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In silico toxicology
In silico toxicology is 
used to make rapid 
predictions of the 
toxicity, generally 
based on the chemical 
structure alone



Supporting regulatory guidelines
• The European Union’s REACH regulation 

• ICH M7 guideline (“Assessment and Control of DNA 

Reactive (Mutagenic) Impurities in Pharmaceuticals to 

Limit Potential Carcinogenic Risk”) 

• This list of guidelines supporting regulatory applications 

is increasing 



Supporting chemical R&D
• Discovery phase: to prioritize candidates and design around 

potential toxicity

• Pre-clinical assessment: they are often used to develop testing 

strategies based on any predicted toxicity

• Quality: ensure the safety of impurities, degradants, metabolites, 

and excipients

• Manufacturing: to support worker safety, cleaning and 

transportation considerations



In silico toxicology protocols
Equivalent to in vivo or in vitro test guidelines
Developed through an international cross-industry consortium
• Individual working group set-up per major toxicological endpoint

These protocols ensure any assessment is performed in a transparent, 
accepted, consistent, documented and repeatable manner
They incorporate:

1. Best practices in computational toxicology, alongside 
2. The current science in assessing toxicity weight of the evidence (as encoded in 

AOPs, IATAs, and so on)

This ensures good in silico processes and principles are adopted in the 
prediction of specific toxicological endpoints
This supports the mutual acceptance of data
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Assessment of effects/mechanisms example



Effects/mechanisms
Assessment of 

effects/mechanisms
Assessment of sub-endpoints

Assessment of 
overall endpoint

Effect/mechanism -1
• Assessment
• Reliability score

Endpoint-1
• Assessment
• Confidence

Effect/mechanism -2
• Assessment
• Reliability score

Effect/mechanism -3
• Experimental data
• In silico prediction

• Statistical model
• Expert alerts model
• Read-across

… …

…

Effect/mechanism -1
• Experimental data
• In silico prediction

• Statistical model
• Expert alerts model
• Read-across

Effect/mechanism -2
• Experimental data
• In silico prediction

• Statistical model
• Expert alerts model
• Read-across

Endpoint-3
• Assessment
• Confidence

Endpoint-2
• Assessment
• Confidence

Effect/mechanism -3
• Assessment
• Reliability score

In silico toxicology protocol framework outline

Overall endpoint
• Assessment
• Confidence



Assessment of sub-endpoints
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Relevance and Completeness

Relevance: In silico toxicology protocols consider the relevance of experimental 
study data or in silico results (i.e., usefulness for predicting the toxicological 
endpoint of interest, such as acute oral toxicity in humans)

Completeness: Invariably, information will not be available for all 
effects/mechanisms outlined in the protocol. The overall confidence in any 
assessment may be reduced when critical information is missing.



Confidence

Confidence is established based on the weight-of-evidence*, incorporating reliability, 

relevance and completeness:

• A high confidence rating suggests that the assessment is likely to be true and that 
further research is unlikely to diminish its confidence

• A medium confidence rating suggests that the assessment is likely to be true, but that 
further research might change its confidence

• A low confidence rating suggests that further research is needed in order to improve its 
confidence. While regulatory submissions are not recommended, the low confidence 
rating could be useful for prioritization, and to determine data gaps

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

* Each protocol will include rules/principles to generate confidence



Assessment of sub-endpoint example

• The genetic toxicology in silico protocol included a series of rules for deriving the confidence score
• This included a rule to assign the endpoint to a high confidence if “both outcomes are negative with RS ≤ 2”
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Assessment of overall endpoint example

• In this example, since both sub-endpoints were negative, the overall genetic toxicity endpoint is determined to be negative 
• The confidence level is based on the rule for assessing “Genetic Toxicity” - “One with High and one with Medium confidence” to assign a medium confidence level
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Importance of documentation

From Hasselgren et al. (2019) Genetic toxicology in silico protocol. Regulatory Toxicology and Pharmacology 107, 104403. doi:10.1016/j.yrtph.2019.104403



WORKED EXAMPLE



Skin sensitization



Benzyl Chloride

Is benzyl chloride a skin sensitizer?

