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Abstract

Understanding the reliability and relevance of a toxicological assessment is important for gauging the
overall confidence and communicating the degree of uncertainty related to it. The process involved in
assessing reliability and relevance is well defined for experimental data. Similar criteria need to be
established for in silico predictions, as they become increasingly more important to fill data gaps and need
to be reasonably integrated as additional lines of evidence. Thus, in silico assessments could be
communicated with greater confidence and in a more harmonized manner. The current work expands on
previous definitions of reliability, relevance, and confidence and establishes a conceptional framework to
apply those to in silico data. The approach is used in two case studies: 1) phthalic anhydride, where
experimental data are readily available and 2) 4-hydroxy,3-propoxybenzaldehyde, a data poor case which
relies predominantly on in silico methods, showing that reliability, relevance, and confidence of in silico
assessments can be effectively communicated within integrated approaches to testing and assessment

(IATA).
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1. Introduction
Computational tools are increasingly used to either directly support toxicological assessments or
contribute to the weight of evidencel. The combination of advancements in technology, increasing
understanding of toxicological processes, and the availability of robust data to support models lead to
improved model predictivity. Currently, several lines of evidence often contribute to an overall endpoint
assessment and computational methods are routinely used to fill data gaps. Hence, clarification is needed
of the review process that results in a measure of confidence in a hazard assessment. Quantification of
confidence is particularly important as it addresses the context in which such assessments can be made.
A regulatory submission may require high confidence assessments while a lower level of confidence may
be sufficient for other applications, such as for prioritization or screening of chemicals. The level of

confidence in an assessment can also provide a basis for planning additional testing.

Myatt et al.? introduced a scoring method that assesses the reliability of a hazard identification based on
both experimental data and in silico approaches. Further, a confidence score, which takes into account
the reliability, relevance, and coverage of information was presented. We build on the previous work by
Myatt and colleagues by further defining these terms and illustrating how they are considered in practice.
When used within frameworks that consider multiple lines of evidence, such as an Integrated Approach
to Testing and Assessment (IATA) or the recently published in silico protocols®?, reliability and relevance
depend on whether an experimental result or an in silico assessment is being reviewed. The work that
follows illustrates the application of these terms and how they are used to assign confidence to an
assessment conducted based on experimental data and in silico predictions. Using the presented
conceptional framework, the hazard assessment for skin sensitization® was applied to the analysis of
phthalic anhydride (data rich compound) and 4-hydroxy-3-propoxybenzaldehyde (data poor compound).
Skin sensitization potential of the two compounds was assessed based on experimental data collected
from published literature and on in silico predictions generated using Leadscope models. Both the
experimental data and in silico results were evaluated for their reliability and relevance and a final
confidence in the assessment was assigned. The requirements for a transparent expert review or
interrogation of model results are highlighted. We demonstrate that the framework facilitates the

effective communication of reliability, relevance, and confidence of in silico predictions.
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2. Conceptual framework
The conceptual framework was previously developed by Myatt et al.2 We further expand on the
definitions of reliability, relevance, and confidence and provide worked examples demonstrating the

application of the principles.

2.1 Context
The following terms will be used to facilitate discussion throughout this section: ‘experimental level’,

‘compound level’, ‘in silico model level’, and ‘in silico prediction level’. Table 1 shows the relationship of

these terms either to one another, or the endpoint that is being assessed.

Table 1. Definition of levels at which reliability, relevance, and coverage are considered

Discussion level Context of discussion

Experimental level Refers to tests/assays. Reliability and relevance at this level describe the
relationship between the experimental system and the endpoint, discussed

further in sections 2.2.1 and 2.3.1

Compound level Reliability and relevance at this level describe the relationship between the
substance being tested and the experimental system, discussed further in

section 2.3.2

In silico model level Reliability and relevance at this level describe the relationship between the
model and the endpoint of interest, discussed further in sections 2.2.2 and

233

In silico prediction level | Reliability and relevance at this level describes the relationship between the
specific in silico model and the chemical structure being evaluated,

discussed further in sections 2.2.3 and 2.3.3

2.2 Reliability
2.2.1 Experimental level reliability

At the experimental level, the term reliability in its conventional meaning is defined by the Organisation
for Economic Co-operation and Development (OECD) and refers to the extent of reproducibility of results
within and among laboratories over time for a test performed using the same standardized protocol®. This

definition addresses primarily experimental studies conducted according to internationally standardized
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and validated test guidelines to support regulatory risk assessment. Data generated in non-standard
studies, conducted for example within academia, may also be included in hazard identification. In addition
to the quality of the test, the availability of adequately described experimental procedures and results
contribute to data reliability*. Thus, the following factors are considered when assessing the reliability of

experimental data’:

*  Whether the test was compliant with internationally accepted best practice guidelines such as,
the OECD principles of Good Laboratory Practices (GLP) or Good In Vitro Methods Practices
(GIVIMP) standards®,

*  Whether the data were generated using accepted test guidelines,

*  Whether the data were available for independent inspection, and the method description was of

a high quality allow independent repetition of the experiment if required,
¢ Concordance with other studies relevant for the assessment,

* Deviations from the test protocol and the transparent discussion of outliers, extreme values, and
reliability. Non-standard tests may be supported by further parameters of the test like statistical
power, verification of measurement methods and data, and control of experimental variables that
could affect measurements. The addition of adequate positive and negative control substances

also contribute to the reliability of a test.

There are different degrees of reliabilities ranging from RS1 to RS5, where RS1 is the highest reliability
score, Table 2. Reliability scores of RS1 and RS2 are assigned only to experimental data and map to
Klimish scores 1 and 2. RS5 (which maps to Klimish scores of 3 or 4) may be assigned to experimental
studies that are of lower quality or which deviate markedly from a testing guideline. An expert review
of the experimental study may support the conclusion of such studies, which could increase the

reliability score to RS3.%7 The discussion is limited to experimental data at this point.
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Table 2. Descriptions of reliability scores®

Reliability Klimish Description Summary
Score Score
RS1 1 Data reliable without Well documented and accepted study or data
restriction from the literature
Performed according to valid and/or accepted
test guidelines (e.g., OECD)
Preferably performed according to good
laboratory practices (GLP)
RS2 2 Data with restriction Well documented and sufficient
Primarily not performed according to GLP
Partially complies with test guideline
RS3 - Exert review Read-across
Expert review of in silico result(s) and/or Klimisch
3 or 4 data
RS4 - Multiple concurring
prediction results
RS5 - Single acceptable in silico
result
RS5 3 Data not reliable Inferences between the measuring system and
test substance
Test system not relevant to exposure
Method not acceptable for the endpoint
RS5 4 Data no assignable Not sufficiently documented for an expert review
Lack of experimental details
Referenced from short abstract or secondary
literature

2.2.2 In silico model level reliability

In silico models are derived from experimental data and therefore model reliability is reflected in the

reliability of the training data. However, as opposed to the test method, for which reliability is

characterized by intra- and inter laboratory variability for a single compound, for a global in silico model

the term refers primarily to the accuracy of the prediction for a number of structurally diverse chemicals.

Further, experimental variability is embedded in the models and the prediction uncertainty cannot be

smaller than the experimental error that is contained in the training set used to build the model. The

transparency of the model is considered asiit is critical for an expert review of the prediction. The reliability

of an in silico model is illustrated by the OECD in silico model validation principles®. According to these

9




208
209
210

211
212
213
214
215
216
217
218
219
220
221
222
223

224
225
226

227

228
229
230
231

232
233

principles, an in silico model requires an “unambiguous algorithm” enabling an expert review of the
prediction produced by the model (Principle 2) and performance (goodness-offit, robustness, and

predictivity) of a model demonstrated for a training set and for an appropriate test set (Principle 4).

