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Equivalent to in vivo or in vitro test guidelines

Developed through an international cross-industry
consortium comprised of over 70 organizations
including regulators, government agencies, industry
(pharmaceutical, agrochemicals, industrial chemicals,
consumer products), academics, model developers,
consultants, NGOs

Individual working group established per major
toxicological endpoint

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

They incorporate:

1. Best practices in computational toxicology

2. The current science in assessing toxicity weight of
the evidence (as encoded in AOPs, IATAs, and so on)



In silico toxicology protocol framework - leveraging existing work

In silico toxicology protocol — hazard assessment
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Key Characteristics of Carcinogens™

Is electrophilic or can be metabolically activated

Is genotoxic

Alters DNA repair or causes genomic instability
Induces epigenetic alterations

Induces oxidative stress

Induces chronic inflammation

Is immunosuppressive

Modulates receptor-mediated effects

Causes immortalization

10. Alters cell proliferation, cell death, or nutrient supply
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*Adapted from Smith et al. Key Characteristics of Carcinogens as a Basis for Organizing Data on Mechanisms of Carcinogenesis.
Environ. Health Perspect. 2016, 124: 713-721.



In Silico Carcinogenicity Position Paper Goals

define the key characteristic/mechanism and how it contributes to carcinogenicity

define relevant processes/endpoints that (could) lead to the key
characteristic/mechanism

identify in vitro and/or in vivo experimental approaches for detecting chemicals that
induce the key characteristic/mechanism, pointing out emerging experimental
approaches

identify computational methods (statistical models, expert alerts, read-across) that
are available or are not available to identify chemicals that potentially induce a key
characteristic/mechanism

identify experimental approaches that are needed to generate relevant data and/or
identify data gaps that are needed to develop computational methods to analyze
such data



Key Characteristics of IARC 86 Group 1 Agents*
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Key Characteristic

*Krewski et al. (2019) J Toxicol Environ Hlth, Part B, 22:7-8, 244-263, DOI: 10.1080/10937404.2019.1643536



Number of IARC Group 1 Agents Demonstrating One or More Key Characteristics*
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*Krewski et al. (2019) J Toxicol Environ Hlth, Part B, 22:7-8, 244-263, DOI: 10.1080/10937404.2019.1643536
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Interactions among the 10 KCs and with the Three Stages of Carcinogenesis

KC1 =is electrophilic, KC2 = is genotoxic, KC3 = alters DNA repair or causes genomic instability, KC4 = induces epigenetic alterations, KC5 = induces oxidative stress, KC6 = induces chronic
inflammation, KC7 = is immunosuppressive, KC8 = modulates receptor-mediated effects, KC9 = causes immortalization, KC10 = alters cell proliferation, cell death, or nutrient supply.
Supporting information for the different arrows can be found in the text or are considered by the working group to be biologically plausible. KCs are color coded according to the
association between KCs and 86 chemicals carcinogenic to humans (International Agency for Research on Cancer Group 1 Agents) as determined by Krewski et al. (2019).



Relationships between the different KCs, their contribution to one or more stages of carcinogenesis, and
availability of global in silico methods and whether used for making regulatory decisions related to cancer

In Silico Methods

Used for making
Availability cancer-related
regulatory decisions

KC1: Is Electrophilic or Can Be Metabolically KC2, KC3, KC8 Well-established for adduct formation, but  Yes, but limited to
Activated otherwise limited DNA reactivity

First level, common
molecular or cellular level
event/effect among KCs

Key Characteristic
(KC)

k1 Well-established Yes
KC3: Alters DNA Repair Or Causes Genomic KC1 None No
Instability

Limited No

KC6, KC7 Not for cancer but for assay specific No
endpoints

KC6: Induces Chronic Inflammation KC5, KC7 Not for cancer but could be developed for No

assay specific endpoints

KC7: Is Immunosuppressive KC5, KC6 None No

KC8: Modulates Receptor-Mediated Effects KC1 Yes, for multiple nuclear receptors No

KC9: Causes Immortalization Only for in vitro Syrian hamster embryo cell No
transformation
KC10: Alters cell proliferation, cell death, or None No

nutrient supply

First level refers to arrows from two or more KCs that point to the same first molecular or cellular level event/effect.
KCs 1-8 contribute to all three stages of carcinogenesis (initiation, promotion, progression), while KCs 9 and 10
contribute to promotion and progression



General Conclusions

* With the exception of KC2 — is genotoxic - there is a lack of global
computational methods as they relate to carcinogenicity.

* For some KCs, assays exist that could be used to provide robust data
for developing computational methods; not yet true for others.

* Given that many of the KCs interact with each other, it is unclear
how much information is sufficient and how the data should be
combined to generate an overall assessment along with an
associated level of confidence.



