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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
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Supporting regulatory guidelines

 The European Union’s REACH regulation

* |CH 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
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Supportmg 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

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

and excipients

 Manufacturing: to support worker safety, cleaning and
transportation considerations
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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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IN SILICO TOXICOLOGY PROTOCOL FRAMEWORK
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In silico toxicology protocol framework

In silico toxicology protocol — hazard assessment
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In silico toxicology protocol framework — leveraging existing work

In silico toxicology protocol — hazard assessment

Test guidelines
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Reliability Score

—8 ===) |
La =N Assessment : Overall
Confidence i assessment of

1
1
1
Assessment s PRy . 1
ssess specific toxicit
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In silico toxicology protocol framework outline

Assessment of
Effects/mechanisms effects/mechanisms

Effect/mechanism -1
* Experimental data
* Insilico prediction
* Statistical model
* Expert alerts model
* Read-across

Effect/mechanism -2
* Experimental data
* Insilico prediction
* Statistical model
* Expert alerts model
* Read-across

Effect/mechanism -3
* Experimental data
* Insilico prediction
* Statistical model
* Expert alerts model
* Read-across

—_|>

Effect/mechanism -1
¢ Assessment
* Reliability score

Effect/mechanism -2
¢ Assessment
* Reliability score

Effect/mechanism -3
¢ Assessment
* Reliability score

Assessment of sub-endpoints

Endpoint-2
—P» - Assessment

* Confidence

Endpoint-1

¢ Assessment
* Confidence

Endpoint-3

¢ Assessment
* Confidence

Assessment of
overall endpoint

. * Assessment

Overall endpoint

* Confidence
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In silico toxicology protocol framework outline

Assessment of
Effects/mechanisms  effects/mechanisms

Effect/mechanism -1
* Experimental data
* Insilico prediction

* Statistical model
* Expert alerts model
* Read-across

Effect/mechanism -2
* Experimental data
* Insilico prediction
* Statistical model
* Expert alerts model
* Read-across

Effect/mechanism -3
* Experimental data
* Insilico prediction
* Statistical model
* Expert alerts model
* Read-across

>

Effect/mechanism -1
¢ Assessment
* Reliability score

Effect/mechanism -2
¢ Assessment
* Reliability score

Effect/mechanism -3
¢ Assessment
* Reliability score

Assessment of sub-endpoints

Endpoint-2
—P» - Assessment

* Confidence

Endpoint-1

¢ Assessment
* Confidence

Endpoint-3

¢ Assessment
* Confidence

Assessment of
overall endpoint

>+ Assessment

Overall endpoint

* Confidence
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Assessment of effects/mechanisms

Assessment of

Effects/mechanisms .
effects/mechanisms

Effect/mechanism -1
* Experimental data
* In silico prediction
* Statistical model
* Expert alerts model
* Read-across

Effect/mechanism -1
- ¢ Assessment
* Reliability score
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Reliability score

Reliability of toxicity assessments based on computational models and experimental data (Myatt et al., 2018).

Reliability Score Klimisch Score Description Summary
1 1 Data reliable without restriction ® Well documented and accepted study or data from the literature
#® Performed according to valid and/or accepted test guidelines (e.g., OECD)
® Preferably performed according to good laboratory practices (GLP)
2 2 Data reliable with restriction ® Well documented and sufficient
® Primarily not performed according to GLP
® Partially complies with test guideline
3 - Expert Review ® Read-across
® Expert review of in silico result(s) and/or Klimisch 3 or 4 data
4 - Multiple concurring prediction results
5 - Single acceptable in silico result
5 3 Data not reliable ® Inferences between the measuring system and test substance
® Test system not relevant to exposure
® Method not acceptable for the endpoint
® Not sufficiently documented for an expert review
5 4 Data not assignable ® Lack of experimental details
.