2.2.3 In silico prediction level reliability

The reliability of an in silico prediction measures the extent that an in silico result is predictive of an
experimental result, within the system which the model predicts. Reliability of an individual model may
vary for structurally different chemicals and is higher for a chemical for which structural features are
appropriately represented in the training set; in other words, the query compound is sufficiently similar
to compounds used for model development. Assessment of the similarity between the query and the
training compounds is warranted in models with a defined applicability domain. Further, a higher
reliability is assigned to predictions derived from mechanistic descriptors associated with the biological
activity underlying the assessed endpoint. Different individual models may have limited predictiveness
(reflected in a low RS5 score); however, combining multiple independent models in an ensemble approach
may improve predictiveness and thus reliability as compared to single models (RS4), Table 2. An expert
review could further increase this reliability to RS3. Myatt et al.,>” provide a more comprehensive

overview of the reliability scores.

The following criteria are considered in an expert review of reliability and support the assignment of an
RS3 score, which is the highest reliability score that can be obtained for an in silico prediction. These

criteria are reproduced from Myatt et al., 20182,
e Is the chemical within the applicability domain of the model?

e Do structural features map to a diverse group of compounds and is there a potential (reaction)
mechanism associated with the feature? If the features map to acongeneric or
homologous series, does the test compound belong to this series? Diversity of chemicals

matching a feature increases the confidence that the feature is associated with activity.

e Review of training set examples that matches structural descriptors - are other moieties

potentially responsible for biological activity?

10
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e The model inherits the reliability of the experimental data from the training set. This implies
that the applicability of experimental reliability criteria to the training set examples should be

also considered.
e |s there information from the literature to support the assessment?

2.3 Relevance

2.3.1 Experimental level relevance

Experimental level relevance describes whether a method is meaningful and useful for a purpose and is
the extent to which a test correctly measures/predicts the effect/mechanism of interest in general terms,
not at a specific compound level. For example, an assessment of skin sensitization can include skin
permeability. However, predictivity of the test for this specific endpoint is limited and thus relevance of
the assessment is low if no other experimental data are available. Relevance also includes a consideration
of the accuracy (e.g., its sensitivity and specificity) of a test.” Experimental level relevance criteria to be
considered when assessing the results from an experimental study also include whether the reported

species and experimental endpoints are appropriate for regulatory purposes.

2.3.2 Compound level relevance
The limitations of a test method are also considered aspects of relevance.® Typically, method-related

limitations are observed at the compound level and may sometimes expand across a chemical class.

The following is a non-exhaustive list of compound level relevance criteria to be considered when

assessing the results from an experiment study.

* Does the test article represent the substance being assessed? For example, if an active
ingredient only makes up 5% of an organic solvent-based formulation, it is difficult to attribute

the activity to an individual ingredient.
* Were appropriate doses/concentrations tested?

* Did the test designed take into consideration the physical and chemical properties of the

compound (e.g., purity, stability, solubility)?

* Did the test system cover the mechanism of activity targeted by the compound?

11
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* Did the test system provide metabolic capability adequate for the compound, if required?

In some cases, the relevance criteria outlined above are addressed in a test guideline and it is important
to note whether or not deviations from these criteria also lead to non-adherence to the test guideline (a
measure of reliability) so that the same study limitation is not overly weighted in the overall assessment

of confidence.

2.3.3 In silico model and prediction level relevance

A (Q)SAR model’s relevance is based on the relevance of the mechanism or effect that the model
predicts and so the (Q)SAR model inherits the relevance of the experimental system. A model built on
human effect data; for example, may be considered more relevant than one which predicts the result of
an animal study or in vitro assay. In lieu of human effect models, multiple mechanisms that lead to a
biological effect and therefore multiple (Q)SARs or combinations thereof in respective AOPs may be
needed to predict more complex endpoints. As such, an in silico prediction could be considered relevant
when derived from training set data that are obtained from experimental studies that adhere to

experimental level relevance criteria.

The degree of relevance is considered in deriving an assessment of confidence, Section 2.5. Similar to
reliability, an evaluation of relevance is conducted during an expert review. The relevance of an
assessment may be decreased based on expert review findings. However, if the expert review does not
identify any limitations in the relevance of the study, the assessment is considered with standard

relevance. Table 3 provides a summary of the discussion on reliability, and relevance.

12
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Table 3. Definitions summarizing reliability, and relevance at various levels of discussion

meaningful and useful for
a purpose and is the
extent to which a test
correctly
measures/predicts the
effect/mechanism of

interest

method for testing
a specific

compound

relevance is based
on the relevance of
the mechanism or
effect that the

model predicts

Experimental level Compound level In silico model | In silico prediction
level level

Reliability The reproducibility of Not applicable The accuracy of the | The extent that an
results within and among prediction for a in silico result is
laboratories over time for number of predictive of an
a test performed using the structurally diverse | experimental result,
same standardized chemicals within the system
protocol which the model

predicts
Relevance Whether a method is The limitations ofa | A (Q)SAR model’s An in silico

prediction could be
considered relevant
when derived from
training set data
that are obtained
from experimental
studies that adhere
to experimental
level relevance

criteria.

2.4 Completeness of information

Assessment of a specific regulatory endpoint assumes evaluation of a number of toxicology studies and
other tests (experimental results or in silico predictions). This reflects the fact that a number of
toxicological manifestations are associated with one endpoint. In addition, multiple mechanisms could
trigger the same toxicological manifestation. A generic hazard assessment framework proposed by Myatt
et al.2 illustrates principles how the toxicological information is assembled within the assessment. This

framework has been implemented in the assessment of specific regulatory endpoints: genotoxicity® and

13
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skin sensitization?. It is important to consider that most of the possible pathways by which the apical
endpoint can occur are being evaluated. This coverage of molecular pathways and effects is given

consideration when evaluating the confidence in the assessment of the apical endpoint.

2.5 Confidence
The reliability, relevance, and coverage of information determine the level of confidence in the
assessment. Confidence could be logically defined into categories of high, medium, low, or no confidence.

The following definitions apply to the levels of confidence.

e A high confidence rating suggests that there is sufficient evidence that the assessment provided
an accurate conclusion, and further research is unlikely to increase the confidence.

e A medium confidence rating suggests that there is adequate evidence that the assessment
provided an accurate conclusion, but further research might increase the confidence.

e Alow confidence rating suggests an accurate conclusion is lacking and further research is needed
to support a robust conclusion and to improve its confidence.

e A no confidence rating suggests that further research is needed in order to derive an assessment.

While not appropriate for the regulatory submissions, the low confidence rating could be useful for
prioritization, identification of the most relevant testing candidates, and to determine data gaps. Typically,
in the case of no confidence, data are either unavailable, discordant with no supporting information, or
there is no relevance/reproducibility. While decisions cannot be made in these cases, the data may be
useful for discussion as seeking solutions may advance testing paradigms. In all cases, a weight of evidence

analysis by an expert is suggested.

