. A
number of descriptions of WoE approaches are available from WHO/IPCS, SCENHIR [38], EFSA
[39], US OSHA [40] and OECD (see for example [35]).
A WoE approach can be defined as follows: “WoE can be generally described as a (stepwise)
process/approach of collecting evidence and weighing them to reach a conclusion on a
particular problem formulation with (pre)defined degree of confidence.”
WoE approaches may be used for different purposes, e.g.:




to justify a concern and trigger further information needs;
to reach a regulatory conclusion such as hazard classification; or
to reduce animal testing by using different lines of evidence to adapt a new animal test
with already existing information (i.e. to fulfil the information requirement).

The WoE approach can be divided into several steps:
1.
2.
3.
4.
5.
6.

Problem formulation
Collection of information
Assessment of quality of individual evidence
Integration and assessment of overall evidence
Confidence levels and remaining uncertainty
Conclusion

First, in the problem formulation, the regulatory target of the WoE approach should be defined.
After defining the purpose of the WoE, pieces of information should be collected and assessed
individually for their quality. This is an important step because information should not be
disregarded based on its poor quality – rather, it should still be presented but its weight
(value) can be lowered down, even to zero, if necessary. This is due to transparency reasons,
to show that all the information has been considered. If there are several pieces of information
addressing the same aspect (e.g. QSAR model predictions and results from in vitro methods
addressing a particular mechanism or mode of action (MoA) for developmental toxicity), these
pieces of information may be grouped together as one line of evidence for this mechanism or
MoA, and the consistency of this information has to be considered.
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During integration and assessment of the overall evidence, each piece of evidence is weighed
(valued) against all other pieces of evidence and a value for overall evidence is considered and
may be quantified (e.g. using confidence levels). Consistency of the evidence needs to be
evaluated and the quality of individual pieces of evidence is considered in the weighing.
Plausibility (credibility) and human relevance should also be considered. At this stage, the
completeness of the evidence is also taken into account, meaning that it should be evaluated if
there are investigations missing which could critically affect the outcome of the WoE analysis
regarding the information requirement.
A WoE approach (and WoE determination as referred to in CLP, see below) normally requires
expert judgement. To make this WoE approach using expert judgement transparent and
comprehensible, it is essential that all information used, its assessment and the conclusions
drawn are fully documented and justified.
The purpose of the WoE approach could be, for example, to assess if a substance’s
toxicological property needs to be classified and categorised or not under the CLP Regulation
(WoE determination). The CLP Regulation requires the following for hazard determination:
“Where the criteria cannot be applied directly to available identified information, or where only
the information referred to in Article 6(5) is available, the weight-of-evidence determination
using expert judgement shall be applied in accordance with Article 9(3) or 9(4) respectively”;
and “A weight of evidence determination means that all available information bearing on the
determination of hazard is considered together, such as the results of suitable in vitro tests,
relevant animal data, information from the application of the category approach (grouping,
read-across), (Q)SAR results, human experience such as occupational data and data from
accident databases, epidemiological and clinical studies and well-documented case reports and
observations. The quality and consistency of the data shall be given appropriate weight.
Information on substances or mixtures related to the substance or mixture being classified
shall be considered as appropriate, as well as site of action and mechanism or mode of action
study results. Both positive and negative results shall be assembled together in a single weight
of evidence determination.”
When WoE is used to replace (adapt) the need of a standard test according to Section
1.2 of REACH Annex XI or BPR Annex IV, a WoE adaptation needs to be substance- and casespecific as well as hazard-based, and needs to address the relevant (standard) information
requirement that is adapted (i.e. it is endpoint-specific). A WoE adaptation is specific to an
information requirement (endpoint), and the elements for which information should be
available depends on information requirements. For instance, for repeated-dose toxicity, it is
important that the target organs have been reliably identified and that the level (severity) of
organ toxicity has been investigated. In addition, adequate and reliable documentation with a
rationale or justification needs to be provided (by the duty holders). Specific considerations of
the information requirement are presented at relevant endpoint parts below. In such a WoE
adaptation, independent sources of information are collected which may lead to the
scientifically justifiable assumption/conclusion that a substance has or does not have a
particular hazardous property. The assessor can conclude on the basis of the WoE adaptation
that no further information is required for a specific information requirement and can conclude
on a particular hazardous property of a substance.
All the key parameters or elements of an information requirement should be addressed within
a WoE adaptation. The level of the evidence (completeness) needed is dependent on various
aspects, for example, observed effects, their nature and severity, and the (eco)toxicological
profile of the substance. The use of a valid WoE adaptation for a given standard information
requirement (as specified in REACH Annexes VI-X or BPR Annex II) and the use of the actual
standard information should be expected to lead to a similar regulatory outcome. In REACH
evaluation processes, ECHA assesses the use of WoE as an adaptation of information
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requirements (as specified in REACH Annex XI, 1.2) proposed by the registrant. Under the
BPR, the applicant may use Annex IV, 1.2, subject to the reporting Member State’s approval.
The pieces of evidence are evaluated individually and together with respect to being adequate
and relevant to meet a specific information requirement.
A WoE adaptation aims to inform on intrinsic hazardous properties of a substance and is not
described as a risk-based approach in the information requirements in the REACH Regulation
or the BPR. Therefore, exposure-related justifications cannot be used as elements within a
WoE adaptation. Results from new test methods may also be considered under this adaptation
as pieces of evidence among other available information or as stand-alone information from an
international test method that is recognised by the Commission or the Agency as being
equivalent.
The Guidance on IR&CSA – Chapters R.2 to R.6 and the Endpoint-Specific Guidance
Documents R.7a, R.7b, R.7c provide the background information on the interpretation and
application of the WoE evidence as phrased in REACH Annex XI of and BPR Annex IV. For
information on the quality of data, see A.2.4 below.

Grouping and read-across adaptation
To read-across means to predict (instead of to measure) a property or test outcome for one
substance (the target substance) on the basis of a property or test outcome obtained with
another substance (the source substance) by following certain rules. Grouping of substances
refers to the formation based on certain rules of a category/group of substances whose
physicochemical, toxicological and ecotoxicological properties are likely to be similar or follow a
regular pattern, usually as a result of structural similarity. Application of the group concept
requires that physicochemical properties, human health effects and environmental effects or
environmental fate may be predicted from data for reference substances within the group by
interpolation to other substances in the group (read-across approach). This avoids the need to
test every substance for every endpoint. If certain pieces of information on the properties of
category/group members are missing, it may be possible to apply read-across to fill data gaps.
Grouping of substances and read-across is one of the most commonly used adaptations for
meeting information requirements in registrations submitted under the REACH Regulation [2]
and the BPR. If the grouping and read-across is applied correctly, experimental testing can be
reduced, as there is no need to test every substance in a group.
Essential elements as per Annex XI of REACH or BPR Annex IV
The prerequisite for applying the read-across technique is that there is a scientifically sound
read-across hypothesis (i.e. a justification) and data are available to support it. Such
justification must explain why and how read-across can be applied for the property under
consideration. The principles of read-across described below are based on the REACH
Regulation, but the same principles apply for the BPR. If the registrant proposes a read-across
which is reliable, its acceptability can be fully evaluated only when the data, either existing or
obtained through the generation of new information, are available. It therefore follows that a
read-across relying on toxicokinetics considerations would require such information to be
available.
Read-across can be used between two substances or it can be applied to a group of
substances. In both cases, the substances need to be structurally similar so that it can be
assumed that physicochemical, toxicological and ecotoxicological properties are similar or form
a regular pattern. Within such groups, data gap filling is considered by taking the study
result(s) for one or more source substances and using them for another “similar” substance
(target substance), taking into account not only the numerical result of the test but also the
whole set of effects (including hazard classification) established with the source substances.
There has to be at least one study with a source substance which is relevant and of good
quality to serve the purpose of data gap filling. However, as a general rule, more rather than
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fewer source substances with data are needed to make more reliable predictions, unless the
read-across can be based on (bio)transformation into common substances.
As an adaptation in REACH Annex XI or BPR Annex IV, the results should: (i) be adequate for
classification and labelling and/or risk assessment; (ii) have adequate and reliable coverage of
key parameters addressed in the corresponding test method; (iii) cover an exposure duration
comparable or longer than the corresponding test method; and (iv) be supported by adequate
and reliable documentation. It is important to note the requirement that information should be
adequate also for classification and labelling.
Read-across under the CLP Regulation
Using read-across under the CLP Regulation to apply classification does not necessarily follow
exactly the same rules as read-across for REACH or BPR information requirements. CLP refers
to “substances chemically related” to the substance under study and “group entr”, whereas
under the REACH Regulation and the BPR more detailed requirements are described. For readacross under the CLP Regulation, the identifiable functional groups and a powerful mode of
action (MoA) acting across a substance group may already allow the same hazard classification
(e.g. anticoagulants and specific metal substances), and a structural similarity is less critical in
a WoE determination. Where a toxic MoA is well described for chemical groups (as with e.g.
pyrethroids, organophosphates and metals), the toxic properties of one known substance can
be inferred for a similar unknown substance. Although complex, it is currently possible to use
read-across for hazard classification when all necessary considerations are taken into account.
However, this becomes increasingly difficult in cases where the MoA is not understood. This is
typically the case for substances that are not biocides, such as industrial chemicals, or that
have little human health data available.
Grouping and QSAR toolbox
While searching for analogue substances and formulating a hypothesis, (Q)SAR applications
may be useful. (Q)SAR programs can be used to group substances based on their structures
for potential read-across (see Section A.1.2.2 above). The main ECHA Guidance on how to
apply QSAR for grouping and read-across can be found in Chapter R.6 of the Guidance on
IR&CSA. This Guidance is closely linked to the OECD Guidance on grouping [33], which was
updated in 2014. An illustrative example of a grouping of substances and read-across to
support companies in complying with their obligations under the REACH Regulation is available
from ECHA’s website. An example on how metabolomics could be used to support read-across
has been published [41].
Bridging data (supporting data)
For complex endpoints in Annex IX and X, in vivo bridging data are usually necessary to
support the read-across (see in particular Sections B.5 and B.8 for repeated-dose toxicity and
reproductive toxicity, respectively). For example, to read-across information for sub-chronic
toxicity (90-day study), information on 28-day repeated-dose toxicity (OECD TG 407 or OECD
TG 422 or similar) should in principle be available for both the source and target substances.
Such information may help substantiate predictions of similar systemic toxicity potentials for
the substances.
Regarding the REACH Annex VIII information requirements, read-across may be challenging in
the case of limited availability of supporting in vivo data (if information from higher-tier study
requirements is not available). Therefore, other supporting information should be collected
(although it may not be sufficient on its own), e.g. from in vitro, in silico, “-omics” or
toxicokinetic methods. To read-across information for a 28-day repeated-dose toxicity study
(OECD TG 407) or a screening study (OECD TGs 421/422), the only supporting in vivo
information available may be the results from an acute toxicity study. However, such
information supports rather poorly predictions for repeated-dose toxicity and information from
non-animal approaches and toxicokinetics may provide further support.
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Toxicokinetic data are valuable in supporting read-across in all cases, for any information
requirement involving systemic exposures in vivo, and in particular for studies of repeateddose and reproductive toxicity. Toxicokinetic data are also generally valuable in supporting
read-across regarding metabolism/transformation rates, e.g. for substances forming common
substances (toxicants) by (bio)transformation.
Similarly, when predicting environmental effects by grouping and read-across, information on
the environmental fate of the target and source substances is essential. The justification
should explain why the target and source substances behave similarly in the environment and
are equally bioavailable to the organisms during testing (or form a trend based on a property
limiting bioavailability). This information may include hydrolysing and degradation properties,
physicochemical properties such as water solubility, dissociation, volatility and partitioning
constants (organic matter, lipids).
For prediction of environmental effects, bridging data are usually necessary to support the
read-across. For instance, to read-across information for long-term toxicity to fish (e.g. OECD
TG 210), information on short-term toxicity to fish (e.g. OECD TG 203) should be available for
both the source and target substances.
Challenges and limitations of the read-across
Although read-across is a widely used adaptation to avoid unnecessary animal testing, it has
some challenges and limitations that need to be considered. First of all, read-across is
endpoint-specific. This means that even if the read-across allows prediction for repeated
toxicity, further similarity is not automatically plausible for other endpoints, such as
reproductive toxicity. There is always uncertainty involved when information from another
substance is used to predict hazardous properties of another substance. However, the
regulatory outcome should be similar whichever way the information is generated. Read-across
can be accepted based on available information, but it is possible that in certain cases new
information may challenge the accepted read-across and it needs to be reconsidered. In
addition to differences in the main components of a substance, there may be significant
(unknown) differences in other components and impurities. For UVBC substances all the
components (and the chemical (sub)structures) and their amounts are not known, and also
their hazardous properties cannot be known, which is an extra challenge for read-across. To
reduce the uncertainties, a worst-case approach is used for read-across (see the RAAF
document [42] for details).
Further information
The application of read-across in REACH registrations by registrants is analysed in a tri-annual
report on the use of alternatives to testing on animals, in accordance with Article 117 (3) of
the REACH Regulation [2]. Advice on pitfalls and good practice in using read-across is recorded
on an annual basis in the ECHA Evaluation reports.
Since a wide range of possible scientific explanations may be used for read-across cases, ECHA
developed a Read-Across Assessment Framework (RAAF) document, including both human
health and environmental endpoints [42]. The RAAF provides a structured framework and
principles for the scientific examination of read-across cases, so that the crucial aspects are
assessed in a consistent way. The RAAF outlines the main hypothesis on which read-across
predictions can be made and builds a number of scenarios around those. The framework also
provides a useful basis for establishing the critical elements for assessing the reliability of a
read-across. It therefore serves also as a framework to identify and apply new experimental
techniques aimed at supporting read-across/grouping. Lessons learned from read-across case
studies for repeated dose-toxicity have been published [43]. Specific considerations on the
complexity of using read-across for multi-constituent and UVCB (unknown or variable
composition, complex reaction products or biological materials) substances are also covered by
the RAAF [44].
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A.2 Non-animal approaches: focus areas, challenges and
outlook
Focus areas for scientific development
Reservations have been expressed regarding approaches relying solely on in vitro and other
non-animal methods because it has been considered unlikely that non-animal approaches
would provide information with the same prediction accuracy as animal studies [45, 46, 47].
Still, some requirements for lower-tier in vivo studies have now been replaced by in
vitro testing. Under the REACH Regulation, this is the case for serious eye damage/eye
irritation, skin corrosion/irritation and skin sensitisation. These replacements are important
achievements, not only in terms of animal welfare, but also in terms of implementation of new
scientific methods in line with current state-of-the-art regulatory science.
However, until now, only a few higher-tier in vivo studies have been replaced by in vitro
testing. For instance, after almost 10 years from the publication of the vision and strategy for
toxicity testing in the 21st century [46], the uterotrophic assay, an in vivo study, has only
recently been replaced by a testing battery of in vitro tests to be used for screening substances
[48]. Due to the more complex nature of higher-tier information requirements, specific nonanimal approaches that could directly replace vertebrate animal tests are not yet available and
not foreseen in the near future. Additionally, it is unlikely that one-to-one replacement can be
achieved, as most of the currently available test methods are not stand-alone test methods.
Rather, a combination of non-animal methods and approaches and their integration into
testing and assessment strategies is expected to address some of the difficulties to evaluate
complex endpoints.
Factors with a perceived influence on regulatory acceptance and use of non-animal approaches
have been explored and discussed with recommendations by Schiffelers et al. [49, 50]. Two of
the recommendations seem to be highly relevant: data sharing of both in vivo and in vitro
data to diminish the existing uncertainties of 3R models (industry) and the creation
of safe harbours for data sharing (regulators). Several challenges put forward already in
2009 and referred to by Busquet and Hartung in 2017 [51] include, for example,
considerations on testing strategies and threshold setting. There are developments addressing
many of these challenges, such as the in vitro to in vivo extrapolation, but many still need
more work. Data sharing is already one essential element to reduce tests on vertebrates under
the REACH Regulation (one substance – one registration), however, data sharing is needed
worldwide to enhance to use of existing information. The duty holders can use adequate
existing data as well as testing strategies such as read-across.
Another example of a challenge to the development and regulatory acceptance of non-animal
approaches is provided by Sauer et al. [52] in relation to implemented stepwise approaches
(skin corrosion/irritation, serious eye/damage/eye irritation and skin sensitisation. In general a
WoE (adaptation) needs to be built to replace the concurrent in vivo test, as most of the
currently available test methods are not stand-alone test methods. A future challenge for
OECD's work will be the regulatory acceptance of testing strategies – and mutual acceptance
of data resulting from those. For the developed OECD performance-based test guideline
(PBTG) for defined approaches and test methods for skin sensitisation, see Section B.4 on skin
sensitisation.
Further aspects described below and related, for instance, to the interpretation of results from
non-animal approaches, their relevance to humans and their suitability for regulatory use, may
explain why the development and acceptance of non-animal approaches for additional
endpoints are challenging and how they could be supported.
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Mechanistic understanding and technical development
As described in Section A.1.2.3, in vitro systems present some differences compared to normal
cells regarding behaviour, response, metabolism, cellular organisation and interactions as well
as substance biokinetics. These need to be taken into account in the interpretation of results
from in vitro systems and the comparison of results from the use of various different methods.
Some limitation may be easily addressed, such as metabolic capacity by adding metabolic
enzymes. Using co-culture allows to address cellular interaction to some extent, and the
organs-on-a-chip approach allows in addition investigations of dynamic interactions of several
organs, which is a significant improvement to static culture conditions.
Organs- and body-on-a-chips now allow to model in vitro functional organs and organ
systems whose response to a substance is expected to be physiologically more relevant than
that of more simple cell culture systems (see also Section A.1.2.3). They should also enable
direct observation of the impact of the substance on the functions of the organs and help
identify potential adverse effects and the underlying mechanisms. Development is ongoing to
improve the methods so as to allow for their use to predict organ toxicity for those organs that
can be included and address dose-response and adversity. The methods still need more
development, optimisation, standardisation and validation. The approaches require
microfabrication, microelectronics and microfluidics to be able to achieve the required
conditions to model physiological responses in vitro. Information on biokinetics in in vitro
studies improve the (quantitative) in vitro to in vivo extrapolation (Q)IVIVE [23] with the help
of PBPK modelling [24].
Among the non-animal approaches, in vitro methods are often the ones most fit-for-purpose
for certain endpoints, whether as stand-alone information (e.g. for irritation and mutagenicity
testing) or, for example, in defined approaches, IATAs or when using an AOP concept. In vitro
methods may provide information on specific aspects within an AOP concept or an IATA such
as cellular effect or receptor binding.
A major difficulty common to higher-tier endpoints is that a variety of processes are involved
and toxic substances can act through different MoAs. A more comprehensive mechanistic
understanding of the adverse effects is therefore needed to develop non-animal test
methods and approaches able to model and/or assess them. This understanding is also useful
for the design of further in vivo studies. Mechanistic data are finally a prerequisite for the
translation of the (in vitro) effects into meaningful parameters for regulatory use.
Research activities are addressing this matter. For instance, the European project EUToxRisk aims to “drive the required paradigm shift in toxicological testing away from ‘black
box’ animal testing towards a toxicological assessment based on human cell responses and a
comprehensive mechanistic understanding of cause-consequence relationships of chemical
adverse effects”. The project focuses on repeated-dose systemic toxicity, developmental and
reproductive toxicity and integrates advancements in cell biology, “-omics” technologies,
systems biology and computational modelling with an ultimate goal “to deliver testing
strategies to enable reliable, animal-free hazard and risk assessment of chemicals”. This
holistic approach is demanding but supported. It may be challenging to interpret information
from some high-content non-animal approaches such as “-omics”: for example, the expression
of various genes may be up-regulated and/or down-regulated differently in different organs
and tissues. The nature of the effects, and whether they are showing adaptive responses or
reflecting adversity, may be unclear.
The ongoing work on AOPs is another way of addressing the complexity of some adverse
effects. Improved knowledge of critical KEs and KE relationships is expected to help develop in
vitro and in silico approaches that provide more reliable information on relevant toxicological
outcomes. AOP-based test systems may remain “simple” by focusing on some KEs only and
without necessarily reproducing complex biological networks in animals as this is the case for
the skin sensitisation AOP (see Section B.4). However, in such an approach where the different
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KEs of an AOP are covered by different test methods, the complexity may be increased in the
interpretation of the results and overall assessment. Moreover, a comprehensive assessment
of the adverse effect would imply that all the underlying mechanisms and KEs are covered by
an exhaustive AOP network, which may not be (easily) achievable for some complex
endpoints.
Reliable evidence of certain MoAs may indicate a potential adverse effect and can be used to
support read-across without the need to conduct a new animal study (e.g. cholinesterase
inhibition, inhibition of pituitary hormones). Currently, information on a certain MoA cannot yet
used to predict an adverse outcome. For example, anti-androgenic properties of a substance
do not automatically predict reproductive toxicity and information on a (anti-androgenic or any
other) MoA cannot be used alone to classify a substance’s hazard as belonging to the most
severe category of reproductive toxicity. This is because there are no hazard classes for MoAs
and, thus, information on a MoA does not lead to any hazard classification which could provide
similar risk management measures to the respective adverse outcome (e.g. reproductive
toxicity). However, there is a special relationship between mutagenicity and genotoxic
carcinogenicity. Currently, under the REACH Regulation, mutagenicity is already used as a
reliable predictor for genotoxic carcinogenicity and hence in vivo carcinogenicity studies
normally do not need to be conducted for genotoxic substances already classified as germ cell
mutagens in category 1B. However, mutagenicity studies alone cannot lead to carcinogenicity
classification, but the risk management measures and downstream consequences are the same
with the germ cell mutagens and genotoxic carcinogens.
Thus, in the future, reliable predictions of adverse effects may be developed for certain
properties, or at least generally to adverse outcomes, but currently those predictions cannot
replace observation of adverse effects in vivo.
In vitro to in vivo extrapolation and extrapolation to humans
An important aspect determining the acceptability of data from non-animal approaches, in
particular in vitro methods, for regulatory use is the translation of results to in vivo and/or
human toxicity.
As for the interpretation and extrapolation of in vivo data, inter-species differences should
be considered when analysing in vitro test results. While it is fair to assume a high degree of
similarity between higher vertebrates, the remaining differences often still introduce
uncertainty into the toxicological assessments.
For the extrapolation of results from in vivo studies to humans, the uncertainty related to
species differences – which are mainly related to toxicokinetic and toxicodynamic differences –
is addressed by using an overall inter-species “uncertainty” factor composed of an allometric
scaling factor and a substance-specific remaining uncertainty factor (for details see Chapter
R.8 of the Guidance on IR&CSA).
For the extrapolation of results from in vitro studies, the origin of the cells used (animal or
human) may play a role and, in specific cases, it may be useful to do some comparative
studies and tests in both animal cells and human cells in vitro and compare the results to those
from animal studies, to better understand the potential species differences and predict human
relevance.
However, also other parameters should be taken into account in the extrapolation: e.g. the
type of cells used in the in vitro system vs. the type of the target cells in vivo or in humans;
the target species of the extrapolation (animal or human); the dose/concentration-response
relationship; and the administration mode vs. the route of exposure in vivo or in humans. Most
of these parameters can be taken into account through PBPK modelling (see also Section B.1)
A systematic evaluation of the information from different species should provide information on
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the uncertainties in animal studies as well as in vitro approaches. Species concordance and
species differences in vitro are also addressed at OECD level (update of OECD GD 150).
Information on toxicokinetic in vitro can also give indication on the most relevant species to be
tested, thus, resulting in reduction of animal testing in the absence of alternatives.
The ability of non-animal approaches to reflect route-specific aspects also needs to be
considered because the toxicokinetics, target organs and toxicity of a substance may differ
depending on the route of exposure (i.e. oral, dermal or inhalation route), except maybe for
local effects. If the aim of testing is to identify the intrinsic properties of a substance, then
non-animal approaches may adequately identify systemic effects (although route-specific
aspects may not be known) but may not necessarily be adequate for hazard classification (for
a specific route) and for risk assessment (DNEL derivation).
Another challenge to the translation of information from non-animal approaches were recently
highlighted in a position paper by Tralau et al. [53]: “A major reoccuring barrier for alternative
in vitro tests, apart from metabolism and tissue interaction, is the translation of molecular or
physiological biomarkers into the quantitative parameters required for risk assessment.
Targeted research as well as pilot assessments could help to address this." When testing a
substance in vivo, the dose/concentration selection should address toxicity by including levels
high enough to detect adverse effects and identify the hazards, or reach the limit dose when
applicable, to allow hazard classification and the identification of a NOAEL value or calculation
of a benchmark dose for DNEL derivation (see Chapters R.8 and R.10 of the Guidance on
IR&CSA). To replace or adapt in vivo studies, non-animal approaches should be able to provide
this type of dose/concentration-response information (and information for the hazard
classification from the same or separate non-animal approach). One difficulty is to link the in
vitro effective concentrations to equivalent doses in animals or humans. The QIVIVE modelling
approach has been developed to overcome this issue and is an essential element for in vitrobased risk assessment [23] (see also Section B.1). However, work is still needed to implement
this approach in regulatory practice and, even if some models show promise for risk
assessment, it is not clear at this stage how QIVIVE could be used alone for hazard
classification.
Substance-specific aspects
Substance specific aspects should be taken into account. For example, the introductory
sections to REACH Annexes VII-X and Point 9 of BPR Annex II point to specific adaptations of
the standard information requirements, as in vivo testing must be avoided with corrosive
substances at concentration/dose levels causing corrosion.
The nature of a substance should be taken into account when planning to use non-animal
approaches. Even mono-constituents are not presented by one molecular structure, as
impurities can have an impact on the (eco)toxicity. Multi-constituent substances consist of
more than one main constituent and they usually also have impurities.
UVCBs are substances of unknown or variable composition, complex reaction products or
biological materials. Properties of various components may be different or unknown, leading to
differences in (eco)toxicology, toxicokinetics and environmental fate, and cannot be fully
investigated with the methods due to possible limitations with respect to applicability domain,
solubility, unplanned binding, lack of or unbalanced metabolism of the components, etc.
Metabolism and abiotic degradation are of the highest importance when applying non-animal
approaches, both in determining the relevant toxicant (e.g. as target for read-across) and in
deciding whether a certain substance with all its constituent falls in the applicability domain of
a non-animal approach. In vivo or in vitro toxicokinetic information is challenging to obtain for
multi-constituent and UVCB substances. Unknown metabolism and abiotic degradation of such
substances may hamper the use of non-animal approaches and effective grouping and read-
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across. For read-across, supporting data such as “-omics” in relevant metabolically competent
cell systems (regarding information requirement to be read-across) could be considered. In
vivo bridging data could also be improved with “-omics” data.
An ECHA document on using read-across for multi-constituent and UVCB substances within the
RAAF describes key issues in assessing and addressing the complexity of read-across for these
substances [44]. Furthermore, it contains example model cases to illustrate this complexity.
Nanomaterials are materials which contain nanosized particles. A nanomaterial is a natural,
incidental or manufactured material containing particles in an unbound state, as an aggregate
or an agglomerate and where, for 50 % or more of the particles in the number size
distribution, one or more external dimensions are in the size range 1-100 nm.
However, there is also list of nanomaterials which have dimensions outside of the 1-100 nm
range. The European Commission adopted a recommendation on an overarching definition of a
nanomaterial in 2011 (Recommendation on the definition of a nanomaterial (2011/696/EU)).
Nanomaterials are considered to be like any other substance; some may be hazardous, some
not. However, nanoforms of substances can be expected to have hazardous properties
different from those of the bulk form and should therefore be assessed separately. There may
be a need to take into account specific considerations in their assessment such as in
toxicokinetics. Existing standard test methods may need modifications for nanomaterials [54],
and some have been updated to address the specific features of nanomaterials. Some other
tests still need to be updated in that respect, e.g. the solubility test. Some properties of the
nanomaterials linked to MoAs can be investigated using predictive methods such as in vitro
cultures. In vitro testing for nanomaterials presents a number of limitations [55], and needs to
be taken into account.
JRC has published a report on the availability and applicability of computational methods for
nanomaterials, based on the outcome of the Nanocomput project [56]. Specific guidance and
recommendations for nanomaterials related to IR&CSA and Registration under the REACH
Regulation are also available on the ECHA website. Further guidance has been published by
EFSA [57] and SCCS [58].
Performance and standardisation
The high complexity and limitations of standard in vivo animal tests, such as low predictivity
due to species differences, is used to argue that the benchmark of performance to be
overcome with non-animal approaches is not very high and this increases the chance for
success for non-animal approaches [59]. However, so far there is no evidence to allow the
comparison of the benchmarks of performances. It has also been proposed that with the
chemical regulations, more precautionary approaches for limit values and classification and
labelling may be taken. In this context, the exact prediction of adverse effects and adverse
effect levels may not be as important as identifying a likely safe exposure range for the highly
variable human population [59, 60]. However, the current regulatory system is not built this
way (see the explanation for precautionary principle in Section A.2.2). Ultimately, the main
goal is the safe use of substances, and the benchmark of performance of non-animal
approaches should meet this goal.
One of the focus area is the wide variety of different non-animal approaches. This is
conceptually similar to the challenge of agreeing on which of the high variety of potential
animal testing approaches are to be used. However, to date, a higher level of harmonisation
has been achieved, since many (eco)toxicological endpoints and measured parameters are
described and integrated within one test guideline. Conversely, non-animal approaches testing
individual endpoints are usually not to be used as stand-alone methods, and therefore
harmonisation is more useful for integrating assays for several KEs and KE relationships. The
performance of these defined approaches with respect to applicability domain, sensitivity
and specificity and/or for other relevant features and limitations must be characterised – as
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done, for example, in the validation of non-animal approaches – and clearly indicated in the
EU/OECD TGs. Until this is achieved, the proper use and interpretation of the results from such
defined approaches remains challenging. Furthermore, several non-animal approaches may
need to be developped for risk assessment and hazard classification and sub-categorisation as
it may not necessarily be possible to have a single approach applicable to both purposes.
Therefore, further development is needed on how to apply information from non-animal
approaches in a regulatory context.
Suitability of information from non-animal approaches on classification and labelling and risk
assessment is discussed more specifically in Section A.2.8.
Summary
In conclusion, there are still various scientific challenges relating to non-animal approaches to
adequately provide the information currently required by regulations for systemic effects.
However, several initiatives on scientific approaches are addressing these challenges (e.g.
AOPs and organs-on-a-chip). Information on toxicokinetics and knowledge on MoAs and AOPs
and the connection to human biology will help to support the regulatory acceptance of nonanimal approaches as stand-alone information. In general, non-animal approaches may be
useful for a number of regulatory uses, and they could be used imaginatively and flexibly,
driving changes in regulatory hazard assessment practice in the future.

Addressing uncertainty
For many methods, more scientific developments are needed to increase the confidence that
the safety level they provide is sufficient to ensure a high level of protection.
The safety level setting is a policy decision. The level of confidence to be reached for each
hazard is reflected by the information requirements of the REACH Regulation and the BPR.
Both regulations expect an equal level of safety to be achieved by using the methods, including
non-animal approaches, specified as information requirements or as adaptations.
Therefore, new non-animal approaches to be used to fulfil or adapt information requirements
should provide the confidence for a safety level at least as high as the one supported by the
current information requirements.
However, non-animal approaches will often need to include several methods and may provide
a different type of information compared to the standard data requirements. Acceptance of
information from non-animal approaches sometimes may mean accepting a kind of uncertainty
different from that of standard information required under the REACH Regulation or BPR.
Another, but related, issue is that the acceptability of uncertainty is higher if the non-animal
approaches indicate that the substance has a property with a value which is far away from a
regulatory decision point (such as a classification cut-off) compared to if the value is very close
to such a regulatory decision point.
Different in silico models (such as QSAR prediction models) for some information requirements
may give different prediction results for a substance. In principle, the predictions made by a
given model should be 100 % reproducible. Lack of trust towards these models may however
result from other considerations – poor predictivity, limitations due to the applicability domain,
lack of mechanistic relevance, or that the predicted property is not a regulatory endpoint. The
predictions are based on the input data, and transparency of the chemical space and
algorithms is essential. As an outcome, a numerical value for the prediction may not
adequately express the uncertainty (or confidence) involved. Unlike a given QSAR prediction
model, the outcome of the same study design from an in vivo or in vitro study may vary and
always includes some uncertainty.
The confidence level (level of uncertainty) is influenced by substance-specific, method-specific

Report on the current status of regulatory applicability of non-animal approaches under the REACH, CLP and
Biocidal Products regulations
46

November 2017

and species-specific aspects, which are sometimes not fully known or understood. The methodspecific aspects are most likely to be best understood, such as which parameters are
investigated or what the statistical power of the study is. However, there is no international
agreement yet on reproducibility, relevance and uncertainty from complexity of the long-term
standard animal tests, although work is in progress at OECD level for the field of
carcinogenicity [61]. This is expected to provide information on the selection of suitable
reference information for the validation of non-animal approaches in relation to carcinogenicity
and as well as maybe an objective benchmark for minimal performance of new approaches.
One challenge may relate to the ultimate certainty of applicability and acceptability of using
non-animal approaches to fulfil the regulatory requirement from the user side (e.g.
registrants/applicants) and uncertainty on the safety level they provide from both the
registrants/applicants and authorities’ sides. The greatest certainty can only be provided when
non-animal approaches are included in information requirements. More confidence in the
performance of non-animal approaches is achieved when they are internationally accepted test
methods because they have been validated, which means that their performance has been
assessed, internationally reviewed and agreed and/or that their performance has been
internationally evaluated and recorded. In the acceptance of in vitro methods it should be
distinguished whether they indicate a certain dangerous property or the results show no effect.
In the case of no (eco)toxicity, further steps are required (e.g. confirmation that in vivo is not
necessary). Thus, the uncertainty is mostly in the cases with no effects.
The concept of precautionary principle covers specific circumstances where scientific evidence
is insufficient, inclusive or uncertain but there are indications for reasonable grounds of
concern for human health or the environment that necessitate preventive decision-taking.
Whether or not to take action on the basis of the precautionary principle is usually decided at
the risk management phase of a process. The application of the precautionary approach should
not be confused with a prudential approach to address scientific uncertainty in risk
assessment. Thus, it cannot be used to cover the increased uncertainty in cases where less
robust information is used to fulfil certain information requirements. Precautionary actions, for
instance applying a more severe hazard class, cannot be used to improve the confidence level.
Under the CLP Regulation, classification and sub-categorisation are based on certain criteria,
without a possibility to apply more severe classification based on a precautionary action. Under
the REACH Regulation and the BPR, the information requirements must be fulfilled with
adequate data. Although an additional assessment factor can be used to cover for poor quality
of data in risk assessment, the use of non-animal approaches as such introduces another type
of uncertainty that cannot be simply compensated by applying an extra assessment factor.
Case-by-case consideration is needed.
It is recommended to include assessment of uncertainties (or confidence) for any data used for
adaptations. This would help increase the transparency of documentation and assessment of
the potential need for additional assessment factors or further data (see for example [62]).
ECHA has published a guidance on uncertainty (see Chapter R.19 of the Guidance on IR&CSA),
and EFSA has a revised draft guidance on uncertainty [63]. The possibility to evaluate
confidence/uncertainty stemming from information on non-animal approaches would greatly
improve their use.

Validation of non-animal approaches
Validation is defined as the process by which the reliability and relevance of a particular
approach, method, process or assessment is established for a defined purpose [31]. In
particular, validation of a test method means assessing different performance parameters
to ensure that the method does what it is meant to do in a reproducible and accurate way.
Usually, the predictive capacity of the method is characterised as well as its limitations during
the validation process. Since the validation process is conducted under standardised and
controlled conditions, it is generally required to facilitate and/or accelerate the international
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(regulatory) acceptance of non-animal approaches and methods. Following adequate validation
studies demonstrating the utility and the applicability of a test method/approach, it may be
considered for adoption by regulatory institutions such as the European Commission and the
OECD.
As stated in Section 1.4 of REACH Annex XI and BPR Annex IV, a valid in vitro method can
be considered suitable if it is developed according to internationally agreed criteria. In the EU,
the EURL ECVAM is in charge of coordinating the validation of alternatives to animal testing
and of promoting their scientific and regulatory acceptance.
The EURL ECVAM formal validation process ensures a science-based and independent
evaluation of test methods and approaches with the aim to establish their overall performance
and fitness for a given purpose. The formal validation includes a four-step procedure:
(1) assessment of test method submissions taking PARERE (EURL ECVAM's Network for
Preliminary Assessment of Regulatory Relevance) and ESTAF (ECVAM Stakeholder
Forum) opinions into account;
(2) planning and conduct of validation studies, possibly in collaboration with EU-NETVAL
(Network of Validation Laboratories) laboratories;
(3) coordination of independent scientific peer review by the EURL ECVAM Scientific
Advisory Committee (ESAC);
(4) development of EURL ECVAM recommendations on the validity status of test methods
taking stakeholder and ICATM (International Collaboration on Alternative Methods)
input into account.
The validity of an individual non-animal approach is assessed by addressing its relevance and
reliability for a specific purpose, and includes the characterisation of its applicability domain
and limitations. These include sensitivity and specificity considerations, and the method should
not under- or overestimate the effect. By specifically addressing questions such as “which
signalling pathways are involved?”, “do the in vitro methods reflect physiology in vivo?”, “are
there species differences involved?”, “how do the findings on the cellular level translate to the
organ and the organism?”, and “at what internal doses is adversity observed in vivo and how
can this be transferred into in vitro concentrations?”, it will be possible to evaluate the
relevance and reliability of data generated in relation to its intended use and hence to consider
its regulatory applicability.
The validation process of the OECD follows the same principles and is essential for the
approval of OECD TGs (and EU test methods in the TMR). The process is done according to
OECD GD 34 [30]. The conduct of an independent validation is important and it can be done by
an organisation, not necessarily EURL ECVAM, as long as the principles of OECD GD 34 are
followed. The OECD test guidelines programme as well as non-animal approaches that undergo
validation available by ECVAM should be regularly consulted for any updates.
Both relevance and reliability are important aspects of validation, and to be acceptable for
regulatory purposes, a non-animal approach should thus be both (pre)validated and
scientifically valid. In certain cases it may be considered whether methods not yet validated
can be used to predict a positive effect, e.g. under a WoE adaptation. However, some nonanimal approaches cannot be formally validated following the traditional approach, or the
validation process is considered too laborious. In those cases, other practices are followed. For
instance, the QSAR methods are characterised in terms of five OECD principles, including
applicability domain which should be reported together with the prediction result. For other
methods, characterisation based on performance factors could be used. Sometimes the term
“validation” can be used in different contexts, i.e. “mechanistic validation” as explained for
instance in an EFSA report on developmental neurotoxicity [64].
While the validation of non-animal approaches is usually performed against animal data, the
use of human data was possible for the validation of such approaches for skin sensitisation.
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The validation of non-animal approaches for the higher-tier endpoints is challenging especially
if the validation is required to be done using information gained from humans. Such human
data may not be available or suitable for validation and other means then need to be used. The
existence of human data in this context is of great advantage but not a requirement, neither in
in vitro nor in vivo contexts.
Whether a test can be validated or not depends on its degree of standardisation, the existence
of mechanistic (e.g. AOP) information that allows to put the test into the context of a defined
approach (or IATA), and the availability of a sufficiently large set of tests and standard
reference substances. Both OECD and ECVAM are currently working on emerging approaches
for validation (e.g. concept for defined approaches).
Also IATAs which contain WoE assessment elements need an international regulatory
agreement based on scientific principles and this may also be considered to represent a
validation. However, this latter approach will use more mechanistic information and less data
correlation analysis. Validation is a time- and resource-consuming process and there is no clear
solution to how to facilitate and accelerate this step in method development.
In general, a WoE (adaptation) needs to be built for an IATA to replace the concurrent in vivo
test, as most of the currently available test methods are not stand-alone test methods. A
future challenge for OECD's work will be the regulatory acceptance of testing strategies and
mutual acceptance of data resulting from them.
Finally, read-across and other case-by-case WoE determination/adaptations may only be based
on regulatory agreements, principles and guidance. To gain regulatory acceptance, validated
methods also have to show that they are fit for purpose.