Referenced from short abstract or secondary literature
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Assessment of effects/mechanisms example

r O3
=0

Bacterial mutation

Experimental data
Megative (Relizbility score = RSL)

Predictions

Seatistical model = Megative {Reliability score = RSE)
Bxpert alerts = Negative (Reliability score = RSE)

Assassnont

Bacterial mutation
fgzseszsment = Megative
Relizbility score = RS1
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In silico toxicology protocol framework outline

Assessment of
Effects/mechanisms  effects/mechanisms

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

Effect/mechanism -3

* Experimental data
* Insilico prediction

* Statistical model
* Expert alerts model
* Read-across

—

Effect/mechanism -1
¢ Assessment
* Reliability score

Effect/mechanism -2
* Assessment
* Reliability score

Effect/mechanism -3
¢ Assessment
* Reliability score

Assessment of sub-endpoints

Endpoint-2
—P» - Assessment

* Confidence

Endpoint-1

¢ Assessment
* Confidence

Endpoint-3

¢ Assessment
* Confidence

Assessment of
overall endpoint

Overall endpoint

>+ Assessment

* Confidence

—+
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Assessment of sub-endpoints

Assessment of
effects/mechanisms

Effect/mechanism -1
* Assessment
*Reliability score

Effect/mechanism -2
* Assessment
*Reliability score

Assessment of sub-
endpoints

Endpoint-1
— > ¢ Assessment
*Confidence

®e] cadscope



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.
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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

. Alow 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.

®e] cadscope’

* Each protocol will include rules/principles to generate confidence



Assessment of sub-endpoint example

Bacterial mutation
Bgzessment = e
Relizbility score = RSL

Gene mutation

Outcome = Megative
Chnfidence = High

Assessrant

Mouse lymphoma
fgzessment = Megatie
Relizbility score = RS1

*  The genetic toxicology in silico protocol included a series of rules for deriving the confidence score
* Thisincluded a rule to assign the endpoint to a high confidence if “both outcomes are negative with RS < 2”
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In silico toxicology protocol framework outline

Assessment of
Effects/mechanisms  effects/mechanisms

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

Effect/mechanism -3

* Experimental data
* Insilico prediction

* Statistical model
* Expert alerts model
* Read-across

—_’

Effect/mechanism -1
¢ Assessment
* Reliability score

Effect/mechanism -2
* Assessment
* Reliability score

Effect/mechanism -3
¢ Assessment
* Reliability score

Assessment of sub-endpoints

Endpoint-2
—» + Assessment

* Confidence

Endpoint-1

¢ Assessment
* Confidence

Endpoint-3

¢ Assessment
* Confidence

Assessment of
overall endpoint

Overall endpoint

>+ Assessment

* Confidence

®e] cadscope’

n Instem Com pany.



Assessment of overall endpoint

Assessment of sub-endpoints

Endpoi
Assessment N
Confidenc
Assessment of
.
overall endpoint
Overall endpoint
T ’ SSSSSSSSS
fiden
Endpoint-2
sssssssssss
nfidence
Endpoint-3 -
1 Assessment
Confidence
— &, ®
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Assessment of overall endpoint example

Assossrnent Gene mutation
Qucome = Negatie
Qnfidence = Hgh
Assessment Genetic Toxicity
Qucome = Negatie
Qnfidence = Medum
a. / in vitro
Qutzome = Negative
Qnfidence = Low
a. !
Quicome = Negatie
@nfidence = Medum
A a / in vivo
Quicoma = Negatie
Qefidence = Medum
* Inthis example, since both sub-endpoints were negative, the overall genetic toxicity endpoint is determined to be negative ..LeadSCO em
* 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 p
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Expert review

In silico toxicology protocol — hazard assessment

Expert review
Expert review

Adequacy Reliability

Relevance, completeness, confidence

Experimental data Effects or Endboints

= Mechanisms P Industry/regulation specific
r e [P - e et <IN
_s ‘ Reliability Score i i 1
L > Assessment Overa 1
5 Confidence : assessment of 1

As it e . .
RefabiltyScore o I specific toxicity Risk :
Assessment
Confidence ] A I
1 Confidence in ssessment |
Reliability Score 1 assessment 1
9 Assessment 1 I
Confidence | 1
! @ % ‘ Assessment e e e = — = I
% Reliability Score e

Expert review
Reliability
Refute prediction?