3. Case Studies
The following sections describe the analysis of phthalic anhydride and 4-hydroxy-3-propoxybenzaldehyde

using an implementation of the skin sensitization protocol®, Leadscope Enterprise version 3.8, skin
sensitization integrated hazard assessment (v1.0). Version 1 of the skin sensitization hazard assessment
includes the following statistical models: Direct Peptide Reactivity Assay (v1.0), Human Cell Line Activation
Test (h-CLAT) (v2.0), KeratinoSens ™ (v2.0), Local Lymph Node (v.2.0). The following alerts sets are also

included: Local Lymph Node Assay Expert Alerts (v2.0), Reaction Domain Alerts (v1.0). Here we note that

14
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in the derivation of the skin sensitization in vitro endpoint, the ‘2 out of 3’ defined approach (203 DA) to
skin sensitization hazard identification is used in relation to OCED TG 497%, and within the IATA defined
by Johnson et al., 2020% which includes an analysis of the structure activity relationship of the test

structure with known examples, and an evaluation of other adverse outcome pathway (AOP) endpoints.

The principles describing reliability, relevance, and coverage, which were described above, are applied to
the phthalic anhydride and 4-hydroxy-3-propoxybenzaldehyde cases to provide practical examples of the
confidence derivation. Further, reliability scores described in Myatt et. al.? are used to communicate the

reliability of the assessments.

3.1 Skin sensitization hazard assessment framework

The skin sensitization hazard assessment framework will be used to illustrate, through two case studies,
how the previously described reliability, relevance, coverage, and confidence, may be assessed.
Throughout these discussions, experimental data will be identified and evaluated. In addition, different in
silico models will also be used. They include statistical-based models built on named substructural
features and phys-chem properties descriptors, that generate a probability of a positive value. This
probability is translated into a positive/negative prediction using cut-offs. For example, a prediction
greater than 0.5 is assigned to positive and less than 0.5 assigned to negative, but for value close to 0.5
the uncertainty may be higher based on the distribution of predictivity. An assessment of chemical
similarity may be used to rank analogs based on their structural similarity to the test chemicals. For this
assessment, the chemical structures represented by molecular fingerprints converting structural features
into bit vectors!™4, These abstract representations of chemicals allow easy computational processing and
comparison. Chemical dissimilarities can be calculated by standard methods applying Tanimoto, Dice, or
equivalent distance measures'>!. However, it should be noted that similarity scores calculated using
different methods may give different results and agreement between different methods applied could
increase confidence in the similarity assessment. Other factors, such as water solubility, molecular size,
pKa and log Kow should also be considered in accordance with the OECD guidance on grouping of

chemicals’.

Figure 1 shows the hazard assessment framework for skin sensitization®. The mechanisms and effects
that were assessed in the following examples include: protein reactivity, activation of biochemical

15



352
353
354
355
356
357
358

359

360

361

362

363

364

pathways (Nrf2-ARE pathway), expression of co-stimulatory and adhesion molecules, rodent LLNA

proliferation, rodent maximization, human skin sensitization (gray boxes). These were assessed using

either experimental data and/or in silico models. An expert review was performed on the study data and

the in silico predictions and a reliability score was assigned to the assessment. The results of the individual

assessments and their corresponding reliability scores were used to assess the toxicological endpoints

related to skin sensitization and to assign confidence scores (blue boxes). Relevance and coverage were

also considered in the evaluation of the confidence level as highlighted by the following examples.

Protein Reactivity
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Figure 1. Skin sensitization hazard assessment framework?

Phys-chem properties
(molecular weight, solubility,
log K., , vapor pressure,
melting/boiling point)

a

Skin sensitization
in vitro

Events in rodent
lymphocytes (KE4)

Skin sensitization
in humans in vivo

Human skin
sensitization

HMT results

HRIPT results
Clinical/Occupational

|

< Photoallergy

[

Skin sensitization
in rodents

|

Rodent local Skin
lymph node irritation
proliferation

LLNA results

Rodent maximization
GPMT results
BT results

Effect/mechanism (from experimental data and/or in silico)
Endpoint (part of hazard assessment framework)

[: Effect/mechanism for which there are no validated assays
Endpoint discussed in a separate protocol

16



365
366
367
368

369

370
371
372
373
374
375

376
377
378
379
380
381
382

383
384
385

3.2 Phthalic anhydride case study

3.2.1 Chemistry
Phthalic anhydride (CAS# 85-44-9) is a white solid used in the synthesis of resins and plastics.!® The

chemical structure is shown in Figure 2.

i
Property Value

@) Molecular weight | 148.1 g/mol
Water solubility | 6.2 g/L @ 25°C (experimental)

\\ Log K.y 1.6 (measured)

Figure 2: Chemical structure and properties of phthalic anhydride!®
3.2.2 Covalent interaction with skin proteins
The Direct Peptide Reactivity Assay (DPRA) is an in chemico method addressing covalent binding to
proteins which is the Molecular Initiating Event (MIE) in the skin sensitization AOP. As an in chemico test,
the DPRA lacks the ability to predict the activity of chemicals that are metabolically transform to a reactive

species.

The DPRA test has been conducted with phthalic anhydride and the results were published in a peer
reviewed scientific journal. The study returns a positive result and indicates high reactivity, with a cysteine
depletion value of 1.9% and a lysine depletion value of 75%!%?°. However, the GLP status of the study was
not disclosed and despite the detailed description of the method and results, not all information as
required by the test guideline, was provided. The study adheres to established test guideline OECD TG
442C%, Consequently, due to the high reliability of the experimental method but lack of GLP status and a

study report, the data was assigned a reliability score of RS2.

The relevance of the method for predicting a potential of the compound to bind proteins has been well
established with the limitations discussed in the guideline?!. One of the limitations potentially applicable

to phthalic anhydride is its low stability in agueous solution due to a rapid hydrolysis to phthalic acid (non-
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sensitizer)?2. Low stability of the compound in the test conditions can cause false negative results. In the
view of a positive result with phthalic anhydride, this reservation did not affect the relevance of the test
at the compound level. Further, chemical properties of the compound were evaluated by an expert.
Phthalic anhydride is assigned to the acyl transfer mechanism, RS5 (Figure 3). This reaction mechanism is
supported by the preferential reactivity of anhydrides with lysine substantiating relevance of the

proposed mechanism.

H

AW, P < O /!
N N
\N—R —_— /D —
/ OH
\O (6]

Figure3. Reaction of phthalic anhydride with lysine

Phthalic anhydride has the potential to covalently bind to skin proteins based on the experimental results
generated in a DPRA test and expert review of the compound chemical properties. Evaluation of reliability

and relevance in this instance lead to a high confidence in the conclusion (as shown in Figure 5).

3.2.3 Events in Keratinocytes

Key Events (KE) within skin sensitization AOP include inflammatory response and changes in gene
expression associated with specific cell signaling pathways such as those regulated by binding of the
NF-E2-related factor 2 (Nrf2) to antioxidant responsive element (ARE). The KeratinoSens™ assay
addresses this mechanism. Experimental data were available for the assessment of the activation of Nrf-
2-ARE pathways through the KeratinoSens™ test method®. The study adheres to OECD TG 442D%. The
negative results were assessed and are assigned a reliability score of RS2 due to the sufficient reliability

of the study.