Quality
Another important aspect to take into consideration when evaluating the information gathered,
including data from non-animal approaches, is data quality.
The evaluation of data quality includes assessment of:




adequacy of the information for hazard/risk assessment and classification and labelling
purposes;
relevance of the information for a particular hazard identification or risk
characterisation; and
reliability of the information in terms of clarity and plausibility of the findings.

These terms were defined by Klimisch et al. [65] (see also [30] and Chapter R.4 of the
Guidance on IR&CSA). For the assessment of existing information (non-human data –
physicochemical properties, grouping, (Q)SARs and expert systems, in vitro data; human data;
and animal data) further guidance is available within the Guidance on the Application of the
CLP Criteria, the Guidance on IR&CSA – Chapter R.4 and the Guidance on BPR Volume III –
Parts B+C Human Health Assessment & Evaluation. There are also publications on good in vitro
method practice (e.g. [66]).
The Guidance on IR&CSA – Chapter R.4 provides the elements for the assessment of data
quality (on the basis of reliability, relevance and adequacy) and completeness. Data quality
may be evaluated using the Klimisch criteria for the assessment of reliability of guidelineconform data. For other types of evidence (e.g. QSAR, use of read-across, non-standard in
vitro assays), ECHA Guidance provides criteria for their assessment.
There are also tools such as CRED (Criteria for Reporting and Evaluating ecotoxicity Data) [67]
and ToxRTool (Toxicological data Reliability Assessment Tool) for in vivo and in vitro toxicity
data, which may be of help in evaluating the inherent quality of data and increase the
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transparency of the evaluation. Criteria of the Science in Risk Assessment and Policy (SciRAP)
tool are developed to facilitate and increase the use of peer-reviewed in vivo toxicity and
ecotoxicity literature in regulatory risk assessment of substances. The recent article from the
Federal Institute for Risk Assessment (Bundesinstitut für Risikobewertung; BfR) discusses an
approach to assess the relevance and reliability of experimental data (in vivo and in vitro) from
guideline-compliant studies as well as from non-guideline studies published in the scientific
literature in the specific context of uncertainty and risk assessment of pesticides [68].
Data quality is also linked to the quality of the test method used to generate them. The
knowledge of how a study was carried out, and consequently of its relevance and reliability, is
a prerequisite for the evaluation of the study results. Where there is more than one study for
one endpoint, the greatest weight is given to the studies that are the most relevant and
reliable (see also Section R.4.2 of the Guidance on IR&CSA – Chapter R.4). In particular,
validation of the method (see Section A.2.3) and GLP status of the study (see also “OECD
Principles on Good Laboratory Practice” [69] and OECD “Guidance document for describing
non-guideline in vitro test methods” [70]) are important aspects of the quality of a study.
To assess data quality, the information should be complete and report the necessary type and
level of detail. The completeness of the information refers to the conclusion on the comparison
between the available information and the information required under the REACH Regulation or
the BPR.

Documentation
The adequate documentation of study results is extremely important, both in the study report
and in International Uniform Chemical Information Database (IUCLID) robust study
summaries. For each endpoint, robust summaries need to be prepared for the key studies (see
also ECHA Practical Guide “How to report robust study summaries”).
Studies conducted according to EU test methods and OECD TGs and under good laboratory
practice (GLP) are expected to have adequate documentation (see OECD Principles on GLP).
However, when using test methods not following an internationally accepted test
method/guideline and/or when the study was not conducted under GLP, special attention
should be taken to properly describe the methodology used, the results and interpretation of
the results so that the approach can be followed to the extent that the experiment could
replicated.
However, in many dossiers in IUCLID, only summaries of studies published in the literature are
cited, which does not allow an independent evaluation of the results. For more complex
approaches, in particular read-across and grouping, but also for example in the case of the
"defined approaches" for skin sensitisation published [37], clear guidance on the level of
documentation to be provided in IUCLID is available in the ECHA Guidance (for instance
regarding defined approaches for skin sensitisation, see Section R.7.5 of the Guidance on
IR&CSA – Chapter R.7a).
It is expected that any laboratory with GLP status is able to conduct non-animal approaches
under GLP. A GLP quality system helps ensure that the report reflects truthfully the original
data. It does not guarantee that the interpretation of the results is scientifically correct.
Documentation of the information used under WoE adaptation in a structured way helps to
present the results from studies that may have limitations but are considered scientifically
correct and ensures that all the information taken together adequately addresses the
information requirement with a level of quality and confidence sufficient for regulatory decision
making. Similarly, the information used to support read-across must provide confidence that
the read-across is indeed acceptable. It is further expected that results from non-validated
non-animal approaches are supported with positive and negative control data to increase the
confidence in the results and tests should follow good in vitro method practice (GIVIMP) for the
development and implementation of in vitro methods for regulatory use in human safety
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assessment [71].
There are publications describing how experiments and their results should be reported (see
also ECHA Practical Guides “How to use alternatives to animal testing to fulfil your information
requirements for REACH registration” and “How to use and report (Q)SARs”, and OECD
“Guidance document for describing non-guideline in vitro test methods” [70]). The OECD has
also prepared harmonised templates (OHTs) for recording the information used for the hazard
assessment of substances. Regarding read-across, the RAAF can be used to structure readacross reporting. There is also a new OECD template for reporting defined approaches [29].
Documentation of use of an individual non-animal approach should not be more complex than
that for an animal experiment, however, it requires understanding of the method used.

Mutual acceptance of data
OECD work on harmonisation of test methods (through the adoption of OECD TGs) together
with the OECD principles of good laboratory practice (GLP) are integrated parts of the Council
Decision on the Mutual Acceptance of Data (MAD). MAD requires OECD countries to accept
each other’s test data developed for regulatory purposes, if these data were developed in
accordance with the OECD Test Guidelines and GLP principles. OECD Member States
internationally agree upon test methods for chemical safety assessment and formally adopt
such methods as OECD TGs. Before being considered for the OECD TG adoption process, new
methods must have been successfully validated in accordance with a standardised procedure
(see Section A.2.3 of the present report). There are often different approaches to fulfil a
regulatory requirement, which are not all equally accepted in different regions/under different
frameworks. MAD provides assurance that a test is not rejected on a quality basis, but does
not ensure that a test is accepted as fulfilling a certain requirement.
Currently, there are discussions ongoing on how to promote international acceptance of hazard
data resulting from alternative approaches, and in particular from application of IATA. There is
as yet no agreement on the inclusion of defined approaches (see Section A.1.3.1) under MAD.
However, this may provide a way forward, similarly to what is currently done for OECD TG
results. MAD could in principle be applicable to the predictions obtained by defined
approaches, but it cannot be applied to the conclusions obtained by applying IATAs with
various undefined methods, and which inevitably includes some WoE determination using
expert judgement in the assessment process. OECD has recently included a project in its
workplan to investigate the feasibility of TGs for defined approaches under MAD.

Screening vs. fulfilling information requirements
Information on the hazardous properties of substances can be used for different regulatory
purposes: basically either for screening and (de)prioritisation of the substances to be
evaluated or for fulfilling the information requirements to support hazard
identification/characterisation, hazard classification and/or risk assessment (see also Section
A.2.8). Depending on the specific regulatory purpose and whether the information is to be
used on its own or together with other data, the level of confidence to be reached may vary
and determine the suitability of the information used and, by way of consequence, the
suitability of the method used to generate it. Fulfilling the information requirements based on
the obligation to demonstrate the safe use of a substance requires in general a higher level
of confidence in the data than, for example, priority setting for further assessment.
For screening and (de)prioritisation, it is essential to determine the substances that need to be
assessed further due to alerts or concerns. The methods to be used should be quick,
inexpensive, and be able to screen large numbers of substances and properties. Many nonanimal approaches are well suited and used for these purposes as they provide detailed
insights into a particular aspect of the toxicological mechanisms that underpin a hazardous
property and they are compatible with high content and high throughput technologies. One
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challenge is that complex hazardous properties can arise from a variety of different
mechanisms, not all of which are fully understood or adequately covered by the currently
available non-animal approaches. Therefore, many non-animal approaches investigating a
specific mechanism, which may not necessarily be clearly associated to (specific) adversity, are
suitable for screening and (de)prioritisation but cannot predict hazardous effects as needed in
regulatory decision making. Some examples of such screening methods are methods
measuring enzyme activities, receptor binding or gene expression.
Some non-animal approaches may be able to detect substances causing strong effects better
than substances with no or mild effects and/or these methods may only partially address the
information requirements because (i) substances causing mild effects may not be detected, (ii)
predictions of no effects may not always be relied on, or (iii) the methods may not provide
information needed for determining classification. These limitations may be linked to the
applicability domain of the test system or the fact that the test method only covers a specific
mechanism or effects at a cellular level while a broader investigation, potentially addressed by
a more elaborated test battery, may be needed to conclude on “no effect”. Such non-animal
approaches can thus be fit for screening and (de)prioritisation purposes but they are less
suitable when used to fulfil information requirements, in particular since the prediction of an
absence of effects requires a high degree of confidence. For example, the in vitro
embryotoxicity tests (micromass method, whole embryo culture and embryonic stem cell test)
were validated but cannot be used for meeting the information requirements for developmental
toxicity due to several limitations, including the fact that they only partially address the in
utero development and do not take into account maternal metabolism and kinetics.
Under the REACH Regulation, the level of confidence to be reached for each endpoint is
reflected by the information requirements of the respective Annex levels. For instance, some in
vitro tests, like the Ames test, have a good sensitivity (i.e. they give relatively few false
negative results) for a specific toxic MoA and negative results from these tests can be used to
rule out that specific toxic effect. However, the Ames test only addresses one genotoxic
endpoint (i.e. in vitro mutagenicity in bacteria). Therefore, even if a negative Ames test is
sufficient to fulfil the information requirement at REACH Annex VII, further studies on other
genotoxic mechanisms are still needed at REACH Annexes VIII-X levels (and under the BPR)
(see also Section B.6). For some other endpoints, such as skin corrosion/irritation and serious
eye damage/eye irritation (under the REACH Regulation and the BPR) and skin sensitisation
(under the REACH Regulation), the information is required in a stepwise manner, starting with
in vitro studies, and only if the results from the in vitro methods do not allow to conclude or
are not applicable will animal testing be used (see Sections B.3 and B.4, respectively).
Finally, there may be some uncertainties associated qualitatively and quantitatively with
extrapolating in chemico/in silico/in vitro data for certain endpoints. Due to these
uncertainties, such data are often more acceptable for (de)prioritisation or screening (followed
by an additional confirmation step) and for use in WoE than for stand-alone fulfilment of
information requirements.

Hazard identification/characterisation, hazard classification and
risk assessment
As described in Section A.2.7, suitability and acceptability of the use of non-animal data may
depend on the specific regulatory purpose.
Hazard identification aims to identify adverse effects caused by the exposure to a substance
and separate them from those effects which are not adverse or are secondary to other toxicity.
Hazard characterisation provides information on no observed adverse effect level (NOAEL)
and/or a lowest observed adverse effect level (LOAEL) or benchmark dose from animal studies
through different administration routes for defining the acceptable exposure level (see Chapter
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R.8 of the Guidance on IR&CSA). These values are used not only for risk assessment but also
for the classification and (sub)categorisation for the hazards whose criteria rely on dose levels
(e.g. STOT RE).
Risk assessment is done under the REACH Regulation and the BPR. This includes the
derivation of reference exposure levels for threshold effects, such as a derived no-effect level
(DNEL) under the REACH Regulation and an acceptable operator exposure level (AEL) under
the BPR, which the exposure should not exceed. Regarding properties that are normally
considered as not having any identifiable threshold, such as genotoxicity and genotoxic
carcinogenicity, a derived minimal effect level (DMEL) should be determined instead of a DNEL
(for further details, see Chapter R.8 of the Guidance on IR&CSA).
Hazard classification is done under the CLP Regulation and is based on criteria for each
hazard class and for the different (sub)categories within a class. Currently, the classification
criteria for acute toxicity, specific target organ toxicity, carcinogenicity, reproductive toxicity,
respiratory sensitisation, skin sensitisation and germ cell mutagenicity are mainly based on
evidence obtained from human and/or animal studies. For human health hazards, data from
non-animal approaches such as QSAR data only have a supportive role (for more information
on what the CLP Regulation is, and how to classify and label substances, see the Introductory
Guidance on the CLP Regulation and the ECHA website).
Recital (27) of the CLP Regulation highlights that adequate non-animal approaches for the
purposes of classification should be used:
“The classification and labelling criteria set out in this Regulation should take the utmost
account of promoting alternative methods for the assessment of hazards of substances and
mixtures and of the obligation to generate information on intrinsic properties by means other
than tests on animals within the meaning of Directive 86/609/EEC as laid down in Regulation
(EC) No 1907/2006. Future criteria should not become a barrier to this aim and the
corresponding obligation under this Regulation, and should under no circumstances lead to the
use of animal tests where alternative tests are adequate for the purposes of classification and
labelling.”
For classification and labelling purposes, all relevant (human, animal in vivo, in vitro, in silico)
evidence of hazardous properties should always be considered together in a WoE
determination (CLP regulation, Annex I, point 1.1.1.), to be subsequently compared with the
classification criteria. Existing reliable human data should be given high weight and be
preferred over other types of data as a basis for classification. However, when reliable data
directly comparable to the classification criteria are not available, it may be challenging to
determine how much and what type of information is needed for a WoE to adequately support
information requirement and hazard classification (and information requirement), especially
since the use of the results from non-animal approaches (such as in vitro and in silico data) to
meet the classification criteria (and for sub-categorisation) is not yet as standardised as that of
in vivo or human data. Defining robust IATAs and approaches with potency information would
help standardise the use of results from non-animal approaches for classification and labelling,
ensure consistency in the outcome and greatly enhance the use of such data.
CLP criteria not only involve hazard identification but they also often include the notion of
degree of hazard. For some hazard classes, such as acute toxicity, skin sensitisation, specific
target organ toxicity and fish toxicity, classification and (sub)categorisation are primarily based
on the dose or concentration required to cause a certain level of severe effects in experimental
studies, which reflects the potency of the substance. For other hazard classes, classification
and (sub)categorisation are not dependent on the dose level at which effects occur, but mainly
on the severity of the effects, as for example for skin corrosion/irritation and serious eye
damage/eye irritation. For germ cell mutagenicity, carcinogenicity and reproductive toxicity,
classification and (sub)categorisation are rather linked to the strength of the evidence for
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those effects. Any predictive method or approach used for classification and
(sub)categorisation should be able to address these aspects. One limitation of many nonanimal approaches is that they may not provide quantitative information that could be linked
to the adversity and dose-response relationship in vivo on which several classification criteria
are based. Another challenge is that, for hazard classification, non-animal data are not given
the same weight (or strength) as human and in vivo data and cannot cover the whole range of
categories that are based on the strength of the evidence. To enhance the use of non-animal
data for hazard classification, separate or alternative criteria could be set: criteria based on
human/animal data (and related to adverse effects) on the one hand and criteria based on
non-animal data (and related to the prediction of adversity rather than that of an exact
adverse effect) on the other hand. To define a point of departure for predicting adversity, a
tipping point – which would be based on “no return” or “likely no longer adaptive” effects or
similar parameters – would need to be determined for each non-animal approach used to meet
these non-animal criteria.
Interestingly, work was initiated in 2015 at the Globally Harmonized System of Classification
and Labelling of Chemicals (GHS) level to review international efforts to promote non-animal
approaches for classification and discuss how to incorporate these in GHS
(ST/SG/AC.10/C.4/2015/13), and by way of consequence in the CLP Regulation. The UN GHS
sub-committee review the human health hazard criteria in GHS for all hazard classes for
potential inclusion/revision of criteria based on non-animal approaches (including read-across,
in vitro, SAR, etc.). Discussion in a GSH subgroup started on how the results from in vitro/nonanimal studies should be used in context of hazard classification regarding health endpoints,
starting with skin corrosion/irritation. The alignment of data from many animal and non-animal
methods with GHS/CLP criteria is currently a challenge.
The CLP Regulation is not concerned with risk assessment. However, if a substance is not
considered hazardous (i.e. it does not need to be classified), no evaluation of the exposure or
risk characterisation calculations are needed under the REACH Regulation, although the
DNEL/PNEC values still need to be derived. Moreover, hazard classification under the CLP
Regulation drives risk management through labelling (so that risk can be avoided and safety
measures taken) and some classifications (e.g. CMR substances classified in category 1A or
1B) also directly trigger certain risk management measures under legislation other than the
chemicals legislation (e.g. legislation on workplace safety, waste legislation, etc.). Under the
BPR, classification as CMR category 1A or 1B is one of the exclusion criteria (Article 5 of BPR).
These criteria also cover substances that have endocrine-disrupting properties or are
considered as PBT or vPvB. Biocide active substances fulfilling the exclusion criteria should
normally not be approved, unless a derogation is possible based on BPR Article 5(2). Under the
REACH Regulation, the identification of endocrine disruptors and PBT or vPvB substances
potentially leads to the inclusion in Annex XIV (list of substances subject to authorisation).
The intended regulatory use may be indicated in the EU test methods and OECD TGs
themselves. These standard test methods and guidelines often focus on risk assessment and
they may not always address specific aspects of classification and labelling. In addition, EU test
methods and OECD TGs aim to be applicable under different regulations and thus remain
general. Therefore, specific aspects should be considered to ensure that the results from some
of these methods and guidelines will be fully adequate for the intended purposes. ECHA
Guidance should be checked for possible specific requirements related to the use of animal
tests and non-animal approaches under the REACH, BPR and CLP Regulations. For instance,
specific requirements are described in Sections R.7.6 and R.7.3 of the Guidance on IR&CSA –
Chapter R.7a for the extended one-generation reproductive toxicity study and for skin
sensitisation assessment, respectively.
Some non-animal approaches may be intended for hazard identification only and they may not
necessarily be applicable for hazard classification and (sub)categorisation. Information on
hazardous properties that is suitable only for classification and labelling and not for risk
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assessment may be used for qualitative or quantitative hazard identification only (e.g. skin and
eye irritation, skin sensitisation, acute toxicity, germ cell mutation), but without a possibility to
derive a NOAEL or a LOAEL (or NOEC/EC10 values for environmental endpoints). A qualitative
or semi-quantitative risk assessment may still be possible and should be presented. Nonanimal approaches used to assess local effects (for example skin corrosion/irritation or skin
sensitisation) may be used to derive a safe exposure level for local effects or make a
qualitative risk assessment.
For some hazardous properties, like respiratory sensitisation, there are no standard test
methods and no standard information requirement under the REACH Regulation or the BPR.
The assessment relies on human evidence or a WoE approach using different types of data,
such as structural alerts from OECD QSAR Tool Box (v4.0) or lysin-binding properties of the
substance as assessed with the DPRA test method (OECD TG 442A). Potential application of
non-animal approaches for skin sensitisers to respiratory sensitisers has been discussed [72]
and an AOP is under development (AOP 39). Such approaches as mentioned above can be
used for hazard characterisation and potentially for (qualitative) risk assessment.
When several non-animal approaches are used to address an information requirement that is
based on an animal study, a WoE adaptation (Section 1.2 of both REACH Annex XI and BPR
Annex IV) should be used. If this is the case, a WoE determination will be needed for hazard
classification as the results from non-animal approaches may not directly match with the
classification criteria which are based on animal and/or human data. Both the WoE adaptation
under REACH and BPR and WoE determination under CLP may pose a challenge, especially for
higher-tier endpoints, for which the information requirements are quite complex and cover
many aspects. The general rule for adaptation based on grouping of substances and readacross (Section 1.5 of both REACH Annex XI and BPR Annex IV) requires that, if a grouping
concept is applied, substances must be classified and labelled on this basis. Non-animal
approaches predicting reliably also non-classification (no hazardous effects) and are addressing
elements of information requirements (provide information on the same aspects than
information requirement) would enhance their use.
Taken as a whole, the data used to fulfil REACH and BPR information requirements should be
adequate for both risk assessment and hazard classification (including sub-categorisation).
Using predictive methods when there is an indication of hazard is acceptable from the
regulatory point of view if relevant sub-categorisation for classification can be achieved.
Careful consideration should be given to the adequate use of validated and controlled
(information on negative and positive controls) non-animal approaches to avoid or reduce the
possibility of over- and under-classification. The intention is that the use of the standard
information (required under the REACH Regulation or the BPR or indicated in the CLP criteria)
or the use of results from non-animal approaches adequate to adapt it should lead to similar
regulatory outcomes with respect to classification (including sub-categorisation) and risk
assessment. Currently, non-animal approaches for higher-tier endpoints are not capable of
reliable predictions of hazard identification and characterisation as needed for hazard
classification, including sub-categorisation, and risk assessment.

Obligation to use non-animal approaches whenever applicable
The use of non-animal approaches for regulatory purposes may require advanced scientific
expertise compared to that normally required for an animal study as there is a need to
adequately justify their selection, support their validity and applicability, interpret their results,
and provide proper documentation. Moreover, non-animal approaches may or may not be
cheaper than the animal tests they are replacing but, in some cases, one non-animal test may
trigger another, definitive study, which leads to the risk of “multiple” studies and increasing
costs. A duty holder may therefore prefer considering the conduct of an animal study.
However, the cost and expertise needed to apply some new methods and techniques usually
depend on how established a method is and thus may decrease over time. In addition, non-
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animal approaches may be more reproducible and/or more predictive or relevant for human or
environmental effects. They may also lead to the replacement of tests that use animals or
have a potential to cause a high level of suffering. Most importantly, if there is a validated nonanimal approach approved for regulatory use, it must be used to fulfil the information
requirement, unless a scientific justification can be given as to why it cannot be used.
Under the REACH Regulation, ECHA can request in its dossier evaluation decisions that the
information requirements are met. The standard information requirements specify the tests
and non-animal approaches that can be required. The requirements for the use of non-animal
approaches have been set out, for example, in Annex VI and Annexes VII to X of the REACH
Regulation, introductory part. In its decisions, ECHA cannot request the use of a non-animal
approach to replace a standard information requirement that is specified as an animal study.
However, ECHA informs the duty holders on available acceptable non-animal approaches (see
Introduction) and requires that, when proposing an animal test, the registrants must provide
information on their considerations of non-animal approaches that could potentially replace the
animal test and explain why the animal test is still considered necessary.
ECHA has widely advised registrants that they need to consider available non-animal
approaches before deciding on the need to conduct new vertebrate tests to meet the
information requirements and also requires registrants to show how they have considered nonanimal approaches before submitting a testing proposal for a vertebrate test (see ECHA Press
release ECHA/PR/15/13). These considerations, which ECHA makes available to third parties
through the public consultation on the testing proposals, are taken into account during the
decision making on the testing proposal. ECHA has recommended that registrants keep records
of their considerations; see Section 2.1 of the “Practical Guide for SME Managers and REACH
coordinators” and Section 1.2 of the Practical Guide “How to use alternatives to testing in
animals”, which states: “As you are obligated to consider alternative methods, you need to
keep records of your considerations to support your conclusion as to why it is necessary to
generate information using vertebrate animals. You may be requested to submit your
consideration of alternative methods.”
Under the BPR, there are no testing proposals but the applicant is expected to discuss with the
evaluating competent authority how to address the information requirements, including
considerations on the generation of information by alternative means not involving tests on
animals (see recitals 57 and 59 of the BPR).
To address an information requirement for an in vivo study, duty holders can produce
information using non-animal approaches and then include an adaptation for the requirement
of the in vivo study, if the information produced is considered adequate to allow the same
regulatory outcome (for hazard classification and/or risk assessment). Under substance
evaluation, non-animal approaches can be requested by ECHA if considered relevant to
address the concern.

A.3 Summary
The regulatory applicability of non-animal approaches depends on many aspects. The detailed
requirements for adequate application of non-animal approaches are endpoint-specific,
although the principles are the same. Some non-animal approaches (e.g. QSAR predictions)
may be used as stand-alone information for some information requirements but this is not yet
possible for all information requirements, especially for higher-tier endpoints. This is due to
some limitations in terms of applicability domain, coverage of all the relevant endpoint-specific
MoAs or validation/standardisation of new technologies.
Integrated approaches combining several methods could be explored to address more complex
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information requirements, such as repeated-dose toxicity or reproductive toxicity, and be used
under a WoE adaptation. In such integrated approaches, non-animal approaches should be
used as supporting information to facilitate interpretation of the effects and strengthen the
prediction of the presence or absence of a hazard. Non-animal approaches can also be used to
support available but old data, not necessarily compliant with current standard guidelines, or
for which some of the information provided by modern investigations may be lacking.
The challenge of developing reliable non-animal approaches is acknowledged. The limitations
and challenges differ from those of animal studies and concern different aspects and/or
different magnitudes, depending on the method, use and endpoint in question. Non-animal
approaches predicting reliably sub-categorisation and non-classification and addressing
elements of information requirements are required.
For some endpoints, in vitro/in chemico investigations or stepwise approaches allow avoiding
animal studies in most cases. Many new non-animal approaches and assays have been
developed and a growing number of in vitro approaches have been accepted for regulatory use
or otherwise validated or evaluated for performance. Many of the non-animal approaches can
be used as part of grouping and read-across, WoE adaptation, and to screen properties of
substances (e.g. for endocrine properties), although screening is not required under the
REACH Regulation or the BPR.
Regarding read-across, which is the most often used adaptation under the REACH Regulation,
the main challenges for its acceptable use are the lack of robust scientific justification and
acceptable supporting data. It is generally considered that, if data for the same endpoint are
available from a lower-tier animal study or studies, they can be used to compare the
properties of the target and source substances and provide reasonable scientific support for a
robust read-across. For example, if the aim is to read-across results from a 90-day repeated
dose toxicity study, then information from 28-day studies for all the substances in the category
can be used for a robust read-across. However, if that kind of bridging data is lacking, then
other supporting information could be produced, for example to show similar MoAs and
identical target organ toxicity between the target and source substances. In all cases, bridging
data should provide sufficient confidence that the toxicity of all the source and target
substances is similar. Care should be taken that these bridging data are produced using similar
methods and variables. This requires an extra effort if the data need to be generated but this
has the potential to reduce the number of animal experiments.
The main focus areas identified to enhance the use of non-animal approaches are to increase
the confidence/clarity for the applicability of the information produced by such approaches, to
further develop endpoint-specific standardised and validated non-animal approaches (e.g.
IATAs or defined approaches), and to agree the criteria to standardise the use of non-animal
data, for example by defining consensus criteria on how to use such data as supporting
information for read-across, and by determining the exact elements needed for an endpointspecific WoE adaptation. Moreover, the use of information from non-animal approaches in
rigid/standardised frameworks, such as the current GHS/CLP criteria, may be challenging. For
a full replacement of animal studies, changes in current regulatory approaches as such have
been suggested, for instance by the creation of new GHS/CLP in vitro MoA hazard classes in
addition to existing hazard classes, which would allow classification of many substances based
on in silico and in vitro testing results for a limited number of well-known MoAs [61].
Overall, what is needed are standardised and validated methods and approaches that are
internationally agreed, and this means validated in a broader understanding. The current nonanimal approaches focus on tiered and intelligent testing strategies where tests designed and
validated to reflect endpoint-specific KEs are used in a complementary manner. Such testing
strategies can indeed address tissue interactions and metabolism to a certain extent, the
regulatory use of which will depend on the assays in question. If fit for the purpose, the
respective strategies can then be used to support regulatory decision making within their
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validated remit and contribute information for complex endpoints. An inventory of available
non-animal methods and approaches at different stages of development or already applicable
for regulatory purposes would provide an overview of the tools that can be used on their own
or in combination to investigate different types of effects. This could help identify potential
gaps in terms of coverage of the relevant MoAs for a specific property and/or in terms of
standardisation/validation of existing methods and approaches. Such an inventory would in the
end facilitate the development of relevant non-animal methods and approaches and enhance
their applicability by better targeting the regulatory needs.
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Part B: Specific considerations
This part of the report addresses each of the main endpoints for which information is needed
under the REACH, CLP and Biocidal Products regulations.
Each section gives an overview of the possible non-animal approaches that can be used to
minimise animal testing, including challenges to their use and future perspectives.
Cross-references to relevant ECHA Guidance Documents – which contain more detailed
information and recommendations on the use of these non-animal approaches to fulfil the legal
obligations under the REACH, CLP and Biocidal Products regulations – are also provided.
A summary of the endpoint-specific information requirements for the REACH Regulation and
the BPR, the basis of the CLP criteria, a list of relevant test methods that can be used to fulfil
these information requirements (i.e. mostly EU test methods from the EU TMR and OECD TGs),
and specific adaptation rules are presented in separate sections of Appendix 3 to this
document.
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Toxicokinetics

B.1.1

Description of the information
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The term toxicokinetics describes the fate of a substance in the body following exposure. Usual
exposure routes for substances are oral, dermal or by inhalation. Toxicokinetics includes four
components: absorption, distribution, metabolism and excretion, which are collectively referred
to as ADME. Information on toxicokinetics can be obtained from non-animal approaches and
from in vivo studies and it can enhance the interpretation of the toxicological findings. A more
detailed description of toxicokinetics and ADME can be found in the ECHA Guidance (Section
1.3 of the Guidance on BPR Volume III - Parts B+C; Section R.7.12 of the Guidance on
IR&CSA, Chapter R.7c), OECD TG 417, as well as in the published paper from Worth et al.
[10]. It is to be noted that the terms pharmacokinetics and biokinetics are used
interchangeably with toxicokinetics. Biokinetics is also being used to describe biokinetic data
and models for occupational applications [73] and to describe the in vitro biokinetic
environment when using cell and tissue cultures [74].
Knowledge of ADME properties of a substance is crucial for evaluating its toxicity. Toxicokinetic
information is also important in grouping substances into categories and read-across. One
important aspect is being able to predict toxicity for certain groups of substances, for instance
based on the formation of similar hazardous metabolites. For ecotoxicology purposes,
toxicokinetics provide useful information to assess the bioaccumulation potential of substances
which are more likely to bioaccumulate in air-breathing organisms than in fish (see also
Section B.12). Such information has already been utilised to identify SVHCs, and the
development of this approach for the use of toxicokinetics in bioaccumulation assessment is in
progress. The toxicokinetic behaviour of a substance as derived from available data might
make further testing unnecessary, for instance in the case that data show the test substance
and its metabolites do not reach a specific target organ.
Many in vitro cell-mediated assays do not (adequately) address toxicokinetic aspects.
However, more complex systems such as organ-mimicking systems or organs-on-a-chip can
potentially address some of these aspects and there are number of in vitro systems available
to determine ADME parameters [1, 75]. The regulatory use of the results from these in vitro
systems will be highly case-specific as it depends on the specific parameters covered by each
system and the extent to which these parameters reflect or can be used to predict the ADME
properties of a substance.
The information requirements and the relevant test methods for the REACH Regulation (which
does not require any new animal experiments on toxicokinetics) and the BPR are presented in
Section 1 of Appendix 3 to this document. There are no criteria for toxicokinetics under the
CLP Regulation, toxicokinetic data are used as supporting data but are generally not required.

B.1.2

Approaches for toxicokinetics information

OECD TG 417 provides the test method for the conduct of toxicokinetic studies either as a
stand-alone in vivo test or in combination with repeated-dose toxicity studies. Measuring
toxicokinetic parameters might be possible not only in dedicated assays but also in the course
of other guideline studies from sub-acute to chronic repeated-dose toxicity studies [76].
Information on in vitro and in silico models for toxicokinetics can be found in Section R.7.12
and Appendix R.7.12—2 “Prediction of toxicokinetics integrating information generated in silico
and in vitro” of the Guidance on IR&CSA – Chapter R.7c, as well as in the published paper from
Worth et al. [10]. OECD TG 417 also shortly addresses in vitro information.
In vitro studies provide data on only specific, limited aspects of toxicokinetics, such as (liver)
metabolism or dermal absorption. Their major advantage is that it is possible to carry out in
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parallel studies on samples from the species used in toxicity tests and samples from humans,
thus facilitating inter-species comparisons (e.g. metabolic profile, metabolic rate constants).
PBTK modelling is much used during drug development to simulate in vivo toxicokinetics in
humans [77]. It can be also used for other types of substances if enough input data are
available (e.g. [78, 79, 80]). There are number of approaches published that combine in vitro
and in silico methods (i.e. PBTK modelling) to predict in vivo toxicity (e.g. [81, 82, 83, 84, 85,
86, 87]).
Investigation of potential effects of substances through in vitro methods (including HTS and
HCMs) would require extrapolation to link the in vitro effective concentrations to equivalent
doses in animals or humans. This technique is called (quantitative) in vitro to in vivo
extrapolation ((Q)IVIVE) and it uses PBTK modelling and information of substance-specific
distribution parameters to calculate oral equivalent doses in animals or humans (in mg/kg
bw/day). The uncertainty associated with the prediction depends largely on the amount and
quality of available data included in the model. A QIVIVE approach under development allows
to extrapolate findings from the in vitro methodologies to what they mean for the intact
organisms (animal or human) [23], but it is not yet known if it fits for regulatory purposes.
However, exposure scenarios are needed to place all kinds of hazard information in the context
of risk. An SOT/FDA Colloquium, part of the series “Emerging Toxicological Science: Challenges
in Food and Ingredient Safety”, took place in December 2016 (College Park, Maryland, USA)
and was dedicated to in vitro to in vivo extrapolation in safety assessment (see colloquium
material).
High-throughput toxicokinetics (HTTK) performs in vitro to in vivo extrapolation to predict
toxicokinetics from rapid in vitro measurements and substance structure-based properties.
Blood concentrations or target organ concentrations can also be modelled. The method is
assumed to be able to predict steady-state plasma concentrations that might be equivalent to
in vitro bioactive concentrations [88]. The extrapolation is as good as the input information to
the models. Relevant information may be used, together with information on human exposure,
for risk assessment. Significant change in current classification practice and approach is
needed before in vitro data with QIVIVE-approach could be used alone for hazard classification.
Human data on toxicokinetics may be available but new studies should not be conducted for
the safety assessment of potentially toxic substances as such studies are ethically
inappropriate. Biomonitoring (e.g. the analysis of human tissues for direct or indirect evidence
of human exposures to substances) can provide unique insight into the relationship between
dose and putative toxicity thresholds established in experimental animals. Biomonitoring data
may allow development of reverse dosimetry from in vitro assays (e.g. [89]). Biomonitoring
studies of occupationally exposed retired personnel provide the possibility to define
toxicokinetic parameters of elimination without (or at least minimised) effects of continuous
exposure, which may impact data validity.

B.1.2.1

Prediction of ADME properties

Information on oral absorption should be used, as it greatly improves interpretation of
toxicity data. Several physicochemical factors such as ionisation, molecular weight, particle
size, log Kow, water solubility, as well as information about the dosing vehicle and oral toxicity
can be used in predicting oral absorption (see more details in Section R.7.12 of the Guidance
on IR&CSA – Chapter R.7c).
Solubility parameters (e.g. water solubility) may be estimated experimentally or by using in
silico models: QSAR models, which establish a relationship between physical-chemical activity
(properties) and biological activity, or quantitative structure-property relationship (QSPR)
models, which are predictors for a given property.
Oral absorption may be estimated by using QSAR/QSPR models that predict permeability
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estimates (in %) or through permeability studies where ability to cross a barrier, for example,
a lipid membrane or intestinal tissues, is examined:




in
of
in
in

vitro permeation studies across lipid membranes (e.g. PAMPA) or across a monolayer
cultured epithelial cells (e.g. Caco-2 cells, MDCK cells);
vitro permeation studies using excised human or animal intestinal tissues;
vivo intestinal perfusion experiments on animals or humans.