Expert review
Reliability, overall
assessment

1
]
]
]
1
1
1
]
]
]
1
1
1
]
]
In silico results 1 Assessment —felesance
1
1
1
]
]
]
1
1
1
]
]
]
1
1
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Importance of documentation

Table 6

Elements of an in silico toxicology report (QMRF = QSAR Model Reporting Format).

Section Content

Title page -

Executive summary -

Purpose -
Materials and methods -
Results of Analysis -
Conclusion -

References -
Appendices (optional) -

Title (including information on the decision context)

Who generated the report and from which organization

Who performed the in silico analysis and/or expert review, including their organization

Date when this analysis was performed

Who the analysis was conducted for

Provide a summary of the study

Describe the toxicity or properties being predicted

Include a table or summary showing the following:

® The chemical(s) analyzed

® Summary of in silico results, reviewed experimental data and overall assessment for each toxicological effect or mechanism

® Summary of toxicological endpoint assessment and confidence

® Summary of supporting information

Specification of the problem formulation

QSAR model(s), expert alerts, and other models used with version number(s) and any parameters set as part of the prediction (e.g., QMRF format)
Databases searched with version number(s)

Tools used as part of any read-across with version number(s)

Details of the results and expert review of the in silico models and any experimental data, including results of the applicability domain analysis
Report of any read-across analysis, including source analogs and read-across justifications

Summarize the overall analysis including experimental data, in silico methods and expert review

Final prediction that is based on expert judgment

Complete bibliographic information or links to this information, including test guidelines referred to in the experimental data, etc.

Full (or summary) study reports used or links to the report, detailed (or summary) in silico reports, reports on the models used (e.g., QMRF reports)

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

Contents lists available at SclenceDisect

Regulatory Toxicology and Pharmacology

journal homepage: www

Skin sensitization in silico protocol

Candice Johnson", Ernst Ahlberg", Lennart T. Anges
Joel Berc, Sol Bobst?, David Bower', Alessandro
lan Crooks", in P. Cros
1an M. Fearon, Markus Feh, Shayne C. Gad®, Vé nique C
Susanne Glowienke’, Barry Hardy', Catrin Hasselgren, Jedd Hille;
Eckart Krupp', Liat

Lisa Beilke'

Romualdo Benigni
Mark 1.D. Cronin

Amanda Giddings',
s', Robert Jolly

3 ise Neilson™, Rahul Parakhia™, Alexis Parenty’, Patricia Parris'
re Paulino Theresa Paulino™, David W. Roberts', Harald Schlecker

d stidl”, arez-Rodrigez™, David T. Szabo"", Raymond R. Tice'
a Vuorinen®, Brian Wall*, Thibaud Weiler’, Angela T. White', Jessica Whritenour*
Joerg Wichard™, David Woolley”, Craig Zwickl™, Glenn J. Myatt

mnitski®, Jason Magby*, Jordi Mestres’, Lawrence Milchak’, Scott Miller”,

el Urbisch”,

T )

Protein Reactivity

DPRA results

ADRA results 1
Potency: Kinetic DPRA results I

Covalent
interaction with
skin proteins
(KE1)

Reaction domain*
Skin metabolism*

Activation of biochemical
pathways (Nrf2-ARE pathway)
KeratinoSens™ results

LuSens results

Events in
Keratinocytes
(KE2)

Pathway associated with gene
expression

Pathway associated with
protein expression

Release of pro-inflammatory
mediators

Expression of co-stimulatory
and adhesion molecules
h-CLAT results .
U-SENS™ results Eventsin
Dendritic cells
Gene expression pathways = (KE3)
IL-8 Luc assay results

| Protein expression pathways

Events in human
la lymphocytes
(KE4)

