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Introduction
REACH and ECHA

REACH

REACH (EC 1907/2006):
Regulation on the Registration, Evaluation, Authorisation
and Restriction of Chemicals

• Under REACH, industry is responsible for the safe use of the substances they produce or
import.
• Hazard information is the starting point for chemical safety assessment.
➢ A minimum set of information must be submitted by industry in form of REACH
registration dossiers in IUCLID format.
Standard information requirements (SIR)
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• SIR depend on the production volume of the chemical:
higher volume = higher requirements

• REACH established the European Chemicals Agency (ECHA) for implementing the
regulation. In the meantime, ECHA extended its scope to deal with a number of chemicals
legislations: CLP, PIC, BPR, POPs, WFD…
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REACH – main processes and actors
Data sharing
Registration
Self-classification

Member States

Evaluation
• Dossier evaluation
• Substance evaluation

Authorisation
Restriction
Harmonised C&L

Industry gathers information
and is responsible for risk
management
ECHA and Member States
Competent Authorities (MSCAs)
control and request for further
info
Commission, with support of
ECHA and MSCAs, applies
community wide risk
management measures

Industry may include
QSARs in REACH
dossiers as adaptations
to standard information
requirements.

ECHA assesses these
QSAR results under
Dossier evaluation.
ECHA and MSCAs can
also use QSARs
themselves when
screening for substances
of concern
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ECHA’s promotion of alternatives to testing on animals
REACH Regulation defines testing on vertebrate animals as last resort.
ECHA implements this principle and also promotes the correct use of alternatives by:
•

Contribution to OECD activities (e.g. OECD QSAR Toolbox)

•

Participation to the international project on accelerating the pace of chemical risk assessment
(APCRA)

•

Making non-confidential data from REACH registrations available in different formats for the
development of new (alternative) methods

•

Preparation of Guidance and other supporting documents, such as the report on the use of
alternatives to testing on animals for the REACH regulation art 117.3 report)
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QSARs as adaptations to standard information
requirements

Highest quality criteria for acceptance – QSARs used
as “replacement” of standard test

Studies prepared by REACH registrants and assessed
by ECHA
For more details on this, watch the ECHA webinar
“QSARs and their assessment under dossier
evaluation” available here:
https://echa.europa.eu/-/qsars-and-theirassessment-under-dossier-evaluation

QSARs as adaptations
➢ Standard tests can be “adapted”, if properly justified.
Two types of adaptations in REACH:
• Specific Annexes VII-X column 2 adaptations
• Annex XI general adaptations
• Testing not scientifically necessary
• Testing scientifically not possible
• Exposure-based adaptation (i.e. no exposure is demonstrated)

1. Use of existing data
2. Weight of evidence (WoE)
3. Qualitative or
quantitative structureactivity relationship
((Q)SAR)
4. In vitro methods
5. Grouping of substances and
read-across approach

• REACH Annex XI also indicates the requirements for their validity
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QSARs under dossier evaluation
For endpoints that are “adapted” with QSAR studies, ECHA checks
that the study meets the requirements indicated in Annex XI 1.3
1. Scientific valid model

2. Substance within applicability domain
3. Results adequate for the purpose

4. Adequate and reliable documentation of the applied method
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OECD principles for the validation, for regulatory
purposes, of QSAR models
1.
2.
3.
4.

Defined endpoint
Unambiguous algorithm
Defined domain of applicability
Appropriate measures of goodness
of fit, robustness and predictivity
5. Mechanistic interpretation, if
possible
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Mechanistic interpretation

2
1
4

3

NB! The OECD principles only cover
the first REACH condition for
acceptable QSAR results, i.e.,
scientific validity of the model.
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Valid model vs acceptable prediction
• The use of a scientifically valid model is required but not sufficient to
obtain a valid prediction
• Criteria for the assessment of the validity of QSAR predictions are
indicated in REACH Guidance R6 (no agreed principles at OECD level,
but an OECD project has started)
• In principle a model needs to be assessed only once (for a specific
purpose), while each prediction needs to be assessed individually
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(Q)SAR assessment overview
REACH Annex XI 1.3

