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Assessment of individual
predictions



Valid (Q)SAR model # Valid (Q)SAR

—  The use of (Q)SARs is allowed in many
chemical regulations

—  OECD (Q)SAR principles from 2004 cover
the scientific validity of (Q)SAR models

—  The use of a valid (Q)SAR model does not
guarantee the validity of each of its
results

— Need to establish principles to assess

result

individual results and a systematic and
harmonised assessment framework for
(Q)SAR models and predictions
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Principles for the assessment of (Q)SAR predictions

» Four new OECD principles for evaluating (Q)SAR predictions and results
based on multiple predictions:

1.

Correct input

2. Substance within applicability domain
3.
4. Outcome fit for purpose

Reliable prediction

» For a result based on multiple predictions, each prediction is assessed
individually, and then an additional evaluation step is dedicated to the final

result

uuuuuuuuuuuuuuuuuuuuuuu



Guidance for the assessment of (Q)SAR predictions

ENV/CBC/HA(2023)4 | 17

Clear and complete description of the input and model settings (AE 1.1 in the Prediction

Each principle is broken down to
e ot s st 1 et f ot v 5 e assessment elements (AEs)

complete. In the simplest case, the model takes information on the structure (e.g., SMILES) as the sole
input and does not have other editable options accompanying the structural input. In this case, the
description of the exact structural information and the model/software version that were used to obtain the
prediction are sufficient. For more complex cases, the requirement is to provide all information, including
three-dimensional information on the chemical structure, customisable options (“settings”) and parameters
of the software application (e.g., manual input of values of the descriptors and their source) that are needed

AEs are further explained in the

Input repi ive of the under lysis (AE 1.2 in the Prediction and Result

Guidance and Checklist

55. Secondly, it is important to check that the input is representative of the substance under analysis
and thus relevant for its assessment. When the substance consists of a single well-defined constituent,
checking the agreement between the substance name, structure and numerical identifiers is sufficient. For
three-dimensional models, information on the rationale for the selection of the conformation used as input
is expected. For with complex itions, a (Q)SAR result can be derived from multiple
predictions that cover the constituents and impurities. In fact, one of the advantages of (Q)SARs is that
more constituents and metabolites can be predicted to investigate their contribution to the overall toxicity

of the substance with limited additional costs. Th e G u i d a n Ce a I S O eX p I a i n S th e

56 In addition, some models may require that inputs undergo structural curation before they can be

used for a prediction. This is often the case for e.g., salts, ionisable structures, or structures subject to d =
tautomerism. In these cases, different approaches exist. The choice of the approach should be decided on C O n I t I O n S O r a C C e p t a e
a case-by-case basis and special attention should be paid to how the pre-processing was performed by
the model developers for the training set substances, and recommendations of the regulatory framework

of interest, if relevant. p red i Cti O n S

Reliable input (parameters) (AE 1.3 in the Prediction and Result Checklists)

57. Finally, for models that utilise direct input beyond the chemical structure, such as a
physicochemical descriptor(s), the source of that descriptor value, whether experimentally measured or
itself predicted by a model, needs to be evaluated for reliability before it is used to predict another property.
The same approach applied by model developers during model development and assessment of
performance of the model should be applied, unless properly justified. In case the (Q)SAR model relies on
many physi i .and it is to evaluate the reliability of each input, the focus
should be on the most influential descriptor(s).

Figure: Guidance text with explanation of the AEs for
assessing QSAR Predictions Principle 1: a correct input SECHA
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Prediction 1

Principle Assessment element Yeight Outcome Uncertainty Comments

Default values Only for elements that are fulfilled =
Correct input(s) to the model h k I t
m Checklis

Clear and complete description of the input and model settings High

12 Input representative of the substance under analysis High

13 Reliable input [parameters) Medium For- eaCh assessment element (AE) :

Substance within the applicability domain of a valid model welg ht - h ow Im Porta ntis the AE in the context
21 Substance within the applicability domain High Of use Of the pl‘edICtlon . It dependS on the