* considered in the assessment of KE1-3

| Human T cell proliferation

a: can support the applicability domain assessment of the assays

L Skin sensitization

Human skin

sensitization
Phys-chem properties HMT results
(molecular weight, solubility, HRIPT results

log K, , Vapor pressure, Clinical/Occupational
melting/boiling point) results

Skin sensitization Photoallergy
—> in humans in vivo

|

Events in rodent skin sensitization
lymphocytes (KE4) - jnrodents

i

in vitro

Rodent local Ski —
lymph node i Rodent maximization

y ) irritation GPMT results
proliferation

LLNA results BT results

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

I:l Effect/mechanism for which there are no validated assays

Endpoint discussed in a separate protocol
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“ Is benzyl chloride a skin sensitizer?

Integrated Assessments
: Integrated hazard assessment
- Bl Genetic toxcity
- BB Skin sensitization
Regulatory guideline

Benzyl Chloride

Select the S ; Select the skin
chemical = = = sensitization

----- 3F ICH M7

OORORR
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Cl

Is benzyl chloride a skin sensitizer?

Benzyl Chloride

Integrated Assessments

E! Integrated hazard assessment
BB Genetic toxdty

-- B Skin sensitization

Select the Select the skin || Regulatory guideline
chemical wa — sensitization [ - BEICHM?
Integrated hazard assessment . Individual models
Integrated hazard assessment: Skin Sensitization
Structure Skin Sensitization in Humans Skin Sensitization in Humans Skin Sensitization in Rodents Skin Sensitization in Rodents Skin Sensitization in vitro Skin Sensitization in vitro
assessment confidence assessment confidence assessment confidence
o
é] Positive Medium Positive Medium Positive Medium
benzy chloride
Bxplain... Export Table...

Results based on methodology outlined in the in silico protocol

pe
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How was this assessment made?

| Integrated hazard assessment | Individual models

Integrated hazard assessment: Sian Sensitization

Structure

assessment confidence

Positie. Medium

Benzyl Chloride




Cl .
How was this assessment made?

[n;egra(ed;a;zard assessment | Individual models

Integrated hazard assessment: Sian Sensitization

assessment confdence [assessment

Benzyl Chloride [S———

Hazard assessment framework
(defined in the protocol) — describes
how experimental data and/or in
silico results are used in the
prediction

R
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Protein reactivity
Experimental data —— .
nassigned (Mo S aabe] Asoss Protein reactivity Assess Covalent interaction with skin proteins (KE1)
Pesessment = High reactivty Quicome = Positive
Reliabicyscore = RS Gonfdence = Medum
Predictions
Satitical model = High reactivty (Refiability score = RS5)
Activation of NH2-ARE
mental data =
ey Assessment Rctivation of NrfZ-ARE Assessment Events in Keratinocytes (KE2) Assessmene | Sk sensitization in witro
Pesessment = Positie Quicome = Positive. Quecom: Positive
Relisbicyscore = RS Gonfdance = Medum orfidence = Medum

Predictions
Satisical medel = Postive (Relibiley score = RSS)

Exprassion of co-stimulatory and adhesion malecules
imental data
Assessment

| Expression of co-stimulatory and adhesion molecules ‘

Experii
. Unassigned (Mo Studies Auailzble)
Benzyl Chloride PR ——
Predictions
Seatistical model = Qut-of-domain (Relizbility score = RSS)
Assessment Events in Dendritic cells (KEZ)
e
Assessmant Pathways-associated gene expression
Aesessment = Unassigned
Reaction domain
Reaction domain Assessment Assessment Skin Sensitization
Tt
@nfidence = Medium