While the experimental level relevance is well established for the KeratinoSens™ assay, a review of the
compound level relevance is important. The KeratinoSens™ assay is driven by the modification of a
cysteine moiety. Chemicals that belong to the acyl transfer reaction domain are hard electrophiles which

preferentially bind hard nucleophiles such as lysine?>?*, Further, any adduct formed via interaction of the
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phthalic anhydride and the SH groups of cysteine may be hydrolyzed. Although the KeratinoSens™ assay
is applicable to these compounds, the relevance of the test for compounds that react via acyl transfer
compounds, especially if they are shown to preferentially bind lysine in the DPRA, is reduced based on the

32025 The decreased compound level relevance of the

decreased predictivity within this domain
KeratinoSens™ assay for the assessment of phthalic anhydride leads to a low confidence in the activation

of the events in keratinocytes.

3.2.4 Activation of Dendritic Cells

Activation of dendritic cells is another KE in the skin sensitization AOP. Methods developed to address this
KE are based on expression of the specific cell surface markers, chemokines and cytokines. These methods
include the human cell line activation test (h-CLAT) and the U937 cell line activation test (U-SENS™).
Phthalic anhydride has been evaluated in h-CLAT and U-SENS™ tests and the data were published in peer-
reviewed journals®®?2, Both tests provided negative results. The h-CLAT test has been generally conducted
as recommended in the validated OECD TG 442E guideline. Adherence to the GLP standards was not
addressed in the publication. Further, method and results were missing some details required by the

guideline. Consequently, score RS2 was assigned to reliability.

The experimental level relevance of the method for assessing skin sensitization has already been
established?’. Compound level relevance considers whether the appropriate concentrations were tested.
This question is particularly pertinent if the result is negative as with the h-CLAT result. A review of the
study indicates that phthalic anhydride solubility in DMSO and culture medium was limited and this could
have affected the maximal achievable dose?®. In addition, phthalic anhydride hydrolysis by the aqueous
vehicle is suspected to occur in the h-CLAT?. The exposure of the THP-1 cells to the anhydride is therefore
an unknown parameter that introduces uncertainty around the negative result. Although the study was
reliable (RS2) based on adherence to OECD TG 442E, the compound level relevance is reduced based on
the above discussion. Information on the available in vitro test concentration compared to the potential

concentration in the skin could provide additional support for this conclusion.

The U-SENS™ test is the second method recommended in the OECD 442E guideline. Also, for this study
GLP status was not addressed in the publication. However, the study was conducted according to the test

guideline and the publication contained sufficient details supporting an evaluation of the study conduct
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and the validity of the results. Included controls supported evaluation of the method performance. Finally,
acceptance criteria were provided. Therefore, a reliability score RS1 has been assigned to the
experimental data despite the lack of a GLP study report. The hydrolysis of phthalic anhydride in the
culture medium was indicated as the reason for the negative result. Similar to the discussion above for
the analysis of phthalic anhydride in the h-CLAT test, the compound level relevance of the U-SENS™ test
could be challenged. Additionally, a statistical model was used to predict the activation of the dendritic
cells, ((Human Cell Line Activation Test (h-CLAT) (v2.0)). The statistical model returned a positive result

with a predicted probability of 0.612.

The studies from which the training set examples are derived adhered to OECD 442E and so the training
set examples are reliable. Reliability of the model was strengthened by the details provided in the
prediction enabling expert review. The prediction was considered reliable because the compound was
within the applicability domain of the model. Consequently, a reliability score of RS3 is assigned to the in

silico result.

Features of the training set compounds triggering the prediction were reviewed to assess the relevance
of the prediction. The oxolane and the anhydride features contributed significantly to the prediction. Note
that other contributing features were also identified but are not discussed in detail in the context of this
manuscript. The oxolane feature mapped to three training set examples and carried an overall positive
weight in the assessment, Figure 4. Propylidene phthalide (LS-933; CAS# 17369-59-4) and Tween 80 (LS-
2298; CAS# 9005-65-6) were positive in the h-CLAT?® and U-SENS™?22 respectively, while Streptomycin
sulfate (LS-1247; CAS# 3810-74-0) was negative in both tests?>?%, These positive results could be explained
through characteristics that are not related to the oxolane feature. LS-933 is expected to either react via
an acyl transfer mechanism or autoxidize to a hydroperoxide?. LS-2298 is negative in the h-CLAT?® and
positive in U-SENS™?2; however, given that LS-2298 is a surfactant, the U-SENS™ positive result could be
due to disruption of cell membranes rather than sensitization related expression of Cluster of
Differentiation 86 (CD86)%. This brings into question the relevance of the oxolane feature. The anhydride
feature maps to trimellitic anhydride (LS-215; CAS# 552-30-7) and maleic anhydride (LS-458; CAS# 108-
31-6), both recorded with a positive result. The two training set examples are closely related to phthalic

anhydride as they contain the cyclic anhydride moiety through which sensitization may occur; maleic
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anhydride may also sensitize through a Michael acceptor mechanism. Overall, the anhydride feature is
considered relevant; however, a limitation is realized in that there are only two examples. LS-215 is
considered a close analogue of phthalic anhydride and one of particular value, (structure shown in Figure
4). LS-215 differs from phthalic anhydride by the addition of a carboxylic group on the benzene ring. The
addition of the carboxylic acid group is not expected to mitigate the sensitization of the anhydride and
thus supports the positive prediction of phthalic anhydride. Given the mechanistic similarity between
phthalic anhydride and the two anhydrides identified by the model, the positive prediction appears

relevant.

‘The activation of Dendritic cells’ is assessed as positive, with medium confidence. The medium confidence
level reflects the uncertainty in the use of an in silico prediction compared to reliable and relevant
experimental data. In this case, while the experimental data were reliable (the negative assessment could

be reproduced), the relevance of the anhydride to the experimental systems was challenged.

o

Oxolane feature

D=1.0
lo M
N o o )
0— l‘ i
o ©
o ]
(o] .y
]
U
|
L
Propylidene phthalide (L5-933) Tween 80 (LS-2298) | streptomycin sulfate (LS-1247)
0]
OQ/ \?O Anhydride feature
D=1.0 D=1.0
/o
@O
(@]
Trimellitic anhydride (LS-215) (Maleic anhydride) LS-458

Figure 4. Examples that map to the oxolane and anhydride features for the dendritic cell activation. D=1.0
refers to compounds with a positive response in the experimental test while the result D=0.0 refers to

compounds with a negative response in the experimental test.
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3.2.5 Endpoint: Skin sensitization in vitro

The skin sensitization in vitro endpoint considers the body of evidence presented for KE1 (the molecular
initiating event) in addition to KE2 and KE3. Figure 5 summarizes the results for the in vitro endpoints. The
weight of evidence points to a skin sensitization potential for phthalic anhydride. The lower confidence
scores of the two concordant assessments (medium) is adopted as a conservative measure. While a
medium confidence score is obtained at the in vitro level and reflects the difficulty in assessing unstable
(hydrolytic and poorly soluble) substances in experimental systems, the in silico tools provide an

additional perspective through analysis of similar analogs.

Protein Reactivity

Assessment including

X Assessment = Positive
an expert review

Reliability =RS2
Relevance = Standard

DPRA = Positive (RS2)

Covalent interaction with
skin proteins (KE1)
Reaction domain " Assessment = Positive
:\;S‘Ee;;r:rf ”rz\'l?:\l:dmg Assessment = Acyl transfer Confidence = High
Reliability =RS5
Relevance = Standard

Expert alerts = Acyl transfer (RS5)

Activation of Nrf2-ARE Events in keratinocytes

Assessment including an i . (KE2) N Skin sensitization in vitro
. Assessment = Negative Assessment = Negative Assessment = Positive
. po N «  expert review - i = i
Keratinosens™ = Negative (RS2) Reliability =RS2 Confidence = Low Confidence = Medium

Relevance = decreased

Expression of co-stimulatory and adhesion molecules

h-CLAT = Negative (R52)* Assessment including
an expert review

Events in Dendritic cells
(KE3)

Assessment = Positive
Confidence = Medium

Assessment = Positive
Reliability =RS3
Relevance = Standard**

U-SENS™ = Negative (RS1)*

v

Statistical result = Positive (RS5)

* The relevance of these studies was decreased after the expert review highlighted limitations to

testing phthalic anhydride in the experimental systems.
** The standard relevance and RS3 score were assigned to the positive statistical model result.