However, none of the above methods are validated. Caco-2 cells, although the most promising
of these methods, has a number of limitations [90].
There are a number of structural alerts, structure-activity relationships (SARs), and other
parameters which may be used for predicting absorption and may also be considered in
grouping and read-across for toxicological properties. Probably the best-known principle for
drug absorption and bioavailability estimation (the amount of the substance which enters into
the blood circulation or is available to cause the effects) is the Lipinski rule of five [91]. The
simplicity of that scheme prompted development of many variations, which use slightly
different (combinations of) descriptors, and calculation methods for them (e.g. [92, 93, 94, 95,
96], Danish QSAR Database and OECD QSAR Toolbox).
Dermal (skin) absorption is an important parameter in the assessment of biocide active
substances under the BPR. In dermal absorption, a tiered approach for the estimation of skin
absorption has been proposed [97] (see also Section 1.3 of the Guidance on BPR – Volume III
(Parts B+C), and Section R.7.12 of the Guidance on IR&CSA – Chapter R.7c). Initially, basic
physicochemical information should be taken into account (i.e. molecular mass and
lipophilicity), then, a default value of skin absorption is generally used [98]. The principles
described in the OECD Guidance on Dermal Absorption [99, 100], as well as the approach and
default values described in the EFSA Guidance Document for dermal absorption [101], should
be considered. A flow diagram outlining this tiered approach is presented in Appendix R.7.12—
4 of the Guidance on IR&CSA – Chapter R.7c. It describes, for example, what to do when there
are no dermal absorption data available, which studies to include in the assessment and how
to conclude on dermal absorption depending on the data available.
In vitro methods (EU B.45/OECD TG 428) for dermal absorption may adequately reflect the in
vivo results and they can be used as a replacement provided that limitations are considered.
For instance, concentrations remaining in the skin should be generally considered as absorbed
and the sum of concentrations in the receptor fluid and in the skin is reflecting the portion of
absorbed substance. The lipophilic substances which have a low solubility in the receptor fluid
would give especially low absorption value if the concentrations in the skin are not taken into
account. More details are presented in Section R.7.12 of the Guidance on IR&CSA – Chapter
R.7c, EFSA Guidance on Dermal Absorption [101], SCCS’s opinion [102], and in OECD GD 28
[99].
In silico models (e.g. QSAR methods predicting skin permeability coefficient and maximum
rate of flux) and mathematical skin permeation models may prove useful as a screening tool or
for qualitative comparison of skin permeation potential [103]. On a case-by-case basis, and if
scientifically justified, the use of (Q)SARs/QSPRs may be useful, especially within a group of
closely related substances.
Rules for skin absorption, such as Flynn’s algorithm and Magnuson’s rule, have also been
developed, which may provide additional information [104, 105]. There are also several other
information sources available to predict dermal absorption potential, for example, OECD QSAR
Toolbox, Danish QSAR Database and DERMWIN (EPISUITE), which can estimate the dermal
permeability coefficient Kp.
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For inhalation absorption, several physicochemical factors, such as vapour pressure, particle
size, log Kow, water solubility and inhalation toxicity data, can be used in predicting inhalation
absorption. The multiple-path particle dosimetry (MPPD) model can predict particle deposition
and clearance in the lungs.
Parameters related to distribution may be predicted by QSAR models: percentage substance
bound to plasma proteins, fraction bound to plasma protein, fraction unbound to plasma,
fraction bound and unbound in tissues, apparent volume of distribution and tissue-blood
partition coefficient. In addition, principles have been developed for predicting the penetration
of a substance through the blood-brain barrier, for example, the Waterbeem’s rules [106].
Based on available data, tissue distribution can be mathematically calculated by PBTK
modelling using partition coefficients between blood or plasma and the tissue considered. A
recent paper provides a state-of-art overview of the available PBTK platforms [75].
Some composite parameters that can be derived from the concentration-time plot of the
substance and/or its metabolites can be predicted with some degree of success: these are the
area under the curve (AUC) from the Cmax (maximum concentration in the blood or plasma),
tmax (time to reach Cmax), and half-life/rate constant of elimination [107].
In vitro tests can inform on metabolism by using isolated enzymes, microsomes, cytosol and
microsomal fractions, recombinant enzymes, immortalised cell lines, primary hepatocytes in
culture or in suspension and liver slices. Most frequently these materials originate from the
liver as this is the most relevant organ for metabolism, however, in some cases preparation
from other organs are used for investigation of potential organ-specific metabolic pathways.
The HepaRG cell line is considered an important in vitro tool and can be a good alternative to
human hepatocytes [10]. It is also possible to produce metabolically active hepatocytes from
human embryonic stem (hES) cells and hepatic stem cells. Recent progress has also been
made in generating hepatocyte-like cells from human induced pluripotent stem cells. As a
result of JRC’s project on in vitro human hepatic metabolic clearance methods, a
representative method showed a good intra-laboratory reproducibility [108]. Based on the
methods from EURL ECVAM, work for the development of an OECD Guidance Document was
proposed. Human skin-derived stem cells can be used as a cell source for e.g. in vitro
hepatotoxicity screening [109, 110].
QSAR prediction models exist for predominant responsible enzyme, percentage of substance
metabolised, percentage of substance excreted in the urine, and clearance by the hepatic
route. The following freely available tools can provide information on particular
mammalian/human metabolism but also distribution (e.g. through brain-blood barrier): OECD
QSAR Toolbox, Danish QSAR Database, Meta-print 2D (only metabolism), and SMARTcyp (only
metabolism). For metabolism in fish, see Section B.12.
PBTK modelling can provide information on metabolism [75]. Microfluid devices for multi-organ
interactions, so-called "body-on-a-chips", provide the possibility to build up physical systems
that mimic PBTK models [111]. These multi-organ systems can simulate human metabolism,
e.g. biotransformation of a substance to its metabolites [10].
Excretion can be predicted to some extent by relying on physicochemical properties of the
molecule. However, depending on the metabolic changes that may occur, the substance or its
metabolites that are finally excreted may have few or none of the physicochemical
characteristics of the parent substance.

B.1.3

Challenges related to the development and application of nonanimal prediction methods

The main hurdle to predict ADME parameters from chemical structures is probably the
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complexity of the fate of a substance in the organism as a result of multiple interrelated
processes. Availability and accessibility of computer-based tools and reliable databases, as well
as availability of well-characterised in vitro methods that can generate reliable and relevant
ADME data, are a necessary prerequisite for modelling of ADME properties. PBTK models, in
general, are considered quite complex and requiring mathematical and programming
expertise. Another issue relates to scarcity of substance-specific input parameters for many
substances: even if such data are available they often concern drugs or pesticides but not
industrial chemicals. For further limitations and challenges, see e.g. [112].
Development and implementation of non-animal approaches able to predict rapidly and at low
cost ADME properties has become an important task in assessing the toxicokinetic profile of
substances.

B.1.4

Future perspectives

There are a number of issues that should be addressed to facilitate the use of toxicokinetic
modelling, such as:




setting up of databases that collect and store measured parameters and the
development of computational models and tools that can make use of these
parameters;
development of in vitro tools for high-throughput for measurement of ADME properties
for later use in modelling;
further improvements on the application of analytical methods to measure substances
in physiological media.

There are currently several projects ongoing worldwide to address these issues. It is expected
that information on toxicokinetics will play a significant role in the future in evaluating species
differences and assessing internal exposure [1, 113]. Proper information on toxicokinetics
enhances also the use of non-animal approaches for toxicity endpoints.
A QIVIVE approach under development allows to extrapolate findings from the in vitro
methodologies to what they mean for the intact organisms (animal or human) [23], but it is
not yet known if it is fit for regulatory purposes.

B.1.5

Summary and conclusion on toxicokinetics

Information on toxicokinetics is necessary to fully evaluate the toxicological properties of
substances. For REACH information requirements, only available information on toxicokinetics
needs to be collected but for biocide active substances further information may need to be
generated. Toxicokinetics is not a hazard class in the CLP Regulation but it provides useful
information for other (toxicological) hazard classes.
A well conducted in vivo toxicokinetic study may give important information for subsequent
application of non-animal approaches such as application of read-across and building of
categories, adapting or triggering further testing. It is recommended to combine investigations
on toxicokinetics with other in vivo studies that need to be performed to fulfil the regulatory
requirements.
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B.2

Acute toxicity

B.2.1

Description of the information

Acute toxicity relates to the adverse effects occurring during an observation period of two
weeks following oral or dermal administration of a single dose of a substance or a mixture, or
multiple doses given within 24 hours, or an inhalation exposure of four hours (see the CLP
Regulation and Section 3.1 of the Guidance on the Application of the CLP Criteria). Acute
toxicity is characterised in terms of lethality or serious adverse health effects indicative of
lethality within a certain observation period. In animal experiments, the adverse effects can be
seen as lethality/mortality, or as clinical signs of toxicity, and/or as pathological changes in
organs and tissues. Traditionally, acute toxicity of a substance has been characterised by and
expressed as a lethal dose where half of the test animals die after administration of a single
dose (e.g. an acute oral lethal dose LD50, or an acute inhalation lethal concentration LC50
value). However, classification for acute toxicity can also be based on human evidence which
shows lethality following exposure.
There are two hazard classes for toxicity resulting from exposure to what is effectively a single
dose of a substance: acute toxicity and specific target organ toxicity – single exposure (STOT
SE). These classes are independent from each other and both may be assigned to a substance
or a mixture if the respective criteria are met (see Sections 3.1 and 3.8 of the Guidance on the
Application of the CLP Criteria). STOT SE should be considered where there is clear evidence of
toxicity to a specific organ, especially when it is observed in the absence of lethality.
For acute toxicity, classification must be considered for each route of exposure. Substances
can be allocated to one of four toxicity categories based on acute toxicity values expressed as
(approximate) LD50 (for the oral and dermal routes) or LC50 (for the inhalation route) values or
as acute toxicity estimates (ATE) and according to the CLP criteria.
The information requirements and the relevant test methods for the REACH Regulation, the
BRP as well as the basis of the CLP criteria are presented in Section 2 of Appendix 3 to this
document.

B.2.2
B.2.2.1

How to minimise vertebrate animal testing
Specific adaptation rules

When met, some of the specific adaptation conditions contained in Column 2 of REACH
Annexes VII-VIII or column 3 of BPR Annex II give a possibility not to perform new testing on
vertebrate animals to fulfil the information requirement for acute toxicity (for further details,
see Section 2 of Appendix 3 to this document).

B.2.2.2

Replacement, reduction and refinement methods

Currently, there are no replacement methods developed for testing acute toxicity. The general
rules for adaptation of REACH Annex XI and BPR Annex IV apply, such as read-across and WoE
adaptations. A WoE approach, which applies to low toxicity substances and might enable an
adaptation of in vivo testing of acute toxicity, is presented below.
Grouping and read-across is applicable if the non-animal approach fulfils the criteria
described in REACH Annex XI (See also Section R.7.4.4.1 of the Guidance on IR&CSA –
Chapter R.7a). QSAR methods may help in grouping and also in supporting the read-across. A
few freely available (Q)SAR models and expert systems are capable of predicting acute toxicity
and providing relevant and reliable (adequate) data (Section R.7.4.3.1 of the Guidance on
IR&CSA – Chapter R.7a).
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It could be considered that reduction has been successfully applied for this information
requirement since the current test methods for the oral route (Acute Toxic Class Method EU
B.1 tris/OECD TG 423; Up-and-Down Procedure OECD 425 and Fixed Dose Procedure EU B.1
bis/OECD TG 420) are considered as reduction methods compared to the old one (EU
B.1/OECD TG 401) which is no longer in use. Along the same line, OECD TG 402 (EU B.3) for
acute dermal toxicity has recently been replaced by a version with a fixed dose procedure,
which allows to reduce the number of test animals. There are two OECD-approved acute
inhalation toxicity tests, which provide a possibility to reduce the number of test animals, i.e.
OECD TG 433 and EU B.52/OECD TG 436 (compared to EU B.2/OECD TG 403). In addition,
besides mortality, OECD TG 433 and EU B.52/OECD TG 436 rely on evident toxicity, i.e.
“animals obviously in pain or showing signs of severe and enduring distress”.
When applicable, the use of a limit dose/concentration can reduce the number of test
animals.
In Section R.7.4 of the Guidance on IR&CSA – Chapter R.7a, ECHA provides advice on how a
WoE approach can be used as an adaption of the standard information requirement for acute
oral toxicity. The main element of this WoE adaptation is a prediction from the sub-acute
toxicity study. Based on a IUCLID analysis with almost 10000 registered substances with predefined criteria, ECHA has found that low acute oral toxicity (i.e. for substances not to be
classified for acute toxicity) can in the majority of cases be reliably predicted from the results
of oral sub-acute toxicity studies. For substances with a high NOAEL (at or above 1000 mg/kg
bw/day) in the sub-acute toxicity study, the LD50 for acute oral toxicity was above 2000 mg/kg
in 98 % of the cases. Additional sources of information such as cytotoxicity tests (in particular,
the neutral red uptake assay), QSAR and physicochemical information need to be provided.
The information must be of sufficient reliability and indicate low acute oral toxicity consistently
with the results of the sub-acute toxicity study.

B.2.3

Challenges related to the development and application of nonanimal prediction methods

While the WoE approach described above can effectively reduce the number of in vivo acute
toxicity tests required based on low sub-acute oral toxicity, this approach is not applicable to
substances shown to be toxic in a sub-acute oral toxicity study and thus expected to be
acutely toxic orally.
Moreover, the in vitro methods which have been developed for acute oral toxicity have not
shown sufficient sensitivity and specificity and therefore cannot be recommended currently for
regulatory use. The neutral red uptake cytotoxicity method is an exception, but its applicability
is limited to substances of low toxicity. Acute toxicity in vivo through the inhalation route
seems currently to be the most difficult to predict and consequently the most difficult to
address with non-animal approaches.
Also, specific target organ toxicity (e.g. effects on the central nervous system), poses a
challenge since the animal-free approaches do not sufficiently cover all the potential MoAs, and
therefore may not always provide a sufficiently reliable quantitative prediction of the acute oral
toxicity.

B.2.4

Future perspectives

There are batteries of local (Q)SAR models integrating cytotoxicity information and chemistrybased descriptors which can predict acute toxicity of different substances [114]. These are
referred to as hybrid expert systems. Integrating in vitro and in silico approaches is consistent
with other frameworks incorporating mechanistic information for various purposes. One issue
is the non-availability of tools to assess toxicity by non-oral routes of exposure [114]. Since
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most tools have been developed to evaluate the oral exposure route. Another issue is that the
existing (Q)SARs often lack mechanistic basis. The mechanisms behind acute toxicity are far
from fully known and hence it is rather difficult to develop QSAR models based on descriptors
which have a mechanistic relation to this endpoint.
Efforts have been made to study acute toxicity and assess classification of this parameter with
in vitro studies and develop non-animal approaches [115, 116]. However, there is no clear
vision of a non-animal approach (e.g. combination of methods) that would, in the short term,
solve the assessment of acute toxicity.

B.2.5

Summary and conclusion on acute toxicity

Progress has been made to allow the evaluation of the acute oral toxicity of substances which
show low sub-acute toxicity in a WoE approach, combining information on acute effects from a
sub-acute toxicity study with supporting information from non-animal approaches such as the
neutral red uptake cytotoxicity in vitro method, QSAR model predictions and other potential
sources of information. This possibility for adaptation under the REACH Regulation has been
addressed in the update of Section R.7.4 of the Guidance on IR&CSA – Chapter R.7a. The
same approach could, in principle, also be applied under the BPR for biocide active substances
showing low sub-acute oral toxicity, although this would need to be further investigated.
CLP criteria exist for both acute toxicity and STOT SE and the criteria for both hazard classes
refer to information from human and/or animal studies while non-animal approaches are used
within a WoE determination. In the future, there may also be combinations of non-animal
approaches that may provide predictions adequate for regulatory requirements, in particular
hazard classification (especially if GHS and CLP criteria are revised), and that can adequately
address acute oral toxicity when the predictions are far above the classification cut-off values.
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B.3
Skin corrosion/irritation and serious eye damage/eye
irritation
B.3.1

Description of the endpoints

These effects are local effects that occur at the site of contact (skin and eye) irrespective of
whether a substance can become systematically available. Substances causing local effects
after single exposure can be further distinguished as irritant or corrosive substances,
depending on the severity and reversibility/irreversibility of the effects observed.
Corrosive substances are those that may destroy living tissues they come into contact with.
Skin corrosion results in irreversible damage to the skin following the application of a test
substance up to four hours and which occur by the end of observation at 14 days. Skin
irritation is reversible damage of the skin following the application of a test substance for up to
four hours. There may be also a concern of dermal effect caused by substances, which cause
skin dryness, flaking or cracking upon repeated exposure but which cannot be considered as
skin irritants.
Serious eye damage is tissue damage in the eye, or serious physical decay of vision, following
application of a test substance to the anterior surface of the eye, which is not fully reversible
within 21 days of application. Eye irritation refers to changes in the eye which are fully
reversible within 21 days of application.
The information requirements and the relevant test methods for the REACH Regulation and the
BPR as well as the basis for the CLP criteria are presented in Section 3 of Appendix 3 to this
document. Since in vitro methods can in most cases be used to meet the information
requirements, there is no urgent need to further develop replacement methods for these
endpoints, except for the direct identification of Category 2 eye irritants.

B.3.2
B.3.2.1

How to minimise vertebrate animal testing
Specific adaptation rules

When met, some of the specific adaptation conditions contained in Column 2 of REACH
Annexes VII-VIII give a possibility not to perform new testing on vertebrate animals to fulfil
the information requirements for skin corrosion/irritation and serious eye damage/eye irritation
(for further details, see Section 3 of Appendix 3 to this document). There are no such rules
under the BPR for these endpoints.

B.3.2.2

Replacement and reduction methods

The REACH and BPR information requirements already include non-animal approaches as a
primary approach. In addition, the general rules for adaptation of REACH Annex XI and BPR
Annex IV can also apply, such as grouping and read-across and WoE adaptations.

B.3.3

Challenges related to the development and application of nonanimal prediction methods

For serious eye damage/eye irritation, in vivo testing may still be needed, due to a lack of in
vitro methods that can be used for direct identification of CLP Category 2 eye irritants. The
recently published OECD Guidance Document on serious eye damage and eye irritation IATA
[36] provides examples of how to combine multiple in vitro methods to improve the
predictivity in identifying CLP Category 2 eye irritants.
Substances causing delayed corrosion effects, i.e. slow skin corrosives, may not always be
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correctly detected by in vitro methods [117].

B.3.4

Future perspectives

For skin corrosion/irritation, the use of in vitro methods will provide results that are suitable
for classification and labelling in the majority of cases. An OECD IATA for skin
corrosion/irritation was published in 2014 [35].
An OECD Guidance Document on an IATA for serious eye damage/eye irritation [36] was
published in July 2017 and provides support in terms of how to use in vitro and other data to
support the correct identification of all ranges of eye hazard potential. Work is also ongoing to
address the detection of reversibility of the effects with in vitro methods, for example by using
histopathological evaluation [118].
Similarly to how the information requirements have been revised in the REACH Regulation for
skin corrosion/irritation and serious eye damage/eye irritation, the use of the available in
vitro/non-animal methods for these endpoints may be increased under the BPR by a more
explicit recognition of these methods in the core dataset for biocide active substances.

B.3.5

Summary and conclusion on skin corrosion/irritation and
serious eye damage/eye irritation

Due to the sequential nature of the REACH standard information requirements, and
irrespective of the annual tonnage of the substance, new data for skin corrosion/irritation and
serious eye damage/eye irritation need to be generated with in vitro testing if the available
methods are applicable for testing the substance in question. Similarly, for biocide active
substances under the BPR, the generation of new data for these endpoints should start with
suitable in vitro assays. Under the CLP Regulation, there are hazard classes and criteria for
serious eye damage/eye irritation and skin corrosion/skin irritation. For serious eye
damage/eye irritation, the recently published OECD Guidance Document on an IATA for serious
eye damage/eye irritation can now be used to support the correct identification of all ranges of
eye hazard potential [36].
If the in vitro results are adequate for classification and labelling or risk assessment, no further
in vivo testing is needed. Registrants therefore need to make sure that the in vitro test
methods chosen is (are) suitable for the test substance (see also Section R.7.2 of the Guidance
on IR&CSA – Chapter R.7a, and ECHA Advice on skin and eye irritation testing to help reduce
animal tests).
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Skin and respiratory sensitisation

B.4.1

Description of the endpoints
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Skin sensitisation, resulting in allergic contact dermatitis, is an important endpoint to assess
for all regulations as this is the most common manifestation of immunotoxicity among humans
and has great implications for a person as well as for the community. Therefore, it is important
to know whether a substance is a skin sensitiser and how potent it is, to adequately control the
exposure to it. The main mechanisms leading to skin sensitisation are relatively well
understood. In 2012, the OECD published an AOP which describes the biological mechanisms
of skin sensitisation initiated by the covalent binding of substances to skin proteins [119]. The
key events (KEs) of this skin sensitisation pathway are:





KE 1: covalent binding of the electrophilic substance to skin proteins;
KE 2: release of pro-inflammatory cytokines and induction of cyto-protective pathways
in keratinocytes;
KE 3: activation and maturation of dendritic cells, and their migration to the local lymph
nodes;
KE 4: presentation of the chemical allergen by the dendritic cells to naïve T-cells, which
leads to their differentiation and proliferation into allergen-specific memory T-cells.

Even though not considered part of the four KEs leading to the adverse outcome, dermal
bioavailability (penetration and, if applicable, metabolism) is a prerequisite for a substance to
cause skin sensitisation, i.e. the substance needs to reach the viable epidermis in its reactive
form.
REACH information requirements for skin sensitisation have recently been revised to cover for
the first three KEs and to make non-animal (i.e. in vitro/in chemico) methods the primary
approach. The information requirements and the relevant test methods for REACH, the BPR as
well as the basis of the CLP criteria are presented in Section 4 of Appendix 3 to this document.
Respiratory sensitisation is a term that is used to describe asthma and other related
respiratory conditions (e.g. rhinitis, extrinsic allergic alveolitis) due to a hypersensitivity of the
airways after exposure to a respiratory sensitiser. There is still uncertainty regarding the exact
underlying mechanisms. Based on current knowledge, the induction of respiratory sensitisation
can occur through inhalation or dermal exposure to the sensitising substance [120, 121]. An
AOP for respiratory sensitisation to low molecular weight substances is currently under
development at the OECD (see Project 1.20 of the OECD AOPs development programme work
plan and AOPwiki 39).
Respiratory sensitisation is not a standard information requirement under the REACH
Regulation and it is part of the additional dataset under the BPR (see Section 4 of Appendix 3
to this document).
However, where relevant, in the case that information on respiratory sensitisation is available,
it should be included in the technical dossier and used to support classification and labelling
according to the CLP criteria for respiratory sensitisers.
There are no formally recognised and validated animal or in vitro tests for respiratory
sensitisation. However, there may be data available from human observations indicating
respiratory sensitisation in exposed populations or other sufficient evidence, including readacross. In the case that information on respiratory sensitisation is available, it should be
included in the technical dossier and used to support classification and labelling where
relevant.
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B.4.2

How to minimise vertebrate animal testing

Note: Since generation of new animal data for respiratory sensitisation is not a standard
information requirement, this section mainly concerns skin sensitisation information
requirements.

B.4.2.1

Specific adaptation rules

When met, some of the specific adaptation conditions contained in Column 2 of REACH
Annexes VII-VIII or column 3 of BPR Annex II give a possibility not to perform new testing on
vertebrate animals to fulfil the information requirements for skin sensitisation (for further
details, see Section 4 of Appendix 3 to this document).

B.4.2.2

Replacement and reduction methods

The REACH information requirements for skin sensitisation already include non-animal
approaches as a primary approach. In addition, the general rules for adaptation of REACH
Annex XI and BPR Annex IV can also apply, such as read-across and WoE adaptations.

B.4.3

Challenges related to the development and application of nonanimal prediction methods

The main challenges for the development and application of non-animal approaches for skin
sensitisation are that:




a combination of several in vitro/in chemico methods with potential other information
sources must be used;
currently the results of the adopted and fully validated in vitro/in chemico methods
available cannot be used directly for sub-categorisation in classification and labelling;
in vitro/in chemico methods have their limitations with respect to applicability domain –
for example, substances with a low solubility and highly cytotoxic substances can be
challenging to properly test in vitro. The applicability of these in vitro methods may be
limited in regard to certain multi-constituent substances and UVCBs (for further details
see Section R.7.3 of the Guidance on IR&CSA – Chapter R.7a, ECHA Advice on skin
sensitisation testing to help reduce animal tests, and Annex II to OECD GD 256 [37]).

Few approaches for skin sensitisation potency estimation have been described in the scientific
literature. However, none of them have been formally approved for regulatory use.
Furthermore, some approaches require WoE determination using expert judgement to conclude
on potency without clear threshold criteria (e.g. [122, 123, 124]). Some further
recommendations on the matter can be found in Section R.7.3 of the Guidance on IR&CSA and
the OECD Guidance Document 256 “Reporting of Defined Approaches and Individual
Information Sources to be used within Integrated Approaches to Testing and Assessment
(IATA) for Skin Sensitisation” [37] and its Annexes [125, 126].
Currently, in vivo test data may still be needed. However, there are many promising methods
and approaches under development or under consideration for regulatory use, including some
that could be used for potency estimation (Annex I to OECD GD 256 [37]). Various
stakeholders, for example, Cosmetics Europe, are working to overcome this hurdle [127]. More
recent developments, for example, the use of TIMES-SS classification trees to predict
sensitisation potency [128], may be relevant for mono-constituent substances (but not for
UVCBs or multi-constituent substances).
For respiratory sensitisation, there are still major uncertainties regarding the underlying
mechanisms. Due to the complexity of these mechanisms, no validated or widely recognised in
vitro test methods specific to respiratory sensitisation are available yet. Several in vitro test
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methods have been described in the literature (for instance, see Section R.7.3.9.1 of the
Guidance on IR&CSA), but more work is needed to assess their reliability, relevance and
performance. Attempts to model respiratory sensitisation have been hampered by the lack of a
predictive test protocol for assessing chemical respiratory sensitisation. (Q)SAR models are
available but these have largely been based on data for substances reported to cause
respiratory hypersensitivity in humans. For instance, the OECD QSAR Toolbox software
encodes a profiler (set of rules and structural domains) specific for respiratory sensitisation
and offers support to the user in grouping substances which share common structural alerts
and possibly predicting the respiratory sensitisation potential through read-across (see Section
R.7.3.9.1 of the Guidance on IR&CSA). Presence of activity could be predicted from positive
predictions. Absence of effect however cannot be predicted from the lack of alert because the
lack of alert might be due to the lack of effect or lack of knowledge.

B.4.4

Future perspectives

It is realistic to estimate that, in the near future, potency estimation can be incorporated into
the AOP-based approach methods. This would allow sub-categorisation of more substances for
classification purposes without the need for animal studies.
New in vitro/in chemico test methods for skin sensitisation are being considered or are part of
the OECD Work plan for the Test Guidelines Programme 2017 [22]:
(1) LuSens Assay (for KE 2): ESAC peer-review completed and published – test method
was included into the OECD TG workplan in April 2017;
(2) SENS-IS (for KE 2 mainly, and maybe KE 3): under validation assessment, peer-review
to start in autumn 2016 – this test may be useful for potency estimation, ECVAM
contacted for organisation of the Peer review by ESAC;
(3) GARD assay (for KE 3): validation ongoing;
(4) Defined approaches test guideline – feasibility study: development of different
combinations of data integration from different key events to produce results similar to
or even better than OECD TG 429 (LLNA). The aim is to obtain a full replacement
strategy by using non-animal test methods (e.g. in vitro, in silico) without the need to
apply WoE determination using expert judgement. The work will focus as a first step on
the Defined Approach case studies presented in the OECD GD 256 Annex I. The project
has been approved by the OECD in 2017.
An AOP for respiratory sensitisation to low molecular weight substances is currently under
development at the OECD (see Project 1.20 of the OECD AOPs development programme work
plan and AOPwiki 39).

B.4.5

Summary and conclusion on skin and respiratory sensitisation

The revised REACH information requirements for skin sensitisation allow the use of an AOPbased IATA in which animal testing may not be necessary. For biocide active substances the
use of a similar AOP-based approach may be possible as a WoE adaptation. Whether or not
animal testing is needed is dependent both on substance-specific properties, which dictate
whether the individual methods within an IATA are applicable to that specific substance, and
on test method limitations with respect to risk assessment and classification. The hazard class
for skin sensitisation currently refers to human and/or animal data. Further developments are
ongoing to improve the predictivity of the individual methods as well as combinations of
several methods, for example, regarding hazard classification sub-categorisation needs.
For respiratory sensitisation, the assessment is currently based on existing available
information, coming mainly from evidence in humans. More work is needed to better
understand the underlying mechanisms and develop standard test methods and prediction
models.
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B.5

Repeated-dose and chronic toxicity

B.5.1

Description of the endpoint

The term repeated-dose toxicity comprises the general toxicological effects (including organ
weights and histopathological changes in many organs and tissues, clinical signs, and
modifications of clinical chemistry and haematology) occurring through various known or more
often unknown MoAs and as a result of repeated daily dosing with, or exposure to, a substance
for a part of the expected lifespan (sub-acute or sub-chronic exposure) or for the major part of
the lifespan, in the case of chronic exposure. Repeated-dose toxicity studies provide
information on possible adverse or hazardous effects, their dose-response relationships, and
on their reversibility or irreversibility. Furthermore, these studies may provide information on
specific manifestations of toxicity (e.g. neurotoxicity, immunotoxicity, endocrine-mediated
effects, reproductive toxicity and carcinogenicity), even though they are not specifically
designed to investigate these endpoints. Repeated-dose toxicity studies are important
information sources for hazard identification (e.g. hazard classification to specific target organ
toxicity (STOT RE) and information on toxicity to reproductive organs) and risk assessment
(DNEL derivation). Information from repeated-dose toxicity studies may also indicate a
concern and a need for further specific studies, for example for carcinogenicity, reproductive
toxicity or (developmental) neurotoxicity.
Separate test methods are available for repeated-dose toxicity studies in rodents and nonrodents, and using oral administration, dermal application or inhalation.


Sub-acute 28-day repeated-dose toxicity studies provide information on the
possible toxicological effects arising from exposure to the substance during a relatively
limited period of the animal’s life span.



Sub-chronic 90-day repeated-dose toxicity studies provide information on the
possible general toxicological effects arising from a prolonged period of the animal’s life
span covering post-weaning maturation and growth well into adulthood, on target
organs and on potential accumulation of the substance.



Chronic toxicity studies provide information on the possible toxicological effects
arising from repeated exposure covering a significant part of the animal’s life span. The
duration of chronic toxicity studies should be at least 12 months.

The information requirements and the relevant test methods for REACH Regulation, the BPR as
well as the basis of the CLP criteria are presented in Section 5 of Appendix 3 to this document.

B.5.2
B.5.2.1

How to minimise vertebrate animal testing
Specific adaptation rules

When met, some of the specific adaptation conditions contained in Column 2 of REACH
Annexes VIII-X or column 3 of BPR Annex II give a possibility not to perform new testing on
vertebrate animals to fulfil the information requirements for repeated-dose toxicity (for further
details see Section 5 of Appendix 3 to this document).

B.5.2.2

Replacement and reduction methods

The general rules for adaptation of REACH Annex XI and BPR Annex IV apply, such as grouping
and read-across and WoE adaptations. There is currently no full replacement method for
repeated-dose toxicity testing.
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Read-across and category approaches are applicable to predict the repeated-dose toxicity
properties. It is recommended to support the read-across data with bridging data such as
information on toxicokinetics with the focus on distribution in organs and metabolism. For
read-across for a 90-day repeated-dose toxicity study, available information from a 28-day
repeated-dose toxicity study or similar may provide the necessary support. Read-across for
sub-acute repeated-dose toxicity (28-day) can also be supported by QSAR model predictions,
in vitro and/or “-omics” data (see Section A.1.2.4). The methods listed above may not provide
adequate support on their own for sub-chronic toxicity (90-day) or other definitive studies.
There are developments of AOPs based on certain mechanisms/MoAs for organ toxicity (see
AOP Wiki). Data from methods investigating such AOPs may potentially support the readacross, but these methods and AOPs are at the moment limited and cannot alone be used to
sufficiently reliably predict the absence of toxicity for all organs after repeated dosing in vivo.
Also information from new approaches such as organs-on-a-chip (see Section A.1.2.3) may be
useful. Grouping and read-across may be proposed for hazard identification and
characterisation based on information from non-animal approaches without the need to
conduct new in vivo studies.
Currently, there is no single method to fully replace the animal studies required for repeateddose toxicity. However, combination of different endpoints into a single in vivo study gives
the possibility to reduce the total number of animals used. It should be ensured that such a
combination does not impair the validity and the results obtained for each individual study
endpoint. Combination with a repeated-dose toxicity study is covered by several standard test
guidelines: combined sub-acute toxicity study with the reproduction/developmental toxicity
screening test (OECD TG 422), combined chronic toxicity/carcinogenicity studies (EU
B.33/OECD TG 453). Specific considerations for combining a repeated-dose toxicity study with
an in vivo mammalian erythrocyte micronucleus test are provided in OECD TG 474 and
combination with other mutagenicity studies is also possible (see Section R.7.7.6.3 of the
Guidance on IR&CSA – Chapter R.7a).
Combining a sub-chronic toxicity study with the extended one-generation reproductive toxicity
study could also be considered but some specific aspects should be taken into account (see
Section R.7.5.6.3.4 of the Guidance on IR&CSA – Chapter R.7a).
All standard test guidelines for repeated-dose toxicity study give the possibility to perform a
limit test with the testing of only one dose level of at least 1000 mg/kg bw/day for
substances producing no observable toxic effects and if toxicity would not be expected based
upon existing data. Furthermore, a proper design of the testing strategy and definition of
protocols may reduce the number of animals required for testing.
WoE adaptation allows to use methods that alone do not provide sufficient information for
repeated-dose toxicity. For repeated-dose toxicity, the main aspects to consider are organ
toxicity, length of exposure, dose response, and sensitivity and depth of
investigation/predictions done. The adaptation should address all elements of the information
requirement in question. Non-animal approaches may be used as elements to support WoE
adaptation.
In silico and in vitro methodologies may be used in screening and (de)prioritisation and to
get insight of the potential toxicological properties of a substance, its mechanisms/MoAs
and/or its target cells to be used in combination with other information to support the WoE
adaptation.
The generic threshold derived from the threshold of toxicological concern (TTC) methodology
might provide a reference value to assess the significance of the human exposure [129]. On a
case-by-case basis and at levels of human exposure below the TTC, this approach might
support an estimation of a low concern and used in (de)prioritisation. However, its use is
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rather restricted due to a number of limitations or drawbacks to the application of TTC for
regulatory risk assessment that should be taken into consideration, for example, with respect
to applicability domain, route of exposure, classification and labelling (see Appendix R.7—1 to
the Guidance on IR&CSA – Chapter R.7c ; Appendix 1-4 to the Guidance on BPR Volume III –
Parts B+C; [130]). It should be noted that regulatory applicability of TTC has not been fully
investigated for REACH and BPR purposes (e.g. to support exposure-based waiving).

B.5.3

Challenges related to the development and application of nonanimal prediction methods

Currently, there are no in vitro methods that have been validated for repeated-dose toxicity
testing and accepted for regulatory use. The availability of QSAR prediction models for
repeated-dose toxicity endpoints is also limited [131]. The main challenge for the development
of non-animal approaches for this endpoint is the complexity of the systemic interactions and
effects involved in repeated-dose toxicity and the difficulty to model the underlying processes
and reproduce integrated responses. Although it may be possible to predict organ toxicity
through a certain MoA, it is not yet possible to include all the possible MoAs and interactions
between various organs and the organism’s systemic and local control systems. This
complexity is difficult to predict with computational tools and the in vitro systems currently
available have mainly been developed to detect certain effects in target organs only.
Furthermore, these methods show limitations with respect to coverage of repeated-dose
toxicity, kinetics, biotransformation and NOAEL derivation.
An ideal replacement method or combination of methods should address the risk assessment
and hazard classification similar to the current information requirement (90-day repeated dose
toxicity study). Attempts to reliably reflect the human/animal internal effect levels and
external exposure would help to use the data for risk assessment and classification for specific
organ toxicity (where the hazard categorisation is based on severity of effects and dose
levels). How to address hazard classification for sexual function and fertility is more complex
as the categorisation is based on strength of evidence of intrinsic property without
consideration of dose levels. Relationship to other systemic toxicity may also influence on
categorisation. To conclude on no toxicity, uncertainty is higher than to conclude on hazardous
effect if the system and organ selection is not complete and does not reflect the complexity of
systemic interactions.
Some commercial statistical QSAR models for human liver, kidney and heart toxicity have
however been developed in collaboration with the US FDA to be used as a screening tool,
based on information from pharmaceutical clinical trials and scientific articles [132, 133, 134].

B.5.4

Future perspectives

Several EU research projects aiming at the development of new non-animal approaches for
repeated-dose toxicity have been initiated, e.g. Predictomics, Pulmo-net, Predict-IV, Seurat-1
and EU-ToxRisk (see https://eurl-ecvam.jrc.ec.europa.eu/validation-regulatoryacceptance/systemic-toxicity/repeated-dose-toxicity). Promising developments – for example,
organs-on-a-chip, development of further AOPs and use of “-omics”, in vitro, and in silico data
– are expected to improve the grouping and read-across possibilities. In addition, information
on toxicokinetics (e.g. using in silico predictions) would be valuable. New systems combining
up to three human organoids are already available and the potential to address repeated-dose
toxicity in certain organs in vitro seems possible in the future.