Reviewin
g Experimental data
Unassigned (No Studies Ausilsble) Assessmact
e
Reliabityscore = RS

the ——
Brpert slens = 2 (Reliably score = RSE)
r e s u It s Rodent lacal lymph node proliferstion
Expesimental data
Unzssigned (No Studies ilable) Assesamant Rodent local lymph node proliferation Assessament Events in rodent Lymphocytes (KE4)
Fesessment = Srong/Btreme Qutcome = Positive
Er Relzbityscore = RS @nfidence = Medum
Satistical model = Soong/Bireme (Relisbility score = RSS)
e Assessmens | 540 sensitization in rodents
Outzome = Rostie
Qnfidence = Medim
Assesement Rodent madmization
Pesessment = Unassigned

Ilullm skin sensitization ‘
B
Jpe
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Covalent interaction with skin proteins (KE1)
Qutcome = Positive
Gonfdence = Medium

Assessment Assessment

Effects or _ -
(e.g., protein
reactivity,
Benzyl Chloride activation of
Nrf2-ARE, ...)

Experimental data

_ -

Assessment Assessment

_

_




Protein reactivity
Experimental data .
C I Unassigned (Mo Sudies Araiable) Assessment Amenmen: [
Qutcome = Positive
Predictions (nfidence = Medium
Satistical medel = High reactivty (Reliability score = RS5)
Activation of Nf2-ARE
Experimental data
Unassigned (No Sudies Miabie) Assesoment Assessment ‘ o “'E“R: in Kerstinocytes (KE2) Assesoment, 05'“” *‘;‘:"‘“” in vitmo
scome = P e = o
o — @nfidence = Medum @nfidence = Medium
Geatistics| model = Postive (Redfisbility score = RSE)
Expression of co-stimulatory and adhesion molecules
Experimental data
. Unassigned (Mo Studies Auailzble) Assessment
Benzyl Chloride
Predictions
Seatisticsl model = Qut-of-domain (Relisbility soore = RSS) Q
Generating an NN
Qe — e
assessment
Assessmant
and
documenting
= — the reliability
Experimental data
Unassigned (No Siudies Milable) Assessment Of th e Assassment Assessment Skin Sensitization
Coeame = s

@nfidence = Medum
Predictions

Bipen slens - SN2 (Relabiey sroe = 7S5) information

Rodent lacal lymph node proliferstion

Experimental data
Unassigned (No Studies Awsilabie)

Events in rodent Lymphocyces (KE4)

Assessment Assessment

Quicome = Positive

Predictions @nfidence = Medum
‘Satistical model = Soong/Bireme (Relisbility score = RSE)
Bxpart akers = Positve (Reliabiityscore = REE)

Skin sensitization in rodents

Assessment

Quezome = Rosiie
Qnfidence = Medum

Assassmant

Assessment

pe
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Cl

Benzyl Chloride

Protein reactivity

Experimental data
Unassigned (No Studies Ailzbie)

Predictions
Satitical model = High reactivty (Refiability score = RS5)

Pativation of Nef2-ARE

Experimental data
Unzssigned (No Sudies Ausitzble)

Predictions
Satisical medel = Postive (Relibiley score = RSS)

Exprassion of co-stimulatory and adhesion malecules

Experimental data
Unassigned (No Studies Awsilabie)

Predictions
‘Satitical modl = Outof domsin (Refisbly score = RSS)

Reaction domain

Experimental data
Unassigned {No Sudies Ausilable)

Predictions
Brpert slens = 2 (Reliably score = RSE)

Rodent lacal lymph node proliferstion

Experimental data
Unassigned (No Studies Awsilabie)

Predictions
ng/Eireme (Reliebilty score = RS5)
= Positive (Relibiltyscore = REE)

Protein reactivity
Pesessment = High reactivy
Relabiltyscore = REE

Assessment Assessment

Assssment s Assessment

Pesessment = Posiie
Relisbicyscore = RS

Assessment | Expression of co-stimulatory and adhesion molecules
Sesassmant = Unassigned