Figure 5. Derivation of the skin sensitization in vitro assessment of phthalic anhydride given the

reliability, relevance, and confidence of the supporting assessments
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3.2.6 Events in rodent lymphocytes
The last KE in the skin sensitization AOP is T-cells Activation/Proliferation. The effect can be evaluated in
the in vivo mouse LLNA, which measures primary proliferation of lymphocytes in the auricular lymph

nodes following local administration of the test compound to the ear.

Phthalic anhydride (AlogP =1.0) has been tested in the LLNA and has been shown to be a strong sensitizer
with reported effective concentrations inducing a stimulation index (SI) of 3 (EC3 values) of 0.16%3 and
0.36%°'. These EC3 values are consistent with what would be expected from the well-known high
reactivity of anhydrides as acylating agents. The data presented in Dearman et al.3° were available for an
independent review as a publication in a peer-reviewed journal. The study followed general principles
included in the OECD TG 429 guideline 332, As discussed in previous section, documentation of the study
procedures and results in this form provide a reliability score RS2. Kimber et al.3! provided an EC3 value
but no reference to the original study and thus study detail were not available for review triggering

reliability score RS5.

When adequate experimental data are available, in silico results may provide information to support the
assessment. Statistical and expert alert models support the positive result. An expert review returned
two closely related anhydrides, hexahydrophthalic anhydride (AlogP = 0.88, EC3 = 0.84%>°) and trimellitic
anhydride (AlogP = 0.7, EC3 values of 0.6%%, 0.11%% and 9.2%>*). These both have only the cyclic
anhydride entity as a reactive sub-structure and are both strong/moderate sensitizers in the LLNA. Given
the comparable AlogP values for the anhydrides and that additional substructures do not support
mitigation of the sensitization potential, the positive assessment is supported. Such an analysis could be

considered as part of an expert review of any model output.
Consequently, phthalic anhydride was concluded to activate T-cells proliferation and a high confidence

was assigned to the assessment of this endpoint based on the reliable and relevant data from an in vivo

study supported by the concordant result of an in silico approach.
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3.2.7 Guinea Pig Maximization

Guinea Pig Maximization Tests (GMPT) provide information to support the assessment of the skin
sensitization potential of a compound by a direct measurement of this endpoint after epidermal
application of the test compound to animals. Phthalic anhydride was subjected to the GMPT performed
according to the standard procedures of Magnusson and Kligman® and was classified as an
extreme/strong sensitizer.3%3” The studies were published in peer-reviewed journals. The Basketter and
Scholes 1992 study reported that phthalic anhydride induced sensitization in 90% of the animals tested at
an intracutaneous injection concentration of 0.1%, induction patch concentration of 25%, and a challenge
patch concentration of 10%. While this study is similar to published guidelines, data are lacking on the
number of animals used as well as the solvent controls and so the reliability of the information is assigned

at an RS5 level.

3.2.8 Endpoint: Skin sensitization in rodents

This step considers altogether the results discussed in 3.2.6 and 3.2.7. The LLNA measures the increase in
lymph node proliferation associated with application of the test chemical and reports that as an index of
induced sensitization. The Guinea Pig Maximization Test (GPMT) assesses, by challenges applied to the
skin and subsequent evaluation of the challenge sites, whether skin sensitization has been induced.
Phthalic anhydride is positive in both LLNA and GPMT methods. Although there may be more than one
biological mechanism at play, involving different pathways and cell sub-populations3®3, the dermal
application in the GPMT challenge indicates that sensitization to dermal tissues occurs as a result of
phthalic anhydride exposure. Based on the LLNA and GPMT data, the ‘Skin sensitization in rodents’

endpoint is assessed as positive with high confidence, Figure 6.
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Rodent local lymph node proliferation

LLNA = Strong/Extreme (RS2) Assessment including R —— Events in rodent lymphocytes

an expert review S Assessment = Positive
- Reliability = RS2 " Confidence = High

. Relevance = Standard
Statistical result = Strong/Extreme (RS5)

Expert alerts = Positive (RS5)

v
Skin sensitization in rodents
Assessment = Positive
Confidence = High

A

Rodent Maximization

Assessment including
an expert review

Assessment = Positive
- Reliability = RS5
Relevance = Standard

GPMT results = Positive (RS5)
546
547 Figure 6. Derivation of the skin sensitization in the rodent assessments of phthalic anhydride given the

548 reliability, relevance, and confidence of the supporting assessments

549  3.2.9 Human skin sensitization

550 There is a paucity of Human Maximization test (HMT) and Human Repeat Insult Patch tests (HRIPT) data
551 on the occurrence of sensitization due to phthalic anhydride. ICCVAM (2010) indicates that phthalic
552 anhydride is a skin sensitizer and was assessed either from a HMT, inclusion of the test substance in a
553 human patch test allergen kit, and/or published clinical case studies/reports.>® The data were not found
554  in the publication referenced. A reliability score of (RS5) was assigned to this data. Allergy to a
555 combination of phthalic anhydride, trimellitic anhydride, and glycol copolymer has been reported in three
556  patients, which were negative to phthalic anhydride alone.”® However, details on the tested
557  concentrations of phthalic anhydride itself were not provided. Additional studies describe positive
558  reactions to the phthalic anhydride, trimellitic anhydride, and glycol copolymer combined in nail polish
559  without describing results on phthalic anhydride alone*. Overall, the results of the human studies are
560 inconclusive, given conflicting pieces of evidence with incomplete information.

561  3.2.10 Endpoint or overall assessment: Skin sensitization in humans

562  This apical endpoint takes all available assessments into consideration. The in vitro assessments,
563 supported by structure-activity based assessments and the experimental studies in rodents all indicate
564  that phthalic anhydride has the potential to sensitize. The skin sensitization of phthalic anhydride was,
565 therefore, assessed as positive with high confidence, as shown in Figure 7. The different mechanisms
566 involved in the assessment are well covered (apart from the human skin sensitization) and reasons for

567  conflicting data (lack of Activation of the Nrf2-ARE pathway) are explained so the confidence is high.
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Skin sensitization in vitro
Assessment = Positive
Confidence = Medium
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Assessment = Positive ——+— > Assessment = Positive
Confidence = High Confidence = High

Human skin sensitization

Assessment including
an expert review  Assessment = Equivocal
Reliability =RS5

Equivocal (RS5)

Figure 7. Derivation of the overall skin sensitization assessment of phthalic anhydride given the
reliability, relevance, and confidence of the supporting assessments

3.3. 4-hydroxy-3-propoxybenzaldehyde

3.3.1 Chemistry
The chemical structure of4-hydroxy-3-propoxybenzaldehyde (CAS# 110943-74-3) is shown in Figure 8.

This second example presents a review of reliability and relevance for model predictions in a data poor
situation, and where the data for the closest analogs (vanillin and methyl vanillin) are available. The
analogs were selected based on structural similarity and homology with 4-hydroxy-3-
propoxybenzaldehyde. Similarity was assessed by Tanimoto scores based on Leadscope fingerprints, and
were 0.84 and 0.94 for vanillin and ethyl vanillin respectively. While experimental data are available for
the analogs, no data are available for 4-hydroxy-3-propoxybenzaldehyde. Therefore, in silico analyses

were used to assess the relevant mechanisms and effects.

