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QSAR TOOLBOX

Background

®* This is a step-by-step presentation designed to take the
user through the workflow for filling data gap for
carcinogenicity effects by read-across based on an
analogue approach. The aim of this data gap filling is to
illustrate how the initial set of identified analogues could
be filtered based on measured AMES data.
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QSAR TOOLBOX

Objectives

This presentation demonstrates a number of functionalities of
the Toolbox:

* Identify analogues of the target chemical.

* Retrieve experimental results available for those analogues.
* Fill data gaps for carcinogenicity by read across.
* Filtering analogues by measured AMES data.

®* Save the prediction.
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QSAR TOOLBOX

The exercise

* The aim of exercise is to predict the carcinogenicity potential of 1-(2-hydroxyethyl)-1-
nitrosourea (CAS 13743-07-2), taken as a “target” chemical, by filtering with Ames
mutagenicity data.

* The prediction will be accomplished by collecting set analogues considered to be in the
same category as the target molecule.

* The category will be defined based on structural similarity of all the chemicals in the
category with respect to the Organic functional group profiler.

* The experimental data for the target chemical and identified analogues will be collected
from databases including carcinogenicity data.

* Read across will be applied based on analogue approach.

* Analogues will be filtered based on two approaches:
* Data filter - filtering by AMES experimental data

®* Mechanism based - DNA and Protein binding profilers

* Finally the obtained prediction result will be saved.
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QSAR TOOLBOX

Cancerogenicity
Background

®* Cancers are a large family of diseases that involve abnormal cell growth with the potential to
invade or spread to other parts of the body [1,2].

* Classically, cancer has been viewed as a set of diseases that are driven by progressive genetic
abnormalities that include mutations in tumor-suppressor genes and oncogenes, and
chromosomal abnormalities. However, it has become apparent that cancer is also driven by
epigenetic alterations [3].

* Epigenetic alterations refer to functionally relevant modifications to the genome that do not
involve a change in the nucleotide sequence. Examples of such modifications are changes in
DNA methylation (hypermethylation and hypomethylation) and histone modification [4] and
changes in chromosomal architecture (caused by inappropriate expression of proteins such as
HMGA2 or HMGA1).

* (Carcinogenicity is a complex, multistep process, conditioned by DNA and Protein alterations[5].
* Basically chemical carcinogens are classified as: into two types carcinogens:

* Genotoxic, and
* Nongenotoxic carcinogens

* The analysis continues with assessment of the carcinogenicity of the target chemical taking into
account DNA and protein interactions.

Cancer Fact sheet N° 297". World Health Organization. February 2014. Retrieved 10 June 2014.

Cancer - Signs and symptoms". NHS Choices. Retrieved 10 June 2014.

Baylin SB, Ohm JE (February 2006). "Epigenetic gene silencing in cancer - a mechanism for early oncogenic pathway addiction?". Nature Reviews Cancer 6 (2): 107-
16. doi:10.1038/nrc1799. PMID 16491070

4. Kanwal, R; Gupta, S (2012). "Epigenetic modifications in cancer". Clinical Genetics 81 (4): 303-11. doi:10.1111/j.1399-0004.2011.01809.x. PMC 3590802.

5. Baker, S.G., Cappuccio, A., Potter, J.D. Research on early-stage carcinogenesis: Are we approaching paradigm instability. Journal of Clinical Oncology. Volume 28,
Issue 20, 10 July 2010, Pages 3215-3218 15.07.2016 8
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http://www.who.int/mediacentre/factsheets/fs297/en/
http://www.who.int/mediacentre/factsheets/fs297/en/
http://www.who.int/mediacentre/factsheets/fs297/en/
http://www.nhs.uk/Conditions/Cancer/Pages/Symptoms.aspx
http://www.nhs.uk/Conditions/Cancer/Pages/Symptoms.aspx
http://www.nhs.uk/Conditions/Cancer/Pages/Symptoms.aspx
http://www.nhs.uk/Conditions/Cancer/Pages/Symptoms.aspx
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3590802/
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QSAR TOOLBOX

Workflow

* The Toolbox has six modules which are used in a
sequential workflow:

®* Chemical Input

* Profiling

* Endpoints

® Category Definition
* Filling Data Gaps

®* Report
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QSAR TOOLBOX

Chemical Input
Overview

®* This module provides the user with several means of
entering the chemical of interest or the target chemical.