Assessment

Assessmeat Pathways-associated gene expression
Peseszment = Unassigned

Assessment Reaction domain Asssssmant

fesessment = 92
Relisbiieyscore = RS

Rodent local lymph node proliferation
Fesessment = Srong/Btreme
Reliabityscore = RS2

Assessment Assessment

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

Assessrent

Skin Sensitization
Qutcome = Postie
@nfidence = Medum

pe
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Cl

Benzyl Chloride

Protein reactivity

Experimental data
Unassigned (No Studies Ailzbie)

Predictions
Satitical model = High reactivty (Refiability score = RS5)

Pativation of Nef2-ARE

Experimental data
Unzssigned (No Sudies Ausitzble)

Predictions
Satisical medel = Postive (Relibiley score = RSS)

Exprassion of co-stimulatory and adhesion malecules

Experimental data
Unassigned (No Studies Awsilabie)

Predictions
‘Satitical modl = Outof domsin (Refisbly score = RSS)

Reaction domain

Experimental data
Unassigned {No Sudies Ausilable)

Predictions
Brpert slens = 2 (Reliably score = RSE)

Rodent lacal lymph node proliferstion

Experimental data
Unassigned (No Studies Awsilabie)

Predictions
‘Satistical model = Soong/Bireme (Relisbility score = RSE)
Bxpart akers = Positve (Reliabiityscore = REE)

Assessment

Assassmant

Assessment

Assessment

Assessment

Assessment

Assassmant

Assessment

Protein reactivity Assess Covalent interaction with skin proteins (KE1)
Pesessment = High reactivy Quicome = Positie
Relabiltyscore = REE Gonfidence = Medium
Activation of Nrf2-ARE ssess Events in Keratinocytes (KEZ) Assess Skin sensitization in wtro
Aesessment = Posiiie Qecome = Posiie Qutome = Posidie
Relzbiityscore = RS @ndance = Medium @nfidenc = Medum
Expression of co-stimulatory and adhesion molecules
Pesessmant = Unassgned
Asssssment Events in Dendritic calls (KE3)
Qaeome = Unassigned
Pathuays-associated gene expression
Pesessment = Unassgned
Reaction domain Asssssmant
Asessment = 2
Relisbiity score = RSS
Rodent local lymph node proliferation Assess Events in rodent Lymphocytes (KE)
fessssment = Song/Breme Quicome = Positive
Reliabityscore = RS2 @nfidence = Medum

Rodent maxdmization
fesessment = Unassigned

Human skin sensitization
Sesassmant = Unassigned

Assessment

Quezome = Rosiie
Qnfidence = Med

Skin sensitization in rodents

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

R

Jpe
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Cl

Benzyl Chloride

Focus on
part of the
framework

Protein reactivity

Experimental data
Unassigned (No Sudies Araiabie]

Predictions
Satitical model = High reactivty (Refiability score = RS5)

Pativation of Nef2-ARE

‘Experimental data
Unassigned (No Seudies fuaiable)

Predictions:
Seatistcal model = Positive (Relisbilnyscore = RSE)

Experimental data
Unassigned (No Studies Ausilable)
Predictions

‘Satistcal model = Qut-of-domain (Relisbilty score = RS5)

Rodent maim

Human skin sensitizat

Assessment Assessment

Assessment

Assessment

Assessment

Assessment Asssssmant

Assessment Assessment

Assassmant

Assessment

pe
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Benzyl Chloride

* Includes adequate
experimental data

Rodent local lymph node proliferation

Experimental data
Unassigned (No Studies Available)

Assessment

Predictions

Statistical model = Strong/Extreme (Reliability score = RS5)
Expert alerts = Positive (Reliability score = RS5)

Rodent local lymph node proliferation

Assessment = Strong/Extreme
Reliability score = RS3

Assessme

nt

Event in rodent Lymphocytes (KE4)

Outcome = Positive
Confidence = Medium

pe
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Cl

Benzyl Chloride

Rodent local lymph node proliferation

Experimental data
Unassigned (No Studies Available)

