
The use of computational models to replace empirical data is
increasingly becoming accepted as a cost-effective, time-saving
and accurate method of estimating the potential toxicity of
chemicals. While computational approaches can quickly
calculate a prediction, the process of selecting/acquiring
models, performing an expert review, integrating data/model
results, and documenting conclusions and uncertainties can be
time-consuming and difficult to repeat. It is also challenging to
defend the results, primarily due to a lack of published
procedures for performing in silico assessments. To support the
development of such protocols, a consortium has been
assembled including representatives from regulatory agencies
and government research laboratories, companies in major
industrial sectors, academic groups, and other stakeholders. The
protocols will ensure that in silico assessments are performed in
a consistent, repeatable, and well-documented manner to
support their broader acceptance. The consortium is currently
developing protocols to cover over 20 different toxicological
endpoints. The first two in silico protocols under development
are for genetic toxicology and skin sensitisation. The genetic
toxicity protocol incorporates data and models covering gene
mutation, clastogenicity, aneugenicity, and DNA damage. The
skin sensitisation protocol covers covalent interactions with skin
proteins; events in keratinocytes, dendritic cells, and rodent
lymphocytes; and skin sensitisation in vitro, rodents, and
humans. This poster describes the consortium’s activities and a
framework for conducting such an assessment using the genetic
toxicity and skin sensitisation protocols for illustration.
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Abstract

In silico protocol project objectives

Consortium

• To standardize in silico model application and the subsequent
interpretation of predicted results

• To reduce the burden on both industry and regulators to
provide justification for the use of these methods

• To ensure results are generated, recorded, communicated, and
archived in a uniform, consistent and reproducible manner

• 55 organizations collaborating to generate these in silico
toxicology protocols

• Members include representatives from international
regulatory agencies and government research laboratories in
the United States, Canada, Japan, and Europe, as well as
companies from major industrial sectors (e.g.,
pharmaceuticals, cosmetics, food, tobacco), academic groups,
and other stakeholders

• General strategy paper published [Myatt et al., 2018]

• Subgroups are currently working on in silico protocols for:

• acute toxicity / lethality
• carcinogenicity 
• cardiac toxicity 
• developmental toxicity
• ecotoxicity
• endocrine activity
• gastrointestinal toxicity 
• genetic toxicity
• immunotoxicity
• liver toxicity
• neurotoxicity
• Photosensitisation

• physical hazards
• renal toxicity
• repeated dose toxicity 
• reproductive toxicity 
• respiratory system 

toxicity 
• skeletomuscular 
• skin / eye irritation and 

corrosion
• skin / respiratory 

sensitization
• Environmental toxicity

In silico toxicology protocol Framework
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Collect experimental data
- what study types?
- what result?
- how to define quality?
- how to combine study results?

Generate an overall assessment
- combined experimental and/or in silico model results
- perform an expert review based on checklists

Assess reliability and determine scores
RS1: Well documented study, performed according to accepted test guidelines and good 
laboratory practices (GLP)
RS2: Well documented and sufficient, may not be performed according to GLP
RS3: Expert review of in silico predictions 
RS4: Multiple concurring in silico results
RS5: Klimisch 3 or 4 data, or single  in silico prediction

Collect data and in silico predictions for multiple 
effects/mechanisms

Use the effect/mechanism assessments to determine an assessment of a 
toxicological endpoint
Determine a toxicological endpoint assessment confidence based on the 
completeness, relevance, and reliability of the associated information

Genetic toxicity protocol

Skin sensitisation protocol

Summary

Incorporating the principles outlined in this poster routinely into the use of in silico methods will support a more transparent analysis
of the results and mitigate “black box” concerns, providing an important step towards a quality-driven science for in silico toxicology
(Myatt et al. 2018) . The framework for conducting an in silico assessment based on a commonly agreed protocol has been outlined.
Working groups are creating individual protocols that will:

• Describe the major toxicological endpoint being assessed
• Outline the general hazard assessment framework, including how a series of toxicological effects or mechanisms are related to one

or more endpoints
• Identify toxicological effects or mechanisms that might realistically be predicted
• Define what in silico methodologies are appropriate to use
• Outline the use of experimental data
• Describe the process for toxicological effects or mechanisms assessment and generation of reliability scores
• Define how toxicological endpoint assessment should be performed and confidence scores calculated
• Describe how an assessment should be documented

Run in silico models
- what effects/mechanism to predict?
- what methodologies?
- what criteria?

Generate an assessment 
and confidence for all 
toxicological endpoints, 
as required

An assessment of skin sensitisation includes
• Skin sensitisation in vitro: a defined approach is

used to integrate assessments of AOP key events.
When confidence is high in this endpoint hazard
and/or potency is extrapolated to humans

• Skin sensitisation in rodents: Local Lymph Node
Assay (LLNA), Guinea Pig Maximization Test
(GMPT), and Buehler Test (BT) results are
integrated to derive this endpoint

• Skin sensitisation in humans: Human data of high
reliability is considered sufficient to make decisions.
Criteria for assessing the reliability of human data
are outlined in the protocol.

• Dermal bioavailability, skin irritation and
photoallergy: The assessment of these endpoints
support the weight of evidence assessment of skin
sensitisation

Rules and principles are defined for integrating the
above endpoints to derive and overall assessment and
measure of confidence.

Genotoxicity testing for hazard identification and risk assessment is
designed to characterize the ability of a chemical agent to induce
genotoxicity. A comprehensive assessment of genotoxicity
incorporates a battery of in vitro and in vivo tests that evaluate for:

• Gene mutation (Mutagenicity)
• Clastogenicity
• Aneugenicity
• DNA damage

This protocol outlines a procedure for assessing genotoxicity based
on coverage of the three major endpoints of genotoxicity as well as
a generic term “Primary DNA damage”. The purpose of this protocol
is to outline the process for determining whether a chemical agent
is genotoxic or not using in silico methods and experimental data,
as well as the level of confidence related to the assessment.
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