®* Since all subsequent functions are based on chemical
structure, the goal here is to make sure the molecular
structure assigned to the target chemical is the correct
one.
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QSAR TOOLBOX

Chemical Input
Ways of Entering a Chemical

User Alternatives for Chemical ID:

A Single target chemical
Chemical Name
®* Chemical Abstract Services (CAS) number (#)

SMILES (simplified molecular information line entry
system) notatlon/InChl

Drawing chemical structure

Select from User List/Inventory/Databases
Chemical IDs such as EC number, EINECS number
Query Tool

B.Group of chemicals
* User List/Inventory
®* Specialized Databases
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QSAR TOOLBOX

Getting Started

®* Open the Toolbox.

®* The six modules in the workflow are seen listed next to
“"QSAR TOOLBOX".

® Click on “"Input” (see next screen shot).
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QSAR TOOLBOX

Chemical Input Screen
Input target chemical by CAS#

&e e\
About Update

QSAR TOOLBOX

¥ Profiling » Endpoint » Category Definition  » Data Gap Filling

Document Single Chemical Chemical List

Documents V[Filter endpaint tree...

Structure

[HSubstance Identity
[HPhysical Chemical Properties
[HEnvironmental Fate and Transport

[EHuman Health Hazards

... select filter type .. ~ Apply

|:| 1. Click on "CAS#" button

0 Document 1/e/0
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QSAR TOOLBOX

Chemical Input Screen
Enter CAS# 13743-07-2

=l Search by CAS # — O =
13743-07-2 || [ Tautomeric sets | Q, Search . | o OK Cancel
\f ~
1 N 2 3
| selectal | Clear Al II_Lmva—asaecﬁm | Selected 0 of 0
Selected CAS Smiles Depiction Mames CAS/Mame 20/Mame CASf2D
< >

1. Enter the CAS# in the blank field; 2. Click “Search” button; 3. Press "OK”
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QSAR TOOLBOX

Chemical Input
Target chemical identity

The Toolbox now searches the databases to find out if the CAS# you entered is linked to a
molecular structure stored in the Toolbox. It is displayed as a 2-demensional depiction.

" Search by CAS # — O >
|13743-07-2 v| [OTautomericsets | (7 Search [P ok ] | X Cancel |
| SelectAll | Clear Al || InvertSelection | Selected 10f1
Selected  CaS Smiles Depiction Names CAS/MName 2D/Mame CAS/2D
: High
Utmx NHaz 1:: High 1:: High
13743-0; NC(=0)N ”‘é 1o G 1uG
1 | (=0} -
vE'S N 0 200G 200G
OH EE K 3D
< >
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QSAR TOOLBOX

Chemical Input
Target chemical identity

* Double click "Substance Identity” displays the chemical
identification information.

®* The user should note that existing names of the target
chemical are presented in different colours. This
indicates the reliability of relation CAS-Name-SMILES
for the target chemical (see next screen shots).

* The workflow on the first module is now complete, and
the user can proceed to the next module.
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QSAR TOOLBOX

Chemical Input
Target chemical identity

® = B ® MW
QSAR TOOLBOX Ll 10100
» Input } Profiling » Endpoint » Category Definition  » Data Gap Filling
Document Single Chemical Chemical List
i = ES = N,
Mew

Open C AS Name Structure

Documents I|Fi|ter endpoint tree. ..

Structure

The CAS number is colored green* because
this chemical with its CAS number and 2D

Substance |dentity
CAS Number

13743-07-2

Chemical ID: NA . - . .
e byl structure belongs to high quality inventories.
Moleculzr Formula C3HTNIO3 Double click over the cell with CAS number to

Structural Formula
EHPhysical Chemical Properties
FEEmvironmental Fate and Transport
[FEcotoxicological Information
EHHuman Health Hazards

clroniecon see the sources of chemical ID

= Explain QA Form

CAS/2D MNames CASMame 2D Mame CASf2D Status
NC[=0JN[CCO]N=0
CAS: 13743072

NC(=0)N(CCO)N=0

: High Quality
1:: High Quality 1:: High Quality 1:: Carcinogenic P
o:N\ NH: 0"-:N\ N 1: 1-(2-hydroxyeth 1:: Carcinogenic Poter 1:: Carcinogenic Poter 2:: Carcinogenicity pgase Structure
"‘ﬁ N__\< 2:: Carcinogenicityfm 2:: Carcinogenicity&m 3:: DSSTOX
Ny /_/ ] 3:: DSSTOX 3:: DSSTOX 4:: Genotoxicity 04
CH CH 5:: USER DEFINED

... select filter type .. v Apply

] <

*More details about color legend are provided on next slide
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QSAR TOOLBOX

Chemical Input
Chemical identity

The colour code indicates the reliability of the chemical
identifier:

°* Green: There is a high reliability between the identifier
and the structure. This colour is applied if the identifier
is the same in several quality assured databases.