Model scientifically valid

OECD (Q)SAR Principles

Unambiguous algorithm

Substance in applicability domain

Results adequate for purpose
Documentation adequate and reliable

Defined endpoint

ECHA Guidance R.6

Defined applicability domain
Appropriate measures of goodnessof-fit, robustness and predictivity

OECD ENV/JM/MONO(2007)2
Guidance on information requirements and chemical safety assessment Chapter R.6: QSARs and
grouping of chemicals
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Is the prediction valid? (R6 Guidance)
• Scientifically valid model -> Check OECD QSAR principles
• Substance within domain -> Check domain as defined by model developers +
parametric, structural, mechanistic and metabolic domain, as relevant
• Results adequate for purpose -> Check the input structure and the reliability of
the prediction
• Documentation -> Check QPRF and QMRF, or equivalent content

13

Is the model scientifically valid? (OECD principles)
1. Defined endpoint -> Check the data used to build the model (i.e. training set)
2. Unambiguous algorithm -> Check that the prediction is reproducible (same input and
settings = same output)

3. Defined domain of applicability -> Check that the applicability domain is defined
4. Appropriate measures of goodness of fit, robustness and predictivity -> check the
availability of measures of performances
5. Mechanistic interpretation, if possible -> Not formally checked since it is an optional
requirement
https://www.oecd.org/chemicalsafety/risk-assessment/37849783.pdf
ENV/JM/MONO(2004)24: Report from the Expert Group on Validation of (Q)SARs
ENV/JM/MONO(2007)2: OECD Guidance on the Validation of (Q)SAR Models
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Substance within domain?
The model developers definition of applicability domain is the starting
point for ECHA’s assessment.

In addition, ECHA considers the following aspects, as relevant:
•
•
•
•

Descriptor domain
Structural domain
Mechanistic domain
Metabolic domain
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Adequate results?
(Purpose relevant for ECHA -> mainly adaptation of REACH information requirements)

Input structure
Choosing the correct input structure(s) is not trivial in case of multi-constituents or
substances with Unknown or Variable composition, Complex reaction product or
Biological origin (UVCB).
Reliability of the prediction
• reliability of input parameters
• presence of analogues in the training/test sets and the accuracy of their
predictions
• consistency of the prediction with other information available for the substance
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Adequate documentation?
QSAR Model Reporting Format (QMRF) must include information on:

• the predicted endpoint, including information on experimental protocol and data quality
for the data used to develop the model,
• an unambiguous definition of the algorithm, the descriptor(s) of the model and its
applicability domain,
• an estimate of the goodness-of-fit and of the predictivity of the model, including
information on training set and validation statistics.

QSAR Prediction Reporting Format (QPRF) must include information on:
• the model prediction(s), including the endpoint,
• a precise identification of the substance modelled,

• the relationship between the modelled substance and the defined applicability domain,
• the identities of close analogues, including considerations on how predicted and
experimental data for analogues support the prediction.
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In-house use of QSARs at ECHA

Contributing to:
•

concern-based identification and prioritisation of
substances

•

assessing the consistency of groups of substances

Grouping of substances
•

ECHA works on groups of substances for consistent and
efficient assessments, and to prevent regrettable
substitution

•

Substances are assigned to groups based on structural
similarity or read-across in REACH dossiers with substances
for which the concern has already been established (e.g.
substances in the candidate list). Uses are also considered.

•

The grouping exercise is a huge computational effort that
compares substances at composition level, with millions of
structures involved

•

After the automated group generation, the next steps
involve manual work for group confirmation and/or
refinement
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Screening workflows related to PBT and ED identification:
ECHA and Member States Competent Authorities use computational screening workflows to,
e.g.:
•

predict degradation products and their PBT potential;

•

identify predicted precursors of known PBTs and EDs;

•

investigate ED concerns for substances similar to known EDs based on the combination of
in silico predictions, information from in-vitro high throughput assays and in vivo
evidence.