Select the 
chemical

Select the skin 
sensitization



Benzyl Chloride

Is benzyl chloride a skin sensitizer?

Select the 
chemical

Select the skin 
sensitization

Results based on methodology outlined in the in silico protocol



Benzyl Chloride

How was this assessment made?



Benzyl Chloride

How was this assessment made?

Hazard assessment framework 
(defined in the protocol) – describes 

how experimental data and/or in 
silico results are used in the 

prediction



Benzyl Chloride
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the 
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Benzyl Chloride

Effects or 
Mechanisms 
(e.g., protein 
reactivity, 
activation of 
Nrf2-ARE, …)

Experimental data
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Benzyl Chloride

Generating an 
assessment 
and 
documenting 
the reliability 
of the 
information



Benzyl Chloride

Generating an overall 
assessment for sub-
endpoints (e.g., covalent 
interaction with skin 
proteins (KE1)) alongside a 
confidence score



Benzyl Chloride Generating an 
overall 
assessment for 
the major 
endpoint (e.g., 
skin 
sensitization in 
humans) 
alongside a 
confidence 
score



Benzyl Chloride

Focus on 
part of the 
framework



Rodent local lymph node proliferation
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Rodent local lymph node proliferation
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• Documenting the conclusions
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Rodent local lymph node proliferation
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Benzyl Chloride

Review and manually update with sufficient evidence
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Expert alerts = Positive (Reliability score = RS5)

Rodent local lymph node proliferation



Benzyl Chloride

Documenting 
the results

Create report

• Experimental data
• In silico results
• Expert review
• How the information was 

combined

Protocols ensure results can be generated, recorded, communicated, and 
archived in a uniform, consistent, and reproducible manner



DISCUSSION



Protocol vs. position papers
• In silico protocols for all toxicological endpoints is the 

ultimate objective of this project
• Current state-of-the-science dictates when the generation 

of such a protocol is possible:
1. an accepted mechanistic basis to make decisions based on current 

knowledge
2. adequate and robust databases and IST models
3. clear regulatory or industrial drivers

• Position paper summarizing state-of-the-art is generated 
for other endpoints



In silico toxicology protocol status
• The consortium has been organized into a

series of working groups addressing individual
endpoints:

• In silico toxicology framework completed

• Two protocols have been published

• Genetic toxicology (Hasselgren et al., 2019)

• Skin sensitization (Johnson et al., 2020)

• Additional protocols under-development for
irritation/corrosion and endocrine activity



Status of position papers
• Manuscripts have been drafted/completed covering

• Acute toxicity

• Liver toxicity

• Kidney/lung/heart toxicity

• Carcinogenicity

• Neurotoxicity

• Overall conclusions for more complex endpoints

• Generally missing the battery of in silico models necessary to 
predict mechanisms underpinning the toxicity

• Existing models generally predict a potential hazard (i.e., toxic or 
non-toxic predictions)

• Restricts their ability to support a risk assessment where 
information on dose is important



Discussion

• Initiative developed to support toxicologists and regulators

• Transparent and defendable protocol for performing such assessments

• Enables mutual acceptance of data
• Project can also be used by scientists developing new tests and in silico

model developers to focus attention on methods that: 
• Fill gaps in the hazard assessment frameworks
• Provide the necessary information to support subsequent risk 

assessment



Discussion

• Incomplete package of experimental data and/or in silico results

• Possible to generate an overall assessment based on available information

• Associated confidence to determine whether the conclusion is sufficiently robust 

• Regulatory purposes (i.e., requiring a high level of confidence) 

• Prioritization or screening (i.e., scenarios that are tolerant of a lower level of 
confidence) 

• “What if” questions

• What if additional in vitro and/or in vivo data was included in the 
assessment - how would the results change?

• Currently under discussion how to expand framework to support risk assessments
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