There is only a moderate reliability between
the identifier and the structure. The colour is applied if
the identifier is the same in several databases for which
the quality assurance could not be established.

°* Red: There is a poor reliability between the identifier
and the structure. The colour is applied if the identifier
is allocated to different structures in different
databases.
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QSAR TOOLBOX

Profiling
Overview

* “Profiling” refers to the electronic process of retrieving
relevant information on the target compound, other than
environmental fate, ecotoxicity and toxicity data, which are
stored in the Toolbox database.

* Available information includes likely mechanism(s) of
action, as well as observed or simulated metabolites.
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QSAR TOOLBOX

Profiling
Side-Bar to Profiling

* For most of the profilers, background information can
be retrieved by highlighting one of the profilers and
clicking on “View”
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QSAR TOOLBOX

Profiling
Side-Bar to Profiling

Gt S ® ® A
QSAR TOOLB E T3 E sh o100

About Update
» Input ¥ Profiling } Endpoint ¥ Category Definition  » Data Gap

Profiling " rofiling So-emes

¥

Apply

DNA alerts for AMES by OASIS v.1.4 (Endpoint Specific) - Profiling Scheme Browser

Advanced

DMA alerts for AMES by OASIS v.1.4 —Ca\fﬁ Profile Description
~  DMA alerts for AMES by OASIS v.1.4
r A2 Mechanistic Domain: A, 2 (N
w - Michael-type addition, qui

¢ Flavonoids Mechanistic Alert: Michael-type addition, quinoid structures

- Quinone methides
- Quinoneimines . . .
-+ Quinones and Trihydroxybenzenes Mechanistic Domain: Radical

Y Corbamoyialion after socyancl= formatio Mechanistie Alert: ROS formation after GSH depletion

—
orofiir methods

I T T T

All v
[ | Cramer

W Ultimate
Endpoint Specific

-+ Hydroxamic Adids

i b N-Hydroxylamines
\:I -Formation of adducts similar to Schiff base Structural Alert: Quinone Methides
L Blkyhnitrites e
+ -Michael addition on conjugated systems w 8]
Thiadiazoledioxide derivatives J_i
« - Michael-type addition on alpha, beta-unse A
i ' Four- and Five-Membered Lactones " \I
w - Michael-type conjugate addition to activa’ :l I
- Alpha-Beta Conjugated Alkene Deriva s By ”
w - Nudeophilic addition reaction with cydoisc ][
i . Hydrazine Derivatives &
- Nudleophilic addition to alpha, beta-unsat
- Alpha,Beta-Unsaturated Aldehydes
M Nucleophilic addition ‘P ’“E‘Ehnl_‘ca"" form Several synthetic 7-hydroxyflavin salts, related to apigeninidin, a natural 3-deoxvanthocyanidine have been studied in the Ames
! v Sa'j;akl’o;tef:fn:::;::me S-<Conjugates mutagenicity test, using strain 747337 of Salmonalella typhimurium. Some of the quinone methides formed under the conditions of the test
. > : Alpha, Beta-Unsaturated Aldehydes showeq mmaglmlcxt}' [1]. On the lother h.and_ quercetin wa;. metabohcfiﬂ}' b1oacT:.va.ted to DNA-reactive species by m}ma.t\c‘ omdahou‘to
- . - Dicarbonyl compounds quercetin o-quinone, followed by isomerization of the o-quinone to quinone methides. The latter were suggested to be the active alkylating
e R - Halofuranones DNA-reactive intermediates, and the results have demonstrated the formation of transient quercetin- DNA adducts in exposed cells i vizro [2].
| Polarized Haloakene Derivatives Other results have demonstrated that a series of simple, sterically-unhindered alkylphenols are metabolized to reactive quinone methide
Il Documented : "_Spmﬁc E_S“bs_mmad Uraci Derivating intermediates by mammalian liver enzymes. This oxidation mechanism is regarded as common for an increasing number of p-alkylphenols and
Moo mek * - Schiff base formation by aldehyde formec .. . K . . . . .
© .. Geminal Polyhsloakane Derivatives appears to play a significant role in their reported cytotoxic effects, mostly, by ghitathione depletion. The following scheme of the formation of
v - 5hiff base formation (after 53 metabolic & ghitathione conjugates from 4-ethylphenol via quinone methide intermediate was suggested by these authors [3]:
- Mon-Cydic Alkyl Phosphoramides and "
M simulated « -Shiff base formation after aldehyde relea: R
H < £, tate Ecto, i 1 i

1. Highlight the profiler
2. Click View
3.Click on category "Quinone methides”. The textual description is displayed on the right
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QSAR TOOLBOX

Profiling
Profiling the target chemical

* The outcome of the profiling determines the most appropriate way to search for
analogues (detailed information in Manual for getting started (Chapter 4).
http://www.oecd.org/dataocoecd/58/56/46210452.pdf

* Table 4 - 1 in chapter 4 (Manual for getting started) lists a selection of profilers and their
relevance for different endpoints of regulatory relevance.