B.5.5

Summary and conclusion on repeated-dose toxicity

Repeated-dose toxicity is a complex endpoint involving integrated processes at the molecular,
cellular, organ and system levels and for which there is limited knowledge of the underlying
mechanistic pathways and their interactions. In vitro methods have not yet been validated for
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repeated-dose toxicity and the regulatory information requirement cannot currently be
predicted by methods such as (Q)SAR models or AOPs and “-omics”. However, there is a
possibility to adapt repeated-dose toxicity studies under the REACH Regulation and the BPR.
Grouping and read-across is currently the best approach to avoid new animal tests. For readacross, confidence in similar organ toxicities between the target and source substances is
needed and toxicokinetic data can also be used as they provide information for example on
organ and tissue concentrations. Non-animal approaches could also be used to support
grouping and read-across, either alone for sub-acute repeated-dose toxicity or together with in
vivo bridging data for 90-day and long-term repeated-dose toxicity studies, or in a WoE
adaptation.
Information from repeated-dose toxicity studies is mainly used for classification for specific
organ toxicity and reproductive toxicity (i.e. for the STOT RE, sexual function and fertility
hazard classes). The CLP criteria for these hazard classes refer to information from human
and/or animal studies and depends on nature and severity of effects and effective dose levels.
Relevant scientific developments are ongoing to assess organ toxicity (e.g. organs-on-a-chip).
These and other methods predicting specific organ toxicity could be potentially used in current
regulatory systems to conclude on hazardous effects on certain organs. To conclude on no
toxicity includes more uncertainties and may thus require further supporting data.
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B.6

Mutagenicity

B.6.1

Description of the endpoint

The aim of testing for genetic toxicity is to assess the potential of a substance to induce
genotoxic and mutagenic effects. Genotoxic effects refer to alterations of the structure,
information content or segregation of the genetic material (DNA) of a cell. They may result for
instance from the impairment of DNA repair and/or protection of microtubule integrity and are
potentially reversible.
Mutagenic effects refer to changes of DNA base sequence and/or chromosomal structure in a
cell that may be passed on to subsequent generations of that cell. These potentially heritable
(if germ cells are affected) alterations, called mutations, may affect a single gene or gene
segment, a block of genes, or chromosomes and are irreversible. Genotoxicity is a broader
term than mutagenicity and, from the toxicological point of view, genotoxicity can lead to
mutagenicity if DNA damages result in permanent alterations that can be transmitted to
daughter cells.
Different types of genetic alterations affecting the DNA sequence and genome integrity should
be assessed under the REACH Regulation and BPR by covering the following genetic endpoints:
gene mutation, chromosome structure aberrations (clastogenicity) and chromosome number
abnormalities (aneugenicity). However, no individual mutagenicity test currently covers all of
these endpoints and adequate coverage requires the use of multiple tests (in a test battery or
a stepwise strategy).
Genotoxicity tests do not provide direct evidence of mutation but they can provide an
indication of damage induced in the DNA. For instance, indicator tests detect primary DNA
damage (i.e. the first in the chain of events leading to a permanent change), but not the
consequences of this genetic damage, which may be cell death, DNA repair to its original state
or a mutation after misrepair or no repair. These indicator tests may still be useful to some
extent for investigating the MoA of a substance or demonstrating exposure of the target cell or
tissue to the substance (or its reactive metabolites) and subsequent impact on DNA. As genetic
toxicity can lead to cancer, the usefulness of these indicator tests should also be evaluated in
terms of carcinogenicity prediction: in that respect, it is noteworthy that the in vivo comet
assay, which is an indicator test measuring DNA strand breakage, has shown good
performance in the detection of rodent carcinogens that are negative in the conventional bonemarrow micronucleus assay and can be recommended as a follow-up in vivo test for this
particular type of rodent carcinogens [135].
It should be noted that classification of substances under the CLP Regulation for this hazard
class is primarily concerned with germ cell mutagenicity, i.e. substances that may cause
mutations in the germ cells of humans that can be transmitted to the progeny. However, the
results from mutagenicity or genotoxicity tests in vitro and in mammalian somatic and germ
cells in vivo are also considered in classifying substances within this hazard class (see section
3.5 of the Guidance on the Application of the CLP Criteria).
The information requirements and the relevant test methods for REACH Regulation, the BPR as
well as the basis of the CLP criteria are presented in Section 6 of Appendix 3 to this document.

B.6.2
B.6.2.1

How to minimise vertebrate animal testing
Specific adaptation rules

When met, some of the specific adaptation conditions contained in Column 2 of REACH
Annexes VIII-X or column 3 of BPR Annex II give a possibility not to perform new testing on
vertebrate animals to fulfil the information requirements for mutagenicity (for further details,
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see Section 6 of Appendix 3 to this document).

B.6.2.2

Replacement and reduction methods

The basic information requirements for mutagenicity are always in vitro data. Results from the
in vitro test battery may trigger in vivo follow-up studies if mutagenicity is observed. There is
currently no stand-alone method able to fully replace in vivo animal testing for mutagenicity.
However, partial replacement or reduction, i.e. application of non-animal approaches as part of
a testing strategy or for certain types of substances only, can be achieved in different ways.
Read-across and category approaches are applicable to predict in vitro and in vivo
mutagenicity based on existing information from source substances. However, supporting data
are needed, which may be challenging in the case of in vitro mutagenicity because there is
likely no supporting toxicological data that can be used. For supporting the grouping and readacross of in vivo mutagenicity, similar in vitro mutagenic properties between the source and
target substances can be used. Furthermore, information on distribution and metabolism, for
example QSAR and toxicokinetic data, may allow evaluation of the target organs and active
metabolites and support the read-across.
If in vivo testing is to be performed, the combination of in vivo studies is strongly
encouraged whenever possible and when scientifically justified. This concerns either the
combination of different in vivo genotoxicity studies into a single study employing a few
administrations of test substance (e.g. in vivo comet assay and in vivo micronucleus test [136,
137, 138] or the integration of in vivo genotoxicity studies into a repeated-dose toxicity study
[137, 139, 140, 141]. The possibility to combine reproductive toxicity testing with in vivo
mutagenicity testing could also be considered [142]. It should however be noted that the dose
levels used in repeated-dose and reproductive toxicity studies are often not adequate (too low)
for genotoxicity testing and additional testing and positive control groups often have to be
added in these combined studies. Special precautions need to be taken when conducting a
study combining two test methods so that the validity of either test method is not
compromised, for instance sufficiently high doses should be used.
It is recommended to include cell samples from both relevant somatic and germ cell tissues
(e.g. testes) in a single study if a transgenic rodent (TGR) somatic and germ cell gene
mutation assay (EU B.58/OECD TG 488) is foreseen to minimise animal use. Adapted sampling
times, in particular an exposure duration long enough to ensure validity of the results for the
assessment of germ cell toxicity (see OECD TG 488 for details), and appropriate storage of the
germ cell samples are needed. Samples will be analysed if there is a positive result in any of
the somatic tissues tested.
The use of a limit test is mentioned in most standard in vivo test guidelines and, when
applicable, it can reduce the number of test animals, like in the in vivo mammalian erythrocyte
micronucleus (MN) test (EU B.12/OECD TG 474), mammalian bone marrow chromosome
aberration (CA) test (EU B.11/OECD TG 475), TGR assay (EU B.58/OECD TG 488) and comet
assay (EU B.62/OECD TG 489).
Sometimes the number of test groups may be reduced when conducting an in vivo
genotoxicity study. For instance, both sexes should not be used if testing in one sex only is
possible according to the standard test guidelines and when no sex-specific differences in
systemic toxicity or bioavailability have been previously observed with the substance under
investigation. Furthermore, if the test is performed in a laboratory with substantial experience
and historical data, it should be considered whether a concurrent positive control is really
needed (see, for instance, EU B.12/OECD TG 474, EU B.11/OECD TG 475, EU B.58/OECD TG
488). Moreover, it should also be considered whether a concurrent negative control for all time
points (e.g. for both the 24h and 48h time point in the in vivo micronucleus test) will really be
necessary ( [143]; EU B.12/OECD TG 474).
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The information should be evaluated in a separate WoE analysis for each test type and each
genotoxic endpoint (i.e. gene mutation or chromosomal aberration). Based on the WoE
analysis for each genotoxic endpoint, further testing should be considered in accordance with
the regulatory requirements. Additional information, such as predictions from in silico
techniques, toxicogenomics or mechanistic assays, may support the WoE adaptation, thus
concluding that information suffice for regulatory conclusion.
Predictions using appropriate in silico techniques (e.g. substance grouping, read-across or
(Q)SAR approaches) can help to confirm results obtained in specific tests, or to develop a
better understanding of mutagenicity mechanisms. Several in silico tools (QSAR models and
expert systems) for genotoxicity are available and have been extensively characterised in the
scientific literature [8, 9]. Public domain tools include rulebases in Toxtree [144], profilers in
the OECD QSAR Toolbox, VEGA and the Danish (Q)SAR database.
The potential of toxicogenomics, (i.e. gene expression profiling after exposure to a potentially
toxic substance to predict its MoA) for in vitro genotoxicity testing has been extensively
reviewed [145, 146]. Some toxicogenomic studies have shown a correlation between the
activation of certain cellular pathways and the mode of genotoxic action [147, 148]. These
tests could thus be used to generate supporting mechanistic information to improve
genotoxicity assessment. However, further optimisation and standardisation are needed before
these tests can be more routinely used.

B.6.3

Challenges related to the development and application of nonanimal prediction methods

The basic requirements for mutagenicity are currently covered by a standard battery of in vitro
tests. Although this in vitro test battery can be used to predict genotoxicity, they cannot
completely mimic what happens in vivo to the substance during the processes of absorption,
distribution, metabolism and excretion (i.e. toxicokinetics) or with respect to potential DNA
repair. Therefore the standard in vitro test battery cannot fully replace animal use and
confirmatory in vivo genotoxicity or mutagenicity studies are needed when valid in vitro
mutagenicity test results show mutagenicity.
Another limitation of some of the standard in vitro tests is that, although they perform well in
terms of identification of genotoxic substances (high sensitivity), they suffer from a high rate
of “false” (or misleading) positive results (low specificity). Thus, they identify as positive
substances that have not been confirmed as mutagenic (or carcinogenic) in vivo [149, 150].
Excessive cytotoxicity, high cell passage number, and increased stress (e.g. due to a
compromised p53 response pathway) or DNA repair mechanisms in the cells used for in vitro
testing have been identified as sources of false positives results in vitro [150].
Combination of in vitro tests, including the standard in vitro test battery, is necessary for
adequate coverage of all three mutagenicity endpoints. However, increasing the number of in
vitro tests in the battery happens at the expense of specificity while only slightly increasing
sensitivity [150]. The main consequence of the low specificity of the standard in vitro test
battery is that follow-up in vivo studies will be triggered, which in many cases will be negative.
In vitro genotoxicity studies are performed on cell cultures and are generally considered (by
the layman) not to require any use of animals. However, all OECD TG-compliant in vitro
genotoxicity tests are performed according to two parallel conditions, i.e. in absence and in
presence of a metabolic activation system (S9). In other words, in vitro genotoxicity tests
cannot be correctly performed without the use and sacrifice of several animals.
Only relatively few in silico tools are freely available for the prediction of in vivo genotoxic
potential, and further efforts are needed to develop and evaluate such methods.
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Future perspectives

Several initiatives have been undertaken over the past years to reduce the need for animal
testing to fulfil the information requirements for mutagenicity. In particular, EURL ECVAM has
identified several opportunities for improving the current testing strategy, as reviewed in
[151]. Some of the outcomes from these works can already be applied while others are still
under development.
As underlined above, one challenge regarding in vitro mutagenicity test methods is to improve
their specificity while keeping sensitivity high. This can be achieved to some extent by
following the updated recommendations from the OECD, as mentioned in the Overview of the
set of OECD Genetic Toxicology Test Guidelines and updates performed in 2014-2015 [25].
These recommendations take into account the outcome of recent workshops and expert
meetings, including advice on reduced maximum testing concentration, choice of the most
suitable test cell lines where possible and preferred cytotoxicity measurement method.
Accordingly, some of the OECD TGs for in vitro mutagenicity testing have recently been
revised and are expected to improve the quality and relevance of the in vitro data produced
and consequently minimise in vivo follow-up studies.
To investigate ways of improving the overall performance (i.e. sensitivity and specificity) of the
standard in vitro test battery, some analyses were made to determine the optimum number of
in vitro tests to be performed [152], while still covering the information for the three genetic
endpoints required under the REACH Regulation and BPR (see Section 6.1 of Appendix 3). On
that basis, some authoritative organisations now recommend the use of a core two-test
battery (i.e. a bacterial reverse mutation test and an in vitro micronucleus test) for in vitro
genotoxicity assessment because the in vitro micronucleus test can be used to assess both
clastogenicity and aneugenicity [141, 153, 154, 155]. It should however be noted that such an
approach is not yet implemented in the REACH Regulation and BPR.
Another possibility to better understand the performance of the in vitro test battery is to
investigate the relevance of Ames test results. To this end, an analysis of different patterns of
in vitro results was done to identify possible categories of Ames positive results that may be
irrelevant or signify low risk of in vivo genotoxic or carcinogenic potential [156].
New tests are under development with the aim to (i) either improve the predictive capacity
and confirm positive results from the standard in vitro test battery prior to, or instead of, in
vivo studies, or (ii) provide additional mechanistic information as supporting evidence.
More physiologically relevant models have been developed, such as the micronucleus test and
the comet assay in 3D human reconstructed skin models for dermal exposure and metabolism
[157]. Such models have been proposed as follow-up tests if positive results are obtained from
the standard in vitro genotoxicity testing battery [158, 159, 160]. The hen's egg test system
enables metabolic activation, elimination and excretion of the test substance and has also been
proposed to test micronucleus induction as a follow-up test for in vitro positives [161].
More recently, assays that simultaneously analyse different biomarkers, including cellular
responses to DNA damage, as well as overt cytotoxicity, have been developed to provide
mechanistic information on the type of biological damage induced by different types of
substances [162].
In addition, the following activities of the OECD Work plan for the Test Guidelines Programme
2017 [22] are ongoing:


the development of a new test guideline for the Pig-a assay, an in vivo gene mutation
assay that promotes the 3Rs principle;
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work on a Guidance Document on the adaptation of in vitro mammalian cell-based
genotoxicity TGs for testing of manufactured nanomaterials;
miniaturised versions of the bacterial gene mutation test.

Summary and conclusion on mutagenicity

In vitro data are the basic information requirements for the assessment of mutagenicity under
the REACH Regulation and BPR. The hazard class for mutagenicity under the CLP Regulation
refers to germ cell mutagenicity and the criteria are based on in vivo data. Mutagenicity typespecific follow-up in vivo testing is triggered if a positive result is obtained when performing
the standard in vitro test battery.
Improvement of the performance of these in vitro test methods and/or consideration of
supporting evidence coming from newly developed in vitro assays or in silico tools are thus
warranted to add confidence in the results and minimise confirmatory in vivo testing. Reliable
grouping and read-across and WoE adaptations are important tools to fill data gaps and reduce
the need for testing or for targeting testing needs.
When in vivo testing cannot be avoided several reduction approaches exist to limit animal use:
current efforts are directed towards reduction of the number of testing groups to the minimum,
better integration of the assessment of several genotoxicity endpoints and/or target organs in
the same study and combination of genotoxicity and repeated-dose toxicity studies.
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Carcinogenicity

B.7.1

Description of the endpoint
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The process of carcinogenesis involves the transition of normal cells into uncontrolled dividing
cancer cells through a sequence of stages. This can occur in any organ or tissue but rapidly
proliferating cells may be more susceptible.
Carcinogenic substances have conventionally been divided into two categories according to the
presumed MoA: genotoxic or non-genotoxic. Genotoxic MoAs involve genetic alterations caused
by the substance interacting directly with DNA and changing in the primary sequence of DNA
or indirectly following interaction with other cellular processes (e.g. secondary to the induction
of oxidative stress). Non-genotoxic MoAs are those effects which do not involve direct
alterations in DNA sequence but that may influence gene expression, altered cell-cell
communication, or other factors involved in the carcinogenic process, including epigenetic
changes. Carcinogenic substances can induce cancer by any route of exposure, but
carcinogenic potential and potency may depend on the conditions of exposure (e.g. route,
level, frequency and duration of exposure).
The objective of investigating carcinogenicity is to identify potential human carcinogens and
their potency. Information should be sufficient to determine the organ specificity of the
tumours induced and to establish the dose-response relationship. These data should also
enable a comparison against the criteria for carcinogenicity as detailed in the CLP Regulation
and subsequent classification of the substances (see section 3.6 of the Guidance on the
Application of the CLP Criteria). If the substance is carcinogenic then information on the
underlining MoA (threshold or not) and its carcinogenic potency (to define a dose descriptor) is
needed. In addition to MoA, relevant elements that need to be addressed include the exposure
length, various organs, gender specificity, benignity/malignancy, and time to effects
(neoplasia).
A conceptual framework that provides a structured and transparent approach to the WoE
assessment of the MoA of carcinogens has been developed [163, 164, 165]. This framework
should be followed when the mechanism of action is key to the risk assessment being
developed for a carcinogenic substance and can be particularly critical in a determination of
whether a substance induces cancer through genotoxic or non-genotoxic mechanisms.
The information requirements and the relevant test methods for the REACH Regulation, the
BPR as well as the basis of the CLP criteria are presented in Section 7 of Appendix 3 to this
document.

B.7.2
B.7.2.1

How to minimise vertebrate animal testing
Specific adaptation rules

When met, some of the specific adaptation conditions contained in Column 2 of REACH Annex
X or column 3 of BPR Annex II give a possibility not to perform new testing on vertebrate
animals to fulfil the information requirements for carcinogenicity (for further details, see
Section 7 of Appendix 3 to this document). In particular, if the substance is classified as a
germ cell mutagen category 1A or 1B, a genotoxic mechanisms for carcinogenicity is presumed
and information from a carcinogenicity study is normally not required.

B.7.2.2

Replacement and reduction methods

The general rules for adaptation of REACH Annex XI and BPR Annex IV apply, such as readacross and WoE adaptations.
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There are several software tools that can help to build a category with the aim to fill the data
gaps with existing information related to genotoxicity and carcinogenicity by grouping and
read-across [8]. For instance, the OECD QSAR Toolbox contains mechanistically-based
profilers and databases of experimental data on genotoxicity and carcinogenicity [166]. This
software tool also gives the possibility to form a category based on other similarity criteria, like
metabolism. Toxmatch [167] is another software tool that encodes several substance similarity
indices to facilitate the grouping of substances into categories and the application of readacross. Other freely available QSAR systems are for example, Oncologic (US EPA), T.E.S.T.,
VEGA and the Danish QSAR database. The latter contains many different QSAR model
predictions from different modelling systems (Case-Ultra, SciQSAR, Leadscope and QSAR
model majority predictions) for a high number of in vitro and in vivo genotoxicity endpoints as
well as carcinogenicity bioassay predictions on male and female rats and mice. If applied
correctly, the grouping and read-across can be used to fulfil the carcinogenicity information
requirement (on the basis of section 1.5 of REACH Annex XI or section 1.5 of BPR Annex IV) or
to support a conclusion on carcinogenicity using a WoE approach.
Grouping and read-across may be supported by various non-animal approaches and
toxicokinetic data (see Sections A.1.4 and B.1). Information on similar systemic distribution
and toxicity provides strong basis for grouping and read-across which may be further
supported by information on MoA.
When applicable, the use of a limit dose can reduce the number of test animals.
Non-animal approaches can be used as part of a testing strategy or as supporting data for
WoE adaptation. A general strategy for carcinogenicity assessment under the REACH
Regulation is proposed in Section R.7.7.13.3 of the Guidance on IR&CSA – Chapter R.7a and
an approach for the BPR in Section 1.9 of the Guidance on BPR Volume III – Parts B+C.
In vitro and in vivo mutagenicity can be used in a WoE adaptation for carcinogenicity because
mutations and/or chromosomal aberrations are strongly associated with genotoxic
carcinogenesis. This correlation is stronger with in vivo than with in vitro mutagenicity data
since in vivo assays address the ADME properties of a substance, which could play a critical
role in carcinogenicity. Somatic cell genotoxicity can be presumed to be indicative for
carcinogenicity and serve as a trigger for investigations for carcinogenicity.
The in vitro cell transformation assays (CTAs) have been established to predict carcinogenicity
by assessing phenotypic alterations in normal mammalian cells, which mimic malignant
transformation in vivo [168, 169, 170, 171, 172]. CTAs in general have been proposed to be
used as part of a testing strategy and/or in a WoE approach in the testing of substances for
carcinogenic potential [172, 173, 174]. OECD Guidance Documents describing the test
procedures for conducting the in vitro Bhas 42 CTA [174] and the Syrian hamster embryo
(SHE) CTA [173] are available. However, the OECD concluded in particular that the predictivity
of the CTAs for non-genotoxic carcinogens needed further investigation and considered the
approval of draft OECD TGs for these assays premature. The applicability domain of each CTA
variant and the limitations described in the above OECD Guidance documents should be taken
into account when using these assays.
Several SAR and QSAR models and commercial and free expert systems have been
published in the literature for predicting genotoxicity and genotoxic carcinogenicity [8, 175].
However, the availability of QSAR models for the prediction of non-genotoxic carcinogenicity is
rather limited [144, 176].
If in vivo testing is to be undertaken, several options exist to keep the number of animals
used in carcinogenicity tests to a minimum. Several in vivo tests exist that can provide useful
data on hazard identification, MoA or carcinogenic potency (for further information, see Section
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R.7.7.10.1 of the Guidance on IR&CSA – Chapter R.7a and Section 1.9.2.1.2 (b) of the
Guidance on BPR Volume III – Parts B+C). Although the level and type of information obtained
will differ from those coming from a standard carcinogenicity study, these tests may support
the WoE adaptation, grouping and read-across and a conclusion on the need for a standard
carcinogenicity study based on a concern.
Data from non-conventional carcinogenicity studies, such as short- and medium-term
carcinogenicity assays with genetically engineered (transgenic) animals, may be available
[177, 178]. Genetically engineered animals possess mutations in genes that are altered in the
multi-step process of carcinogenesis, thereby enhancing animal sensitivity to substanceinduced tumours and potentially allowing detection of carcinogens in a shorter period of time
and with fewer animals than in a standard carcinogenicity study. However, due to a relative
lack of validation and uncertainty as to their value, such assays cannot be used as full
replacement methods to the conventional lifetime carcinogenicity studies. They may be used
to help determine the need for a standard carcinogenicity study (WoE approach/adaptation).
Several evaluations of these types of study have been published (e.g. [179, 180, 181]).
For new studies, the use of the combined chronic toxicity/carcinogenicity studies is
mandatory under the BPR as it combines separate studies for chronic toxicity and
carcinogenicity, and is also recommended under the REACH Regulation when those are
needed. As described in the OECD GD 116, “Conduct and Design of Chronic Toxicity and
Carcinogenicity Studies, Supporting Test Guidelines 451, 452 and 453” [182], useful
information on repeated-dose toxicokinetics may be generated as part of a chronic toxicity
(OECD TG 452) or carcinogenicity (OECD TG 451) study, or the combined chronic
toxicity/carcinogenicity study (OECD TG 453), in addition to data from dedicated toxicokinetic
studies such as OECD TG 417.
Under the BPR, a carcinogenicity study in a second species, normally the mouse, should
be conducted. For the purpose of elucidating the mode of action and human relevance when
needed, further investigation of carcinogenicity after obtaining the results of the combined
chronic toxicity study should be considered on a case-by-case basis giving priority to the
performance of mechanistic studies.

B.7.3

Challenges related to the development and application of nonanimal prediction methods

There is currently no stand-alone method able to fully replace animal testing for
carcinogenicity assessment. Carcinogenicity assessment should address carcinogenic potency
of a substance to all organs and tissues. Thus, it is challenging to develop animal-free
prediction methods that could cover all the potential target organs and tissues.
Many mechanisms and KEs of the carcinogenic process are still unknown which makes it
difficult to model entirely with an IATA-type approach. In addition, ADME is essential for an
understanding of carcinogenic properties of a substance and it is challenging to integrate into
non-animal approaches. It is to be noted that ADME is normally implicitly integrated into the
carcinogenicity QSAR models which are based on animal in vivo data.
Another major challenge is that both genotoxic and non-genotoxic carcinogenicity must be
evaluated. Some of the major mechanisms behind non-genotoxic carcinogenicity are known
[183, 184, 185], but others are still unknown and knowledge of the corresponding cellular and
molecular events is insufficient to allow the development of relevant and comprehensive nonanimal approaches. While a number of non-animal approaches exist for assessing the former
for screening and (de)prioritisation purposes, there are only limited approaches addressing
non-genotoxic mechanisms for carcinogenicity.
Finally, many non-animal approaches are optimised for hazard and MoA identification and not
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for the evaluation of potency parameters needed for risk assessment.

B.7.4

Future perspectives

Several non-animal approaches, mostly at the research-level phase, are being developed to try
to address carcinogenicity testing, and in particular non-genotoxic carcinogenicity.
Carcinogenesis is associated with multiple changes in gene expression, transcriptional
regulation, protein synthesis and other metabolic changes. “-Omics”-based high-content
methods such as toxicogenomics, proteomics and metabolomics to detect a broad array of
molecular changes may be used to identify potential carcinogens based on their molecular
signature. These methods can be used to develop new test methodologies in vitro [147] or in
vivo [186, 187, 188, 189, 190, 191], and can also be applied to existing test methods like the
CTAs [192, 193, 194] to get some insight into the underlying molecular changes. However,
further work is necessary before these methods can be considered for regulatory purposes,
including the need for further optimisation, standardisation and formal validation.
Other mechanistic methods, including in vitro methods using several cell types, are available
to study a number of potential non-genotoxic mechanisms, for example, oxidative stress [195]
or inhibition of gap junction intercellular communication [196]. However, these methods are
still at the research level and focus on molecular mechanistic understanding. They cannot
directly be used for carcinogenicity prediction.
Interestingly, an OECD project is ongoing for the development of an IATA for non-genotoxic
carcinogens [197]. This could potentially lead to a standard way of assessing these substances
for regulatory purposes and to the development of specific TGs.

B.7.5

Summary and conclusion on carcinogenicity

Carcinogenicity is a complex multi-step process. Chemically-induced cancer may result from a
number of different pathways or MoAs and this requires (and allows for) a variety of different
approaches to carcinogenicity assessment. While potential genotoxic carcinogens are detected
by standard in vitro and in vivo mutagenicity tests, carcinogens that act by non-genotoxic
MoAs are more difficult to identify. This is particularly critical for those potential non-genotoxic
carcinogens for which comprehensive modern repeated-dose toxicity data are not available or
required (e.g. no 90-day repeated-dose toxicity study or similar) because then triggers for
investigations for carcinogenicity cannot be detected. Development of non-animal approaches
for carcinogenicity assessment is ongoing but is still at an early stage for non-genotoxic
carcinogenicity assessment.
Under the BPR, information on carcinogenicity in two species is required. WoE and grouping
and read-across adaptations should be considered before conducting animal experiments.
Under the REACH Regulation, information on carcinogenicity is required based on certain
criteria (indicated in column 2 of the REACH Annexes). If the criteria are met, grouping and
read-across is an important tool to fill data gaps for both genotoxic and non-genotoxic
carcinogens and to reduce the need for new in vivo carcinogenicity testing.
Regarding the hazard class carcinogenicity under the CLP Regulation, the criteria refer to
information from humans and/or animals. One way to enhance the use of non-animal
approaches is to use them to support grouping and read-across and WoE
adaptations/determination.
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Reproductive toxicity

B.8.1

Description of the endpoint
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Reproductive toxicity investigates toxic effects on reproductive and developmental
processes by which genetic information is transmitted to the next generation. The ability to
reproduce is essential to all species for their survival. Information on sexual function and
fertility is necessary for assessing the potential hazard of exposure of men and women of
fertile age to a substance and potential effects on next generations. Information on prenatal
developmental toxicity to evaluate the potential hazard to the developing foetuses is important
if pregnant women may be exposed to the substance. Reproductive toxicity refers in this
context to that of mammalian species, such as rodents or rabbits, which are used as laboratory
animals in standard reproductive toxicity test methods. While these studies are mainly used to
predict effects in humans, they can also provide useful information about reproductive effects
in mammalian wildlife species.
Reproduction is a complex process and all the current test methods evaluating this endpoint,
including the animal studies, have their limitations. This is because reproductive success relies
on integrative action of various organs in both sexes, and simultaneous exposure of several
generations at the same time. Interplay between the central nervous system and the
reproductive organs (gonads and accessory sex organs) is needed to produce healthy gametes
and bring them together for fertilisation. Also following pregnancy, this interplay is important
for successful embryo and foetal development, labour, parturition, lactation and nursing of the
offspring. Furthermore, potential effects on fertility of the offspring may need to be
investigated. This prolongs the duration of the study and also increases the number of animals
used due to the necessity to produce subsequent generations.
Investigations of developmental toxicity are focusing on adverse effects that disturb the
developing organism, causing functional and/or morphological defects. There are specific test
methods available to evaluate the prenatal developmental toxicity, i.e. adverse effects caused
by exposure to a substance during in utero development. Information on prenatal
developmental toxicity may be needed in two species to reduce the uncertainty due to species
differences. Further information on prenatal and postnatal developmental toxicity, observable
during the postnatal period, may be obtained from reproductive toxicity studies in which the
development of the offspring is followed after birth. Information on hazardous effects on
postnatal development is needed to assess the potential toxicity for developing children.
A wide variety of mechanisms are assumed to play a role in reproduction in an integrated
manner, which poses challenges and makes it practically impossible to address all of them in a
non-animal test method. However, some MoAs are known to cause, or to be linked to, specific
malformations (falling under prenatal developmental toxicity), and to be linked to reproductive
toxicity as reproduction is hormonally controlled. Thus, substances with certain endocrinedisrupting properties may be suspected to cause hazardous effects on reproduction, which
need to be addressed. Many of the current test methods for reproductive toxicity also measure
parameters sensitive to some endocrine MoAs (see Section B.11 on endocrine-disrupting
properties).
Specific areas of developmental toxicity, developmental neurotoxicity and developmental
immunotoxicity, are discussed in separate sections.
The information requirements and the relevant test methods for the REACH Regulation, the
BPR as well as the basis of the CLP criteria are presented in Section 8 of Appendix 3 to this
document.
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How to minimise vertebrate animal testing
Specific adaptation rules

When met, some of the specific adaptation conditions contained in Column 2 of REACH
Annexes VIII-X or column 3 of BPR Annex II give a possibility not to perform new testing on
vertebrate animals to fulfil the information requirements for reproductive toxicity. In particular,
information on reproductive toxicity may not be needed if the substance is classified in one of
the most severe categories for carcinogenicity or mutagenicity and appropriate risk
management measures are in place. Similarly, if the substance meets the criteria for
classification in the most severe categories for reproductive toxicity and the data is adequate
for robust risk assessment, further information on reproductive toxicity may not be needed.
Furthermore, there is a possibility to adapt the study if the substance shows no toxicity, there
is no absorption and no (or no significant) human exposure. For further details, see Section 8
of Appendix 3 to this document.

B.8.2.2

Replacement and reduction methods

The general rules for adaptation of REACH Annex XI and BPR Annex IV apply, such as grouping
and read-across and WoE adaptations.
Currently there is no animal-free/in vitro method that can provide information equivalent to
the information generated by the reproduction/developmental toxicity screening test (OECD TG
421/422), prenatal developmental toxicity study (EU B.31/OECD TG 414), or extended onegeneration reproductive toxicity (EU B.56/OECD TG 443)/two-generation reproductive toxicity
study (EU B.35/OECD TG 416).
Grouping and read-across may be used to predict the results for a reproduction
/developmental toxicity screening test (OECD TG 421/422). However, as the reproduction
/developmental toxicity screening test may be the only study available with information on
reproductive toxicity, the supporting information for grouping and read-across for this endpoint
may be scarce. Relevant supporting data in addition to any information on reproductive
toxicity could include bridging data such as information on toxicokinetics with a focus on
metabolism and distribution to organs and tissues relevant for reproduction and potentially
information on MoA.
To predict the prenatal developmental toxicity, good bridging data are needed to support
the read-across approach between the targets and sources because even small changes in the
structure of a substance may change the developmental toxicity. Information on the
reproduction/developmental toxicity screening tests (OECD TG 421/422) and/or MoAs may
serve as a good basis for a read-across. Information on toxicokinetics, including exposure of
the embryo/foetus and in vitro whole embryo culture and other in vitro or non-test data, such
as QSARs related to embryotoxicity, teratogenicity or prenatal developmental toxicity, may
also increase confidence in a read-across approach although may not be sufficient as the only
supporting data. If information on prenatal developmental toxicity in a first species is already
available for target and source substances, that information may support the read-across for a
second species. Tools like Derek Nexus and DART profiling schema in the OECD QSAR Toolbox
may help identify group members with the same type of alert for teratogenicity (structural
malformations).
For applying grouping and read-across to extended one-generation reproductive toxicity
study results, information from the reproduction/developmental toxicity screening tests
(OECD TG 421/422) and, to some extent, from prenatal developmental toxicity studies, is
generally needed for both the source and target substances as bridging data. It should be
noted that the study design of an extended one-generation reproductive toxicity study should
address the properties of all the target substances. Results from QSAR models may be used as
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screening or supporting evidence when assessing the toxicological properties by read-across in
a grouping approach. Read-across absence of reproductive toxicity from source substances to
target substances requires reliable bridging data.
A combination study (combined repeated-dose toxicity with the screening
reproduction/developmental toxicity study), i.e. OECD TG 422, can be considered as a
reduction as it reduces the number of animals needed by combining two studies, namely OECD
TG 407 (28-day repeated-dose toxicity study) and OECD TG 421 (reproduction/developmental
toxicity screening test).
Investigations on prenatal developmental toxicity can be combined with a two-generation
reproductive toxicity study or other reproductive toxicity study. However, the benefits may not
outweigh the increased complexity of the study, thus, combination studies are not usually
recommended. If the expectation is that there is no prenatal developmental toxicity at the limit
dose (1 000 mg/kg bw/day), then the addition of a one dose group to evaluate the prenatal
developmental toxicity is possible but still an additional control group is needed, which leads to
the same animal numbers as in a separate limit dose study.
An extended one-generation reproductive toxicity study and a 90-day study may be combined
in specific cases but this needs to be considered carefully since a 90-day study is an important
information source for defining the study design for an extended one-generation reproductive
toxicity study. Therefore, in practice a combination of these studies could be considered if the
study design already includes all cohort expansions based on concern.
When applicable, the use of a limit dose can also reduce the number of test animals.
The main reproductive aspects and the confidence level compared to information requirements
should be considered when a WoE adaptation is applied. For the reproduction /
developmental toxicity screening test (OECD TG 421/422), the following elements should be
addressed in a WoE adaptation: mating and fertility (after a two weeks premating exposure
durations), pregnancy, lactation, offspring toxicity including lethality (until PND 13), growth,
litter size and sex ratio. Information on histopathology of reproductive organs should be
provided. Furthermore, certain endocrine-related parameters such as thyroid hormone
measurements, nipple/areolae retention and anogenitial distance should be addressed. The
relationship between maternal/paternal toxicity and reproductive toxicity should also be
considered, as well as aspects related to the extent of the investigations, sensitivity of the
studies, species and routes of administration. In OECD TG 422, various elements on repeateddose toxicity are also investigated which are not measured in OECD TG 421. The statistical
power of the reproduction/developmental toxicity screening test (OECD TG 421/422) is not
very high and therefore the results include some uncertainty.
The WoE adaptation should address the potential of a substance to induce prenatal
developmental toxicity and its relationship to general toxicity. Thus, the following elements
need to be addressed: embryonic/foetal deaths, changes in growth, gross external, skeletal
and visceral malformation and variation, sex ratio, and placental toxicity. The extent and
sensitivity of the investigations also affect confidence in the evidence. Information on the
species differences (developmental effects in a second species) and/or consideration of the
relevance of the study results for humans are also needed.
The WoE adaptation for a reproductive toxicity study such as an extended one-generation
reproductive toxicity is challenging. The WoE argumentation should include considerations
related to sexual function, fertility and offspring (developmental) toxicity observable from the
peri- and postnatal period to adulthood. In more detail, all the main elements of reproduction
that are normally investigated in an extended one-generation reproductive toxicity study
should be addressed in the WoE justification. It is to be noted that extensive investigations on
endocrine related parameters are also included in this study and therefore endocrine-
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disrupting modes of action (MoAs) should also be considered in the WoE. An element that
cannot be fulfilled by a WoE approach, and that is not covered in shorter studies, is the long
postnatal period in the F1 generation with measurements of sexual maturation and gonad
histopathology in adulthood of the offspring. This information can only be obtained after in
utero and postnatal exposure and the results can currently not be predicted without an animal
test. This information is needed to accept a hypothesis and WoE adaptation based on no
effects on reproduction. Furthermore, if criteria for inclusion of extension of Cohort 1B,
developmental neurotoxicity and/or developmental immunotoxicity cohorts are met,
information on those should be included.
Both the two-generation reproductive toxicity study and the extended one-generation
reproductive toxicity study can be considered to provide definitive information on reproductive
toxicity. However, there are differences between the two studies such as: information on
mating of the F1 animals and production of an F2 generation is included by default in the two
generation reproductive toxicity study, whereas more parameters to detect endocrine MoAs
and the possibility to include developmental neurotoxicity and developmental immunotoxicity
cohorts, if triggered, are included in the extended one-generation reproductive toxicity study.
Without additional cohorts, extended one-generation reproductive toxicity study is considered
as a reduction method. Furthermore, the extended one-generation reproductive toxicity study
includes extensive investigations on clinical chemistry, haematology and histopathology of all
organs to evaluate the parental toxicity.
Results from QSAR models may be used as a piece of evidence in a WoE adaptation,
providing the predictions are within the applicability domain of the QSAR model and the QSAR
model meets the OECD QSAR validation principles. QSAR models are usually developed to give
binary results for developmental and reproductive toxicity. A positive result from a reliable and
relevant QSAR model predicting that the substance has properties related to reproductive
toxicity, could provide an indication of hazard potential or trigger further testing. For
reproductive toxicity, not all the necessary aspects can be covered by a QSAR prediction.
Therefore, a negative result is difficult to accept unless there is other supporting evidence. As
developmental/reproductive effects are caused by a multitude of MoAs, most of which are
unknown or only partially known, it is in general impossible to predict absence of such effects
solely based on non-animal approaches relying on structural information with the same
reliability as that of the in vivo tests. Furthermore, there is generally a lack of test data on
substances that could enhance QSAR model training sets for developmental and reproductive
toxicity endpoints. Another limitation of QSAR modelling is that dose-response information, for
example the N(L)OAEL required for risk assessment, is not provided. Tools that contain
modules related to reproductive and developmental toxicity include Danish QSAR Database,
VEGA, T.E.S.T., ADMET predictor, CASE Ultra, Discovery studio Accelrys (former TOPKAT),
Leadscope models (including several reproductive toxicity endpoints) and TIMES. Of these, the
Danish QSAR DB, VEGA and T.E.S.T. can be used for free.
Current in vitro and in silico methods investigate only partially the embryonic development
(e.g. rodent in vitro cultures) or part of the potential mechanisms/MoA (AOPs). Thus,
information from these prediction methods is not appropriate to support the “no effects”
hypothesis but may be used to strengthen read-across or substance categories and maybe
WoE and possibly other available evidence providing substantiated reasons for concern (e.g.
under substance evaluation). Combination of in vitro toxicity data and in silico PBTK modelling
to predict in vivo developmental toxicity for certain substances has been published (e.g. [85,
87]).
Regarding non-animal approaches, they can be used to detect adverse effects and conclude on
classification (including categorisation) if supporting information is available. These methods
do not provide information on maternal toxicity or allow extrapolation to dose levels in vivo
(extrapolation at which doses the effects would occur in an in vivo test) and therefore it is
challenging to consider whether the effects would occur at maternally toxic dose levels or
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otherwise extremely high dose levels. Non-animal predictive methods do not provide
information for risk assessment (e.g. NOAEL value). Toxicokinetic information is needed to
support the dose level considerations. Usually information from predictive methods leading to a
concern has been used as a trigger to conduct an animal experiment. Attempts have been
made to use reversed toxicokinetics predictions to overcome this (see Section B.1 on
toxicokinetics) but there is not much experience on this yet.