HO

0 Property Value
/ .
0 Molecular weight | 180.2 g/mol

Figure 8: Chemical structure and properties of 4-hydroxy,3-propoxybenzaldehyde
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3.3.2 Covalent Interaction with skin proteins

A statistical model (Direct Peptide Reactivity Assay (v1.0)) predicting the reactivity classes of the DPRA
was used to assess potential for covalent binding to proteins. The model returned a result of ‘No or
minimal reactivity’, with a predicted probability value of 0.017. An expert review was conducted to
evaluate the reliability and relevance of the prediction. The initial stages of the assessment consider
whether the chemical structure is within the applicability domain of the model. A structure is within the
applicability domain of Leadscope’s statistical model if there is at least one structural feature identified
by the model and one analog with a similarity score of 0.3 or greater. The score of 0.3 is based on
Leadscope’s 27,000 sub-structural features and hence will be lower than similarity scores that use smaller
feature sets. There were 2 structural features identified by the statistical model and 11 analogs with
similarity scores greater than 0.3, indicating that the compound was within the applicability domain of
the model. Note that these analogs indicate that the structure belongs within a chemical neighborhood
which is characterized by the model and these analogs are not necessarily used in the prediction. The
training set examples are mostly aromatic aldehydes, hydroxybenzene derivatives, and two benzyl

alcohols, Figure 9.

DPRA=1.0 DPRA=1.0 DPRA=0.0
Cl
OH \O Ny o
™~
0 \O
Anisyl alcohol (LS-2359); $=0.25 3-Chloroanisaldehyde (LS-414183); S=0.35 |Benzaldehyde (LS-27); 5=0.25
HO HO
OH
0 /O
Benzyl alcohol (LS-307); S=0.089 Ethyl vanillin (LS-644); $=0.94 Vanillin (LS-645); S=0.84
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DPRA=0.0

=

OH
p-Hydroxybenzoic acid (LS-4514); S=0.34

=

O
Methyl p-hydroxybenzoate (LS-5055); $=0.34

DPRA =0.0 DPRA =0.0
HO
HO
HO 0
/\o o O"\_’
Ethyl vanillin (LS-644); S=0.94 Vanillin (LS-645); $=0.84 Propyl-4-hydroxybenzoate (LS-1958); 5=0.34
DPRA=0.0 DPRA=0.0
HO HO
o O

Figure 9. Examples that map to features identified by the DPRA model. DPRA =1.0 refers to compounds

with a positive response in the experimental test, while DPRA =0.0 refers to compounds with a negative

response in the experimental test. S is the similarity score with the query compound.

The test structure and two training set examples, vanillin (LS-645; CAS# 121-33-5) and ethyl vanillin, (LS-

644; CAS# 121-32-4), form a homologous series with increasing chain length at the o-alkyl group, Figure

10. Vanillin and ethyl vanillin were both assessed as having ‘minimal reactivity’, in cysteine, and lysine

peptide depletion assays®. Vanillin, however, may be implicated in sensitization through metabolism to

a reactive ortho-quinone®?. The DPRA lacks metabolic capability and may ‘miss’ reactivity that could be

associated with vanillin metabolite. Ethyl vanillin is a closer analog to the test structure and since de-

ethylation is expected to occur less readily than de-methylation, metabolism is not expected to occur in

the case of ethyl vanillin.*> While the relevance of vanillin as an analog may be questioned on the basis

of metabolism, the argument is not extended to ethyl vanillin , Figure 11. Since it is unlikely that the

addition of the methyl group would confer reactivity to ethyl vanillin, the analogs support the ‘no or

minimal reactivity’ conclusion.
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DPRA = Negative DPRA = Negative DPRA = Predicted negative

HO HO HO
O O O

615 Vanillin Ethylvanillin 4-hydroxy,3-propoxybenzaldehyde

616 Figure 10. Examination of the close analogs vanillin (LS-645; similarity = 0.84) and ethyl vanillin (LS-644;

617  similarity = 0.94) highlighting the differences in their structure

OH ©
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Orthoquinone may lead to

De-methylation leads to sensitization

the formation of orthoquinone

i Aes

_ Catechol is not formed
De-ethylation does not occur

very readily

T s

De-alkylation of the ortho propoxy group is not expected to occur
618

619 Figure 11. Formation of reactive orthoquinone by de-methylation
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Two compounds, chloro-p-anisaldehyde (LS-414183; CAS# 4903-09-7) and anisyl alcohol (LS-2359; CAS#
105-13-5), were positive in the DPRA. Reviewing the training set examples that match the structural
descriptors and identifying if other moieties are potentially responsible for biological activity is also useful.
Chloro-p-anisaldehyde (LS-414183) is negative in the LLNA% and could be considered a DPRA false positive
(FP) when compared to the LLNA. Anisyl alcohol (LS-2359) is positive in the LLNA; however, it has been
postulated that metabolic transformation (sulphation of the benzylic OH to Ar-CH,0S0s", which is an SN2
electrophile) or abiotic transformation are needed to convert this compound to an active sensitizer®.
Neither of these mechanisms are expected to occur for 4-hydroxy,3-propoxybenzaldehyde. Therefore
these mechanisms are not relevant for the test structure. The questionable relevance of LS-414183
(possible FP based on LLNA) and LS-2359 (mechanistic relevance) supports the negative prediction, since
any positive contribution to the feature weight by these examples, could be refuted. It is also worth noting
that the similarity of LS-2359, and LS-414183 to the test compound was low (< 0.35). The negative
prediction for 4-hydroxy-3-propoxybenzaldehydeappears valid and the reliability score is increased to an

RS3 level.

3.3.3 Events in Keratinocytes

The KeratinoSens™ (v2.0) statistical model has been used to predict the test compound’s potential to
activate keratinocytes. The model predicted a negative result with a probability value of 0.078. The
compound was within the applicability domain of the model. There were 3 features which were identified
and there are 14 analogs which share >30% similarity with the test structure. The training set examples
were mainly benzaldehyde and aromatic alkoxy derivatives. The test structure is a benzaldehyde
derivative that contains the methoxyaryl feature. Figure 11 shows the coverage of 4-hydroxy-3-
propoxybenzaldehydeby the model features. An initial assessment indicates that any uncertainty in the

negative prediction most likely will result from the methoxyaryl feature.
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Figure 11. Coverage of 4-hydroxy-3-propoxybenzaldehyde by the KeratinoSens™ model features.
Features which contribute to a negative prediction are highlighted in a blue color and those which

contribute positively are highlighted in red.