2.2 Any other limitation of the model is considered High purpose Of use Of th ep red iction

* Low; Medium; High

Reliable prediction

31 Reproducibility High Outcome:

3.2 Overall performance of the model Medium
« Fulfilled; Not fulfilled; Not applicable/assessed;
Not documented

Relationship of the substance with the physicochemical,

3.3 structural and response spaces of the training set of the model Medium

3.4 Performance of the model for similar substances High N . )

35 Mechanistic andlor metabolic considerations High Uncertain ty - how confident is the assessor
3.6 Consistency of information High with the outcome

* Low; Medium; High

Outcome is fit for the regulatory purpose

4.1 Compliance with additional requirements High BY d efa u |tl h Ig h unce rta I nty tO AES th at are n Ot
Correspondence between predicted property and property fulfilled or not documented

4.2° required by the regulation High

4.3 Decidability within the specific framework High

Lonclusion on the
individual
prediciton

Uncertainty

Outcome of the
assessment

(individual l E C H A

prediction) EUROPEAN CHEMICALS AGENCY
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Prediction 1 P d . t
when more than one prediction is considered, add a comment here to identify to which prediciton the checklist refers to (e.g. model name and/or predicted structure) r e I C I O n

Principle Assessment element Yeight Outcome Uncertainty Comments

Default values Only for elements that are fulfilled =
Correct input(s) to the model ‘ h e C k I I St
11 Clear and complete description of the input and model settings High
12 Input representative of the substance under analysis High
13 Reliable input [parameters) Medium

Conclusion
Substance within the applicability domain of a valid model
21 Substance within the applicability domain High H = =
2.2 Any other limitation of the model is considered High U ncertain ty Of t h e p red iction
« Low; medium; High

Reliable prediction Based on the highest uncertainty of high weight
31 Reproducibility High AE s
3.2 Overall performance of the model Medium h

Relationship of the substance with the physicochemical,

3.3 structural and response spaces of the training set of the model Medium

3.4 Performance of the model for similar substances High O utcome Of the assessment

3.5 Mechanistic andlor metabolic considerations High )

36 Consistency of information High ° Acceptable for the intended purpose;

* Not acceptable for the intended purpose;
« Documentation insufficient to decide on the

Outcome is fit for the regulatory purpose

4.1 Compliance with additional requirements High _
Correspondence between predicted property and property acce pta nce fO r th e inten d ed purpose.
4.2° required by the regulation High . s
4.3 Decidability within the specific framework High The document SUQQeStS to accept predICtlons

with low or medium uncertainty

Conclusion on the
individual
prediciton

Uncertainty

Outcome of the

assessment
(ndwidua FECHA
prediction) EUROPEAN CHEMICALS AGENCY

Comments




“Prediction Criteria and uncertainty” spreadsheet

— Also for predictions and results, a separate spreadsheet of the Checklist provides details,
practical advice, examples and mapping to the QPRF for each AE

— In addition, there is a section dedicated to how to assign the uncertainty level

Principle

Practical advice

Examples

Uncertainty

Mapping to mosi

Correct input(s) to
"

10

If the input is incomplete but the assessors are still able to reproduce the prediction, then the weight of this element in
the overall assessment is lower.

The comparison can be done using expert judgment or by using publicly available information and tools that associate
structures with names or other identifiers.

If the model distinguishes the different tautomeric forms and generates different predictions, then it is important to
indicate which form was used as input and justify the selection. If different tautomeric forms are investigated and
produce the same prediction, this should also be indicated. If the model indicates how to pre-p

the input structure, possibly including how to represent tautomeric groups, these indications should be followed.
Altematively, the user should (if possible) use as input the structure in the tautomeric form that would be predominant
if the corresponding experimental test were performed to measure the property of interest. Another option is to predict
different forms and to calculate either a reasonable worst-case or an average, eventually weighted according to the
abundance of the different forms.

Parameters that are automatically calculated by the model or software do not need to be evaluated at this stage.