* In our case study the following endpoint specific and general mechanistic profiling
schemes are relevant to Carcinogenicity endpoint:

* DNA alerts for AMES by OASIS v.1.4

* DNA alerts for CA and MNT by OASIS v.1.1

* DNA binding by OECD

* Protein binding alerts for Chromosomal aberration by OASIS v1.2
* Carcinogenicity (genotox and nongenotox) alerts by ISS

* Oncologic Primary Classification

* Organic functional groups - all four types

* More details about identified analogues is provided on slide 41
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QSAR TOOLBOX

Profiling
Profiling the target chemical

* Click in the box next to the name of the profiling
methods related to the target endpoint.

* This selects (a green check mark appears) or deselects
(green check mark disappears) profilers.

* For this example, check all the profilers mentioned
above and click on apply (see next screen shot).
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QSAR TOOLBOX

Profiling
Profiling the target chemical

Y m
QSAR & 100

» Endpoint b Category Definition  » Data Gap Fi

“ee\R

About Update

Profiling Profiling Schemes

¥

Apply

Profiling methods 1 Filter endpaint tree. ., 1 [target]
Select Al Unselect Al l
PA N 5 oEN e,
t A
General Mechanistic Structure /__/"'_{,
Endpoint Specific Ea
ESubstance Identity
EPhysical Chemical Properties
[FEEnvironmental Fate and Transport
[EEcotoxicological Information
alth Hazards .

2

1. Select the “"US-EPA new Chemical categories” profiler

2. Select the endpoint specific profilers associated with target endpoint and mentioned on slide 25
3. Click “Apply”
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QSAR TOOLBOX

Profiling
Profiling the target chemical

* The profiling will take up to several seconds depending on
the number and type of selected profilers.

* The results of profiling automatically appear as a
dropdown box under the target chemical (see next screen
shot).

* Please pay attention on the outcome of endpoint-specific
profilers — Protein and DNA binding by OASIS (see side-
bar on carcinogenicity above) and general (endpoint -
non specific, OFG) profilers.

* This result will be used to search for suitable analogues in
the next steps of the exercise.
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QSAR TOOLBOX

Profiling

Profiling the target

T

» Category Definition

QSAR TOOLBOX

¥ Profiling ¥ Endpoint

Profiling

4

Apoly

Profiling Schemes

chemical

01
10100

» Data Gap

Profiing methods Filter endpaint tree...

1 [targef]

s

General Mech ic
Endpoint Specific

Structure

Tredeﬁned

US-EPA New Chemical Categories
EGeneral Mechanistic

ElEndpoint Specific

— Carcinogenicity (genotox and nongenotox)...

— DNA alerts for AMES by OASIS v.1.4

— DNA alerts for CA and MNT by OASIS v.1.1

— Oncologic Primary Classification

— Protein binding alerts for Chromosomal ab...

Hydrazines and Related Compounds

Alkyl and aryl N-nitroso groups (Genatox)

Structural alert for genotoxic carcinogenicity

SN1

SN1 => Nucleophilic attack after carbenium ion formation

SN1 => Nucleophilic attack after carbenium ion formation == N-Nitroso Compounds
SN1 == Nucleophilic attack after nitrosonium cation formation

SM1 => Nucleophilic attack after nitrosonium cation formation == N-Nitroso Compoury
SN1

There is an indication for
Protein and DNA binding
interaction of target chemical
based on SN1, Ac-SN2 and
SN2 mechanisms. Also
“Carcinogenicity alerts by ISS”
profiler indicates positive
genotoxic alert “Aryl and aryl
N-nitroso groups” available
within molecule. Oncologic
primary classification confirms
the positive DNA and Protein
alerts, which may cause the
carcinogenic effect of the
molecule

SM1 == Mucleophilic attack after carbenium ion formation

SN1 => Mucleophilic attack after carbenium ion formation == N-Nitroso Compounds
SN1 == Nucleophilic attack after nitrosonium cation farmation

SN1 => Nucleophilic attack after nitrosonium cation formation == N-Nitroso Compounds
Nitrosamide Type Compounds

Nitrosamine Type Compounds

SN1

SN1 => DMA and protein alkylation via the formation of alkyldiazonium ion

SN1 == DMA and protein alkylation via the formation of alkyldiazonium ion == Alkylated ni...
SN1 == DMA and protein alkylation via the formation of alkyldiazonium ion == N-Nitrosoa...