B.8.3

Challenges related to the development and application of nonanimal prediction methods

Reproduction involves multilevel complex physiological events and signalling networks which
are not yet fully known, and also currently too complex to be reliably modelled in silico, in vitro
or by using a combination of various animal-free methods. Even though some individual events
could be partially modelled, for example, development of the pre-implantation embryo and
uterus implantation, current models do not contain all the control and signalling networks
available in vivo and therefore they do not reliably model the individual events. In addition, to
predict the whole reproductive cycle and development of the whole organism is more complex
than combining the (prediction of) individual events. A prediction of no adverse effect on an
individual event does not prove there is no adversity for the whole organism. Thus, it is
difficult to foresee that any animal-free prediction method could fully replace the animal study
in the near future. However, animal-free prediction methods may support grouping and readacross and WoE adaptations.
Although the reproduction process could in theory be divided into several sub-processes which
could be modelled, there are still too many unknown aspects and biological events that make
the development of AOPs and of a comprehensive testing approach challenging. Therefore,
using non-animal approaches under the grouping and read-across and WoE adaptations is
currently realistic only as supporting information and cannot be used to conclude on the
absence of hazardous/adverse effects, for risk assessment and hazard classification
categorisation.
There are developments of AOP-based methods for prenatal developmental toxicity; however,
they are MoA-specific and cannot cover all potential developmental hazards. Prenatal
developmental toxicity may be caused by various mechanisms and MoAs and by combinations
of them which are not yet all known. In addition, the interplay between the developing
embryo, the maternal organisms and the placental function involves complex physiological
events and signalling networks that are not yet fully known. Therefore, negative results from
AOP-based methods cannot provide enough confidence for a “no effect” assumption.
Furthermore, hazard classification with categorisation is not yet possible with these methods
that are therefore currently not acceptable from a regulatory point of view.
It is also to be noted that the classification criteria of hazard categories for reproductive
toxicity refer to evidence from human and animal data. The criteria for Repr. 1B and Repr. 2
state: “The classification of a substance in Category 1B is largely based on data from animal
studies. Such data shall provide clear evidence of an adverse effect” and “Substances are
classified in Category 2 for reproductive toxicity when there is some evidence from humans or
experimental animals”.
To conclude, evidence coming from data without any animal information cannot be used alone
for classification purposes.

B.8.4

Future perspectives

It is foreseen that, in the near future read-across and WoE adaptations combining in vivo
studies and non-animal approaches may be useful options, depending on the substancespecific aspects. Supporting data for read-across may consist of information from a in vivo

Report on the current status of regulatory applicability of non-animal approaches under the REACH, CLP and
Biocidal Products regulations
90

November 2017

study such as a reproduction/developmental toxicity screening test (OECD TG 421/422),
toxicokinetic data, in vitro test results and/or in silico predictions. Stem-cell based assays
which can mimic some developmental aspects, such as the embryonic stem cell test (and its
variations) for cardiac or neural differentiation, may provide a useful model for these effects.
Currently, prediction methods that may be used for substances which are strong
developmental toxicants, are under development and can also provide useful information for
risk assessment. If it is expected that if a group of structurally similar substances cause
malformations through a known MoA, it may be possible to use a read-across approach
supported by an AOP developed for that MoA. It is possible that new prediction methods for
developmental toxicity will be able to provide sufficient information to be used in a WoE
approach/adaptation to cover the information in a second species (potential species
differences), especially when toxicodynamics and toxicokinetics can be shown to not differ
between species.
Some potential adverse effects are not currently investigated by default. These include for
example effects occurring later in life which may be caused by early life exposure, long-term
(low-level) exposure or potential transgenerational effects. Such effects may be related to
hormonal or metabolic changes and may cause premature reproductive senescence, cancer or
other diseases. Effects that may occur a long time after exposure are called “latent” and are
very difficult and resource demanding to investigate. Many of these effects may be caused by
mechanisms and MoAs linked to epigenetics, i.e. permanent or long-term changes in gene
regulation affecting the response and cell function. The science around epigenetics is not yet
sufficiently developed and investigations cannot yet be included into test methods, but the
methodology and interpretation of results are evolving.
Although complex, development of AOPs for reproductive toxicity could help structure the
evaluation of the process of reproduction and promote the development of non-animal
approaches. Microfluidic platform systems has been developed to simulate organ-organ
interaction of hormonal signalling as a phenocopy of menstrual cycle and pregnancy-like
endocrine loops. Organ nodules for the ovary, fallopian tube, uterus, cervix and liver have
been included mimicking a 28-day human menstrual cycle. The work indicates that tissues of
the female reproductive tract, as well as peripheral organs can be integrated into a
microphysiologic, dynamic, and microfluidic culture system [198].

B.8.5

Summary and conclusion on reproductive toxicity

There is no acceptable single replacement method available for reproductive toxicity.
The reproduction/developmental toxicity screening test (OECD TG 421/422) is an important
information source for substances for which more comprehensive information on reproductive
toxicity is not required. This study may provide relevant information for both classification (if
hazardous properties are observed) and risk assessment, although it is recognised that the
quality of the evidence is less reliable than that obtained through definitive studies. More
comprehensive information on reproductive toxicity than the reproduction/developmental
toxicity screening test (OECD TG 421/422) is needed under the BPR and at higher tonnage
levels for the REACH Regulation (e.g. two-generation reproduction toxicity study or extended
one-generation reproduction toxicity study). Both studies provide information for classification
and labelling purposes as well as for risk assessment. If significant effects occur, the results
may provide a basis for the identification of SVHCs or contribute to this identification together
with other information.
Prenatal developmental toxicity studies in two species are important information sources for
assessing potential developmental defects under both the REACH Regulation and BPR. The
information generated in these studies is relevant for classification and labelling as well as risk
assessment.
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The CLP criteria for reproductive toxicity, both for sexual function and fertility and for
developmental toxicity, refer to information from humans and/or animals and information from
non-animal approaches can be used together with other data within a WoE determination.
Categorisation depends on the strength of the evidence.
Instead of conducting new animal studies, it may be possible to use existing information alone
or supported by production of new (non-animal) information. Reliable information from
humans is usually not available as humans are exposed to multiple substances and there are
confounding factors, making it difficult to evaluate the effects of single substances.
Regarding reproductive toxicity, to read-across information for extended one-generation
reproduction toxicity and/or prenatal developmental toxicity, information on screening studies
(OECD TG 421 or 422 or similar) for source and target provide necessary support to the readacross. Limited support can be also obtained for example from in vitro, in silico and “-omics”
data, as well as toxicokinetics where this can be provided. Toxicokinetics information showing
similar distribution and concentrations in organs, tissues and foetuses/pups may support the
grouping and read-across.
Similarly, WoE adaptations may be applicable to avoid new animal studies. These adaptations
should address the key elements of the respective endpoint and may combine relevant
endpoint-specific information from humans, animals and non-animal approaches. A WoE
adaptation for extended one-generation reproductive toxicity study should address all the key
elements of the study including the potentially triggered expansions. For such a complex
information requirement it may not be possible to build a credible WoE adaptation justification
for a no-effect hypothesis. This may be challenging as addressing potential effects in F1 (and
F2) generations can currently be done only in an animal study. However, reliable data showing
effects meriting classification in Category 1A or 1B for reproductive toxicity could be used to
adapt the information requirement.
For substances with expected low toxicity, a limit dose method may be used. Combination of
studies may be possible to some extend reducing the animal numbers.
With regard to prenatal developmental toxicity, certain AOPs have been identified and
internationally acceptable IATAs and defined approaches may be developed based on these.
However, information from AOP-based methods cannot be used to conclude on a lack of
developmental toxicity, although it can be used to show that a specific MoA is active or not
active for a substance. For sexual function and fertility, a microfluidic platform systems may
provide relevant information on potential effects e.g. on menstrual cycle and pregnancy-like
endocrine loops. However the method is still under development.
In conclusion, a robust grouping and read-across adaptation with supporting reproductionrelated data is currently the most effective way to reduce vertebrate testing. Further scientific
development is expected especially regarding prenatal developmental toxicity investigation and
detection of endocrine MoAs for reproductive toxicity. One way to enhance the use of nonanimal approaches is to use them to support grouping and read-across and WoE adaptations
as a separate tests and included in animal studies.
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B.9

Neurotoxicity/developmental neurotoxicity

B.9.1

Description of the endpoint

Neurotoxicity studies detect functional changes and/or structural and biochemical changes
in the central and peripheral nervous systems. These changes can be of a morphological,
physiological (e.g. electroencephalographic changes, biochemical parameters such as
neurotransmitter levels), or behavioural by nature.
Currently there is no clear one-to-one link between adult neurotoxicity and developmental
neurotoxicity. However, this may be due to insufficient testing as the developing brain is
assumed to be more vulnerable than the adult brain depending, on the developmental stage.
As an example, one review listed about 200 substances known to be neurotoxic in humans,
and just five of these substances have been firmly documented as causing developmental
neurotoxicity [199, 200]. Developmental neurotoxicity may cause severe structural and
functional abnormalities, including reduction of individual and population intellectual potential
(see for example [201]).
The information requirements and the relevant test methods for the REACH Regulation, the
BPR as well as the basis of the CLP criteria are presented in Section 9 of Appendix 3 to this
document.

B.9.2
B.9.2.1

How to minimise vertebrate animal testing
Specific adaptation rules

Adaptation of information requirements is not relevant because there is no separate standard
information requirement for (developmental) neurotoxicity in addition to the general toxicity
studies/information, except for certain group of substances where the information is
mandatory (such as organophosphates). If there is a particular concern for (developmental)
neurotoxicity, information needs may be triggered (REACH Annex IX/X, Column 2), which may
lead to the generation of further test data to address the concern. Regarding the BPR, specific
information on (developmental) neurotoxicity is part of the additional dataset, and thus, based
on concern, similarly to the REACH Regulation.

B.9.2.2

Replacement and reduction methods

The general rules for adaptation of REACH Annex XI and BPR Annex IV apply, such as readacross and WoE adaptations.
Read-across may in general be used as a replacement method when sufficiently reliable and
relevant information exist from structurally and (eco)toxicologically similar substances allowing
sufficient scientific justification for application of the read-across. Information from other nonanimal approaches such as QSAR model predictions and in vitro methods may also be used if
the source and target substances are within the applicability domain of the model. Currently,
however, non-animal approaches are most often used as supporting data to the read-across
due to their limitations, and not as stand-alone tests. Because the database of the identified
developmental neurotoxicants is limited, the predictability of QSAR models is limited because
very few structures associated with developmental neurotoxicity have been identified. For the
time being, there is no internationally acceptable specific replacement test method for
neurotoxicity or developmental neurotoxicity studies, since, there are no validated non-animal
approaches available that are able to predict (developmental) neurotoxicity in humans.
Many existing in vitro and in silico prediction methods may be used to screen the neurotoxicity
potential. Screening methods may provide triggers for further studies, be used as elements in
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WoE approaches/adaptation, support read-across and/or provide information on MoAs.
Integrated approaches, such as an approach to estimate in vivo neurotoxicity integrating in
vitro neurotoxicity data with biokinetics modelling has been published (e.g. [84]).
Methods using whole organisms provide more complete information because individual KEs are
integrated into adverse apical effects and toxicokinetic properties are included. EFSA external
scientific review for developmental neurotoxicity [201] presents a potential alternative testing
strategy for developmental neurotoxicity based on major KEs tested by a human/zebrafishbased assay.
Methods using whole organisms provide more complete information because individual KEs are
integrated into adverse apical effects and toxicokinetic properties are included. A potential
alternative testing strategy for developmental neurotoxicity based on major KEs tested by a
human/zebrafish-based assay has been presented [201] (see also OECD GD 261 [202] and its
Annex 1 [203]). The data from human embryonic stem cell (hESC) differentiation to zebrafish
motor behaviour sums up an alternative testing strategy for developmental neurotoxicity
covering major KEs of neurodevelopment. Specific, problem-driven research is proposed to be
used to fill the current data gaps on neurodevelopmental KEs. The proposed test strategy may
be relevant as replacement for developmental neurotoxicity testing but it requires
standardisation of individual elements and validation for the total approach. The proposed
testing cannot be considered an AOP, although the proposed test strategy uses the term “KEs”.
It is rather a combination of processes which built on a concept that if the various processes
involved in neurodevelopment are not disturbed, then it is likely that the neurodevelopment as
a whole is not affected and, in contrast to this, if one process is disturbed, then the
neurodevelopment as a whole is affected.
The testing strategy also recommends the use of human-based cell models (preferably derived
from induced pluripotent stem cells) as they are considered to have a higher predictability of
effects in humans than the rat cell lines. If further standard 28- or 90-day studies are to be
conducted, a number of nervous system endpoints are examined and additional parameters
could be considered to be included based on concern to potentially reduce further study needs.
To improve identification of substances with potential (developmental) neurotoxicity,
integrated testing strategies which combine in vivo datasets with in vitro, read-across and
potential QSAR prediction approaches may be used e.g. within a WoE approach.
The EFSA external scientific review for developmental neurotoxicity lists in vitro endpoints
(Appendix I in [201]) and individual cell models (Appendix J in [201]). Few in vivo model
alternatives to OECD TG 426 were identified, but they still need further development and
validation. A published evaluation of the developmental neurotoxicity study (OECD TG 426)
and corresponding guidance document identifies possible improvements of OECD TG 426
[204].

B.9.3

Challenges related to the development and application of nonanimal prediction methods

Test methods predicting developmental neurotoxicity potential of substances faster, less
expensive and based on human-specific toxicity pathways would be beneficial for regulatory
purposes [205].
For (developmental) neurotoxicity many in vitro and in silico prediction methods are already
available because many MoAs linked to (developmental) neurotoxicity have been identified.
However, the justifiable link to adversity and current knowledge about their sensitivity and
specificity for (developmental) neurotoxicity, which is a prerequisite for their regulatory use, is
still missing.
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For instance, cellular models and advanced cellular networks on a chip based on human cells
and in 3D configuration simulating organisation of an organ are potentially promising
developments. However, these models are artificial systems similar to cell cultures, which do
not cover, for example, ADME properties and complex interactions of a living organism [201].
Developmental toxicity testing is challenging due to the existence of critical time windows of
sensitivity in the embryonic development (pre- and postnatal) and the complexity of the
central and peripheral nervous system. According to Fritsche et al. [201], developmental
neurotoxicity “testing of unknown compounds with only ‘in vitro’ methods may not be sufficient
to replace current rodent in vivo testing, especially when (1) the initiating event or primary
site of action is unclear or unknown, (2) multiple target sites are hit by chemical compounds,
(3) sensitivity for chemicals is dependent of the time window of exposure during early brain
development and (4) ADME properties significantly determine biological response”.
There are still knowledge gaps between MIE, cellular and organ effects and the adverse
outcome in human developmental neurotoxicity for the most investigated substances such as
lead, methyl mercury or PCBs, where there is a strong link between human exposure and
adverse outcome. Thus, the chain of events (MoA) is not entirely known even for the most
well-known substances with respect to developmental neurotoxicity.
Fritsche et al. [201] provided many recommendations, such as: “Adverse Outcome Pathways
(AOPs) for DNT [developmental neurotoxicity] are urgently needed. AOPs help (i) in
identification of knowledge gaps. Moreover, (ii) they help in determination if the models (in
vivo or in vitro) used for AOP building are – due to their biology – suitable for Key Event
evaluation (biological application domain/species differences). Over all, (iii) AOPs will help
regulators in using data from alternative approaches in the risk assessment process by
creating more certainty” and “There is the NEED to obtain experimental data on the clearance
index for the placental barrier for a high number of chemicals and pesticides. Once data are
available, development of QSAR models for placental permeation can follow, hereby creating a
tool for high throughput screening for prioritization of DNT chemicals as part of strategy”.
For some changes it may be challenging to decide whether the effects are adverse or not.
However, for regulatory decision making, this is relevant information. A further challenge may
be posed by the fact that the classification criteria for specific target organ toxicity after
repeated or single exposure and for reproductive toxicity are based on information from
humans or studies in experimental animals. Thus, the data from non-animal studies alone are
currently not sufficient for classification purposes.

B.9.4

Future perspectives

For gaining regulatory acceptance, definition of biological application domains of non-animal
approaches under development by performing for example, in vitro - in vivo validation is
needed. Moreover, protocols for cell-based and zebrafish assays need international
standardisation. With such standardised protocols, the test battery suggested [201, 202]
would need to be evaluated for its sensitivity and specificity by testing concentration-responses
of known substances positive and negative for developmental neurotoxicity across the different
assays.
A need to improve interpretation of information from rodents is high. Knowledge on pharmaco/toxicodynamics of the developing brain of rodents compared to humans would enhance the
interpretation of the results from developmental neurotoxicity studies in human situation.
Furthermore, in OECD TG 426 and the corresponding guidance documents, in terms of their
reliability and usability for scientific and regulatory judgements and decision, are areas for
improvement [204].
Developmental neurotoxicity is an area where there is an urgent need for the development of
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non-animal methods and approaches, especially due to the limitations of the information
obtained from existing animal studies. Presentations held during SOT FDA Colloquia (2016)
and OECD/EFSA workshop (2016) on development of methods for developmental neurotoxicity
can be found online. The development and use of new testing methods (in vitro, nonmammalian models such as zebrafish, QSAR, etc.) will facilitate the faster identification of
developmental neurotoxic substances and could therefore enable the generation of robust
databases for developmental neurotoxicity based on which development of read-across tools
specific for developmental neurotoxicity will be done (OECD QSAR Toolbox).
Currently, only a few AOPs for developmental neurotoxicity are available, and because the
development of AOPs is challenging, the development of a sufficient number of specific AOPs
for developmental neurotoxicity will take time. Therefore, not to delay development and
implementation of the testing strategy for developmental neurotoxicity, it was suggested
during the OECD/EFSA workshop (October 2016) [202, 203, 206] that neurodevelopmental
processes can also be utilised as anchors for in vitro assays development. Various
neurodevelopmental processes are evaluated with a test, or a pattern of tests, and although
the full network, feedback and control mechanisms cannot be included in the approach, there
is an assumption that if various processes are not disturbed then also the whole
neurodevelopmental function is not disturbed either. This concept presented is considered
suitable for screening and (de)prioritisation of substances. The implementation of a testing
strategy for developmental neurotoxicity should be carefully considered once validated and
accepted. At OECD level (project 4.124, [46]) work is started (2017) to develop a new
guidance document on developmental neurotoxicity in vitro assays.

B.9.5

Summary and conclusion on (developmental) neurotoxicity

Both the REACH Regulation and the BPR require information on (developmental) neurotoxicity
if there is a particular concern due to earlier findings, MoAs or structural similarities to other
substances known to cause (developmental) neurotoxicity.
There is no specific hazard class developmental neurotoxicity, but neurotoxicity is considered
under STOT RE and developmental toxicity under toxicity to reproduction. If there is a concern,
a read-across and a WoE adaptation is the most recommended approach to avoid new animal
testing. Currently there are no internationally accepted in vitro or in silico methods, nor
information from invertebrate or non-mammalian animals, which can be applied alone to
replace an animal study in mammals. However, needs and developments in the area are
recognised and many methods can serve to enhance a read-across approach, as elements in a
WoE approach/adaptation or in screening and (de)prioritisation of substances. There is a need
to further standardise and validate the various approaches, including the potential alternative
developmental neurotoxicity testing strategy as described in [201], OECD GD 261 [202] and
its Annex 1 [203].
Once standardised and validated, the approaches under development could be used to screen
and (de)prioritise the substances for potential further assessment or included in testing
strategies by the registrants as a first step for testing under substance evaluation. One way to
enhance the use of non-animal approaches is to use them for screening and (de)prioritisation.
Currently, the performance standards and readiness criteria for individual in vitro assays for
developmental neurotoxicity are under development. This effort will lead to development of an
OECD GD on available in vitro test methods for developmental neurotoxicity used alone or in
combination (e.g. within an IATA) for various regulatory purposes. Development of a Guidance
Document on in vitro assays for developmental neurotoxicity has been included in the OECD
Work Programme 2017 [22] and will be established in collaboration with EFSA, European and
USA experts.

Report on the current status of regulatory applicability of non-animal approaches under the REACH, CLP and
Biocidal Products regulations
96

November 2017

B.10 Immunotoxicity/developmental immunotoxicity
B.10.1 Description of the endpoint
Immunotoxicity investigates changes in innate and adaptive immune responses caused by
substances. Immune dysfunction may have severe health consequences such as
immunosuppression and reduced resistance to infections, or exaggerated immune responses
such as allergy and autoimmunity, or inflammatory-based diseases or pathologies, for
example, tumours.
Immunotoxicity is a potential systemic toxicity considered in a general risk assessment [207].
Assessment of immunotoxicological risk relies on a variety of endpoints that reflect immune
system health and the differences in the approaches to assess the risk of immunotoxicity. In
addition, other forms of toxicity are minimal but stem from a lack of basic knowledge and
scientific understanding of the immune system endpoints that link cellular toxicity with
downstream disease outcomes [207].
Similarly to the reproductive and central nervous systems, the immune system is particularly
vulnerable to substance exposure during development, and function declines with age,
resulting in increased risk of adverse health outcomes from substance exposure at the
extremes of age [207]. Generally, functional investigations are considered more sensitive than
non-functional measurements.
The information requirements and the relevant test methods for the REACH Regulation, the
BPR as well as the basis of the CLP criteria are presented in Section 10 of Appendix 3 to this
document.

B.10.2 How to minimise vertebrate animal testing
B.10.2.1 Specific adaptation rules
As there is no separate standard information requirement for (developmental) immunotoxicity
in addition to the animal studies with the focus on other endpoints, adapting the test is not
relevant. If there is a particular concern for (developmental) immunotoxicity, information
needs may be triggered, which may lead to the generation of further test data to address the
concern (REACH Annex IX/X, column 2). Regarding the BPR, specific information on
(developmental) immunotoxicity is part of the additional dataset and thus based on concern,
similarly to the REACH Regulation.

B.10.2.2 Replacement and reduction methods
The general rules for adaptation of (REACH Annex XI and) BPR Annex IV, such as read-across
and WoE adaptations.
Read-across may in general be used as a replacement method when sufficiently reliable
information exists from structurally and (eco)toxicologically similar substances allowing
sufficient scientific justification for application of the read-across. Information from other nonanimal approaches such as QSAR model predictions may also be used if the predictions are
within the applicability domain of the model. Currently, however, non-animal approaches are
most often used to support the read-across and not as stand-alone tests due to their scientific
limitations.
Currently there is no internationally accepted specific replacement test method for
immunotocixity or developmental immunotoxicity studies. Information from
immunosuppression tests included in other international guidance documents (e.g. EMA ICH
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Topic 8 [208], EPA (OPPTS 870.7800) may also be considered (see also Section 10 of
Appendix 3). Due to the lack of EU/OECD methods, enhanced examinations included in
repeated-dose toxicity studies may allow a better identification and distinction of effects
associated with the immune system (e.g. immunosuppression and -stimulation).
So far there are no validated non-animal approaches available that are able to predict
(developmental) immunotoxicity in human. Many existing in vitro and in silico prediction
methods may be used to screen the immunotoxicity potential. Screening methods may provide
triggers for further studies, be used as elements in WoE approaches, support read-across, or
provide information on MoAs. Methods using whole organisms provide more complete
information because individual KEs are integrated into adverse apical effects and toxicokinetic
properties are included. If further standard studies (e.g. a 90-day study) are to be conducted,
some information on the immune system is gained and additional immune parameters (e.g.
functional test aspects) could be considered to potentially reduce further study needs.
However, some investigations require inclusion of positive control animals.
Read-across is a powerful reduction method when testing is planned for structurally and
(eco)toxicologically similar substances, and should be used whenever possible and reliable.
Most often, information from animal studies is used for read-across, but also information from
an in vitro test may be considered if the target and source substances are within its
applicability domain.
To improve identification of substances with potential (developmental) immunotoxicity,
integrated testing strategies which combine in vivo datasets with in vitro approaches may be
applied, e.g. within a WoE approach.

B.10.3 Challenges related to the development and application of nonanimal prediction methods
For (developmental) immunotoxicity, in vitro and in silico prediction methods are already
available. However, the justifiable link to adversity and their specificity for (developmental)
immunotoxicity is still missing and this is needed for regulatory purposes. As with many in
vitro models, these models often lack interactions with other cells/organs (e.g. surrounding
organism) and do not cover ADME properties.
Developmental toxicity testing is challenging due to the existence of critical time windows of
sensitivity in the development and the complexity of the immunosystem network. The normal
maturation of the immune system depends on specific processes that differ in both time and
location within the body, and the immune system of the non-adult is a moving toxicological
target for xenobiotic interactions [209, 210, 211, 212]. The prenatal, neonatal, juvenile and
adolescent immune systems should be viewed as distinct from that of the adult in terms of risk
assessment.
A further challenge maybe the classification criteria for specific target organ toxicity after
repeated or single exposure, as well as the classification for reproductive toxicity, which is
based on information from humans or studies in experimental animals. Thus, currently the
data from non-animal studies alone is not sufficient for classification purposes.

B.10.4 Future perspectives
Interpretation and investigations for immunotoxicity and immunomodulation, including nonanimal approaches are still under development (see e.g. [213]). The most important aspect is
to define the link between the adversity and immunomodulation. Testing potential
immunomodulation can be useful only if the results have regulatory impact, i.e. they can be
used for risk assessment or classification and labelling purposes. Thus, the threshold for
adversity must be set for regulatory uses, which needs further scientific research to support
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policy decision.
In case of concern, further testing to investigate immune function should be conducted only if
the outcomes of such studies can be interpreted in relation to the risk assessment and/or
classification and labelling for the substance of interest.

B.10.5 Summary and conclusion on (developmental) immunotoxicity
Both the REACH Regulation and BPR require information on (developmental) immunotoxicity
based on particular concerns due to earlier information on findings, MoAs or structural
similarities to other substances known to cause (developmental) immunotoxicity.
There is no specific hazard class developmental immunotoxicity, but immunotoxicity is
considered under STOT RE and developmental toxicity under toxicity to reproduction. If there
is a concern, read-across and WoE adaptations are the most recommended approaches to
avoid new animal testing. Currently there are no internationally accepted in vitro or in silico
methods, nor information from alternative organisms which can be applied alone to replace an
animal study. However, needs and developments in the area are recognised and many
methods can serve to enhance a read-across approach, as elements in a WoE
approach/adaptation or in screening and (de)prioritisation of substances. There is a need to
further standardise and validate the various approaches, including the potential alternative
developmental immunotoxicity tests.
The current in vitro methods and approaches are recommended to be used to screen and
(de)prioritise the substances for potential further assessment.
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B.11 Endocrine properties/MoAs
B.11.1 Description of the MoA
WHO/IPCS defines an endocrine disruptor as “an exogenous substance or mixture that
alters functions of the endocrine system and consequently causes adverse health effects in an
intact organism, or its progeny, or (sub-)populations.” [214].
Information on the endocrine properties of a substance has become important due to the
increasing concern for potential effects on health and environment through endocrine MoAs.
“Endocrine disruption” is not an apical endpoint in itself but endocrine MoAs may lead to
adverse effects such as cancer or reduced reproductive health at individual and/or population
levels. Generally, the adverse effects resulting from endocrine disruption are linked to
malfunction of an endocrine organ, or impaired transfer of the products of an endocrine organ,
including hormones, or interference with the messages received by an endocrine organ (for
further explanation for WHO/IPCS definition and OECD Conceptual Framework, see Section 11
of Appendix 3). Many endocrine MoAs are known, but, so far, there are standardised methods
to assess only (anti)oestrogenicity, (anti)androgenicity, steroidogenesis and thyroid toxicity
[215]. For the purpose of this document, endocrine-disrupting properties of a substance refer
to its effects, adverse or non-adverse, that are likely to be due to an endocrine MoA. A
substance showing endocrine-disrupting properties is not necessarily an endocrine disruptor in
the regulatory sense. The identification of a substance as an endocrine disruptor requires
evidence of adverse effects likely due to its endocrine MoAs.
The mammalian toxicity studies that include endocrine MoA parameters are conducted to
investigate information requirements such as repeated-dose toxicity, reproductive toxicity and
carcinogenicity. However, for ecotoxicity assessment, such studies are only requested to clarify
whether a substance is identifiable as an endocrine disruptor.
Further information on current activities in relation to endocrine disruptors at EU level can be
found on the European Commission website. UNEP and WHO have published a document,
“State of the science of endocrine disrupting chemicals” [216].
The information requirements and the relevant test methods for the REACH Regulation, the
BPR as well as the basis of the CLP criteria are presented in Section 11 of Appendix 3 to this
document.

B.11.2 How to minimise vertebrate animal testing
B.11.2.1 Specific adaptation rules
As there is no separate REACH standard information requirement for endocrine-disrupting
properties or endocrine-disrupting MoAs, adapting specific endocrine-related animal testing is
not relevant. However, information may be requested under the substance evaluation process
based on concern. Regarding the BPR, information requirements on endocrine-disrupting
properties are part of the additional dataset, and thus based on concern, but there is no
corresponding specific adaptation rules.

B.11.2.2 Replacement, reduction and refinement methods
The general rules for adaptation of REACH Annex XI and BPR Annex IV apply for studies which
include investigations for endocrine properties. Thus, approaches such as read-across and WoE
adaptations may use information from non-animal approaches to address those investigations
of a (standard) information requirement.
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3R perspectives and non-animal approaches might be of relevance for assessing endocrinedisrupting MoAs. However, for the identification as an endocrine disruptor, the assessment of
apical effects at organism-level or population relevant effects is needed and requires animal
testing. It should be noted that a number of tests in amphibians exist and may provide
information on endocrine MoAs such as disturbance in thyroid hormone regulation (see Section
11.3 of Appendix 3 to this document).
For investigating an endocrine MoA, in vitro tests and in vivo screening tests might also be
considered. In silico models could provide a rapid screen for prediction of endocrine active
substances. To reduce the complexity of building a plausible link from MoA to adverse effects
(which is a prerequisite for identification of a substance as endocrine disruptor), validated
endocrine-mediated AOPs might help focus the tests on specific KEs and reduce the need for
animal testing.

B.11.3 Challenges related to the development and application of nonanimal prediction methods
The main challenge for endocrine testing is to have testing systems sufficiently complex to
cover all relevant parts of the signalling network. This is a particularly true with respect to
hormonal phenotypic plasticity [217].
Because there are many mechanisms and MoAs involved in endocrine disruption, these need to
be clearly identified before appropriate prediction methods can be developed. The relevance of
these mechanisms and MoAs to human health and wildlife, including their role in the sensitivity
of various life stages, needs further investigation to eventually enable the characterisation of
the hazardous properties related to each mode of endocrine action. In addition, a certain mode
of endocrine-related activity may not necessarily lead to adverse effects, even if such an
activity triggers concern for potential adverse effects. Prediction of the occurrence or absence
of one endocrine MoA for a substance, even if including measures of adversity, may not rule
out other endocrine MoAs and related adverse effects. Therefore, evidence of adverse effects
in an intact organism is needed for considering a substance as an endocrine disruptor.
Another aspect to consider is that it is very difficult, if not impossible, to predict long-term
effects of early exposure to a substance during development based on currently available in
vivo and non-animal approaches. Long-term follow-up of the consequences of exposure at any
phase of development is also not feasible in mammalian studies. Human data may be available
only after a significant amount of health problems have been detected, and the exposure to
multiple substances and stressors may not allow to conclude retrospectively on a causal link to
any of these. However, it is important to try to address these possible effects that occur only
much later in life. To this end, innovative non-animal approaches to predict potential adverse
health outcomes and effects on populations need to be developed, together with methods
capable of estimating the uncertainty involved. Finally, the minimum level of confidence
needed for taking a regulatory decision based on results from these methods should also be
determined.
One critical issue is that the current approach relies on the identification of adverse apical
effects in intact organisms. Further work on AOPs is needed to help establish a body of
evidence that may in the future make a full in vivo test not necessary.

B.11.4 Future perspectives
Further scientific and methodological developments in the field are expected, including new
AOPs and AOP networks, more knowledge on the endocrine network complexity, new in vitro,
in silico and other prediction methods, and the inclusion of further parameters in animal
experiments to investigate endocrine-disrupting properties of substances and their relationship
with adverse effects. There is no particular endocrine disruption hazard class under the CLP
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Regulation; the substances with hazardous outcome are classified according to the hazard
(e.g. for reproductive toxicity or carcinogenicity). Substances with hazardous properties likely
caused by endocrine MoAs may be considered substances of very high concern (SVHCs) under
the REACH Regulation.
The criteria for the identification of endocrine disruptors for plant protection products and
biocidal products, as well as the corresponding Guidance document, are currently being
developed by the European Commission (for further information, see the European
Commission Policy, Communication from the Commission to the European Parliament and the
Council [218], draft criteria for biocidal products [219], draft criteria for plant protection
products [220], and impact assessment [221]).
The question as to how to address potential low-dose effects and cumulative/combined effects
based on endocrine MoAs needs further attention. The various mechanisms behind the
endocrine MoAs at various life stages and diseases, species differences, and their relevance to
humans needs further investigations to clarify the link between exposures, MoAs and diseases
and how the findings in various species predict the human health and environmental hazards.
Approaches based on “-omics” may prove useful for predicting the endocrine activity of new
substances that have not yet been tested in standard animal tests.