The training set examples that map to the methoxy phenol feature are shown in Figure 12. As discussed
previously, structures that contain the methoxyaryl feature could potentially cause sensitization following
a metabolic conversion. The positive experimental calls for training set examples LS-2028; CAS# 97-54-1,
LS-2674; CAS# 91-10-1, and LS-2898; CAS# 2785-87-72°4 reflect this mechanism. LS-645 (vanillin) is
negative®®. This negative result indicates that the aldehyde group may play a role in the lack of a response
in the KeratinoSens™ test. Figure 13 shows the examples that map to the benzaldehyde feature. It is
worth noting that para-hydroxybenzaldehydes and para-methoxybenzaldehydes are negative in the
KeratinoSens™ test. Natsch et al. *° explains that the p-methoxy and p-hydroxy benzaldehydes have a low
propensity to form stable Schiff bases in aqueous solutions compared to unsubstituted benzaldehyde.
Ethyl vanillin is, however, not included in the training set but experimental data for this compound was
published?. The positive result of ethyl vanillin introduces some uncertainty in the assessment. Compared
to the LLNA result, this prediction would be considered a false positive result; however, there is no
mechanistic rationale for this prediction. In light of the positive result for a close structural analog, a

reliability level of RS5 was assigned to the negative prediction.
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Figure 12. Examples which map to the methoxyaryl feature. KSC =1.0 refers to compounds with a positive

response in the experimental test while KSC =0.0 refers to compounds with a negative response in the

experimental test. S is the similarity score with the target.
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Figure 13. Examples which map to the benzaldehyde feature. KSC =1.0 refers to compounds with a positive

response in the KeratinoSens™ test while KSC =0.0 refers to compounds with a negative response in the

KeratinoSens™ test. S is the similarity score with the target.
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3.3.4 Activation of Dendritic Cells

The statistical model predicting the events in dendritic cells (Human Cell Line Activation Test (h-CLAT)
(v2.0)) model returned a negative result and much of the same arguments above could be applied to the
review of the predictions; however, the context in which they are applied are slightly different. In this
case, the model returns a negative prediction with a predicted probability value of 0.49. This predictive
value is close to the predictive threshold (0.5) and as expected for a higher predictive value, the positive
features are more apparent in the structure’s coverage, compared to other assessments, Figure 14.

All Features Positive Features Negative Features

HO HO HO

Figure 14. Coverage of 4-hydroxy-3-propoxybenzaldehyde by the dendritic cell activation model features.
Features which contribute to a negative prediction are highlighted in a blue color and those which

contribute positively are highlighted in red.

The most positively contributing features include the methoxyaryl and di-substituted benzenes.
Arguments related to the methoxyaryl feature are similar to those discussed above. The di-substituted
benzene feature maps to examples which are pro-haptens such as aminophenol, propyl gallate,
dihydroeugenol, and in addition to vanillin and ethyl vanillin. These examples (except ethyl vanillin) are
assessed as positive and have some intrinsic potential to metabolize to a reactive quinone, similarly to
compounds containing the methoxyaryl feature. While vanillin has a negative assessment in the h-CLAT
method?®, it is assessed as positive in the U-SENS™?22, Further, ethyl vanillin, which is postulated to have
a lower sensitization potential than vanillin based on the unfavorable de-ethylation®?, is negative in the h-
CLAT and a U-937 test.?%4*% The negative features include ether and aryl carbonyl, highlighted in blue in

Figure 14. The examples which map to the ether feature are diverse (terminal, aromatic and non-aromatic
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ethers are represented); the examples are predominantly negative and contain no obvious reactive
features. The aryl carbonyl feature contains three positive examples, the reactivity of which could be
explained by moieties other than a single carbonyl group (for example, anhydrides and diketones). The
negative examples include carboxylic acids, aromatic esters, and ketones. Given the weight of evidence
presented in this case, it is reasonable to consider this negative prediction to be reliable and an RS3 score

is assigned.

3.3.5 Endpoint: skin sensitization in vitro

No in vitro tests were conducted in this assessment. The in silico assessments based on in vitro findings
agree on a negative result. Two results were assigned a medium confidence level (Covalent interaction
with skin proteins, Events in dendritic cells), and the third result (Events in Keratinocytes) was assigned a
low confidence. The overall in vitro result is considered to be negative with medium confidence based on

the two results of medium confidence, Figure 15.

Protein Reactivity

Assessment including

an expert review Assessment = Negative
Reliability = RS3

Relevance = Standard

DPRA statistical result = Negative (RS5)

Covalent interaction with
skin proteins (KE1)
Assessment = Negative
Confidence = Medium

Reaction domain

Assessment including

. Assessment = Schiff base
an expert review

Reliability = RS5
Relevance = Standard

Expert alerts = Schiff base (RS5)

Activation of Nrf2-ARE

Keratinosens™ statistical result = Negative

(RS5)

Assessment including
an expert review

Expression of co-stimulatory and adhesion molecules

h-CLAT/U-SENS™ statistical result =

Negative (RS5)

Assessment including
an expert review

Assessment = Negative

" Reliability = RS5

Relevance = Standard

Assessment = Negative

- Reliability =RS3

Relevance = Standard

Events in keratinocytes
(KE2)

Assessment = Negative
Confidence = Low

Events in Dendritic cells
(KE3)

Assessment= Negative
Confidence = Medium

Skin sensitization in vitro
Assessment = Negative

" confidence = Medium

Figure 15. Derivation of the skin sensitization in vitro assessment of 4-hydroxy-3-propoxybenzaldehyde

given the reliability, relevance, and confidence of the supporting assessments
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3.3.6 Events in rodent lymphocytes

No experimental data are available for the assessment of the events in rodent lymphocytes. Expert alerts
(Local Lymph Node Assay Expert Alerts (v2.0)) and statistical models (Local Lymph Node, (v2.0)) were used
to predict the LLNA responses. No alerts were identified in 4-hydroxy-3-propoxybenzaldehydeand the
statistical model predicted a negative result. The compounds were within the applicability domain of the
models. For the statistical model, 5 structural features and 30 analogs with similarity scores greater than
0.3 were identified. The feature coverage presents an analysis of the entire test structure and no positive
features were identified, Figure 16.

All Features Positive Features Negative Features

HO

Figure 16. Coverage of 4-hydroxy-3-propoxybenzaldehyde by the LLNA model features. Features which
contribute to a negative prediction are highlighted in a blue color and those which contribute positively

are highlighted in red. No features expected to contribute to a positive prediction were identified.

The training set examples are predominantly negative and are diverse. Analogs discussed in previous
sections (vanillin and ethyl vanillin), in addition to isovanillin are included amongst the training set
examples and are assessed as negative in the LLNA%. Concomitant predictions supported by an expert

review triggered a reliability score of RS3.

A Quantitative Mechanistic Model (QMM) has been developed for LLNA potency of aldehydes and
ketones®®. This QSAR performs well for aliphatic aldehydes and ketones, but substantially overpredicts
the potency of most aromatic aldehydes. Apart from a few cases with special features (notably ortho-
hydroxybenzaldehydes, but not para-hydroxy), aromatic aldehydes, although predicted by the QSAR to

have single figure EC3 values, are weak or non-sensitizing in the LLNA. For example, benzaldehyde is
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731 predicted to have an EC3 value of 4.2% but gives Sl values <3 up to 25% (highest concentration tested).
732 However, since the aldehyde is aromatic and has no special features, this is an overestimate of potency.
733 By analogy with benzaldehyde, if it can exhibit an EC3 value, this value is expected to be >25%. A similar
734  calculation could be made for ethyl vanillin. From the Xo* value of 0.97 and the logP value of 1.74, an EC3
735 value of 10.5% is calculated from the QSAR. However, since the aldehyde is aromatic and has no special
736  features, this is an overestimate of potency and ethyl vanillin has been assessed as negative in the LLNAY.
737  The Events in rodent lymphocytes endpoint is predicted as negative with medium confidence, based on a
738 lack of alerting fragments, and concurring reliable negative statistical results, as shown in Figure 17.
739 However, given the rough estimate of potency from the QMM (EC3 >25%) and the medium level
740  confidence, if any sensitization occurs as a result of exposure to 4-hydroxy,3-propoxybenzaldehyde, it

741 would be expected to be a weak sensitizer.