Predictions

Statistical model = Strong/Extreme (Reliability score = RS5)
Expert alerts = Positive (Reliability score = RS5)

Rodent local lymph node proliferation

Assessment = Strong/Extreme
Reliability score = RS3

Assessme

nt

Event in rodent Lymphocytes (KE4)

Outcome = Positive
Confidence = Medium

Includes in silico models
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Benzyl Chloride

* Inspect the results and underlying
information

Manually change results or
reliability score

* Create an expert review

Rodent local lymph node proliferation

[#8] Modify Prediction Assessment

ot et
Reliability: i ddata |

-

Expert slerts presicton:
Reliabiity: |ss unassignedMimisch 3or 4 data |

L

Assessme
nt

Event in rodent Lymphocytes (KE4)

Outcome = Positive
Confidence = Medium




Cl

Benzyl Chloride

Rodent local lymph node prolifera

Experimental data
Unassigned (No Studies Available)

Predictions

Statistical model = Strong/Extreme (Reliability score = RS5)
Expert alerts = Positive (Reliability score = RS5)

) Moty Prediction Assessment

LLNA Model Result: Remove
Reliakility: |RSS - Single prediction reaut o unassignediMimisch 3 or 4 data +

Esplain Skin Sensitization LLNA Model Results Eind Ansiogs,, | Create Expert Review...

Espert slerts predicson: | Poatie v Remowe

Reliability: RS - Single prediction result or unassigned Kimisch 3 or 4 data

s “IWM_

Attach Madel | Alerts Prediction ‘Attach Third PartyResuit

Comments:

Checklist* of items to consider as
part of expert review

Documenting the conclusions

(8] Expert Review - Statistical Model LLNA Category (updated)
1. Applicability domain considerations. For the tast compound to be within the applicabilty domain
ofthe model there must be atleast one structural analog and at least one structural feature in both |~
the training set and the model and at least one common structural feature in both the test compounds P
and the model. Analysis of this applicability domain information.
has not been conduded,
Comments:
2. Calculation of probabilities. The probabiliy is 0.762 and the prediction is Strong/Exireme. This it
probability is based on the weight of the contributing features. An analysis of the feature weightings. o)
has not been condluded.
Comments:
3. Relevancy of model descriptors. The model uses a series of descrplors. An examination ofthe |~
relevancy ofthe descriptors. 1t Response..
has not been condluced,
Comments:
4, Sufficiency of training set data. The descriptors used in the model are included based on the it
data fromihe training set. An examination of the sufficiency of this daf o)
has not been condluded.
Comments:
Other ofthe model on chemical |~
analogs, may be considered. Analysis of these other considerations. 1t Response..
has not been condluced,
Comments:
i| | overai recommendation: in your expert opinion, the review ofthe underying QSAR information.
@ [ncreases e
(O does notinarease the prediction reliabiity
(O refutes the prediction
Comments:
Gancel

* Based on the protocol
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Benzyl Chloride

Rodent local lymph node proliferation

Experimental data
Unassigned (No Studies Available)

Assessment |

Predictions

Statistical model = Strong/Extreme (Reliability score = RS5)
Expert alerts = Positive (Reliability score = RS5)

Rodent local lymph node proliferation

Assessment = Strong/Extreme
Reliability score = RS3

Assessme |

nt Ll

Event in rodent Lymphocytes (KE4)

Outcome = Positive
Confidence = Medium

Review and manually update with sufficient evidence
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e Documenting

the results

= Create report L —
}”"""‘“"“’?i_ } —— i Fnd ot o - . e

Benzyl Chloride . S -
| == |— e * Experimental data

* Insilico results

* Expertreview

¢ How the information was
combined

Emnentd das
s St ol

Pricions
‘S  Cicdorsn ety 5

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

e Skin sensitization (Johnson et al., 2020)

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

& ®
. : = ®] cadscope
information on dose is important SLOpe



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

®e] cadscope



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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