B.11.5 Summary and conclusion on endocrine disruption
There are neither specific information requirements nor a specific hazard class for endocrine
disruption, endocrine-disrupting properties or endocrine MoAs. Information on endocrine MoAs
can be obtained from animal studies that include parameters measuring effects associated with
endocrine MoAs. However, only certain standard test methods have been designed or updated
so far to include these parameters (OECD TGs 407, 416, 421/422, 443, 206, 231, 229, 230,
234, 240, 241). Direct information on various mechanisms for endocrine disturbing properties
(such as hormone receptor binding) can be obtained from in vitro methods developed for this
purpose, however there is currently no in vitro method addressing thyroid disruption in
mammals.
Methods that combine information on potential MoAs and adverse effects are animal studies,
although the direct link between the MoAs and adverse effects may not be clear. None of the
non-animal methods can currently reliably predict the link of endocrine mechanisms or MoAs
with a certain adverse effect. Animal experiments are far less suitable to provide information
on the MoA. The integrative nature of the animal model comes at the price of an experimental
black box that provides, at best, some physiological details about the underlying mechanisms,
but hardly any molecular understanding. However, any information on endocrine MoAs is
valuable and adds to the overall evaluation on the mechanisms/MoAs of adverse effects.
Information on MoAs can be used as supporting evidence in testing strategies.
The main challenges are to cover the relevant parts of the signalling network with the test
system and the link to adverse effects. Under the current regulatory environment, it is also
necessary to be able to specify the adverse effects (e.g. reproductive toxicity, carcinogenicity,
etc.). A further challenge is how to address the potential long-term and cumulative effects,
especially after low-dose exposure. Non-animal approaches are useful in predicting the
endocrine activity and could be used for (de)prioritisation although many false positives may
be predicted.
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B.12 Bioaccumulation in fish
B.12.1 Description of the endpoint
Bioconcentration only refers to the accumulation by an aquatic organism of the substance
dissolved in water. It is expressed as a bioconcentration factor, BCF.
Bioaccumulation is a complex ecological process which refers to the result of uptake of a
substance in an organism from all environmental sources (including water, food and sediment)
as well as metabolism and excretion. Highly bioaccumulative substances may transfer through
the food web. It is expressed as a bioaccumulation factor, BAF.
Biomagnification refers to accumulation through the food chain. It is expressed as a
biomagnification factor, BMF.
REACH Annex IX indicates that information on bioaccumulation in aquatic species, preferably
fish, is required for substances manufactured or imported in quantities of 100 tonnes per year
or more. Information on bioaccumulation of a substance is used for hazard classification, PBT
assessment and for modelling exposure in the food chain for risk assessment. Although
bioaccumulation is not a specified endpoint below 100 tonnes per year, information may still
be relevant for substances manufactured or imported in amounts of 10 or more tonnes per
year (REACH Annex XIII), to conclude PBT/vPvB assessment in the chemical safety report
(CSR). The purpose of the PBT/vPvB assessment is to identify substances that are persistent,
bioaccumulative and toxic (PBT), or very persistent and very bioaccumulative (vPvB). If a
registrant cannot derive a definitive conclusion in the PBT/vPvB assessment using the relevant
available information, he must, based on section 2.1 of REACH Annex XIII, generate the
necessary information, regardless of his tonnage band (for further details, see the Guidance on
IR&CSA – Chapter R.11). In such a case, the only possibility to refrain from testing or
generating other necessary information is to treat the substance “as if it is a PBT or vPvB”.
For the purpose of aquatic classification under the CLP Regulation, information on
bioaccumulation (preferably a bioconcentration factor derived from an experimental study) is
used in the absence of adequate long-term aquatic toxicity data, in conjunction with
information on degradation.
The information requirements and the relevant test methods for the REACH Regulation, the
BPR as well as the basis of the CLP criteria are presented in Section 12 of Appendix 3 to this
document.

B.12.2 How to minimise vertebrate animal testing
B.12.2.1 Specific adaptation rules
When met, some of the specific adaptation conditions contained in Column 2 of REACH Annex
IX or column 3 of BPR Annex II give a possibility not to perform new testing on vertebrate
animals to fulfil the information requirements for bioaccumulation (for further details, see
Section 12 of Appendix 3 to this document).

B.12.2.2 Replacement, reduction and refinement methods
The general rules for adaptation of REACH Annex XI and BPR Annex IV apply, such as grouping
and read-across, QSARs and WoE adaptations. Guidance on the evaluation and validation of
both animal and non-animal data can be found in Section R.7.10 of the Guidance on IR&CSA –
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Chapter R.7c. Specific recommendations on the use of these data for PBT/vPvB assessment
can be found in Section R.11.4.1.2 of the Guidance on IR&CSA – Chapter R.11.
For grouping and read-across supporting information may include hydrolysing and
degradation properties, physicochemical properties such as water solubility, dissociation,
volatility and partitioning constants (organic matter, lipids). Furthermore, the hypothesis
should cover why bioaccumulation potential of the source substances is similar (or creates a
trend) to that of the target substance. Bioaccumulation or uptake of the substance determines
the concentration of the substance reaching the target sites of toxic action and thus affects the
degree of toxic effects. Therefore, if bioaccumulation potential is expected to differ, also the
effects are assumed to differ. In this case, a worst-case prediction of the effects of the target
substance would be still acceptable and apply. For neutral organic substances log Kow is often
used as a surrogate parameter to describe the extent of the substance that may accumulate in
an aquatic organism and cause the effects. General information on grouping and read-across is
provided in Section A.1.4.
The following types of information are relevant for assessing the bioaccumulation potential and
may be used as parts of WoE adaptation:












existing aquatic bioconcentration or bioaccumulation studies;
in vitro data on metabolism in combination with kinetics of uptake and depuration;
read-across with structurally similar substances and QSAR approaches;
terrestrial or benthic accumulation studies;
field data concerning biomagnification and bioaccumulation;
toxicokinetics information on laboratory mammals and humans;
toxicokinetics in aquatic organisms, birds and mammals;
detection of elevated levels in biota;
physicochemical properties (e.g. molecular size, log Kow, water solubility)
uptake and absorption efficiency;
absence/presence of chronic toxicity.

Further guidance on the WoE for bioaccumulation is available in the Guidance on IR&CSA
Chapter R.11 and Chapter R.7c.

–

Mammalian toxicokinetic studies may provide useful information in a WoE for bioaccumulation
assessment. Further guidance is available in Section R.7.10.15 of the Guidance on IR&CSA –
Chapter R.7c. Metrics to consider include:





metabolic capacity/rate constants;
affinity for lipid or blood-rich tissues, which could include the volume of distribution
(VD);
the time taken to reach a steady-state (plateau) concentration in tissues;
uptake efficiency and clearance, and elimination rates/half-lives.

Regarding alternative species, REACH Annex IX, 9.3.2 specifies that bioaccumulation tests for
aquatic species should preferably be conducted in fish. However this does not exclude the
possibility to use alternative test species within WoE adaptation, e.g. bivalve molluscs (oyster)
or sediment-dwelling benthic oligochaetes where this is justified. By definition, benthic
species live in sediment rather than in the water column per se. However, sediments are part
of the aquatic ecosystems, therefore bioaccumulation tests with benthic species are relevant
for the aquatic compartment. As for tests performed with bivalve molluscs, it should be
noted that bivalves tend to stop feeding in the presence of toxins. Therefore, it is important
that bioaccumulation tests with bivalves should be performed at concentrations well below the
short-term toxicity concentration. Guidance on this can be found in Section R.7.10 of the
Guidance on IR&CSA – Chapter R.7c. Invertebrate bioaccumulation tests include ASTM E102294 which describes a method for measuring bioconcentration in saltwater bivalve molluscs
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using aqueous exposure [222]. It is similar to OECD TG 305, with modifications for molluscs
(such as size, handling and feeding regime).
These studies with alternative species are particularly relevant when a valid fish BCF is not
available. The OECD TG 315 on bioaccumulation in sediment-dwelling benthic oligochaetes is
the preferred method for generating additional information. When it can be demonstrated that
sediment is the compartment of concern for a substance, the biota-sediment accumulation
factor (BSAF) obtained from such a study can be used for risk assessment and can be used as
part of the WoE. When accumulation from the porewater is expected to dominate,
bioaccumulation could be expressed as a BCF between the organism and dissolved pore water
concentrations. Invertebrate species may have a lower metabolic capacity than fish species,
e.g. as is the case for polycyclic aromatic hydrocarbons [223]. Bioaccumulation in these
invertebrates may therefore be higher than in fish under the same exposure.
Fish in vitro metabolism methods have the potential to provide important data for
bioaccumulation assessments since the degree of metabolism affects the amount of
bioaccumulation. Approaches for using in vitro data to determine metabolic capacity have been
described and studied in several test systems. Two methods have been proposed as OECD TGs
(see OECD Project 3.13 in OECD Work plan for the Test Guidelines Programme 2017 [22]). The
draft test guidelines are “Determination of in vitro intrinsic clearance using cryopreserved
rainbow trout hepatocytes (RT-HEP)” and “Determination of in vitro intrinsic clearance using
rainbow trout liver S9 sub-cellular fraction (RT-S9)” (see drafts on OECD website).
Although in vitro data on fish metabolism is not a standard REACH or BPR information
requirement, results of such studies can support the bioaccumulation assessment and can be
considered as part of a WoE adaptation. Further information on in vitro methods is available in
the Guidance on IR&CSA – Chapter R.7c and in the Draft OECD Guidance Document on
“Determination of in vitro intrinsic clearance using cryopreserved hepatocytes (RT-HEP) or liver
S9 sub-cellular fractions (RT-S9) from rainbow trout and extrapolation to in vivo intrinsic
clearance, 2017” (see draft on OECD website and [224, 225]).
QSAR model predictions may be used to estimate bioaccumulation potential, when
accompanied by sufficient documentation according to REACH Annex XI, 1.3. Further
information is provided in Section A.1.4. Several free and commercial computational software
programmes are available to predict the bioaccumulation in fish. Most of the available QSAR
models are developed to mimic the correlation between log Kow and bioaccumulation behaviour
as closely as possible. For most neutral organic substances, empirical evidence shows that BCF
typically increases with the lipophilicity/hydrophobicity of the chemicals up to a certain level
and then gradually decreases. This behaviour is explained by the capacity of more lipophilic
chemicals to permeate fish gills to a greater extent than hydrophilic chemicals. However, when
the chemicals are too large in size or have too low solubility in water (above log Kow values of
five or six), their capacity to permeate the gills or their availability in the test system is
decreased. Consequently bioaccumulation potential decreases.
Examples of freely available software for predicting bioaccumulation in fish are OECD QSAR
Toolbox, BCFBAF in EPISuite, VEGA, CASE Ultra (MultiCASE) and T.E.S.T. BCFBAF and
CATALOGIC (commercial software from OASIS) take into account metabolism and other
mitigating parameters.
To avoid unnecessary animal testing, an integrated testing strategy for PBT/vPvB
assessment should be followed where the potential for persistence should normally be
assessed before bioaccumulation potential. When it is clear that the substance is persistent (P)
or very persistent (vP), a stepwise approach should be followed to elucidate whether the
bioaccumulative (B) or very bioaccumulative (vB) criterion is fulfilled (see the Guidance on
IR&CSA – Chapter R.11). In this case, if screening information data (e.g. log Kow and QSAR)
show that there is a concern that the substance is likely to be B or vB, then further
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bioaccumulation assessment is required using a WoE (see above). If it is not possible to reach
a definitive conclusion on whether or not the substance is B/vB, the generation of new
bioaccumulation information is required. The new information is usually data from
experimental fish bioconcentration or bioaccumulation studies.
It should be also noted that even if not required for PBT/vPvB assessment, information on
bioaccumulation potential may still be needed for environmental classification purposes, under
the CLP Regulation.
As mentioned in Section 12.3 of Appendix 3 to this document, OECD TG 305 “Bioaccumulation
in Fish: Aqueous and Dietary Exposure” offers the option of a minimised aqueous exposure
test (paragraphs 83-88) and of testing only one test concentration (paragraphs 49-51),
provided that certain conditions are met. Both options can reduce the number of fish used if
the test substance meets the specific conditions described in the test guideline and can be
considered as a form of reduction method.

B.12.3 Challenges related to the development and application of nonanimal prediction methods
The accuracy (and related acceptability) of computational methods depends on the availability
of high quality experimental data to “train” the models and on the understanding of the
toxicological MoA to better predict the effects. One limitation of most prediction models for
bioaccumulation can be the prediction of metabolism and its rate. Therefore, the prediction
models not considering metabolism may not adequately estimate the bioaccumulative
potential. However, in vitro methods have been developed to provide information on
metabolism in fish and may be used in conjunction with the models to receive a better
estimate of the bioaccumulation potential. In addition, the combination of different software
(i.e. using different fragments, different descriptor and/or mathematical modelling approaches,
different applicability domain) or the consideration of other information in a WoE adaptation
may increase the confidence in the overall assessment.
Furthermore, most computational methods are based on log Kow which is not driving the
bioaccumulation potential of many but not all substances. Therefore, such models might not be
suitable for the calculation of a BCF value for the following types of substances (Appendix
R.7.10-3 of the Guidance on IR&CSA – Chapter R.7c):






inorganic substances
UVCBs (see Section R.11.4.2.2 of the Guidance on IR&CSA – Chapter R.11)
ionisable substances
surface active substances (surfactants)
organic substances that do not partition to lipid.

B.12.4 Future perspectives
Promising results from initial development studies have been indicated using Hyalella azteca in
test conditions similar to OECD TG 305 by Treu et al. [226]. The uptake and accumulation of
several lipophilic substances were investigated and analysed for their tissue concentrations in
Hyalella azteca. The depuration and uptake rates were used to generate BCF estimates. The
resulting BCFs were similar to those obtained from OECD TG 305 fish studies with rainbow
trout. This may offer a future non-vertebrate option for test guideline development and once
validated, it may be a possible refinement for the fish bioaccumulation test.
Computational tools are under constant development. New bioaccumulation tests that are
performed can be used in training sets of the prediction models, which further allow to expand
the applicability domain and improve reliability of the predictions on bioaccumulation potential
in the future.
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B.12.5 Summary and conclusion on bioaccumulation
Information on bioaccumulation is relevant for classification and labelling as well as risk
assessment and PBT assessment. It is not mandatory for all registration dossiers. Under the
REACH Regulation, it is required for substances manufactured or imported in quantities of 100
tonnes per year or more (although substances with 10 tonnes per year or more need also a
conclusion on PBT/vPvB). Under the BPR, for active substances, it is considered as an
additional dataset, only required under certain conditions. Under the CLP Regulation, all REACH
provisions on bioaccumulation apply, apart from the difference with the REACH Regulation in
the BCF threshold values. A BCF of ≥500 is used to indicate a bioaccumulation potential under
the CLP Regulation whereas a BCF of >2000/5000 is used in PBT/vPvB assessment.
There are many alternative approaches to the fish bioaccumulation test currently available.
Read-across and grouping can be used alone, as well as prediction methods. Furthermore,
invertebrate tests, in vitro methods (developed to provide information on metabolic capacity in
fish), QSAR predictions, and read-across approaches can be used together with the other
available data in WoE adaptations. Specific adaptation rules also apply when supported by
clear justifications and evidence showing that the substance has low potential for
bioaccumulation or cannot pass biological membranes, or that the exposure is unlikely to
occur. Relevant developments are ongoing to reduce the need for vertebrate testing.
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B.13 Fish toxicity
B.13.1 Description of the endpoint
Effects of substances on organisms living in the water are usually determined by testing on
organisms representing the three trophic levels, i.e. plants (or algae), invertebrates
(crustaceans such as Daphnia spp.) and vertebrates (fish) [10]. For the purpose of this report
(avoiding the use of vertebrate animals), the focus is on fish. Fish are the most abundant
aquatic vertebrates and are key prey and predators in aquatic food webs. This makes them an
important test subject to represent higher trophic levels in aquatic systems.
The information on aquatic toxicity may be used for classification and labelling under the CLP
Regulation, the derivation of predicted no-effect concentration (PNEC) values for use in risk
assessment, and for the PBT assessment. In general, the lowest of the available toxicity values
of the different trophic levels (fish, crustacean, algae or aquatic plants) are used to determine
the hazard category (for CLP), derive the PNEC (for risk assessment) or determine if the
substance fulfils the toxicity criterion (for PBT assessment). Furthermore, aquatic toxicity data
are also used in combination with the (log) Koc4 to predict the hazard to soil or sediment
organisms when no experimental results with these specific organisms are available.
Fish are also used for the identification of substance-specific endocrine MoAs. Endocrine
sensitive biomarkers like vitellogenin, secondary sex characteristics and sex ratio allow the
identification of androgenic, oestrogenic or steroidogenetic MoAs. The OECD Conceptual
Framework for endocrine disruptor testing provides information on various tests that can be
used to identify endocrine disruption [227]. However, for identification of an endocrine MoA, a
relevant fish test may be appropriate depending also on the concern. Ecotoxicological studies
with parameters sensitive to endocrine MoA are shown in Section 13 of Appendix 3 to this
document.
Generally, short-term aquatic toxicity to fish (also referred to as acute toxicity) is studied by
exposing fish to the test substance for a period of 96 hours. Mortalities are recorded at 24, 48,
72 and 96 hours and the concentrations which kill 50 % of the fish (LC50) are determined
where possible.
Several long-term fish studies (also generally referred to as chronic toxicity) are available (see
Section 13.3 of Appendix 3 to this document). Chronic toxicity testing should cover
measurements of toxicity over sensitive life stages (e.g. exposure of fertilised eggs until the
control fish reach a juvenile life stage). Lethal and sub-lethal effects are assessed and no
observed effect concentration (NOEC) and/or ECx (e.g. EC10, EC20) are determined to estimate
the concentration that would cause a x % change in the effect measured. Depending on the
purpose of the study even a full generation or a multi-generation study may be needed, or a
study where measurements to identify endocrine disruption in fish are made.
Information on short-term toxicity to fish under the REACH Regulation is required for
substances manufactured in amounts of 10 tonnes per year or more, while substances
manufactured in amounts of 100 tonnes per year or more require information on long-term
toxicity to fish. Long-term testing is also needed for substances manufactured in amounts of
10 tonnes per year or more if the substance is poorly water soluble, or if the toxicity criterion
needs to be further investigated for PBT assessment. More information on information
requirements and the relevant test methods for the REACH Regulation, the BPR as well as the
basis of the CLP criteria are presented in Section 13 of Appendix 3 to this document.

Koc - The soil organic carbon-water partitioning coefficient is the ratio of the mass of a chemical that is adsorbed in
the soil per unit mass of organic carbon in the soil per the equilibrium chemical concentration in solution.
4
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B.13.2 How to minimise vertebrate animal testing
B.13.2.1 Specific adaptation rules
When met, some of the specific adaptation conditions contained in Column 2 of REACH
Annexes VIII-IX or column 3 of BPR Annex II give a possibility not to perform new testing on
vertebrate animals to fulfil the information requirements for short- or long-term fish toxicity
(for further details, see Section 13 of Appendix 3 to this document).

B.13.2.2 Replacement, reduction and refinement methods for short-term
and long-term fish toxicity tests
The general rules for adaptation of REACH Annex XI and BPR Annex IV apply, such as grouping
and read-across and WoE adaptations.
Grouping and read-across is applicable also to this information requirement and has also
been used under the BPR for groups of substances to avoid further testing (e.g. quaternary
ammonium compounds).
Concluding on aquatic pelagic toxicity may be achieved by using WoE adaptation. The
prerequisite is that the results of the WoE lead to a regulatory outcome equivalent to that
obtained by standard testing. The three regulatory processes need to be considered:
classification and labelling, PBT assessment and environmental risk assessment.
The REACH Guidance on IR&CSA – Chapter R.7b, and especially Section R.7.8.5 Conclusions
for aquatic pelagic toxicity and integrated testing strategy (ITS), outlines a systematic
approach of how to use all available data in a WoE adaptation. It provides a step-wise
procedure for the assessment of different types of information, which might be helpful to come
to an overall conclusion. The scheme proposes a flexible sequence of steps (characterisation of
the substance, analysis of the mode of action, evaluation of existing in vivo and in vitro data,
data from analogous QSAR model predictions), the order of which depends on the quality and
quantity of data and might be changed.
Even though not mentioned in the Section R.7.8.5 Conclusions for aquatic pelagic toxicity and
integrated testing strategy (ITS), the fish embryo acute toxicity (FET) test (OECD TG 236) can
be used within a WoE together with other independent, adequate, relevant and reliable sources
of information.
The potential of the FET to fulfil the standard information requirement for the acute fish
toxicity test was studied in an ECHA commissioned study entitled “Analysis of the relevance
and adequateness of using Fish Embryo Acute Toxicity test (FET) Test Guideline (OECD TG
236) to fulfil the information requirements and addressing concerns under REACH” (May
2015). The Member State Committee was also consulted on the report. The project aimed to
gather and analyse publicly available data on FET, comparing it with available data on standard
acute fish toxicity (AFT) to investigate the predictive power of the FET test. Furthermore, the
study aimed at defining the applicability domain of the FET test (e.g. chemical structure, MoA
and several key physicochemical characteristics).
In light of the analysis made by ECHA, there are still certain limitations in the use of the FET
test and therefore it should only be used within a WoE adaptation. If used, the limitations
identified in the ECHA analysis need to be taken into account. The conclusions of the scientific
analysis performed within ECHA’s project are available in the report prepared by the consultant
at: http://echa.europa.eu/web/guest/publications/technical-scientific-reports.
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Regarding CLP, a WoE determination will be required where there are no sufficient data that can
be used directly for comparison with the CLP criteria. Further information is provided in Section
A.1.3.2.
Several free and commercial computational software methods are available to predict
aquatic toxicity. They include models to predict both short and/or long-term aquatic toxicity for
all trophic levels for organic monoconstituent substances. Most of these approaches rely on at
least one of the two following assumptions: 1) that the MoA of a substance will depend on its
chemical class (i.e. the functional groups in its structure); and 2) that the aquatic toxicity of a
substance will be proportional to its bioaccumulation potential (described by lipophilicity in the
models). Most non-reactive, non-ionisable organic substances are expected to exert their
toxicity with a simple non-polar narcosis mechanism (“baseline toxicity”). The toxicity of this
class of substances is usually predicted with good accuracy, while toxicity of substances having
other modes of actions are less well predicted (see Section B.13.3 below).
Examples of freely available software for predicting aquatic toxicity are OECD QSAR Toolbox,
ECOSAR, VEGA, T.E.S.T. and Danish QSAR DB. See also ECHA’s Practical guide on “How to use
and report (Q)SARs” and illustrative examples for short and long-term fish toxicity. Further
information is provided in Section A.1.2.1.
If a new acute fish toxicity test needs to be conducted, there is a possibility to reduce the
number of fish tested with a limit test. A limit test may be performed at 100 mg (active
ingredient)/l to demonstrate that the LC 50 is greater than this concentration. Binomial theory
dictates that when 10 fish are used with zero mortality, there is a 99.9 % confidence that the
LC50 is greater than 100 mg/l. With seven, eight or nine fish, the absence of mortality provides
at least 99 % confidence that the LC50 is greater than the concentration used in the limit test.
If any mortalities occur, a full study should be conducted.
The threshold approach offers a possibility to reduce the number of fish to be used in acute
aquatic toxicity testing when a test on fish is required. It takes into consideration that only the
lowest value of the acute toxicity in species of three trophic levels is considered for regulatory
purposes. The approach is described in the OECD GD 126 “Short Guidance on the threshold
approach for acute fish toxicity” [228].
The threshold approach addresses fish toxicity by initially using a single-concentration test
(limit test) requiring less fish compared to the full acute fish toxicity study. The selection of a
single concentration is based on the derivation of a threshold concentration (TC) from reliable
algae and acute invertebrate (e.g. Daphnia) toxicity data. Fish toxicity is then tested at the TC
to consider if fish are more or less sensitive than groups/species for which an E/LC50 is
available. If no mortality occurs in the limit test using the TC, the TC might be used as a
surrogate of the LC50 value in the further hazard or risk assessment.
In the context of the PBT/vPvB assessment, using integrated testing strategy, a conclusion
on the P and B properties should normally be drawn before further T-testing is considered. If
the substance is found to be both persistent (P) and bioaccumulative (B) then a chronic
toxicity study is required (except if the substance meets the criteria for classification for
carcinogenicity, mutagenicity, reproductive toxicity or for chronic toxicity according to the CLP
regulation (see section 1.1.3, points (b) and (c) of Annex XIII to the REACH Regulation).
Normally, the testing sequence for a conclusion on T based on chronic data in Daphnia and
then fish, unless there are indications that fish is the most sensitive group. If the T-criterion is
fulfilled by the chronic algae or Daphnia data, a chronic fish test is not necessary and should
therefore not be carried out to avoid unnecessary testing on vertebrate animals.
If long-term toxicity testing is triggered by the CSA (Annex IX, 9.1.6), testing fish may still be
avoided. According to the integrated testing strategy presented in Guidance on IR&CSA –
Chapter R7b (Section R.7.8.5, including Figure R.7.8-4), if based on acute aquatic toxicity data
neither fish nor invertebrates are shown to be substantially more sensitive, long-term studies
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may be required on both. In such case, according to the ITS, the Daphnia study is to be
conducted first. If based on the results of the long-term Daphnia study and the application of a
relevant assessment factor, no risks are observed (PEC/PNEC<1), no long-term fish testing
may need to be conducted. However, if a risk is indicated, the long-term fish study needs to be
conducted.

B.13.3 Challenges related to the development and application of nonanimal prediction methods
The accuracy (and related acceptability) of computational methods depends on the availability
of high quality experimental data to “train” the models and on the understanding of the
toxicological MoA to better predict the effects. In the specific case of fish toxicity, the following
challenges are related to the training sets:





the possibility to use different fish species for performing the tests – the inter-species
differences in sensitivity increase the uncertainty/variability of the results. This is true
especially for long-term toxicity tests, therefore making the development of reliable
models more challenging;
data on long-term toxicity is scarce – the training sets for long-term fish toxicity models
are therefore not large, which reduces the applicability domain in terms of chemical and
mechanistic space;
chemicals which act with MoAs more complex than the simple narcosis are less common
in the training sets – there is limited knowledge of their MoA and consequently they are
more difficult to predict. For example, substances with reactive functional groups are
predicted to have higher toxicity compared to the baseline, but an accurate prediction
of the exact value is often difficult to obtain. The chemical class of neutral organics
represent the widest class of substances and therefore the models are well trained to
predict their toxicity.

In many cases, it is recommended to support a computational result with other information, as
a form of WoE. Furthermore, each QSAR prediction should be accompanied by scientific
justification and documentation according to REACH Annex XI, 1.3. Similarly, under the CLP
Regulation, relevant information and suitable assumptions used for a QSAR model could allow
for QSAR derived toxicity data to be considered under a WoE determination.
The validity and interpretation of the results from prediction models always depends on the
assumptions and data/training sets used in the model. As a result, these assumptions and data
must be relevant to the question being asked to render the outcome of use in a regulatory
context.

B.13.4 Future perspectives
Considering the current work on AOPs in the field of aquatic toxicity and the efforts in reducing
the use of studies on juvenile/adult fish, discussions are still ongoing on how to incorporate
this in regulatory science. Furthermore, computational methods are constantly being
developed and new fish toxicity data is becoming available, increasing the chances for 3Rs
approaches to be accepted in the regulatory context.
Regarding FET, in May 2016 ECHA hosted an expert Workshop on the potential regulatory
application of the fish embryo acute toxicity (FET) test under the REACH and CLP regulations
and the BPR. The workshop was jointly organised by ECHA and the German Environment
Agency (Umweltbundesamt, UBA), with support of UBA Austria and EURL ECVAM (European
Commission DG Joint Research Centre, Directorate F, unit F.3) in the steering committee. The
aim of the workshop was to exchange views on the potential regulatory application of the FET
and explore possibilities on how the FET might be used as a part of WoE approaches in the EU
regulatory context (REACH, Biocides and CLP) to adapt standard information requirements for
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acute fish toxicity. During the workshop, the research needs and areas for further
developments to improve usability of FET for regulatory purposes were identified. Moreover,
industry was invited to include available FET data in the WoE approach(es) in their
registrations to gain experience and to build the case studies that might be used as best
practice examples.
In addition, at OECD level, there are currently ongoing discussions on how to integrate the FET
into the OECD GD 126 on the threshold approach for acute fish toxicity (OECD project 2.54)
[228].

B.13.5 Summary and conclusion on fish toxicity
Aquatic toxicity studies are important information sources for assessing the hazard and risk to
freshwater and marine organisms living in the water column on exposure to a substance.
Under the REACH Regulation, information on the short-term toxicity to fish is required when a
substance is registered in quantities higher than 10 tonnes per year. Information on long-term
toxicity to fish is normally required when a substance is registered in quantities higher than
100 tonnes per year (or 10 tonnes per year if the substance is poorly water soluble or if the
toxicity criterion needs to be further investigated for PBT assessment). Under the BPR for
active substances, short-term toxicity testing on fish is part of the core dataset and must
always be provided. It is nevertheless specified that when short-term fish toxicity data are
required, the threshold approach (tiered strategy) [228] should be applied and that the study
does not need to be conducted if a valid long-term aquatic toxicity study on fish is available.
Long-term toxicity testing on fish is an additional data requirement only for certain producttypes (where for example continuous release to the aquatic compartment occurs).
General adaptation rules such as QSAR, read-across and grouping, and WoE allow using
methods to replace or reduced vertebrate testing alone or together if adequately justified and
if the uncertainties have been considered. Furthermore, new approaches are being developed
to predict fish toxicity (e.g. toxicokinetic modelling approaches combined with in vitro toxicity
tests, integration of the FET into the OECD GD 126) which may further reduce animal testing
in the future.
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APPENDIX 1 List of organisations consulted on the
report
The following organisations were consulted on this document before final publication5:
European Commission


DG ENV — Directorate-General for Environment.



DG GROW — Directorate-General for Internal Market, Industry, Entrepreneurship and
SMEs.



DG SANTE — Directorate-General for Health and Food Safety.



DG JRC — Directorate-General Joint Research Centre: European Union Reference
Laboratory for alternatives to animal testing (EURL ECVAM) Directorate F – Health,
Consumers and Reference Materials, Chemical Safety and Alternative Methods Unit (F.3).



Scientific Committees: Scientific Committee on Consumer Safety (SCCS) and Scientific
Committee on Health, Environmental and Emerging Risks (SCHEER).

European Agencies


EMA — European Medicines Agency.



EFSA — European Food Safety Authority.

Organisation for Economic Co-operation and Development (OECD)
ECHA Committees


MSC — Member State Committee.



RAC — Committee for Risk Assessment.



BPC — Biocidal Products Committee.

ECHA’s Accredited Stakeholder organisations (see full list here)

The comments received from these organisations during the drafting of this document could not be all
implemented and that consultation does not necessarily imply full endorsement of the content of this report
by these organisations.
5
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APPENDIX 2 List of relevant legislation
Biocidal Products Regulation Regulation (EU) 528/2012 of the European Parliament and of the
Council concerning the making available on the market and use
of biocidal products. (see
https://echa.europa.eu/regulations/biocidal-productsregulation/legislation)
CLP Regulation

Regulation (EC) No 1272/2008 on classification, labelling and
packaging of substances and mixtures. (see
https://echa.europa.eu/regulations/clp/legislation)

Protection of Animals
Directive

Directive 2010/63/EU of the European Parliament and of the
Council of 22 September 2010 on the protection of animals used
for scientific purposes and repealing Council Directive of 24
November 1986 on the approximation of laws, regulations and
administrative provisions of the Member States regarding the
protection of animals used for experimental and other scientific
purposes (86/609/EEC). (see http://eur-lex.europa.eu/legalcontent/EN/TXT/?qid=1488879009816&uri=CELEX:32010L0063
)

REACH Regulation

Regulation (EC) No 1907/2006 of the European Parliament and
of the Council of 18 December 2006 concerning the Registration,
Evaluation, Authorisation and Restriction of Chemicals (REACH),
establishing a European Chemicals Agency, amending Directive
1999/45/EC and repealing Council Regulation (EEC) No 793/93
and Commission Regulation (EC) No 1488/94 as well as Council
Directive 76/769/EEC and Commission Directives 91/155/EEC,
93/67/EEC, 93/105/EC and 2000/21/EC. (see
https://echa.europa.eu/regulations/reach/legislation)

Test Methods Regulation

Commission Regulation (EC) No 440/2008 of 30 May 2008 laying
down test methods pursuant to Regulation (EC) No 1907/2006 of
the European Parliament and of the Council on the Registration,
Evaluation, Authorisation and Restriction of Chemicals (REACH).
(see http://eur-lex.europa.eu/legalcontent/EN/TXT/?qid=1488884240932&uri=CELEX:02008R044020160304)
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APPENDIX 3 Information requirements, CLP criteria,
relevant test methods and specific adaptation rules
per endpoint
1. Toxicokinetics
1.1 Information requirements
1.1.1 Under the REACH Regulation
Toxicokinetics studies in vivo are not required under the REACH Regulation, but all available
information should be provided, including information from prediction methods.
Annex I, Section 1.0.2 states that “the human health hazard assessment shall consider the
toxicokinetic profile (i.e. absorption, metabolism, distribution and elimination) of the
substance”.
Furthermore, REACH Annex VIII states (Section 8.8.1) that an “assessment of the toxicokinetic
behaviour of the substance to the extent that can be derived from the relevant available
information” should be performed.
Even though toxicokinetics is not a toxicological property as such and information is not
specifically required to be generated for REACH purposes, the generation of toxicokinetic
information can be encouraged as a means to interpret data, assist testing strategy and study
design, as well as category development, thus helping to optimise testing.
More detailed information on data requirements under the REACH Regulation can be found in
the Guidance on IR&CSA – Chapter R.7c.

1.1.2 For biocide active substances under the BPR
Toxicokinetic data are a core information requirement for biocide active substance approval.
Toxicokinetics can be based on existing information (non-human data: physicochemical
properties, grouping, (Q)SARs and expert systems, in vitro data, human data and/or animal
data). It is preferred to generate toxicokinetic data within the required toxicity studies such as
repeated-dose toxicity where possible. The standard in vivo test battery for toxicokinetics,
OECD TG 417 provides the test method for the conduct of toxicokinetic studies either as a
standalone test or combined with repeated-dose toxicity studies.
In the absence of in vivo data, some of the toxicokinetic data may be derived from in vitro
experiments. Thus, production of in vivo data is not a mandatory requirement under the BPR.

1.2 CLP criteria
Toxicokinetics is not a hazard class under the CLP Regulation.

1.3 Relevant test methods
The following in vivo, in vitro and in silico test methods can be used to investigate
toxicokinetics:
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In vivo

In vitro






Toxicokinetics (OECD TG 417).
Skin Absorption: In Vivo Method
(EU B.44/OECD TG 427).

Skin Absorption: In Vitro Method
(EU B.45/OECD TG 428)

There are various prediction tools to predict the toxicokinetic properties (see for example [10,
75, 88]), but the usefulness of individual toxicokinetic methods can only be judged in the
context of the intended application [10]. See also the most commonly used in vitro systems for
ADME in table 12.2 in [10].
At OECD level, development of a “Performance-Based Test Guideline for the Establishment on
Human-derived hepatic system to investigate biotransformation and toxicity of substances by
evaluation of CYP450 induction competence” has started (project 4.76 [22]).

2. Acute toxicity
2.1 Information requirements
The information needs under the REACH Regulation and the BPR are usually met with
internationally accepted test methods, which are acceptable for hazard classification.
For acute toxicity, the hazard classification is based on dose/concentration ranges, where
lethality (LD50/LC50 values or acute toxicity estimates (ATE)) and specific organ toxicity have
been observed (STOT SE).
Concerning “Specific Target organ toxicity – Single exposure”, according to the CLP Regulation
EC 1272/2008, “[t]he standard animal studies in rats or mice that provide this information are
acute toxicity studies, which can include clinical observations and detailed macroscopic and
microscopic examination to enable the toxic effects on target tissues/organs to be identified”.
The classification for acute toxicity and specific organ toxicity is usually a result of a WoE
approach taking all the information into account and comparing against the classification
criteria.

2.1.1 Under the REACH Regulation
Information requirements for acute toxicity depend on the tonnage level and are required for
substances manufactured or imported in quantities of one tonne or more per year. Information
on one route (oral) is required at Annex VII, Section 8.5.1.
Further information on at least one other route of exposure (inhalation or dermal) is required
at higher tonnage levels (to meet the requirements at Annexes VIII-X), depending on the
nature of the substance and the likely route of human exposure [Sections 8.5.2 and 8.5.3 and
column 2 of section 8.5 of Annex VIII].
A more detailed testing strategy is described in Section R.7.4 of the Guidance on IR&CSA –
Chapter R.7a.

2.1.2 For biocide active substances under the BPR
The information needs and testing strategy for acute toxicity are similar to those mentioned
above under the REACH Regulation, except that it is not dependent on the amount of
substance manufactured or imported.
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In addition to the oral route of administration (section 8.7.1 of BPR Annex II), for substances
other than gases, the information mentioned under sections 8.7.2 to 8.7.3 of BPR Annex II
must be provided for at least one other route of administration.
The choice for the second route will depend on the nature of the substance and the likely route
of human exposure. Gases and volatile liquids should be administered by the inhalation route.
Dermal toxicity must be reported for an active substance except for gases.
If further testing is needed to assess the potential for acute toxicity by the dermal route, the
OECD/EU test methods should be used. In addition, new OECD validated tests for acute dermal
toxicity should be taken into account once available in deciding the test strategy.
If the only route of exposure is the oral route, then information for only that route need be
provided. If either the dermal or inhalation route is the only route of exposure to humans then
an oral test may be considered.
Before a new dermal acute toxicity study is carried out, an in vitro dermal penetration study
(OECD TG 428) should be conducted to assess the likely magnitude and rate of dermal
bioavailability.
There may be exceptional circumstances where data from all routes of administration are
deemed necessary. For more information, see Section 8.7 of the Guidance on BPR Volume III Part A.

2.2 CLP criteria
Acute toxicity hazard categories and acute toxicity estimates (ATEs) defining the respective
categories are based on animal data. Categories for specific target organ toxicity – single
exposure are based on evidence from humans and/or from experimental animals and
dependent on nature and severity of effects and effective dose levels.

2.3 Relevant test methods
Oral route, reduction methods





Acute Oral Toxicity, Acute Toxic Class Method
(EU B.1 tris / OECD TG 423).
Acute Oral Toxicity – Up-and-Down Procedure
(OECD TG 425).
Acute Oral Toxicity – Fixed Dose Procedure.
(EU B.1 bis / OECD TG 420).

Tests performed according to an old and deleted EU B.1 / OECD TG 401 are only acceptable
under the BPR, if performed before December 2002. According to Section R.7.4 of the
Guidance on IR&CSA – Chapter R.7a on acute toxicity, existing EU B.1 / OECD TG 401 data
would normally be acceptable.
The EU B.1 bis / OECD TG 420 should be considered as the first choice for testing regarding
acute toxicity if information requirements are not fulfilled by available information. The
information in this test method is 'evident toxicity', clear signs of toxicity that if animals were
exposed to a higher concentration they are likely to experience death or severe toxicity.
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Inhalation route

Dermal route








Acute Inhalation Toxicity
(EU B.2/OECD TG 403).
Acute Inhalation Toxicity - Fixed Concentration
Procedure (OECD TG 433).
Acute Inhalation Toxicity – Acute Toxic Class
Method (EU B.52/OECD TG 436).