Example 1: in case the model accepts as input the structure in form of SMILES, it is not
sufficient to indicate as input the substance name and/or its numerical identifiers (such as
CAS or EC numbers). Names and numerical identifiers may not unequivocally identify the
SMILES that has been used as input. The exact SMILES used as input needs to be specified.
Example 2: in case the model accepts as input three-dimensional structures, it is not
sufficient to indicate as input the SMILES of the structure. Information on the three-
dimensional structure, such a .mol file or equivalent, is needed.

Example 1: the substance under analysis is "formhaldeyde”. The SMILES "C=0" is used as
input. Using available resources, the correspondence between the name and the SMILES is
verified.

Example 2: the substance under analyis is a salt formed by an inorganic cation and an organic

anion. The model does not accept the SMILES that includes both ions. The model
documentation indicates that for salts, only the neutralised organic part should be used as
input. The assessment consists in checking that the correct pre-processing has been
followed.

*Example 3 (for multiple predictions): the substance is formed by two major constituents. If
two separate predictions are provided for the constituents, then the assessment element is
fulfilled

An aquatic toxicity prediction is obtained from a model based on logKow. The prediction is

generated by using as input an logKow defined by the user. The reliability of the user defined

logKow needs to be verified.

This table offers guidance on how to assign the uncertainty level of each assessment element.
To assign the uncertainty for elements that are fulfilled, refer to the explanation in the column.
For elements that are not fulfilled or not documentd, high uncertainty should be assigned by default unless a valid justification is provided.

For elements that are not applicable/assessed, leave empty

NOTE: some examples include numeric values to explain more concretely how to proceed with the assessment . However, acceptable values depend on the
predicted property and purpose of use of the prediction. The values used as examples should not be intended as thresholds established by the project.

Exaplanation of the uncertainty level
Low: input structure(s) and model settings are fully described

: some minor aspects of the input structure(s) and model
settings are not clearly described

High: some important aspects of the input structure(s) and model
settings are not clearly described

Low: the composition of the substance under analysis is well
covered by the input structure(s)

Medium: the composition of the substance under analysis is
mostly covered by the input structure(s)

High: some constituents of the substance under analysis are not
covered by the input structure(s)

Low: the values of the additional input parameters are associated
with low uncertainty

Medium: the values of additional input parameters are associated
with medium uncertainty

High: the values of additional input parameters are associated
with high uncertainty

Examples

A model requires SMILES and optionally logKow as input to generate a prediction.
Low: SMILES and logKow provided

Medium: SMILES provided, logKow not provided

High: only CAS number provided, but CAS/SMILES association is ambiguous.
NOTE: the reliability of logKow is assessed under AE 1.3

The prediction refers to a substance that includes three constituents (one major
constituent, one minor constituent and one impurity) in its composition.

Low: predictions for all three constituents are provided

Medim: predictions for two constituents are provided, impurity not considered
High: only the prediction for the major constituent is provided

Amodel that requires manual input of logKow is used to generate a prediction.

Low: the logKow value used as input is the result of a reliable experimental study
Medium: the logKow value used as input is predicted by a QAR model. No details are
provided to assess its reliability.

High: the logKow value used as input is predicted by a QSAR model. The prediction is
unreliable, but it is the only available estimate.

5 Input (all fields

5 Input (all fields
2 Substance (all

5.2 Descriptors

C“ECHA
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Details and examples



Correct input — Assessment Elements (AESs)

— AE 1.1: Clear and complete description of the input and model settings

« All information (input structure and/or parameters, model settings) is available to
the assessors, thus making the prediction reproducible

— AE 1.2: Input representative of the substance under analysis

» The structure(s) modelled represent the substance subject to regulatory
assessment

— AE 1.3: Reliable input (parameters)
+ Parameters that are input manually (other than the chemical structure) are reliable

12 semameumeas Adwey



Correct input — example of assessment

— AE 1.1: Clear and complete description of the input and model settings
What to check and how:

- It is clear whether the structure is input by using SMILES or other identifiers. If other
parameters are also used as input, they are described

- If relevant, conformational (tri-dimensional) information is also given.