742
Rodent local lymph node proliferation
Assessment including
an expert review Events in rodent lymphocytes Skin sensitization in rodents
Statistical result = Non-sensitizer ‘RSS) Assessment = Non-sensitizer Assessment = Negative — Assessment = Negative
Expert alerts = Negative (RS5) — Reliability =RS1 Confidence = Medium Confidence = Medium
QMM = Weak/Non-sensitizer (RS5) Relevance = Standard
743

744 Figure 17. Derivation of the skin sensitization in rodents assessment of 4-hydroxy-3-

745 propoxybenzaldehyde given the reliability, relevance, and confidence of the supporting assessments

746  3.3.7 Human skin sensitization

747 A QMM has also been developed for human potency (NOEL values)®. Similarly, to the LLNA QMM, this
748 model substantially overpredicts the potency of aromatic aldehydes. For 4 aromatic aldehydes with no
749  observed effect level (NOEL) data (benzaldehyde, cuminaldehyde, piperonal, and p-
750  methoxybenzaldehyde), the NOEL was underpredicted (that is, potency overpredicted) by a factor ranging
751  from 20 to 50%. Bearing the above in mind, a rough prediction of the NOEL for 4-hydroxy-3-
752 propoxybenzaldehyde of 127 pg/cm? is calculated. By analogy with other aromatic aldehydes, the true
753 NOEL is expected to be 20-50 times higher. Applying a conservative factor of 20, the NOEL is expected to
754  be 22500 pg/cm?. Given that the aromatic aldehydes are outside the applicability domain of the QMM*°,

755 it is challenging to assess the reliability and relevance. An RS5 is conservatively assigned, with unknown
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relevance. However, this information is useful as it reflects that under the most conservative
circumstances,4-hydroxy-3-propoxybenzaldehyde would be expected to be a weak sensitizer, based on

the predicted NOEL and according to the classification scheme presented by Api et al.>°, Figure 18.

Human skin sensitization
Assessment including
an expert review Assessment = Weak Human skin sensitization

QMM = Weak/Non-sensitizer (RS5) " Reliability =RS5 g s IR
Confidence = Low
Relevance = unknown

Figure 18. Derivation of the human skin sensitization assessment of 4-hydroxy-3-propoxybenzaldehyde
given the reliability and relevance of the supporting assessments
3.3.8 Endpoint or overall assessment: skin sensitization in humans
The overall assessment of the endpoint takes all components of the framework into consideration. The
confidence score of each non-apical endpoint incorporates an evaluation of the reliability and relevance
of the information presented. Non-apical endpoints with higher confidence scores (more reliable and/or
relevant information) have greater weights in the final assessment, particularly when the information
adequately covers the pathways leading to the adverse outcome. The in silico prediction of LLNA and in
vitro endpoints are aligned on a negative assessment with a medium confidence level. The uncertainties
in the assessment around potential metabolism to a reactive species could be rationalized in different
systems. The overall medium confidence adequately reflects the degree of certainty in the conclusion of
a negative skin sensitization in humans and the lack of experimental data, Figure 19.

Skin sensitization in vitro

Assessment = Negative
Confidence = Medium

Skin sensitization in rodents Skin sensitization
Assessment = Negative —— > Assessment = Negative
Confidence = Medium Confidence = Medium

Human skin sensitization
Assessment = Positive —
Confidence = Low
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Figure 19. Derivation of the overall skin sensitization assessment of 4-hydroxy-3-propoxybenzaldehyde
given the confidence in the supporting assessments

4. Discussion
The above case studies demonstrate how the concepts of reliability, relevance, and coverage could be
applied to evaluate multiple lines of evidence. As toxicology moves towards new approach
methodologies, using standardized language becomes an important part of evaluating, integrating, and
communicating the confidence in new methods and their results. Here, we demonstrate that the concepts
of reliability, relevance, and coverage could be applied to in silico methods combined with experimental
data and across multiple endpoints to derive an overall assessment and confidence. Such weight of
evidence approaches were previously described®'>2, In fact, an evaluation of reliability, relevance, and
coverage are fundamental to the application of IATAs. One of the more obscure principles, however, has
been the evaluation of in silico results within these contexts. The use of controlled vocabulary, along with
transparent tools, allow the assessor to interrogate the predictions and allows for application of the
principles discussed. The overall impact is the mitigation of black box concerns, effective communication,

and reproducibility of in silico and experimental results combined.

The in vitro and in chemico analysis of phthalic anhydride presents a case in which experimental systems
indicate mixed results with a majority consensus negative call. Depending on the defined approach used,

and in the absence of a review of reliability and relevance, varying final assessments may be made.

However, once the compound level relevance of the systems for the analysis of phthalic anhydride are
examined, the uncertainties around the discordant results become communicable. Further, the added
advantage of a reliable and relevant statistical model result predicting the expression of co-stimulatory
adhesion molecules, which is concordant with the protein reactivity assessment supports the final
assessment of a positive call. The final assessment is made considering all lines of evidence and at this
point it is important to communicate the confidence in the result and the principles involved in deriving
that confidence. Within the IATA employed?® and evaluating other lines of evidence including reactivity
domains, aspects of reliability, and relevance at the various discussion levels and utilizing structure activity

relationships from known examples, the positive assessment can be rationalized.
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The second case study of 4-hydroxy-3-propoxybenzaldehyde is an example in which the in silico analysis
predictions are predominantly used to derive an assessment. In this case, the potential metabolism within
in chemico, and in vitro systems are addressed. Experimental results from close structural analogs, vanillin
and ethyl vanillin offered some degree of reliability and supported relevance to the negative prediction.
Vanillin has a low incidence of sensitization (Diagnostic Patch Testing (DPT) data % incidence ranging from
0 — 0.19%)>3** despite its wide use and has been classified as a category 5 sensitizer (very weak; not GHS
classified) by Basketter et al. (2014)%. Data are lacking on the human sensitization potential of ethyl
vanillin; however, the LLNA assesses both vanillin and ethyl vanillin as non-sensitizers. While in this case,
analysis of these analogs along with other lines of evidence lead to a medium level confidence in the
assessment, such relevant analogs may not be available for a test compound for which metabolic or
abiotic transformation is suspected. In such cases, the relevance of the test system for the particular test
compound will bring uncertainty to the overall assessment, and a low confidence rating may be

appropriate.

5. Conclusions
As we continue to explore the role of in silico models in regulatory settings, it is important to discuss how

we could consistently and transparently review model predictions and combine different lines of evidence
to derive an overall assessment. In experimental systems, the concept of reliability and relevance are well
defined and the degree of uncertainty in an experimental system is reviewed by analyzing various
experimental parameters and through a mechanistic understanding of how different chemistries interact
with the biological systems. In silico methods are built on computer-derived relationships between the
chemical structure and biological systems, which should be explored in a manner that allows an
assessment of reliability and relevance. Such analyses are important to better understand how much
emphasis could be placed on an in silico model’s result in a weight of evidence scenario. The assessment
framework originally presented by Myatt et al.2 and exemplified here, should find use across various

toxicological endpoints.
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