SM2
SN2 == DMA and protein alkylation via the formation of alkyldiazonium ion

SN2 == DMA and protein alkylation via the formation of alkyldiazonium ion => Alkylated ni
SN2 => DMA and protein alkylation via the formation of alkyldiazonium ion == N-Nitrosoa...
SN2 == Protein alkylation via direct attack at the N-alkyl group

SN2 == Protein alkylation via direct attack at the N-alkyl group == Alkylated nitrosoureas ...

Empiric
Alcaohal
N-Mitroso

Organic Functional groups Semicarbazide

Select Al

Unselect All Invert

1 Document 1/0/0
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QSAR TOOLBOX

Endpoint
Overview

* "Endpoint” refers to the electronic process of retrieving
the environmental fate, ecotoxicity and toxicity data
that are stored in the Toolbox.

* Data gathering can be executed in a global fashion (i.e.,
collecting all data for all endpoints) or on a more
narrowly defined basis (e.g., collecting data for a single
or limited number of endpoints).

The OECD QSAR Toolbox for Grouping Chemicals into Categories 15.07.2016 31



QSAR TOOLBOX

Endpoint
Case study

* In this example, we limit our data gathering to the two endpoints: "“carcinogenicity” and “Ames
mutagenicity”. The latter will be used for filtering by Ames data in the subcategorization process.
Selection of databases including "Ames mutagenicity” data is needed prior to entering data gap filling
and assessing carcinogenicity effect.

* The following “carcinogenicty” and "Ames mutagenicity” databases have been selected and used in this
analysis:

* Bacterial ISSTY

* Carcinogenicity potency database (CPDB)
* Carcinogenicity&mutagenicity ISSCAN

* Genotoxicity OASIS

* Toxicity Japan MHLW

* Follow the steps:

* Click on “Endpoint” in the Toolbox workflow.
* Expand the “"Human Health Hazards” section
* Click on the box to select databases mentioned above

* Click on “Gather data” (see next screen shot).
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QSAR TOOLBOX

Endpoint
Gather data

= T 588
QSAR TOOLBOX T3 5 10100 E about Update

¥ Profiling » Endpoint finition ¥ Data Gap Filling

Data nport Delete Tautomerize

- _ ] | Into Categor

Gather Import u il ze Inventory Da Developed by LMC, B

~—
Sele

Databases Filter endpaint tree... ‘1 [target]

uman Health Hazards

Structure N

=

[HSubstance Identity _

HPhysical Chemical Properties
EEnvironmental Fate and Transport
[HEcotoxicological Information
EHHuman Health Hazards

1. Go to “Endpoint”
2. Expand the “Human Health Hazards” section

3. Select databases related to the target endpoint: Carcinogenicity and Ames mutagenicity. This is needed
for forthcoming filtering by Ames measured data in the stage of “Data gap filling”

4. Click “Gather”
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QSAR TOOLBOX

Endpoint
Gather data

EEl L ek .

11 data points gathered across 1 chemicals,
@ Al endpoints () Choose... [] from Tautomers [ V’ Ok ] ’ x Cancel l

= Repeated values for: 6 data-points, 3 groups, 1 chemicals — O 32 4

Data points...
Endpaint CAS Structure Value Author Selact one
Summary cardnegenidty 13743072 Positive Romualdo Benigni
0
© I t
Summary cardnogenicity  13743-07-2 o Positive Romualdo Benigni MvEr
Summary cardnogenicity  13743-07-2 o Positive Romualdo Benigni Check Al
Summary cardnogenicity  13743-07-2 s Positive Romualdo Benigni
. o " o Unchedk All
Summary cardnegenidty 13743072 Positive Romualdo Benigni
i
Summary cardnogenicity  13743-07-2 S Positive Romualdo Benigni

x Cancel
< > 3

1. Click "OK"” to extract data from database

2. Click on “Select one” button

3. Click “OK”

4. The message informing for number of gathered data for the target chemical appears. Click “"OK"
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QSAR TOOLBOX

Endpoint
Gather data

QSAR Toelbox 3.4.0.17 [Document]

S
QSAR TOOLBOX 10100

} Profiling » Endpoint } Category Definition » Data Gap Filling

Import Delete Tautomerize
'] ']

Database Inventory

VFilter endpoint tree... |1 [target]

Measured data for the target chemical
appears on data matrix. There is more
Structure i than one positive experimental data
- associated with both endpoints:
FmAcute Toxicity carcinogenicity and Ames mutagenicity.