In Silico Carcinogenicity Case Studies Working Group

 Goalis to develop a series of case studies to support the development of new approaches and protocols,
using information from:

 target safety assessments
* in silico approaches
* invitro data

* jn vivo data

 Where such approaches are fit-for-purpose and based on a human-oriented quantitative assessment

* To improve the speed and accuracy of carcinogenicity assessment, while avoiding animal experiments as much
as practically possible,

* Takes into consideration the risk of false negatives

* Include if possible an assessment of exposure and genetic diversity
 These approaches may be used for:

* Regulatory use cases

* Pharmaceuticals/plant protection products industrial use cases

* Provide sufficient information to waive a 2-year rodent bioassay



Chemicals Selected for Case Studies

Nongenotoxic and carcinogenic — pregabalin, an anti-epileptic drug that
induces tumors in mice only (Doug Keller; 21stcenturytox@gmail.com)

Nongenotoxic and noncarcinogenic — acetaminophen, extensively
evaluated (Frank Bringezu; frank.bringezu@merckgroup.com)

Genotoxic and carcinogenic — lasiocarpine, a pyrrolizidine alkaloid
classified by IARC as being possibly carcinogenic to humans (category 2B)
(Elena Lo Piparo; elena.lopiparo@rdls.nestle.com)

Genotoxic and noncarcinogenic - quinacrine, a mutagenic drug widely
used to prevent malaria
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ICH S1B WORKING GROUP
(Arianna Bassan; arianna.bassan@innovatune.com)

The recently published addendum of the ICH S1B guideline |

introduces a weight-of-evidence (WoE) approach to
assesses the human carcinogenic potential of small
molecule pharmaceuticals and to determine whether a 2-
year rat carcinogenicity study would add value

Application of this integrative approach would reduce the
use of animals in accordance with the 3Rs principles, and
shift resources to focus onto generating more scientific
mechanism-based carcinogenicity assessments

To support this guideline, a working group is being
established to develop a protocol for performing such an

assessment in a transparent, consistent, and defendable
manner

" ICH

harmonisation for better health

INTERNATIONAL COUNCIL FOR HARMONISATION OF TECHNICAL
REQUIREMENTS FOR PHARMACEUTICALS FOR HUMAN USE

ICH HARMONISED GUIDELINE

ADDENDUM TO THE GUIDELINE ON TESTING
FOR CARCINOGENICITY OF
PHARMACEUTICALS
S1B(R1)

Draft version
Endorsed on 10 May 2021

Currently under public consultation



ICH S1B Addendum — Integrative WoE Assessment

An integrative WoE assessment approach may support a conclusion

that the test compound is either:

1. Likely to be carcinogenic in humans such that the product would be labeled
accordingly and any 2-year rat carcinogenicity studies would not add value.

2. Likely not to be carcinogenic in humans such that a 2-year rat study would not add
value (may also not be carcinogenic in rats, or may likely be carcinogenic in rats but
through well recognized mechanisms known to be human irrelevant).

3. Uncertain with respect to the carcinogenic potential for humans, and a 2-year rat
carcinogenicity study is likely to add value to human risk assessment.



Objectives of the S1B Working Group

. Map the KCs of carcinogens to the ICH S1B WoE factors

. Develop a pragmatic hazard assessment framework (based on the principles
of the in silico toxicology protocols) to support case studies

. Develop an implementation of the protocol to support case studies
. Consider how available protocols would be integrated

. Propose weight of evidence rules/principles for combining information and
deriving a confidence score
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Evaluating confidence in toxicity
assessments based on experimental
data and in silico predictions
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Reliability Scores That Consider In Silico Results*

Reliability Description Summary
Score

Data reliable without Well documented and accepted study or data from the literature; Performed according to
restriction valid and/or accepted test guidelines (e.g., OECD); Preferably performed according to good
laboratory practices (GLP)

2 Data with restriction Well documented and sufficient; Primarily not performed according to GLP; Partially
complies with test guideline

- Exert review Read-across; Expert review of in silico result(s) and/or Klimisch 3 or 4 data

- Multiple concurring
prediction results

- Single acceptable in silico

result
3 Data not reliable Inferences between the measuring system and test substance; Test system not relevant to
exposure; Method not acceptable for the endpoint
4 Data no assignable Not sufficiently documented for an expert review; Lack of experimental details; Referenced

from short abstract or secondary literature

* Adapted from Myatt et al. (2016) Regul Toxicol Pharmacol 96:1-17; ** Klimisch et al. (1997) Regul Toxicol Pharmacol 25:1-5.



Confidence

The reliability, relevance, and coverage of information determine the level of confidence in the assessment

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

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

A low confidence rating suggests an accurate conclusion is lacking and further research is needed to support a robust
conclusion and to improve its confidence

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 a lack of relevance and/or

reproducibility. While decisions cannot be made in these cases, the data may be useful for discussion as seeking solutions may advance testing

paradigms.
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Conclusions

* It is important to determine how the scientific community could consistently and
transparently review in silico model predictions and combine different lines of evidence to
derive an overall assessment.

* In experimental systems, the concept of reliability and relevance are 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 biological systems.

* In silico methods are built on computer-derived relationships between the chemical
structure and biological systems, which could be explored in a manner that allows an
assessment of reliability and relevance.

e Such analyses are important to better understand how much emphasis can be placed on
an the prediction of an in silico model in a weight of evidence scenario.
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