Acute dermal Toxicity
(EU B.3/OECD TG 402).

At OECD level, the updated versions of OECD TG 402 “Acute dermal toxicity” and OECD TG
433 “Acute Inhalation Toxicity – Fixed Concentration Procedure” were published in October
2017.

2.4 Specific adaptation rules
Under the REACH Regulation and the BPR, in vivo testing for acute oral toxicity does not need
to be conducted if the substance is classified as corrosive to the skin, or if a study on acute
toxicity by the inhalation route (as the only route of human exposure) is available, for
example, for a gas or a highly volatile substance.
For substances other than gases, information on acute toxicity may also be needed through a
dermal or inhalation route at Annex VIII level (Section 8.5, column 2 of REACH Annex VIII,
and Section R.7.4 of the Guidance on IR&CSA) and for biocide active substances (Section 8.7,
column 1 of BPR Annex II, and Section 8.7 of the Guidance on BPR Volume III - Part A).
In addition, according to the revised Section 8.5.3, column 2 of REACH Annex VIII:
“Testing by the dermal route does not need to be conducted if:
- the substance does not meet the criteria for classification as acute toxicity or STOT SE
by the oral route and
- no systemic effects have been observed in in vivo studies with dermal exposure (e.g.
skin irritation, skin sensitisation) or, in the absence of an in vivo study by the oral
route, no systemic effects after dermal exposure are predicted on the basis of nontesting approaches (e.g. read across, QSAR studies).”

3. Skin corrosion/irritation and serious eye damage/eye
irritation
3.1 Information requirements
3.1.1 Under the REACH Regulation
For a detailed description of the information requirements for these endpoints under the
REACH Regulation, please see Section R.7.2 of the Guidance on IR&CSA – Chapter R.7a.
For skin corrosion/irritation
At REACH Annex VII level, the basic information requirements for skin corrosion and irritation
are based on in vitro testing only and include an in vitro study for skin corrosion (Point 8.1.1)
and an in vitro study for skin irritation (Point 8.1.2).
At REACH Annex VIII level, only if the in vitro studies under Points 8.1.1 and 8.1.2 of Annex
VII are not applicable or their results are not adequate for classification and risk assessment,
must in vivo testing be considered.
For serious eye damage/eye irritation
At REACH Annex VII level, the basic information requirement for serious eye damage/eye
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irritation is an in vitro study (Point 8.2.1). A second in vitro study must be considered if the
results from the first in vitro study do not allow a conclusive decision on classification for
serious eye damage/eye irritation.
At REACH Annex VIII level, only if the in vitro studies under Sections 8.2.1 of Annex VII are
not applicable or their results not adequate for classification and risk assessment, must in vivo
testing be considered.

3.1.2 For biocide active substances under the BPR
Under the BPR, the assessment of skin corrosion/irritation and the assessment of serious eye
damage/eye irritation are both part of the core dataset (see also Sections 8.1 and 8.2 of the
Guidance on BPR Volume III - Part A).
For skin corrosion/irritation
The assessment must follow the sequential testing strategy for dermal irritation and corrosion
described in the Appendix to EU Test Guideline B.4 “Acute Toxicity-Dermal Irritation/Corrosion”
(Annex B.4 to the Test Methods Regulation (EC) No 440/2008).
For serious eye damage/eye irritation
The assessment must follow the sequential testing strategy for eye irritation and corrosion
described in the Appendix to EU Test Guideline B.5 “Acute Toxicity: Eye Irritation/Corrosion”
(Annex B.5 to the Test Methods Regulation (EC) No 440/2008).

3.2 CLP criteria
The criteria for the skin corrosive category and sub-categories and the skin irritation category
are based on animal data.
In vitro alternatives that have been validated and accepted may also be used to support
classification decisions.
For serious eye damage/eye irritation, the classification system involves a tiered testing and
evaluation scheme. The criteria themselves for irreversible eye effects or for reversible eye
effects are based on animal data.
The CLP Regulation defines in more detail and further specifies duration criteria for the
application of the test substance and the observation period to distinguish between skin
irritants, which cause reversible damage to the skin following the application of a substance
and skin corrosives, which cause irreversible damage to the skin after the same application
time and after a two-week observation period (Section 3.2.1.1 of Annex I to the CLP
Regulation).
Eye irritation and serious eye damage are defined in the CLP Regulation as fully reversible or
irreversible changes, respectively, within 21 days of application of the substance (Section
3.3.1.1 of Annex I to the CLP Regulation). See also Sections 3.2 and 3.3 of the Guidance on
the application of the CLP criteria.

3.3 Relevant test methods
The adopted test methods for skin corrosion/irritation are the following:
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In vitro

In vivo

Skin irritation:

Skin Irritation Reconstructed Human
Epidermis (RHE) Test Method
(EU B.46/OECD TG 439).



Acute Dermal Irritation/Corrosion
(EU B.4/OECD TG 404).

Skin corrosion:
Skin Corrosion Reconstructed Human
Epidermis (RHE) Test Method
(EU B.40 bis/OECD TG 431).

Transcutaneous Electrical Resistance (TER)
Test Method
(EU B.40/OECD TG 430).

In Vitro Membrane Barrier Test Method
(OECD TG 435).


The adopted test methods for serious eye damage/eye irritation are the following:
In vitro







Bovine Corneal Opacity and Permeability
(BCOP) Test Method
(EU B.47/OECD TG 437).
Isolated Chicken Eye (ICE) Test Method
(B.48/OECD 438).
Fluorescein Leakage (FL) Test Method
(OECD TG 460).
Short Time Exposure (STE) Test Method
(OECD TG 491).
Reconstructed human Cornea-like Epithelium
(RhCE) Test Method
(OECD TG 492).

In vivo


Acute Eye Irritation/Corrosion
(EU B.5/OECD TG 405).

The OECD also recently published a Guidance Document on serious eye damage and eye
irritation IATA [36], which provides examples of how to combine multiple in vitro methods to
improve the predictivity in identifying CLP Category 2 eye irritants.
For further details, see Section R.7.2 of the Guidance on IR&CSA – Chapter R.7a, and ECHA
Advice on skin and eye irritation testing to help reduce animal tests.

3.4 Specific adaptation rules
Specific rules for adapting the information requirements for skin corrosion/irritation and
serious eye damage/eye irritation are only mentioned in the REACH Regulation, not in the BPR
(for further details see also Section R.7.2 of the Guidance on IR&CSA – Chapter R.7a).
In both REACH Annexes VII and VIII, column 2 adaptation rules for skin corrosion/irritation are
based on physicochemical properties (i.e. pH, flammability) of the substance, its prior
classification for acute toxicity by the dermal route (CLP Category 1), or the absence of skin
irritation up to the limit dose level in an acute toxicity study by the dermal route.
In addition, the two in vitro studies required, i.e. one study for skin corrosion and one for skin
irritation, don’t need to be systematically performed if one is enough, i.e. results from one of
them already allow a conclusive decision on the classification of a substance or on the absence
of skin irritation potential.
Similarly, the in vitro and in vivo studies on serious eye damage/eye irritation do not need to
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be conducted if the substance is a strong acid or base, it is spontaneously flammable in air or
in contact with water or moisture at room temperature, or it is already classified as skin
corrosive (CLP Category 1), leading to classification for serious eye damage (CLP Category 1),
or skin irritant (CLP Category 2) and the available information indicate that the substance
should be classified for eye irritation (CLP Category 2).

4. Skin and respiratory sensitisation
4.1 Information requirements
4.1.1 Under the REACH Regulation
REACH information requirements for skin sensitisation are specified in recently revised Section
8.3 of Annex VII (published in September 2016) and ask for information allowing the
identification of skin sensitisers, including their potential classification in sub-category 1A to be
concluded, and for performing a risk assessment, as required (see also Section R.7.3 of the
Guidance on IR&CSA – Chapter R.7a).
More specifically, this information should come from:


in vitro/in chemico data addressing each of the following three KEs of skin sensitisation
adverse outcome pathway (AOP): molecular interaction with skin proteins,
inflammatory response in keratinocytes, activation of dendritic cells (Point 8.3.1 of
REACH Annex VII);



an in vivo study for skin sensitisation (Point 8.3.2 of REACH Annex VII), normally a
Local Lymph Node Assay (LLNA), if the above in vitro/in chemico studies are not
applicable for the substance or are not adequate for classification and risk assessment.

Respiratory sensitisation is not a standard information requirement under the REACH
Regulation. However, if data are available, they should be included in the technical dossier and
used to support classification and labelling where relevant (see also Section R.7.3 of the
Guidance on IR&CSA – Chapter R.7a).

4.1.2 For biocide active substances under the BPR
The information requirement for skin sensitisation is part of the core dataset and is divided in
two steps as specified in Section 8.3 of BPR Annex II (see also Section 8.3 of the Guidance on
BPR Volume III - Part A).


Step 1: an assessment of the available human, animal and alternative data;



Step 2: in vivo testing (LLNA is the first choice of assay when new information needs to
be generated, justification for using another test needs to be provided).

The information on respiratory sensitisation is part of the additional dataset. The assessment
of the potential of a substance to induce respiratory sensitisation should include assessment of
the available existing information: non-human data (e.g. physicochemical properties,
grouping, (Q)SARs and expert systems, in vitro data), human data and animal data.

4.2 CLP criteria
Hazard category and sub-categories for skin and respiratory sensitisers are based on the
frequency of occurrence in humans and/or potency in animals (see Section 3.4 of the Guidance
on the application of the CLP criteria).

Report on the current status of regulatory applicability of non-animal approaches under the REACH, CLP and
Biocidal Products regulations
November 2017

139

4.3 Relevant test methods
The adopted test methods for skin sensitisation are as follows:
In vitro/in chemico

In vivo








Direct Peptide Reactivity Assay (DPRA)
(EU B.59/OECD TG 442C) for KE1.
ARE-Nrf2 Luciferase Test Method
(EU B.60/OECD TG 442D) for KE2
human Cell Line Activation Test
(h-CLAT), U-SENS and IL-8 Luc Assay (OECD
TG 442E) for KE3.





Local Lymph Node Assay (LLNA)
(EU B.46/OECD 429).
In Vivo Guinea Pig Test Method
(EU B.6/OECD TG 406).
Local Lymph Node Assay: DA
(EU B.50/OECD TG 442A).
Local Lymph Node Assay: BrdU-ELISA (EU
B.51/OECD TG 442B).

The above adopted in vitro/in chemico test methods are based on the KEs as specified in the
AOP for skin sensitisation initiated by covalent binding to proteins [119]: DPRA for KE 1, ARENrf2 Luciferase Test Method for KE 2 and h-CLAT, U-SENS and IL-8 Luc Assay for KE 3.
Regarding the adopted in vivo test methods, it should be noted that the LLNA is the first choice
in vivo assay and generation of new data with the in vivo Guinea Pig test method needs to be
justified. In addition, the LLNA: DA and LLNA: BrdU-ELISA are not recommended for new
testing as there are currently no CLP criteria available for predicting skin sensitisation potency
with these methods, even if the dose-response relationship information obtained may provide
some information that can be used within a WoE approach.
For further details on the recommended use of the above methods, please see Section R.7.3 of
the Guidance on IR&CSA – Chapter R.7a and ECHA Advice on skin sensitisation testing to help
reduce animal tests.
There are currently no standard tests and no adopted test methods available for respiratory
sensitisation.

4.4 Specific adaptation rules
Under the REACH Regulation, the studies under Points 8.3.1 and 8.3.2 of REACH Annex VII do
not need to be conducted if the substance is classified as skin corrosive (CLP Category 1), or it
is a strong acid or base, or it is spontaneously flammable in air or in contact with water or
moisture at room temperature (column 2 of REACH Annex VII, Point 8.3).
In addition, column 2 adaptation rules for Point 8.3.1 specifies that in vitro/in chemico tests do
not need to be conducted if an in vivo study for skin sensitisation is available, or the available
in vitro/in chemico test methods are not applicable to the substance or are not adequate for
skin sensitisation classification and risk assessment.
Also, all three KEs indicated in Point 8.3.1, corresponding to the first three KEs of the OECD
AOP, do not have to be addressed if classification and risk assessment for skin sensitisation is
achieved with information on one or two of the KEs.
Regarding the need for in vivo skin sensitisation studies, those that have used EU or OECDadopted and GLP-compliant test methods that were carried out or initiated before 10 May
2017, these are considered appropriate to address this standard information requirement.
Under the BPR, skin sensitisation testing is not needed if the available information indicates
that the substance should be classified for skin sensitisation or corrosivity, or that it is a strong
acid or base.
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5. Repeated-dose and chronic toxicity
5.1 Information requirements
5.1.1 Under the REACH Regulation
The standard information requirements for repeated-dose toxicity are in vivo studies of
increasing minimum duration as the tonnage band is higher. The oral route is the most
common route of administration, but the choice of the route of administration depends on the
substance properties and on the relevant exposure route for humans (see the REACH
Regulation and Section R.7.5 of the Guidance on IR&CSA – Chapter R.7a).
Information on a sub-acute (28-day) study is needed at Annex VIII (10-100 tonnes per year)
level. At the next tonnage band, a longer study, i.e. sub-chronic (90-day) study, is required.
The rat is the standard species under the REACH Regulation.
In addition, further studies may be needed under Annexes IX and X to address concerns
related to longer exposure duration, different routes of administration and/or specific
toxicological investigations, such as immunotoxicity or neurotoxicity.
Long-term chronic toxicity studies may be needed based on human exposure considerations
(see the REACH Regulation and Section R.7.5 of the Guidance on IR&CSA – Chapter R.7a).

5.1.2 For biocide active substances under the BPR
The core information requirements for repeated-dose toxicity and triggers for further studies
under the BPR are basically the same as those under the REACH Regulation. The BPR also
contains specific provisions for further testing in a second (non-rodent) species if justified.

5.2 CLP criteria
Categories for specific target organ-toxicity – repeated exposure are based on evidence from
humans and/or from experimental animals and dependent on nature and severity of effects
and effective dose levels (see Section 3.9 of the Guidance on the application of the CLP
criteria). Classification based on gonad toxicity follows criteria for reproductive toxicity.

5.3 Relevant test methods
The relevant standard test methods for repeated-dose toxicity testing are listed below. The
current standard test methods are all in vivo studies.
28-day repeated-dose toxicity studies

90-day repeated-dose toxicity studies









Repeated-Dose 28-day Oral Toxicity Study in
Rodents (EU B.7/OECD TG 407).
Repeated-Dose Dermal Toxicity: 21/28-day
Study (EU B.9/OECD TG 410).
Sub-Acute Inhalation Toxicity: 28-Day Study
(EU B.8/OECD TG 412).
Combined Repeated-Dose Toxicity Study with
the Reproduction/Developmental Toxicity
Screening Test (OECD TG 422).

Chronic toxicity studies



Chronic Toxicity Test (EU B.30/OECD TG 452).
Combined Chronic Toxicity/Carcinogenicity
Studies (EU B.33/OECD TG 453).





Repeated-Dose 90-day Oral Toxicity Study in
Rodents (EU B.26/OECD TG 408).
Repeated-Dose 90-day Oral Toxicity Study in
Non-Rodents (EU B.27/OECD TG 409).
Sub-Chronic Dermal Toxicity: 90-day Study
(EU B.28/OECD TG 411).
Sub-Chronic Inhalation Toxicity: 90-day Study
(EU B.29/OECD TG 413).
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OECD TG 408 is currently being revised. The latest update of a test guideline (OECD TG and/or
EU method) should always be used. Further details of the study protocols are described in the
respective test guidelines and recommendations on their use can be found in Section R.7.5 of
the Guidance on IR&CSA - Chapter R.7a and the OECD test guideline web page.
In addition, other types of studies with repeated administration and investigations on organ
and tissue toxicity can provide information on repeated-dose toxicity, e.g. neurotoxicity
studies, reproductive toxicity studies and carcinogenicity studies (See Section R.7.5 of the
Guidance on IR&CSA - Chapter R.7a).
At OECD level, the following activities are ongoing:



the Inhalation TGs and GD amended to Accommodate Nanomaterial Safety Testing
have been approved in April 2017; and
update of the repeated-dose oral toxicity 90-day study (OECD TG 408) with parameters
for endocrine activity (see OECD Work plan for the Test Guidelines Programme 2017
[22]).

5.4 Specific adaptation rules
The repeated-dose toxicity study does not need to be conducted in certain cases specified in
column 2 of Section 8.6 of REACH Annexes VIII to X and column 3 of Section 8.9 of BPR Annex
II.
These waiving possibilities are based amongst others on the availability of existing data from
reliable and appropriate in vivo studies, on substance classification for specific target organ
toxicity after repeated exposure (STOT RE 1 or STOT RE 2) under the CLP Regulation, on
substance transformation, reactivity and absorption data, and on human exposure data (for
further details, see Section R.7.5 of the Guidance on IR&CSA - Chapter R.7a and Section 8.9 of
the Guidance on BPR Volume III - Part A.

6. Mutagenicity
6.1 Information requirements
6.1.1 Under the REACH Regulation
The assessment of mutagenicity under the REACH Regulation follows a stepwise approach,
starting with a battery of in vitro tests followed up by appropriate in vivo testing if one or more
of the in vitro tests is positive.
The in vitro studies for mutagenicity include an in vitro gene mutation study in bacteria (Ames
test) (Annex VII, Section 8.4.1), an in vitro cytogenicity study in mammalian cells (i.e. an in
vitro chromosome aberration study or an in vitro micronucleus study) (Annex VIII, Section
8.4.2) and, if both first in vitro tests are negative, an in vitro gene mutation study in
mammalian cells (Annex VIII, Section 8.4.3).
If there is a positive result in any of the above in vitro studies and there are no results
available from an appropriate in vivo study already, an appropriate follow-up in vivo study in
somatic cells must be proposed by the registrant (Annex IX, Section 8.4). Appropriate means
here that the type of in vivo mutagenicity testing should reflect the type of in vitro
mutagenicity test results observed (i.e. gene mutation, structural or numerical chromosome
aberration). In some cases, a second in vivo somatic cell test (Annex X, Section 8.4) and/or
investigation of the germ cell mutagenicity potential (Annexes IX-X, Section 8.4) may be
needed.
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As for any other endpoint under the REACH Regulation, the information required for a
substance depends on its volume of production or importation (i.e. in general the higher the
annual tonnage, the more data/studies are required).
For mutagenicity/genotoxicity, however, the rules set out in Annexes VII to X may in some
cases require certain tests to be undertaken earlier than or in addition to the tonnagetriggered requirements.
For further details on the information requirements under the REACH Regulation, see Section
R.7.7 of the Guidance on IR&CSA – Chapter R.7a.

6.1.2 For biocide active substances under the BPR
Under the BPR, in vitro mutagenicity assessment of active substances is part of the core
dataset (Section 8.5 of BPR Annex II) whereas an in vivo genotoxicity study is part of the
additional dataset (Section 8.6 of BPR Annex II). The information required for biocide active
substances is basically the same as that required under the REACH Regulation and follows a
similar tiered approach:





collection and evaluation of existing genotoxicity data, including available in vivo data;
generation of in vitro data using the standard in vitro test battery (i.e. an in vitro gene
mutation test in bacteria, an in vitro cytogenicity test in mammalian cells and an in
vitro gene mutation test in mammalian cells;
an appropriate follow-up in vivo study in somatic cells, if there is a positive result in any
of the above in vitro studies and there are no results available from an appropriate in
vivo study (a second in vivo study in somatic cells may be necessary in certain cases);
investigation of the germ cell mutagenicity potential if there is a positive result from an
in vivo somatic cell study available, on the basis of all available data, including
toxicokinetic evidence to demonstrate that the substance reached the tested organ.

For further details on the information requirements under the BPR, see Sections 8.5 and 8.6 of
the Guidance on BPR Volume III – Part A.

6.2 CLP criteria
Hazard categories for germ cell mutagens are largely based on evidence on humans and/or in
vivo mutagenicity tests in mammals (see Section 3.5 of the Guidance on the application of the
CLP criteria).

6.3 Relevant test methods
The relevant standard test methods for mutagenicity/genotoxicity testing are listed below.
In vitro








Bacterial reverse mutation test
(EU B.13/14/OECD TG 471).
In vitro mammalian cell gene mutation tests
using the Hprt and xprt genes
(EU B.17/OECD TG 476).
In vitro mammalian cell gene mutation tests
using the thymidine kinase gene
(EU B.67/OECD TG 490).
In vitro mammalian chromosome aberration
test (EU B.10/OECD TG 473).
In vitro micronucleus test
(EU B.49/OECD TG 487).

In vivo
using somatic cells:

In vivo mammalian bone marrow chromosome
aberration test
(EU B.11/OECD TG 475).

In vivo mammalian erythrocyte micronucleus
test (EU B.12/OECD TG 474).

Unscheduled DNA synthesis (UDS) test with
mammalian liver cells in vivo
(EU B.39/OECD TG 486).

Transgenic rodent (TGR) somatic and germ
cell gene mutation assays
(EU B.58/OECD TG 488).
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In vivo alkaline single-cell gel electrophoresis
assay for DNA strand breaks (comet assay)
(EU B.62/OECD TG 489).

using germ cells:

Mammalian spermatogonial chromosome
aberration test (EU B.23/OECD TG 483).

Rodent dominant lethal test
(EU B.22/OECD TG 478).

Transgenic rodent (TGR) somatic and germ
cell gene mutation assays
(EU B.58/OECD TG 488).

Several of the above OECD test guidelines for mutagenicity/genotoxicity have recently been
updated, but those changes have not yet been implemented in the EU Test Methods Regulation
(TMR). As alignment of the test guidelines of the EU TMR with updated OECD test guidelines
requires some time, the latest update of a test guideline (OECD TG and/or EU method) should
be used for conducting new tests.
Further details of the study protocols are described in the respective test guidelines and
recommendations on their use can be found in Section R.7.7 of the Guidance on IR&CSA Chapter R.7a, ECHA’s web page “Testing methods and alternatives” and the Overview of the
set of OECD Genetic Toxicology Test Guidelines and updates performed in 2014-2015 [25].

6.4 Specific adaptation rules
These possibilities refer to situations where no test or information for a specific requirement on
mutagenicity needs to be provided.
In vitro studies
Under the REACH Regulation, the first in vitro test in mammalian cells (in vitro cytogenicity
study) and the second in vitro study in mammalian cells (in vitro mammalian cell gene
mutation test) can normally be adapted if adequate information is available from in vivo
studies addressing the same endpoints, i.e. cytogenicity [REACH Annex VIII, Column 2,
Section 8.4.2] and gene mutation [REACH Annex VIII, Column 2, Section 8.4.3], respectively.
The first in vitro test in mammalian cells does not need to be conducted if the substance is
classified in the most severe categories for carcinogenicity (i.e. Carc 1A or 1B), or germ cell
mutagenicity (i.e. Muta 1A, 1B or 2) under the CLP Regulation [REACH Annex VIII, Column 2,
Section 8.4.2]. There are no such adaptations under the BPR and all three in vitro tests are
part of the core dataset.
In vivo studies
The standard information requirements of REACH Annex IX, Section 8.4 and BPR Annex II,
Section 8.6 must be fulfilled if there is a positive result in any of the in vitro tests required
under REACH Annexes VII and VIII and BPR Annex II, Section 8.5. This means that normally
no in vivo tests will be required if all the required in vitro tests have given reliable and
conclusive negative results.
In addition, in vivo genotoxicity testing is generally not needed under the BPR if the substance
is known to be carcinogenic (i.e. classified as Carc. 1A or 1B under the CLP Regulation) or
mutagenic (i.e. classified as Muta. 1A, 1B or 2 under the CLP Regulation) or if valid in vivo
micronucleus data are generated within a repeated-dose toxicity study and the in vivo
micronucleus test is the appropriate test to be conducted to address the information
requirement for mutagenicity.
Consideration of the need for germ cell mutagenicity study
The basic principle is that a substance considered as a positive in vivo somatic cell mutagen
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should also be considered as a possible germ cell mutagen unless data can be provided to the
contrary. The considerations should be documented. Based on all available data, including
toxicokinetic and toxicodynamic properties, WoE determination using expert judgement is
needed to consider whether there is sufficient information to conclude that such a substance
also poses a mutagenic hazard to germ cells or whether additional investigation is necessary
(for detailed information on the criteria for classification of substances for germ cell
mutagenicity under the CLP Regulation, see Section 3.5 of the Guidance on the Application of
the CLP Criteria).

7. Carcinogenicity
7.1 Information requirements
Repeated-dose toxicity (see Section B.5 on Repeated-dose toxicity) studies are normally
required (or triggered) at lower tonnage levels than that relevant for triggering a
carcinogenicity study under the REACH Regulation or are requested as part of the BPR core
dataset.
In the same way that positive in vivo genotoxicity tests may indicate a genotoxic
carcinogenicity potential, repeated-dose toxicity may be informative about a possible
carcinogenic potential by a non-genotoxic mechanism if hyperplasia or other pre-neoplastic
effects are observed. These observations can be used to identify specific target tissues, inform
about potential modes of action (MoAs) underlying the carcinogenic effect and assist in the
development of dose-effect relationships [229].

7.1.1 Under the REACH Regulation
A carcinogenicity study is required for substances produced or imported at 1 000 tonnes per
year or higher (Section 8.9.1 of REACH Annex X) if there is high human exposure to the
substance (i.e. widespread dispersive use or frequent or long-term human exposure), and if
the substance is classified for mutagenicity (germ cell mutagen category 2 under the CLP
Regulation) or there is evidence from the repeated-dose studies that the substance is able to
induce hyperplasia and/or pre-neoplastic lesions.
Moreover, the REACH Regulation also makes it possible for carcinogenic substances at all
tonnage levels to be identified as substances of very high concern (SVHCs) to be included in
the Candidate List for authorisation, taking into account information from all available relevant
sources.
For further details, see Section R.7.7.9 of the Guidance on IR&CSA – Chapter R.7a.

7.1.2 For biocide active substances under the BPR
Under the BPR, a carcinogenicity study is part of the core dataset (Section 8.11 of BPR Annex
II). If a new study is required, a combined chronic toxicity/carcinogenicity study in the rat and
preferably through the oral route must be performed (Section 8.11.1 of BPR Annex II).
Additionally, a carcinogenicity study in the mouse is normally performed (Section 8.11.2 of
BPR Annex II), although the need for this second study should be considered on a case-bycase basis.
For biocide active substances, a carcinogenicity study in a second species, normally the mouse,
should be conducted. Case-by-case considerations on species-specificity (organ specificity of
effects) and species differences and human relevance are needed when the need of
information from the second species is considered.
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Some publications suggest that a second study in another rodent species (than rats) is not
likely to provide additional information [230]. The second test would, in any case, not be
needed if the substance can be classified as germ cell mutagen category 1A or 1B under the
CLP Regulation based on the first study.
For further details, see Section 8.11 of the Guidance on BPR Volume III - Part A.

7.2 CLP criteria
Hazard categories for carcinogens are largely based on human and/or animal evidence and
strength of evidence (see Section 3.6 of the Guidance on the application of the CLP criteria).

7.3 Relevant test methods


Carcinogenicity Study
(EU B.32/OECD TG 451).



Combined Chronic Toxicity/Carcinogenicity
studies (EU B.33/OECD TG 453).

Although not aimed at investigating carcinogenicity per se, other available OECD/EU test
guideline studies may provide useful information that can be indicative of a carcinogenic
potential and determine the need for follow-up studies:


Genotoxicity Studies: see Section B.6 on
mutagenicity.



Repeated-Dose Toxicity Studies: see
Section B.5 on repeated-dose toxicity.

7.4 Specific adaptation rules
Under both the REACH (Annex X, Section 8.9.1, column 2) and BPR (Annex II, Section 8.11,
column 3), a carcinogenicity study does not need to be conducted if the substance is classified
under the CLP Regulation as germ cell mutagen category 1A or 1B.
In such a case, the default presumption would be that a genotoxic mechanism for
carcinogenicity is likely and a carcinogenicity study will normally not be required.
In addition, for biocide active substances, the carcinogenicity study does not need to be
conducted if:




no genotoxic potential for humans is identified in genotoxicity tests; and
possible mechanisms of toxicological effects observed in sub-chronic toxicity studies do
not point at non-genotoxic carcinogenicity and there are no structural alerts for
carcinogenicity; and
the sub-chronic studies in rodents and/or non-rodents do not show any substancerelated adverse effects at the limit dose level.

For further information for biocide active substances, see Section 8.11 of the Guidance on BPR
Volume III – Part A.

8. Reproductive toxicity
8.1 Information requirements
8.1.1 Under the REACH Regulation
Under REACH, reproductive toxicity properties of a substance are characterised by
investigations according to three different studies: a reproduction/developmental toxicity
screening test, prenatal developmental toxicity studies in two species, and an extended one-
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generation reproductive toxicity study.
In exceptional cases, information from an extended one-generation reproductive toxicity study
in a second species or strain may be needed.
These cases may include situations where information on another species or strain seems to be
more relevant than information from an existing study, or where the dose levels used in the
first study are not adequate for classification and labelling and/or risk assessment. A twogeneration reproductive toxicity study is sufficient to cover the standard information
requirement (Column 1), instead of an extended one-generation reproductive toxicity study, if
initiated before March 13, 2015. For further details, see Section R.7.6 of the Guidance on
IR&CSA – Chapter R.7a.
The information required for a substance depends on the annual tonnage level of
manufacturing/import or concern. If there is a specific concern, more information may be
required on functional fertility of the offspring, developmental neurotoxicity and/or
developmental immunotoxicity, which can be achieved by including the relevant expansion/
cohorts in an extended one-generation reproductive toxicity study. Further concerns, beyond
those addressed using the (standard) information described above, can be addressed under
substance evaluation using concern and risk-based argumentation, if it considered that more
information is needed for adequate risk management actions.
The screening study for developmental and reproductive toxicity (OECD TGs 421/422) provides
limited information on reproductive and developmental toxicity due to its more limited
investigations and lower number of animals used per dose group than those of the extended
one-generation reproductive toxicity study (EOGRTS, EU B.56/OECD TG 443) or the twogeneration reproductive toxicity study (EU B.35/OECD TG 416).
The screening study therefore has a more limited detection power for developmental or
reproductive toxic effects compared to these higher-tier studies. Reproduction of parental
animals is investigated after exposing them shortly (two weeks) before mating, during
pregnancy and lactation up to lactation day 13. The test method has recently been updated to
include a few parameters sensitive to certain endocrine modes of action (i.e. antiandrogenicity
and thyroidal effects). It is not an alternative or a replacement for the other test methods such
as EU B.31/OECD TG 414 and EU B.56/OECD TG 443. It can be used as a range-finder for EU
B.56/OECD TG 443.
The prenatal developmental toxicity study (EU B.31/OECD TG 414) provides information on
developmental toxicity (lethality; growth; gross, visceral and skeletal malformations and
variations) after exposure during in utero development (prenatal period). Usually, information
from two species is considered sufficiently comprehensive for covering the uncertainties
related to species-specific effects.
The extended one-generation reproductive toxicity study (EU B.56/OECD TG 344) is
considered to provide more comprehensive information on reproductive toxicity than the
screening for reproductive/developmental toxicity, in particular due to more life stages
covered, leading to more in depth information. Furthermore, many more parameters are
investigated and the detection power is much higher. The design of the extended onegeneration reproductive toxicity study is specified under the REACH Regulation and further
elaborated in Section R.7.6 of the Guidance on IR&CSA – Chapter R.7a. The basic study design
is on effects on reproduction in parental animals and their offspring until adulthood. If there is
a specified concern and triggers are met, more information may be required on sexual function
and fertility of the offspring, developmental neurotoxicity and/or developmental
immunotoxicity.
All the studies mentioned above – reproduction/developmental toxicity screening test, prenatal
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developmental toxicity studies, extended one-generation reproductive toxicity study, twogeneration reproductive toxicity study (initiated before 13 March 2015) – are, if conducted
following EU and OECD test methods and endpoint specific REACH requirements, suitable for
both risk assessment and classification and labelling purposes, including sub-categorisation.

8.1.2 For biocide active substances under the BPR
Regarding biocide active substances, information from a two-generation reproductive toxicity
study and a prenatal developmental toxicity study in one species (the rabbit is preferred) are
the main information sources.
If another reproductive toxicity test is used instead of a two-generation reproductive toxicity
study, a justification must be provided why another study is more appropriate.
An extended one-generation reproductive toxicity study must be considered as an alternative
approach to the multi-generation study. For reproductive toxicity, if there is a specific concern,
the core dataset may be extended with an additional set of data, including a prenatal
developmental toxicity study in a second species or a mechanistic study investigating
mechanisms/modes of action, information on developmental neurotoxicity, developmental
immunotoxicity and studies evaluating endocrine disruption. For further details, see Section
8.10 of the Guidance on BPR Volume III – Part A.

8.2 CLP criteria
CLP criteria for hazard categories for reproductive toxicants are largely based on strength of
evidence from humans and/or data from animal studies (see Section 3.7 of the Guidance on
the application of the CLP criteria).

8.3 Relevant test methods




Reproduction/developmental toxicity
screening test (OECD TG 421).
Combined repeated-dose toxicity study with
the reproduction/developmental toxicity
screening test (OECD TG 422).
Prenatal developmental toxicity study
(EU B.31/OECD TG 414).




Extended one-generation reproductive
toxicity study (EU B.56/OECD TG
443)(REACH and BPR).
Two-generation reproductive toxicity study
(EU B.35/OECD TG 416)(BPR).

Repeated-dose toxicity studies may provide information on effects on gonads and accessory
sex organs (organ weight changes and histopathology).
Test methods specifically investigating potential endocrine modes of action (MoAs) are
presented in a separate section. However, the extended one-generation reproductive toxicity
study also includes parameters measuring potential endocrine MoAs and sexual maturation
(e.g. oestrous cycle, vaginal opening, time from vaginal opening to first oestrous cycle,
preputial separation, thyroid hormone levels, nipple areola retention, anogenital distance).
Also the two-generation reproductive toxicity study includes investigations for endocrine MoAs
and sexual maturation, but a few less or less frequent measurements than those of the
extended one-generation reproductive toxicity study (oestrous cycle, vaginal opening,
preputial separation, anogenital distance if triggered). OECD TGs 421 and 422 have been
recently updated with investigations reflecting certain endocrine MoAs (thyroid hormone
measurements, nipple/areola retention, anogenital distance).
Current OECD activities for this endpoint include:
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update of Guidance Document 150 (Guidance document on standardised test guidelines
for evaluating chemicals for endocrine disruption);
minor enhancements of OECD TG 414 (Prenatal Developmental Toxicity Study) with EDrelevant endpoints (thyroid hormone measurements, anogenital distance), based on
feasibility study.

8.4 Specific adaptation rules
The possibilities to apply adaption rules refer to situations where no new test or information on
reproductive toxicity needs to be provided based on applicability of relevant column 2
adaptations (specific adaptation rules) in Section 8.7 of REACH Annexes VIII-X, due to
technical reasons according to REACH Annex XI, Section 2 or when human exposure can be
excluded following rules of REACH Annex XI, Section 3 (see also Section R.7.6 of the Guidance
on IR&CSA - Chapter R.7a). These adaptations are basically similar under the BPR (specific
adaptation rules of column 3 in Section 8.10 of Annex II and general adaptation rules of BPR
Annex IV) and described in Section 8.10 of the Guidance on BPR Volume III – Part A.
The idea behind these adaptations is that if the safe use of a substance is already managed by
restricting its use and exposure due to other hazardous properties, such as germ cell
mutagenicity or genotoxic carcinogenicity, then information on reproductive toxicity will not
change the risk management measures necessary and thus, further information on
reproductive toxicity is not needed. Similarly, if there is no exposure to the substance, no
information on reproductive toxicity is needed.
The following adaption rules are applicable when the information requirement is normally a
reproduction/developmental toxicity screening test (OECD TG 421/422), prenatal
developmental toxicity studies (EU B.31/OECD TG 414) and extended one-generation
reproductive toxicity study (EU B.56/OECD TG 443)/two-generation reproductive toxicity study
(EU B.35/OECD TG 416):




Information may not be needed if the substance is classified in one of the most severe
categories for carcinogenicity or mutagenicity and appropriate risk management
measures are in place.
o In practice, this means classification as Carc. 1A or 1B, Muta. 1A or 1B.
Similarly, if the substance meets the criteria for classification in the most severe
categories for reproductive toxicity and the data are adequate to support a robust risk
assessment, information on reproductive toxicity may not be needed.
o In practice, this means classification as Repr. 1A or 1B for both sexual function
and fertility (“May damage fertility”; H360F) and developmental toxicity (“May
damage the unborn child”; H360D) [REACH Annexes VIII, IX and X, Column 2,
Section 8.7; BPR Annex II, Column 3, Section 8.10].
o If a substance is classified as Repr. 1A or 1B for sexual function and fertility,
information is still needed on developmental toxicity.
o The same applies if a substance is classified as Repr. 1A or 1B for developmental
toxicity. In those cases, information on sexual function and fertility is still
needed, because this information could result in different derived no-effect levels
(DNELs) and more importantly this could result in complete different outcomes
in the health impact assessment.

In addition to the above, the following is applicable when the information requirement is
normally a reproduction/developmental toxicity screening test (OECD TG 421/422):


The information requirement may be adapted in REACH Annex VIII if a prenatal
developmental toxicity study, or either an extended one-generation reproductive
toxicity study or a two-generation reproductive toxicity study is available [REACH Annex
VIII, Column 2, Section 8.7].
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The information requirement may also be adapted if relevant human exposure can be
excluded. There are three alternative sets of conditions that may apply for a
reproduction/developmental toxicity screening test (OECD TG 421/422) based on
exposure scenarios [REACH Annex XI, Section 3.2 (a), (b) and (c)].