- In case of editable options, check if default settings are applied and, if not, if a
justification is provided.

Example
A model requires SMILES and optionally logKow as input to generate a prediction.
Assessment:

—  Is the AE fulfilled? If yes, assign uncertainty:
« Low uncertainty: SMILES and logKow provided
«  Medium uncertainty: SMILES provided, logKow not provided

« High uncertainty: only CAS number provided, but CAS/SMILES association is
13 ambiguous. Z“ECHA
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Substance within the applicability domain of a valid model — AEs

— AE 2.1: Substance within the applicability domain

« The substance meets the applicability domain (AD) requirements specified by
model developers

— AE 2.2: Any other limitation of the model is considered

« The substance does not meet any of the criteria for which the model should not be
used

» FECHA
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Applicability domain — example of assessment

—  AE 2.1: Substance within the applicability domain
What to check and how:
- For models that automatically calculate the AD, check that the substance is within AD

- When the AD is not calculated automatically, manually perform the AD assessment against the criteria
specified by the developers.

Example
A model that automatically assesses the applicability domain is used.

Assessment:

— Is the AE fulfilled? If yes, assign uncertainty:

 Low uncertainty: the model indicates that the substance is 100% within domain, and a clear
explanation supports the claim

+ Medium uncertainty: the model indicates that the substance is 100% within domain, but it is
unclear how this is calculated

* High uncertainty: the model indicates that the substance is mostly within domain but some
fragments of the substance are unknown to the model, therefore the substance cannot be

. considered to be fully within applicability domain TECHA



Reliable prediction — AEs

16

AE 3.1 Reproducibility
« The prediction can be reproduced using the same input and model version

AE 3.2 Overall performance of the model

« The model has an overall performance that is considered acceptable for the intended regulatory
application

AE 3.3 Fit within the physicochemical, structural and response spaces of the training
set of the model

« The prediction is result of interpolation in terms of physicochemical, structural and response
space

AE 3.4 Performance of the model for similar substances
« The model predicts accurately substances similar to the one under analysis

AE 3.5 Mechanistic and/or metabolic considerations
« Mechanistic and metabolic considerations support the prediction

AE 3.6 Consistency of information
« Additional relevant and reliable information supports the prediction

sssssssssssssssssssssss



Reliable prediction — example of assessment

—  AE 3.4: Performance of the model for similar substances
What to check and how:
- Check if the model predicts well substances similar to the one under analysis.

Example:
The predicted substance is a linear aliphatic saturated C8 secondary amine.

Assessment:

—  Is the AE fulfilled? If yes, assign uncertainty:

« Low uncertainty: data for other linear aliphatic saturated C6-C10 secondary
amines are available, and the model predicts them well

« Medium uncertainty: data for other linear aliphatic saturated C3-C6 secondary
amines are available, and the model predicts them well

« High uncertainty: data for other linear aliphatic saturated C6-C10 secondary
amine are available, and the model predicts them fairly (one substance is
misclassified by the model)

17 semam eumeas Adwey



Outcome is fit for the regulatory purpose - AEs

— AE 4.1: Compliance with additional requirements
« Regulation specific requirements for the use of computational results are met

—  AE 4.2: Correspondence between predicted property and property required
by the regulation

« The modelled property corresponds to the property required by the regulation

—  AE 4.3: Decidability within the specific framework
« The outcome allows to take a regulatory decision in the framework of use

18 EECHA



Reliable prediction — example of assessment

—  AE 4.2: Correspondence between predicted property and property required
by the regulation

What to check and how:
- Check that the modelled property corresponds to the property required by the regulation

Example
The regulation requires the LC50 from a fish acute toxicity test according to OECD TG 203.

Assessment:

—  Is the AE fulfilled? If yes, assign uncertainty:
« Low uncertainty: the model predicts the LC50 from a fish acute toxicity test
according to OECD TG 203

« Medium uncertainty: the model predicts the LC50 from a fish acute toxicity test
after 96 hours. Other details such as fish species considered are not specified.

« High uncertainty: the predicted property is fish acute toxicity, no other details are
specified.