In some cases, ECHA also uses computational tools to confirm or assess (non-standard)
information provided in the dossiers.
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QSAR Toolbox

A
•
•
•

tool in support of:
data gap filling for low tier endpoints
read-across justification
screening of substances

OECD QSAR Toolbox

www.qsartoolbox.org

•

Freely available software co-developed by ECHA and OECD

•

Open to 3rd party contributions

•

Functionalities for profiling of chemicals, retrieving experimental data, simulating
metabolism, identify analogues, fill data gaps

•

The OECD QSAR Toolbox is a valuable tool to support read-across
➢ to identify structurally and
mechanistically defined analogues
with existing experimental data
•

Chemistry and toxicological knowledge are coded into profilers
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QSAR Toolbox for data gap filling of lower tier endpoints
Toolbox predictions can be accepted as key information for lower tier endpoints
Examples:

•

•

skin sensitisation, especially when used in combination with in vitro results in the
context of defined approaches (Toolbox is included in the OECD Guideline for Defined
Approaches for Skin sensitisation, the first GL to refer to in silico results)
short-term aquatic toxicity, in presence of a sufficient number of relevant analogues
and high-quality experimental data

For more complex endpoints, Toolbox (and other in silico predictions in general) should only
be used as supporting information
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QSAR Toolbox in support of read-across justification
•

Read-across in ECHA assessed according to the read-across
assessment framework (RAAF)

•

Assessment Elements (AE’s) describe ‘scientific
considerations deemed crucial to judge the validity and the
reliability of read-across’

•

A read-across is accepted when all AE are sufficiently
covered

•

Toolbox provides useful information for many of the AE’s

•

REACH registrants can use Toolbox in support of their readacross justifications

•

The Toolbox automatically generated report is not sufficient
to justify a read-across under REACH
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Toolbox information supporting
RAAF Assessment Elements
Common RAAF Assessment Element

Toolbox information

Characterisation of source and target

•

CAS#, EC#, structure, name, composition

Category description and supporting
information

•

Category boundaries can be supported by structural
profilers used for analogue selection
Category justification can be supported by the explanation
of the profiling results

•
Link with structural similarity

•

Structural profiler results

Impact of impurities

•

Predicted mechanism, properties and experimental data
for the impurities

Consistency of the properties in the data
matrix

•

Experimental (or predicted) data among different
properties relevant for the prediction

Source data quality

•

Metadata and original reference for the experimental data

Bias

•

Prediction report documenting all steps and manually
removed data points
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QSAR Toolbox for the screening of substances
•

ECHA has published in April 2021 a PBT profiler for Toolbox that can facilitate authorities
and registrants in assessing the PBT potential of individual or groups of substances

•

It also indicates also potential for bioaccumulation in terrestrial mammals and
other air-breathers

•

It combines experimental data and (Q)SAR predictions
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The upcoming QSAR Toolbox Webinar
•

More examples about ECHA’s and other
authorities’ use of Toolbox in regulatory
settings will be presented at the ECHA
Webinar “QSAR Toolbox applications for
REACH and beyond”

•

30th November 2021

•

Link: https://echa.europa.eu/-/oecd-qsartoolbox-applications-for-reach-and-beyond
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Conclusion

Take home messages
• There are many applications of in silico tools under REACH, for Registrants and
Authorities
• In silico results used by Registrants to adapt (i.e., replace) standard information
requirements need to meet strict acceptance criteria. When accepted, no test
needed
• Authorities use in silico results to screen substances and identify potential concerns
for prioritisation. This allows to focus testing and regulatory actions
• The QSAR Toolbox is a freely available in silico that can be used for these purposes
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Thank you!
Andrea.gissi@echa.europa.eu

Subscribe to our news at
echa.europa.eu/subscribe
Follow us on Twitter
@EU_ECHA
Follow us on Facebook
Facebook.com/EUECHA