[ Dioaccumulation We will try to reproduce positive
e : carcinogenicity data
HEHCarcinogenicity
HEHSummary Carcinogenicity (1/2 M: Positive, Positive
D50 (1i2§ M: 0.818 mg/kgida. .
HRat
HHCarcinogenicity
HHSummary Carcinogenicity (1/3 M: Positive, Positiv...
D50 (12 M: 0.244 mg/kg/da. ..
HtDevelopmental Toxicity / Teratogenicity
FHEIGenetic Toxicity
FElIn Vitro
Bacterial Reverse Mutation Assay (e.g. ...

ation i
ation ECETOC Gene Mutation
— Salmonella typhimurium
N0 S9 Info (171§ M: Positive

— With 59
atabas:

Without S9
T 1535 an
Undefined Strain '

~ '— Undefined Metabolic Activation
FEIDNA Damage and Repair Assay, Unsc...
FHEHIDMA React. (Ashby Fragments)

w HHIn Vitro Mammalian Chromosome Aberr. ..
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QSAR TOOLBOX

Recap

* In the first module, you have entered the target chemical being sure
of the correctness of the structure.

* In the second module, you have profiled the target chemical and
found that the target chemical may interact with DNA and proteins
based on 3 different mechanisms. This could be an indication for
positive carcinogenicity effect of the target.

* In the third module, you have found that there are more than one
positive carcinogenicity data found for the target structure associated
with rat and mouse species. Also positive experimental data was
found for Ames mutagenicity. Positive experimental data supports
positive DNA and Protein binding alerts found for the target chemical.
We will try to reproduce the positive carcinogenicity data by using
read-across analysis.
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QSAR TOOLBOX

Next actions

®* Read-across analysis will be performed for “Summary
carcinogenicity” endpoint associated with rat species

* Before proceeding with “"Data Gap Filling” module, the user should
define a category of similar analogues. The "“Organic functional
groups” as broad endpoint-non specific grouper will be used for
defining similar analogues (see next slides).

* Click on “Category Definition” to move to the next module.
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QSAR TOOLBOX

Outlook

* Background
* Objectives
* The exercise
* Workflow

* Input

* Profiling

* Endpoint

* Category definition
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QSAR TOOLBOX

Category Definition
Overview

®* This module provides the user with several means of

grouping chemicals into a toxicologically meaningful
category that includes the target molecule.

* This is the critical step in the workflow.

®* Several options are available in the Toolbox to assist the
user in refining the category definition.
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QSAR TOOLBOX

Category Definition
Grouping methods

* The forthcoming 4 slides provide basic information about
definition and procedure of “Category definition”.

* The different grouping methods allow the user to group
chemicals into chemical categories according to different

measures of “similarity” so that within a category data gaps can
be filled by read-across.

* Detailed information about grouping chemical (Chapter 4) could

be found in document “"Manual for Getting started” published on
OECD website:

http://www.oecd.org/chemicalsafety/risk-
assessment/theoecdgsartoolbox.htm
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QSAR TOOLBOX

Basic guidance for category formation and
assessment

Usually, a three stages procedure is recommended for building categories for read-across, in Toolbox. The
categorization phases could be organized as follows:
« Stage I: Broad and endpoint non-specific primary categorization of chemicals based on their belonging
to common chemical classes, predefined categories or being structurally similar
« Stage II: Subcategorization based on mechanisms conditioning the target endpoint thus coming to
endpoint specific subset of chemicals reacting by same interaction mechanisms.
+ Stage III: Further narrowing down the category based on elimination of chemicals most dissimilar to
target one by using additional structure-related profilers
This sequence of stages is not mandatory and depends on the specificity and number of the chemical analogues
and target endpoint. Moreover, some of the stages could be skipped if consistency of category members is
reached earlier. It is also recommended only primary categorization to be applied in the Category Definition phase
of the Toolbox workflow whereas the subcategorization to be applied at Data gap filling phase; thus, one could
follow up the effect of subcategorization on the read-across results (having visualization of the endpoint vs.
parameter relationship).
The structural similarity is not recommended to be applied as primary categorization. However, often it is needed
to be used in the last stage of the subcategorization - for eliminating most dissimilar chemicals. This holds for
read-across implementation for any endpoint.