The following adaption rules are applicable when the information requirements are normally a
prenatal developmental toxicity study and an extended one-generation toxicity study/twogeneration reproduction toxicity study:


There is a possibility to adapt the study if the substance shows no toxicity, there is no
absorption and no (or no significant) human exposure. This is a very strict rule because
all three requirements need to be met. No toxicity is defined by “low toxicological
activity” meaning no evidence of toxicity is seen in any of the tests available provided
that the dataset is sufficiently comprehensive and informative. No absorption means
that there are toxicokinetic data showing that the substance does not enter the body
and into the bloodstream through relevant routes of exposure, that it cannot be
detected by methods with an appropriate sensitivity and that the substance and its
metabolites are absent in urine, bile and exhaled air. No significant human exposure is
difficult to define, but it means a very low exposure, if any [REACH Annexes IX and X,
Column 2, Section 8.7; BPR Annex II, Column 3, Section 8.10].

Information on prenatal developmental toxicity and/or extended one-generation reproductive
toxicity or two-generation reproductive toxicity (BPR) may be adapted if relevant human
exposure can be excluded by two alternative sets of conditions [REACH Annex XI, Sections 3.2
(b) and (c); for BPR see Annex IV, Section 3].

9. Neurotoxicity/developmental neurotoxicity
9.1 Information requirements
Information on neurotoxicity or developmental neurotoxicity, in addition to parameters
included in repeated-dose toxicity studies and reproductive toxicity studies, is normally
required only based on concern.
Standard toxicity studies may indicate neurotoxicity and then further investigations may be
needed. Further investigation is possible using standard repeated-dose toxicity tests (such as
28- and 90-day repeated-dose toxicity studies or the extended one-generation reproductive
toxicity study) with incorporation of specific neurotoxicity measurements.
Neurotoxicity studies in rodents, if available, normally provide sufficient data to evaluate the
potential neurotoxicity of the substance (neurobehavioural and neuropathological effects) after
single and repeated exposure.

9.1.1 Under the REACH Regulation
Specific information beyond the information provided by the in vivo standard test methods is
not normally required for dossier evaluation under the REACH Regulation. However, based on a
particular concern for neurotoxicity, specific studies in young adults may be conducted or, if
the concern is on developmental neurotoxicity, a developmental neurotoxicity cohort can be
included in the extended one-generation reproductive toxicity study, or a separate
developmental neurotoxicity study may be appropriate (See Sections R.7.5 and R.7.6 of the
Guidance on IR&CSA – Chapter R.7a).
The developmental neurotoxicity test method (OECD TG 426) is designed to be performed as
an independent study. Specific studies, including in vitro studies or testing strategies, may be
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requested under the substance evaluation process.
Developmental neurotoxicity investigations are triggered if the substance or a structurally
similar substance has been shown to cause neurotoxicity in adults, structural abnormalities of
the central nervous system in adults or in developing organism, or have a mode of action that
has been closely linked to neurotoxic or developmental neurotoxicity effects e.g. cholinesterase
inhibition or thyroid effects. Both results from animal studies and non-animal approaches are
relevant. More details are provided in Section R.7.6 of the Guidance on IR&CSA – Chapter
R.7a.

9.1.2 For biocide active substances under the BPR
The core dataset does not include specific information on neurotoxicity or developmental
neurotoxicity beyond the parameters included in repeated-dose toxicity studies. However, if
the mechanisms of action for an active substance is known (e.g. organophosphorous
substances, carbamates, pyrethroids, etc.) or if there is any evidence from repeated-dose
toxicity studies showing that the active substance may have neurotoxicity and developmental
neurotoxic properties, then additional information or specific studies are needed.
The ECHA guidance specifies certain requirements for neurotoxicity investigations, e.g. for the
route and species to be used (Section 8.13.2 of the Guidance on BPR Volume III – Part A).
In exceptional cases, investigations on developmental neurotoxicity are relevant. The
substance may have been shown to:




cause structural abnormalities of the central nervous system;
cause clear signs of behavioural or functional adverse effects of nervous system
involvement in adult animals; or
have a mode of action that has been closely linked to neurotoxic or developmental
neurotoxicity effects e.g. cholinesterase inhibition or thyroid effects.

However, in the case of (3), targeted testing on the specific mode of action in developing
animals may provide sufficient information for regulatory purposes.
The developmental neurotoxicity study (EU B.53/OECD TG 426) is designed to be performed as
an independent study and investigations can also be added to a two-generation reproduction
study.
Developmental neurotoxicity investigations (Cohorts 2A and 2B) may also be included in the
extended one-generation reproductive toxicity study (EU B.56/OECD TG 443). More details are
provided in ECHA guidance (Section 8.13.2 of the Guidance on BPR Volume III – Part A).

9.2 CLP criteria
There are no specific CLP criteria for developmental neurotoxicity. Developmental neurotoxicity
can be classified under reproductive toxicity (developmental toxicity). Adult neurotoxicity is
classified under specific organ toxicity.

9.3 Relevant test methods




Neurotoxicity study in rodents
(EU B.43/OECD TG 424).
Delayed neurotoxicity of organophosphorus
substances after acute exposure (EU
B.37/OECD TG 418).
Delayed neurotoxicity of organophosphorus
substances 28-day repeated-dose study




Developmental neurotoxicity study
(EU TM B.53/OECD TG 426).
Extended one-generation reproductive toxicity
study (EU B.56/OECD TG 443).
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(EU TM B.38/OECD TG 419).

Neurotoxicity parameters can also be included in other repeated-dose toxicity studies.
Investigations may include e.g. neuropathology, immunocytochemistry, use of special strains,
electrophysiology, functional observations, sensory function tests, motor function tests,
cognitive function tests, neurotransmitter analyses, enzyme/protein activity and measures of
cell integrity.
When designing a (developmental) neurotoxicity study, it should be kept in mind that the
areas of neurodevelopment and neurotoxicity are inherently very complex, and, in particular,
there are massive gaps in knowledge about normal brain development at the functional,
structural and molecular levels. This complicates both developmental neurotoxicity testing as
well as substance safety and health risk assessment. Also, it makes it difficult to define strict
criteria for testing, data interpretation, and risk assessment.
Therefore, investigation of (developmental) neurotoxicity should remain flexible to enable the
design of the most sensitive and appropriate study relevant for the exposure and toxicity of
the tested substance [204].

10. Immunotoxicity/developmental immunotoxicity
10.1 Information requirements
The need for further testing to characterise effects of concern for immunotoxicity has to be
considered on a case-by-case basis. The conduct of the repeated-dose toxicity tests and the
reproductive toxicity tests should be performed in a way that allows immunotoxicity potential
to be evaluated to the extent possible. For example, an OECD TG 443 - extended onegeneration reproductive toxicity study - may be conducted with the immunotoxicity cohort.

10.1.1 Under the REACH Regulation
Specific information outside the information provided by the in vivo test methods is not
normally required. However, based on concern, immunotoxicity can be investigated in adults,
e.g. by adding additional investigations into the repeated-dose toxicity study design (OECD TG
408 allows functional tests such as TDAR to be included into the TG or a developmental
immunotoxicity cohort can be included in an extended one-generation reproductive toxicity
study (Section R.7.6 of the Guidance on IR&CSA – Chapter R.7a).
Specific studies can also be required under the substance evaluation process.

10.1.2 For biocide active substances under the BPR
Core information requirements do not include specific information on immunotoxicity or
developmental immunotoxicity in addition to parameters included in animal studies according
to information requirements.
Additional information or specific studies on immunotoxicity, including developmental
immunotoxicity, must however be required if there is any evidence, from skin sensitisation,
repeated-dose or reproduction toxicity studies, that the active substance may have
immunotoxic properties (Section 8.13.4 of the Guidance on BPR Volume III – Part A).
The information should elucidate the mechanism/mode of action and provide sufficient
evidence for relevant adverse effects in humans.
The objectives of investigating immunotoxicity are to evaluate:
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whether the substance of interest has the potential to induce adverse effects involving
the immune system; special attention should be paid to the adverse immunotoxic
outcome among susceptible and vulnerable groups such as early and late life stages;
the adverse outcomes caused by exposure to the substance (inflammation,
immunosuppression; increased propensity for allergic disease; hypersensitivity
reactions directed to the substance itself; increased risk of autoimmune disease;
dysfunctional responses resulting in tissue or organ damage or dysfunction; impact on
the developing immune system).

Guidance for the evaluation of all available information before conducting new tests is available
in Section 1.7.3.4 of the Guidance on BPR Volume III – Parts B+C and is largely based on the
WHO/IPCS Guidance on Immunotoxicity for Risk Assessment [207].

10.2 CLP criteria
There are no specific CLP criteria for developmental immunotoxicity. Developmental
immunotoxicity can be classified under reproductive toxicity (developmental toxicity). Adult
immunotoxicity is classified under specific organ toxicity.

10.3 Relevant test methods
Currently, there are not many internationally accepted standard test methods and therefore
also only little test data with such methods. Tests for regulatory purpose include only that for
skin sensitisation and immunosuppression (Cohort 3 in OECD TG 443). All the other methods
have been used for research purposes and no internationally accepted standard test methods
are yet available. However, information from these can be used especially under substance
evaluation for other aspects such as for autoimmunity.
Different test methods can be employed for assessing immune suppression, immune
stimulation and autoimmunity as well as developmental immunotoxicity.
It should also be noted that current animal studies provide information from an unchallenged
immune system that has potential pitfalls in the assessment of immunotoxic potential
(WHO/IPCS guidance for immunotoxicity risk assessment for substances [207]).
Reviews of principles and methods for immunotoxicity are available from WHO/IPCS:
 WHO/IPCS Environmental Health Criteria (EHC) 180, Principles and Methods for
Assessing Direct Immunotoxicity Associated with Exposure to Chemicals (WHO, 1996
[231]).
 WHO/IPCS Environmental Health Criteria (EHC) 212, Principles and Methods for
Assessing Allergic Hypersensitization Associated with Exposure to Chemicals (WHO,
1999 [232]).
 WHO/IPCS Environmental Health Criteria (EHC) 236, Principles and Methods for
Assessing Autoimmunity Associated with Exposure to Chemicals (WHO, 2007 [233]).
 WHO/IPCS Guidance for immunotoxicity risk assessment for chemicals, Harmonisation
project document No. 10 (WHO, 2012 [207]).
A list of methods that can be considered for immunotoxicity testing is provided below. This list
is not exhaustive but provides the methodological aspects to consider on a case-by-case basis.
Immune suppression
 ICH Topic S 8 Immunotoxicity Studies for Human Pharmaceuticals
(CHMP/167235/2004).
 US EPA OPPTS 870.7800 Health Effects Test Guidelines Immunotoxicity.
 Functional studies as described under Additional Immunotoxicity Studies below.
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Immune stimulation
 Skin sensitisation (LLNA assay, see sensitisation section).
 Respiratory sensitisation (no adopted OECD test guidelines available).
 Autoimmunity (no adopted OECD test guidelines available).
Developmental immunotoxicity
 OECD TG 443: Extended One-Generation Reproductive Toxicity Study.
Additional Immunotoxicity Studies
 T-cell Dependent Antibody Response (TDAR).
 Immunophenotyping.
 Natural Killer Cell Activity Assays.
 Host Resistance Studies.
 Macrophage/Neutrophil Function.
 Assays to Measure Cell-Mediated Immunity.

11. Endocrine-disrupting properties
11.1 Information requirements
The REACH Regulation and the BPR do not require specifically information on endocrinedisrupting properties by default. Data on reproductive toxicology and organ toxicity might
contain relevant information on these properties. Furthermore, available information that is not
part of the dossier (both from standard and non-standard assays) can and should be included
in the assessment.
Information on endocrine-disrupting properties should be evaluated according to the definition
of the WHO/IPCS: “An endocrine disruptor is an exogenous substance or mixture that alters
functions of the endocrine system and consequently causes adverse health effects in an intact
organism, or its progeny, or (sub-)populations.” [214], which means that the identification of
an endocrine-disrupting substance should fulfil the following conditions: (i) has an endocrine
MoA, (ii) provokes adverse effects and (iii) there is a plausible link between adverse effects
and endocrine MoA. WHO/IPCS further makes the distinction between an endocrine disruptor
and a potential endocrine disruptor, which “[…] is an exogenous substance or mixture that
possesses properties that might be expected to lead to endocrine disruption in an intact
organism, or its progeny, or (sub-)populations.”
The available endpoints can be put in the context of the OECD Conceptual Framework (CF) for
the Screening and Testing of Endocrine-Disrupting Chemicals which defines five levels of an
assessment of endocrine-disrupting properties. Information on endocrine MoA can be obtained
from tests giving information equivalent to OECD CF 1-5 (such as read-across to other
substances, in vitro tests and in vivo screening tests), while information on endocrine
mediated adverse effects can be obtained from tests giving information equivalent to OECD CF
4-5.
OECD TGs and Guidance Documents for the examination of endocrine-disrupting properties as
well as the Guidance on this topic by the European Commission, ECHA and EFSA should be
considered. Relevant test methods and screening approaches are listed in Section 11.3 below.

11.1.1 Under the REACH Regulation
There is currently no specific standard information requirements for endocrine-disrupting
properties. However, some of the standard information requirements describe studies which
investigate some endocrine-disrupting modes of action (MoAs) and may indicate adverse
effects, e.g. extended one-generation reproductive toxicity study (Section R.7.6 of the
Guidance on IR&CSA - Chapter R.7a). Furthermore, specific studies can be required under the
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substance evaluation process if concerns on endocrine disruption have been substantiated. For
ecotoxicology see also Section R.7.8-4 of the Guidance on IR&CSA - Chapter R.7b.
Such information may come from non-animal approaches indicating concern based on
structural resemblance with substances with known endocrine-disrupting properties or due to
predicted or measured activity in MIEs or KEs of various endocrine-disrupting-related adverse
outcome patheays (AOPs) or modes of action (MoAs). A comprehensive animal study may
provide information on both likely MoAs but also adverse effects may be needed to address
concerns for endocrine-disrupting MoAs stemming from non-animal approaches e.g. under
substance evaluation. Information on endocrine-disrupting activity and related adverse effects
are needed when considering identification of a substance as an SVHC under REACH Art. 57(f)
(see also SVHC Roadmap to 2020 [234]).

11.1.2 For biocide active substances under the BPR
Information on endocrine disruption is required as part of the additional dataset if there is any
evidence from in vitro, repeated-dose or reproduction toxicity studies, that the active
substance may have endocrine-disrupting properties. Specific studies are required to elucidate
the mechanism/mode of action (MoA) and provide sufficient evidence for relevant adverse
effects. The assessment of endocrine-disrupting properties is an important aspect within the
active substance assessment according to the BPR as substances which are EDs fulfil the
exclusion criteria according to Article 57 (1)(d).
Information derived from the use of expert systems that indicate structural similarities to
known endocrine disruptors should be taken into account in deciding the need for additional
testing. Expert judgement is needed to decide whether there is a need to perform additional
tests or whether the existing information can be used to conclude that the substance is an
endocrine disruptor. Currently, a guidance on identifying substances as endocrine disruptors is
under development in the EU based on the criteria developed by the European Commission
(see the European Commission Policy).

11.2 CLP criteria
There are no hazard classes for endocrine disruption or endocrine modes of action under the
CLP Regulation. CLP classification is based on the hazard outcome (e.g. for reproductive
toxicity or carcinogenicity) and not on the endocrine modes of action.

11.3 Relevant test methods
The most recent information on OECD TGs can be found on the OECD page on test methods:
http://www.oecd.org/env/ehs/testing/oecdguidelinesforthetestingofchemicals.htm
Screening methods (not standard information requirements under the REACH Regulation or
the BPR):
In vitro (anti)oestrogenicity
 Draft updated OECD TG 455 (Estrogen receptor transactivation assays; Performance-Based
Test Guideline for Stably Transfected Transactivation In Vitro Assays to Detect Estrogen
Receptor Agonists and Antagonists).
 OECD TG 493 (Performance-Based Test Guideline for Human Recombinant Estrogen
Receptor (hrER) In Vitro Assays to Detect Chemicals with ER Binding Affinity).
In vitro (anti)androgenicity
 OECD TG 458 (Stably Transfected Transcriptional Human Androgen Receptor
Transcriptional Activation Assay for Detection of Androgenic Agonist and Antagonist Activity
of Chemicals).
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In vitro steroidogenesis
 OECD TG 456 (H295R Steroidogenesis Assay).
In vitro thyroid toxicity
No specific OECD TG yet.
In vivo screening studies with intact or non-intact animals
 OECD TG 440 (Uterotrophic Bioassay in Rodents).
 OECD TG 441 (Hershberger Bioassay in Rats).
In




vivo standard information studies with parameters sensitive to endocrine MoA
OECD TG 407 (Repeated-Dose 28-day Oral Toxicity Study in Rodents).
OECD TG 421 (Reproduction/Developmental Toxicity Screening Test).
OECD TG 422 (Combined Repeated-Dose Toxicity Study with the
Reproduction/Developmental Toxicity Screening Test).
 OECD TG 443 (Extended One-Generation Reproductive Toxicity Study).
Furthermore, all repeated-dose toxicity studies may provide some but normally rather limited
information on endocrine-disrupting properties.
Ecotoxicological studies with parameters for endocrine MoAs
Various test may provide information on endocrine MoAs, especially reproduction and
development tests and tests focusing on endocrine-disrupting properties, such as thyroid
toxicity. Examples of ecotoxicology tests are:
 OECD TG 206 (Avian reproduction test).
 OECD TG 231 (Amphibian metamorphosis assay).
 OECD TG 229 (Fish short-term Reproduction assay (FSTRA)).
 OECD TG 230 (21-Day fish assay).
 Variant of OECD TG 230 (OECD GD 148 Androgenised female stickleback screen (AFSS)).
 OECD TG 234 (Fish sexual development test (FSDT)).
 OECD TG 240 (MEOGRT) Medaka Extended One Generation Reproduction Test.
 OECD TG 241 (LAGDA) Larval Amphibian Growth and Development Assay.
Other studies
Assays validated by the US EPA which are mentioned in OECD GD 150:
 US EPA OPPTS 890.1250 (ER binding assay).
 US EPA OPPTS 890.1150 (AR binding assay).
 US EPA OPPTS 890.1200 (Aromatase assay).
 US EPA OPPTS 890.1500 (Pubertal development and thyroid function assay in peripubertal
male rats (Male PP assay).
 US EPA OPPTS 890.1450 (Pubertal development and thyroid function assay in peripubertal
female rats (Female PP assay).
 US EPA OPPTS 850.1500 (Fish lifecycle toxicity test (FLCTT).
OECD GD 150
The OECD has published an OECD Conceptual Framework for Testing and Assessment of
Endocrine Disruptors (as revised in 2012) which lists the OECD Test Guidelines and
standardised test methods available, under development or proposed that can be used to
evaluate substances for endocrine disruption.
The framework is intended to provide a guide to the tests available which can provide
information for assessing endocrine disruptors but is not intended to be a testing strategy.
Further information regarding the use and interpretation of these tests is available in OECD
Guidance Document No. 150 (Guidance document on standardised test guidelines for
evaluating chemicals for endocrine disruption) [215].
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http://www.oecd.org/env/ehs/testing/OECD%20Conceptual%20Framework%20for%20Testing
%20and%20Assessment%20of%20Endocrine%20Disrupters%20for%20the%20public%20web
site.pdf
Screening approaches
ECHA has developed a screening approach to (de)prioritise substances for regulatory
processes, this approach includes also screening for potential endocrine-disrupting properties
[235].
JRC has also developed a screening methodology to identify potential endocrine disruptors
according to different options [236]. This was developed in the context of an impact
assessment of proposed criteria for identifying endocrine disruptors and their implementation
in EU legislation.
In many cases combination of various assays in a prediction models or tiered screening may
be useful, when available, instead of relying on individual separate assays. One example of
tiered approach is a published tiered high-throughput screening approach to identify
thyroperoxidase inhibitors within the ToxCast Phase I and II Chemical Libraries [237].
However, assessing potential endocrine-disrupting properties/MoA is based on WoE evaluation
of available information. Furthermore, negative result in a screening for instance for
oestrogenicity does not mean that the substance does not have oestrogenic activity.
The current activities on test methods and guidance documents at OECD level include:









New TG: performance-based test guideline on Androgen Receptor transactivation
assays.
Update of TG 455 - TG 457 to include the Transcriptional Estrogen Receptor alpha
CALUX Assay for detecting (anti)oestrogenic chemicals.
Development of a set of reference chemicals for testing in vitro metabolism systems in
oestrogen-androgen-steroidogenesis assays.
Androgen-Receptor Transactivation Assay for detecting substances with
(anti)androgenic potential using 22Rv1/MMTV cells.
Exploring the concept of developing pathway-based test method performance metrics:
a case study using Estrogen Receptor signalling.
Elaborating the conceptual framework for testing and assessment of endocrine
disrupting chemicals for cross linkage between human and ecotoxicology components:
three case studies to supplement GD 181.
Validation of the Xenopus Embryonic Thyroid Signalling Assay (XETA) (relevant for 3R
methods and screening approaches).
Detailed review paper on retinoid system.

12. Bioaccumulation in fish
12.1 Information requirements
12.1.1 Under the REACH Regulation
REACH Annex IX indicates that information on bioaccumulation in aquatic species, preferably
fish, is required for substances manufactured or imported in quantities of 100 tonnes per year
or more.
As well as being used for risk assessment, evaluation of the bioaccumulation endpoint is
related to the persistent, bioaccumulative and toxic (PBT)/very persistent, very
bioaccumulative (vPvB) screening and assessment under REACH Annex XIII.
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The PBT/vPvB assessment is required for all organic substances (including organo-metals) for
which a chemical safety assessment (CSA) must be conducted and reported in the chemical
safety report (CSR) (i.e. tonnage band >10 tonnes per year, according to Article 14(1) of the
REACH Regulation). The PBT/vPvB assessment should also address the relevant constituents,
impurities, additives and transformation/degradation products.
According to REACH Annex XIII, a substance fulfils the bioaccumulative criterion (B) when the
bioconcentration factor (BCF) in aquatic species is greater than 2 000 and the very
bioaccumulative criterion (vB) when the BCF is greater than 5 000.

12.1.2 For biocide active substances under the BPR
Regarding biocide active substances, information on bioconcentration (Annex II 9.1.4) can be
provided based on estimation methods or on experimental determination and must be
provided as part of the core dataset. The data requirement on bioconcentration is closely
related to endpoint 9.1.7 on bioaccumulation which is considered an additional dataset and
therefore not mandatory for all substances and only required under certain circumstances
(related to the intrinsic properties of the substance to partition to lipids). An estimate of the
bioconcentration factor related to absorption of the substance through the food chain should be
provided for the evaluation of aquatic bioconcentration.
For biocides, an estimation of the intrinsic potential for bioconcentration in aquatic organisms
should be submitted on the basis of physical and chemical properties (e.g. partition coefficient
n-octanol/water). For surface active substances (surface tension lower than 60 mN/m) and
dissociating or inorganic substances such as metals, toxicokinetic studies (including
metabolism), residue studies or monitoring data on aquatic organisms (e.g. residue data in
aquatic organisms and environmental concentrations) should be submitted.
It is mentioned in the Guidance on BPR Volume IV – Part A, Chapter II Requirements for Active
Substances that “[t]he experimental determination may not need to be carried out if it can be
demonstrated on the basis of physico-chemical properties (e.g. log Kow <3) or other evidence
that the substance has a low potential for bioconcentration. All critical aspects of
bioaccumulation such as ionic speciation, surface activity and metabolic transformation rates
must be considered before experimental determination is considered unnecessary.”
Regarding experimental determination, the recommended test methods are OECD TG 305 or
the EU method C.13 (Bioconcentration: Flow-through Fish Test) and specifically for marine
environments, Cyprinodon variegatus should be tested.
Experimental testing is required when potential for bioaccumulation is indicated (e.g. by log
Kow ≥3, surface activity (i.e. surface tension <60 mN/m at a concentration <1 g/l), structural
features indicating bioaccumulation (as in the case of e.g. pyridinium compounds), or risk for
secondary poisoning).

12.2 CLP criteria
Under the CLP Regulation, a fish bioconcentration factor (BCF) is relevant for aquatic chronic
classification in cases where a full set of long-term aquatic toxicity data is not available.
Bioaccumulation of a substance into an organism is not a hazard in itself, but should be
considered as such, in relation to potential long-term effects. While, for organic substances,
the potential for bioaccumulation may be determined by using the octanol/water partition
coefficient, an experimentally determined BCF provides a better measure for the potential to
bioaccumulate and is generally preferred, if available. For classification purposes, a BCF fish of
≥500 is indicative of the potential to bioconcentrate. All other provisions on bioaccumulation of
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the REACH Regulation apply (see Section 4.1 of the Guidance on the application of the CLP
criteria).
More details on the use of BCFs and potential non-animal approaches for CLP purposes can be
found in Annex III to the Guidance on the Application of the CLP Criteria. In general, most
principles from the REACH Guidance on IR&CSA – Chapter R.7c also apply for CLP with respect
to this endpoint.

12.3 Relevant test methods
Fish tests
Risk assessments are preferably based on aquatic bioconcentration data (BCF). Similarly, the
biaccumulative and very bioaccumulative criteria for the PBT/vPvB assessment are defined
according to BCF values. However, other data can be used in a WoE approach such as the
biomagnification factor (BMF), trophic magnification factor (TMF) and bioaccumulation factor
(BAF) or biota-sediment/soil accumulation factor (BSAF) values. This is explained further in the
Guidance on IR&CSA - Chapter R.7c.
In 2012, OECD TG 305 on bioaccumulation in fish was updated. Only the latest version of
OECD TG 305 should now be used for generating new data with fish under the REACH
Regulation. OECD TG 305 is used to assess the bioaccumulation potential of substances in fish.
In most cases, aqueous exposure is used, but dietary exposure is recommended for
substances where the aqueous exposure methodology is not technically possible or feasible.
The option of exposure solely through the dietary route generates a dietary BMF. The dietary
BMF from the OECD TG 305 test differs from a field study’s BMF value in which both water and
dietary exposure may be combined. The dietary exposure route should be considered when it
is impossible to maintain and measure aqueous concentrations of the test substance and/or
when it is expected that exposure through the dietary route will be dominant, e.g. for
substances with a high adsorption potential or low water solubility.
Approaches are available to estimate a kinetic bioconcentration factor (i.e. a BCF value) from
data generated in the dietary study and these are discussed further in the test guideline and in
OECD GD 264 [238].
OECD TG 305 also includes the option to perform a minimised aqueous exposure fish test. This
method is described in paragraphs 83-96 of OECD TG 305. It uses a reduced number of
sampling points and thus uses fewer fish. The conditions for selecting this option are described
in the test guideline and further guidance is available in OECD GD 264 [238].
Another option in OECD TG 305 is to use one rather than two exposure concentrations. It
therefore uses fewer fish than the two concentration test. Paragraphs 49-51 of the OECD TG
305 explain the conditions under which use of a single exposure concentration is possible and
further guidance is available in OECD GD 264 [238].
More information on the conduct and interpretation of OECD TG 305 can be found in Section
R.7.10 of the Guidance on IR&CSA - Chapter R.7c and in an OECD GD 264 [238].

12.4 Specific adaptation rules
The REACH standard information requirement on bioaccumulation in aquatic species can be
adapted if it can be shown that the substance has a low potential for bioaccumulation (for
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instance, a log Kow ≤ 3) and/or a low potential to cross biological membranes, or direct and
indirect exposure of the aquatic compartment is unlikely.
In addition, indicators of limited bioaccumulation potential include large molecular size, high
log Kow or low octanol solubility in combination with a lack of chronic toxicity in mammals and
birds and no uptake in mammalian toxicokinetics studies. Further guidance is available in
Section R.11.4.1.2 of the Guidance on IR&CSA - Chapter R.11.
When adapting the information requirement on bioaccumulation it should be carefully
explained why the specific adaptation rules apply to the substance. For example, it should be
considered if log Kow is the appropriate measure to indicate low potential for bioaccumulation
(see Section B.12.3 and Appendix R.7.10—3 Considerations for difficult substances in the
Guidance on IR&CSA - Chapter R.7c).
Similarly for biocides, Section 9.1.4 of the current Guidance on BPR Volume IV - Part A
specifies that “[t]he experimental determination may not need to be carried out if it can be
demonstrated on the basis of physico-chemical properties (e.g. log Kow <3) or other evidence
that the substance has a low potential for bioconcentration. All critical aspects of
bioaccumulation such as ionic speciation, surface activity and metabolic transformation rates
must be considered before experimental determination is considered unnecessary.”.

13. Fish toxicity
13.1 Information requirements
13.1.1 Under the REACH Regulation
As described in REACH Annex VI, all available existing information should be collected and
considered in the hazard assessment, regardless of whether testing for a given endpoint is
required or not at a specific tonnage level.
Minimum information requirements are set out in Annexes VII- X. If information required in
Annexes VII-X is not available, testing is required unless a modification according to general
rules described in Annex XI is possible.
Information on the short-term toxicity to fish is required when a substance is registered in
quantities higher than 10 tonnes per year. However, a short-term fish toxicity test does not
need to be performed if results from a long-term fish toxicity study are already available. In
addition, a short-term fish toxicity study is not needed if there are mitigating factors indicating
that aquatic toxicity is ‘unlikely to occur’, for example, when the substance is highly insoluble
in water or when the substance is unlikely to cross biological membranes. However, if the
substance is poorly water soluble, a long-term aquatic toxicity study in fish (Annex IX, Section
9.1.6) must be considered instead of the short-term test.
Information on long-term toxicity to fish is required when a substance is registered in
quantities higher than 100 tonnes per year. However, long-term toxicity testing in fish (Annex
IX, 9.1.6) can be omitted if the chemical safety assessment according to Annex I does not
indicate the need to further investigate the effects on aquatic organisms and sufficient
scientific justification is provided.
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13.1.2 For biocide active substances under the BPR
The data elements belonging to the core dataset are considered as the basic data that should,
in principle, be provided for all active substances. However, in some cases, due to the physical
or chemical properties of the substance it may be impossible or unnecessary to provide specific
data elements belonging to the core dataset.
Short-term toxicity testing on fish is part of the core dataset and must always be provided. It
is nevertheless specified that when short-term fish toxicity data is required, the threshold
approach (tiered strategy) should be applied and that the study does not need to be conducted
if a valid long-term aquatic toxicity study on fish is available.
Long-term toxicity testing on fish is an additional data requirement (part of the additional
dataset) only for certain product-types (where, for example, continuous release to the aquatic
compartment occurs).
With regard to the additional dataset, the data elements to be provided for a specific active
substance should be determined by taking into account the physical and chemical properties of
the substance, existing data, information which is part of the core dataset and the types of
products in which the active substance will be used and the exposure patterns related to these
uses.
For some of the information requirements, it may be possible to satisfy the requirements
based on available information of the properties of the active substances contained in the
product. Where valid data on the components are not available or where synergistic effects
may be expected, then testing of components and/or the biocidal product itself may be
necessary.

13.2 CLP criteria
The CLP Regulation is concerned with determining hazard, i.e. the presence or absence of a
toxic effect at specific hazard endpoints and whether toxicity occurs at a concentration within
predetermined criteria, for environmental hazards.
As such, test guidelines used for hazard identification under the CLP Regulation must
satisfactorily show toxicity at hazard endpoints and the concentration at which the effect
occurs. Many other types of data can be submitted under the CLP Regulation, but will only be
considered under a WoE approach (see Section 4.1 of the Guidance on the application of the
CLP criteria).

13.3 Relevant test methods
Under the REACH Regulation, the following test methods can be used (see also Section R.7.8.3
and Appendix R.7.8-2 of the Guidance on IR&CSA – Chapter R.7b):





Fish, Acute Toxicity Test (EU C.1/OECD TG 203) is the preferred test to cover the
standard information requirement of Annex VIII, Section 9.1.3, i.e. a short-term study.
Fish short-term reproduction assay (OECD TG 229) is a 21-day screening study for
substances that affect reproduction through various mechanisms, including endocrine
modalities (i.e. oestrogenic and androgenic activity and aromatase inhibition). This
study is not a standard information requirement, but it is accepted as a screening study
to detect potential endocrine disruptors (See Section B.11 on endocrine-disrupting
properties and Section 11 of Appendix 3 to this document).
21-day fish assay (OECD TG 230), a short-term screening for oestrogenic and
androgenic activity and aromatase inhibition. This is not a standard information
requirement, but it is accepted as a screening study to detect potential endocrine
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disruptors (See Section B.11 on endocrine-disrupting properties and Section 11 of
Appendix 3 to this document).
The fish early-life stage toxicity test (OECD TG 210), fish short-term toxicity test on
embryo and sac-fry stages (EU C.15/OECD TG 212) and fish juvenile growth test (EU
C.14/OECD TG 215) are the preferred tests to cover the standard information
requirement of Annex IX, Section 9.1.6, i.e. a fish long-term study.

Note: Regarding the long-term toxicity testing on fish according to Annex IX, Section 9.1.6.1,
ECHA considers that the fish early-life stage toxicity test according to OECD TG 210 is a
sensitive test as it covers several life stages of the fish from the newly fertilised egg, through
its hatch to the early stages of growth. Hence, a preference is generally given for using this
test method when long-term fish toxicity testing is warranted (see Figure R.7.8-4 of the
Guidance on IR&CSA - Chapter R.7b). ECHA considers the fish early-life stage toxicity test
using the OECD TG 210 as the most appropriate and suitable.


The fish sexual development test (FSDT) (OECD TG 234) is another fish early-life stage
test. It is an enhancement of OECD TG 210, where the exposure is continued until the
fish are sexually differentiated, and sex hormone relevant endocrine-sensitive endpoints
are investigated. It can be requested, if the substance or its metabolites are suspected
of having endocrine-disrupting properties.



For difficult to test substances, OECD GD 23 on Aquatic Toxicity Testing of Difficult
Substances and Mixtures [239] and Table R.7.8-3 of the Guidance on IR&CSA – Chapter
R.7b, summarising aquatic toxicity testing of difficult substances for choosing the
design of the requested ecotoxicity tests and for calculating and expressing the result of
the tests, should be consulted.

Regarding biocides, for the short-term fish toxicity data, one species should be tested as part
of the core dataset, preferably a fresh water species or, if different aquatic environments are
exposed, two species may be required. The recommended guidelines are OECD TG 203 or the
US EPA guideline OPPTS 850.1075 (Fish Acute Toxicity Test, Freshwater and Marine). Shortterm study does not need to be conducted if a valid long-term aquatic toxicity study on fish is
available. Also, the threshold approach (tiered strategy) according to the OECD GD 126 [228]
must be considered.
In addition to the tests mentioned for REACH, a fish full life cycle test (FFLCT) may be
necessary for biocides, if results from other long-term studies with fish indicate a concern (see
also Section 9.10 of the Guidance on BPR Volume IV - Part A, Chapter II “Identification of
endocrine activity”).
OECD TG 240 “Medaka Extended One Generation Reproduction Test (MEOGRT)” can be used
for a fish full life cycle test. Two reviews of existing testing approaches and protocols under
development are also available: the OECD series on testing and assessment No. 95 “Detailed
Review Paper on Fish Life-cycle tests” [240] and No. 171 “Fish Toxicity Testing Framework”
[241], including the one-generation fish full life cycle test likely to be sufficient to satisfy
regulatory requirements.
Further toxicity studies on aquatic organisms (additional dataset) should be conducted if a
need is indicated by other elements of the assessment (e.g. long-term exposure expected or
clear exposure to marine or brackish environment). There are also product-type specific
requirements, which are specified in Annex V to the Guidance on BPR Volume IV - Part A.
For CLP, the tests accepted for hazard classification are the same tests as those listed for REACH
above.
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13.3 Specific adaptation rules
Short-term aquatic toxicity to fish
The REACH Regulation (Annex VIII, 9.1.3) describes the circumstances under which short-term
toxicity testing on fish is not necessary and the information requirement may therefore be
adapted with justifications.
If a long-term toxicity study is already available for fish, a short-term study is not needed.
In addition, a short-term study is not needed if there are mitigating factors indicating that
aquatic toxicity is unlikely to occur, for example, when the substance is highly insoluble in
water or when the substance is likely not to cross biological membranes. However, if the
substance is poorly water soluble, a long-term aquatic toxicity study on fish (REACH Annex IX,
Section 9.1.6) must be considered instead of the short-term test.
In relation to biocides (BPR Annex II, Section 9.1.1), the threshold approach (tiered strategy)
for acute fish toxicity testing [228] should be applied or the requirement for this study should
be adapted if a valid long-term aquatic toxicity study on fish is available.

Long-term aquatic toxicity to fish
For information requirements on long-term toxicity testing on fish (Annex IX, 9.1.6), long-term
toxicity testing can be omitted if the chemical safety assessment according to Annex I does not
indicate the need to investigate the effects on aquatic organisms further.
A chemical safety assessment should include persistent, bioaccumulative and toxic (PBT)/very
persistent, very bioaccumulative (vPvB) assessment and an environmental hazard assessment,
including classification and labelling in accordance with the CLP Regulation and determination
of the predicted no-effect concentration (PNEC) used in risk assessment. Therefore, to omit
long-term toxicity testing on fish, PBT assessment, classification and labelling, and risk
assessment need to be considered.
For risk assessment purposes, a risk from CSA also includes criteria that are not related to risk
characterisation ratios alone. A risk from CSA is indicated when predicted environmental
concentrations (PECs) exceed the PNEC, but also when the log Kow of a substance exceeds 3
(or BCF >100) and a PEClocal or PECregional >1/100th of the water solubility.
In addition, results from a qualitative assessment may show a risk e.g. information on a
specific mode of action (MoA) and unexpected sensitivity of a group of organisms to the
substance under investigation is identified.
Whichever argument is used for not performing a test it should be accompanied by a clear,
scientific explanation in the registration dossier.