19 semam cumeas Adwey



Assessment of results based
on multiple predictions



(Q)SAR results based on multiple predictions

Cases that consider multiple predictions include:
—  Predictions from different models for the same structure;

—  Predictions from the same models for different structures (such as the
multiple constituents of a substance or for the substance under analysis

and its metabolites);

— A combination of the above.

21 Lrernam entmoaLs Avmuey



Assessment workflow for results from multiple predictions

1. Within the Result Checklist, complete a checklist for each prediction
individually (for complex cases, start by addressing multiple predictions
associated with the same structure, and then consider the predictions for
different structures)

2. Assess the additional AE:
« Correct determination of the final result from individual predictions
3. Determine the uncertainty of the final result by weighing the uncertainty of

individual predictions (e.g. consistent independent predictions lower
uncertainty)

4. Decide on the acceptability of the result (the document suggests to accept
results with low or medium uncertainty)

. TECHA
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Determination of the final result — AE and example

—  AE 5.1: Correct determination of the final result from individual predictions
« Individual predicted values are aggregated correctly to determine the final result

What to check and how:

- Check that the (statistical) method used to determine the final result is explained

- If the regulation recommends specific rules (e.g. worst case approach), check that these are followed
Example:

The regulation requires a conservative approach when considering multiple reliable predictions.
Assessment:

Is the AE fulfilled? If yes, assign uncertainty:

Low uncertainty: two predictions are considered reliable and consistently predict low toxicity. The final
result is low toxicity justified as consensus result.

Medium uncertainty: two predictions are considered reliable and but produce slightly different results.
One of the two values is preferred without justification.

High uncertainty: two predictions produce significantly different results. An average value is used as
final result without justification.

. ©ECHA
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Workflow for

assessing results from
multiple predictions

1. Assess predictions individually

Assessment element (AE)

Outcome (O): fulfilled, not fulfilled, not documented, not applicable
Weight (W): low, medium, high

Uncertainty (U): low, medium, high

Conclusion: results acceptable, not acceptable, insufficient documentation

AE 1.1

O: fulfilled
W: high
U: low

AE1.2

Prediction 1
Uncertainty

2. Check how the final result is determined (AE 5.1)

mmmm—)  (Q)SAR result

o, W, U
Outcome
AE1.1
O: fulfilled
: high ° .
Ot Prediction 2
oW Uncertainty

Outcome

3. Conclusion based on the level of
uncertainty and purpose of use

Conclusion on the result

Uncertainty
Outcome

AAAAAAAAAAAAAAAAAAAAAAA




Visual abstract 1/2

Figure 1. (Q)SAR Assessment Framework (QAF) Result based on an individual prediction

Workflow

Reporting

Assessment

25
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(Q)SAR prediction
(= (Q)SARresult)

Conclusion on the property for a
given regulatory purpose
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(Q)SAR user
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Visual abstract 2/2

Figure 2. (Q)SAR Assessment Framework (QAF) Result based on multiple predictions

Workflow

Reporting

Assessment
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QAF Annexes — Updated QPRF and QMRF

Annexes:

» Updated QSAR Prediction Reporting Format (QPRF v2.0): Major update to reflect the QSAR
Assessment Framework Guidance. 8 main sections:

Applicability domain and limitations
Reliability assessment
Purpose of use (for regulatory applications)

1. General information
2. Substance

3. Model and software
4. Prediction

5. Input

6.

7.

8.

«  Updated QSAR Model Reporting Format (QMRF v2.1): minor update because the OECD principles
for the validity of models have not been changed

zzzzzzzzzzzzzzzzzzzzzzz



Conclusions



What is next

— The OECD QAF expert group identified
the following areas for further work:

« Endpoint specific case studies can
be proposed under OECD IATA Case
Study Project

« Reporting (extension of OECD
Harmonised Templates to report
QSAR information; a new report for
results from multiple predictions)

« Other (update of the QMREF, technical
annex on “external predictivity” of
QSAR models)

29 hreraam entmoais Avmuey
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