Graphical illustration of suitable categorization phases is shown on next slide
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QSAR TOOLBOX

Suitable Categorization/Assessment Phases

Phase I. Structure based

» US EPA Categorization

« OECD Categorization

« Organic functional group
«  Structural similarity

« ECOSAR

Broad grouping
Endpoint Non-specific

Repeating Phase | due to Multifunctionality of chemicals

Phase Il. Mechanism based

* DNA binding mechanism

* Protein binding mechanism

* (Genotoxicity/carcinogenicity

« DARTV1.0

* Cramer rules

* Verhaar rule

« Skin/eye irritation corrosion rules
* Repeated dose profiler (NITE)

Metabolism accounted for
Phase I11. Eliminating dissimilar chemicals

Subcategorization
Endpoint Specific

Apply Phase I — for structural dissimilarity
Filter by test conditions — for Biological dissimilarity
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QSAR TOOLBOX

Category Definition
Grouping methods - phase I

Suitable Categorization/Assessment Phases

Phase I. Structure based

US EPA Categorization
OECD Categorization
Organic functional group

»  Structural similarity

+ ECOSAR

Phase | categorization in Toolbox

ilter endpoint tree...

Structure

MSubstance Identity
HPhysical Chemical Properties
EHEmaronmental Fate and Transport
HEcotoxicological Information
HHuman Health Hazards
EProfile
(=IPredefined
US-EPA New Chemical Categories
(=IEndpoint Specific
Aquatic toxicity classification by ECOSAR
(SIEmpiric

Organic Functional groups

Crganic Functional groups (nested)

|1 [target]

sy
,__/"“\{a
&

Hydrazines and Related Compounds

k—

Aliphatic Amines

Alcohol

N-Mitroso
Semicarbazide
Urea denvatives
Alcohol

N-Mitroso
Overlapping groups
Semicarbazide
Urea derivatives

Structural similarity, Dice ACF, 50%

Broad grouping
Endpoint Non-specific

I

Each of the above grouping method
is applied to the target chemical and
number of identified analogue is

provided below. The structural
features met in the target chemical
regarding each of the applied

grouping method are provided on
next slide. The aim is to illustrate
why OFG is used for categorization
purpose.

520 analogues are identified.

v

1687 analogues are identified

N

11 analogues are identified (in case
all categories are preserved)

53 analogues are identified (in case
N-nitroso and Urea are preserved)

48 analogues are identified | 43




QSAR TOOLBOX

Category Definition
Phase I grouping methods - definitions

Category used Structural feature met in the Boundary(ies) coding the
for grouping chemical structure - highlighted rule Comment
(phase I) in red
o=N The chemical meet the
US-EPA (New NH NLC\Y}M} AND structural and

\ -
Chemical N— ‘NT&M} MW= 133 Da parametric criteria of
y— O
OH

categories) the category

O=N NH
N g ’ C-NH ¢ Cy-© The chemical meets the
By _NH | structural criteria of the
ECOSAR 0 c ¢ category
OH
Alcohol
O
\ ~O~ /SQS}
HoCHe /N\n/NHz H 9
T N NN AR AR AR R A RS EEEEEEEEEEEEEEEEE The chemical meet the
N-nitroso o structural criteria of
o \ each of these four OFG
Organic ) /NMLN categories: Alcohol, N-
functional Ho/\CH;N\ﬁ/NHZ \C\ nitroso, Urea and
groups (OFG) o / Semicarbazide
Urea derivatives Hybs
Oy
I \ /NM)—Hyb3
HO” NS N\C/NHZ /NDL%Lc\
o o
Semicarbazide \ y
N, N_-N
o\’ﬁ / \
HO/\/N\C _NH, /N—C\
g 0
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QSAR TOOLBOX

Category Definition
Grouping methods - recap

* Based on above recommendations and basic guidance for grouping chemicals explained on the
previous slides, phase I grouping methods are compared each other and illustrated on slide 43

* Definition of structural fragments met in the target chemical regarding different categorization
groups are provided on slide 44

* Analysis of structural fragments shows that the most appropriate group for identifying analogues
is OFG, when two out of 4 structural fragments are combined: “N-Nitroso” and “Urea derivatives”.

The two alerting categories mentioned above are used for
categorization, because:

« They cover basic functionalities, which may explain the positive
DNA and protein interaction. Alcohol group is an inert group
and usually does not lead to positive genotoxic effect. Hence,
no carcinogenic effect will be expected from this group and is
omitted from the selection. “Semicarbazide” group is an
alternative group, which could be used in the group selection
instead of “Urea derivatives”.

« US-EPA and ECOSAR grouping methods are not used for
categorization, because they are broad and do not cover the
two basic functionalities, which could explain the positive
carcinogenicity effect.
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QSAR TOOLBOX

Category Definition
Defining category by OFG

QSAR Toelbox 3.4.0.17 [Decument] - X

- o “cee -\
QSAR TOOLBOX T3 5 3; 10100 : E : o e

D >Urea derivatives (Organic Functional groups|

» Profiling » Endpoint » Category Definition  » Data Gap Filling Define category name

Delete

The OECD QSAR Toolbox
for Groupir 3
into Categorle

Developed by

Category name {53 chemicals)

Filter endpoint tree. ..

S Py Organic Functional groups
cologic Primary Organic Functional groups y E@g : Target(s) profiles
Pre tein binding hromosomal aberration by .1.2 Target(s) profiles N-hitroso
tion by OAS: Urea derivatives
N-Mitroso
Semicarbazide

€a dervanves

I ] I T , Positiv... G ﬁ m
profiles All profiles
Acetal - Acetal -
R E bestoy
ad annydride N Add anhydride
:g_?diar?:yd”de’ mixed phosphanic Acid anhydride, mixed phosphonic
Acridone/ Acridinimine Acridine L
Acrylamide Acridone Acridinimine
Acrylate Acrylamide 5
: o
Toxicological Cyl halide W
lepeated dose (HESS) Combine profiles logically [ trvert result Arulsl
(@ AND 1oR [ strict Combine profiles logically [ invert result
njugated double bonds )
te custom profiler @ AND O e D Strict x Cancel
ywded anilines
rofiler Warning
e
Defined Categorics I\ You have selected different from target categories!
. = znt to continue?

1. Go to “Category definition” 2. Highlight the “Organic functional group”

3. Click "Define” 4. Click over the category “Alcohol” and “Semicarbazide” and remove it from the
selection by clickingon  button

5.Click “"OK” 6. Click “Yes” on the appeared warning message. 53 analogues were identified.

7.Click “OK”




QSAR TOOLBOX

Category Definition
Read data for Analogues

Redundancy table appears informing for repeating data values for same chemical presented in
different databases.

‘| Repeated values for: 74 data-points, 37 groups, 36 chemicals - | x
Data points...
Endpoint CAS Structure Value Authof Select one

Summary carcinogenicity  13743-07-2 ) Positive Romualdo BeniJ 1 i
O Summary carcinogenicity  13743-07-2 =-'_"H;= Positive Romualdo Benigni Invert
Summary carcinogenicity  13743-07-2 - Positive Romualde Benigni Check Al
O Summary carcinogenicity  13743-07-2 Eal Positive Romualdo Benigni
Summary carcinogenicity  10589-74-9 ,_.J—’ Positive Romualdo Benigni Unchedk Al
O Summary carcinogenicity  10539-74-9 ;.’_“-\, Positive Romualdo Benigni
Summary carcinogenicity 869-01-2 e Positive Romualda Benigni o OK
m| Summary carcinogenicity 863-01-2 i Positive Romualdo
_ x Cancel

<

QSAR Toolbox 3.4.0.17 x
294 data points gathered across 33 chemicals.
3

In our case we use single data value: 1. Click "“Select one” button, then 2. Click
“"OK"; 3. 276 data points are gathered for the identified 53 analogues. Click "OK"”
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QSAR TOOLBOX

Category Definition
Defining category by OFG

* The data is automatically collected.

* Based on the defined category (*N-Nitroso” and “Urea derivatives”) 53
analogues have been identified

* The name of the category appears — Defied Categonies
in the “Defined Categories” window, [53] N-itroso <AND>Lrea derivatves (Organic Functonal group)
indicating the number of substances

belonging to the category.

* In other words, these 53 compounds along with the target chemical
form a category, which will be used for data gap filling (see next
slide).
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QSAR TOOLBOX

Category Definition
Defining category by OFG

The experimental carcinogenicity (1) and genotoxicity (2) data for the analogues appears on
datamatrix

— T "8 e g
QSAR TODLBOX 6 & o100

About Update
» Input ¥ Profiling ¥ Endpoint » Category Definition  » Data Gap Filling

Document Single Chemical Chemical List

Documents |F|\her endpoint ree...
s 0‘:"\,‘,,‘\(““‘ 3—Mz o /7//‘ - /__/" - -~ o L e
% N

tructure cr/ ' éukh{m—: Rt it ,Q,L"{Nm :2__/ T<o

— Bioaccumulation

H-Carcinogenicity 3 1
HEHCynomolgus (1/2) M: Positive, 4.52
HElHamster (5/10)
HElldouse (5/15) M: Positive, 0.818 ... M: Positive, 1.23 .
HHRat (30/116) M- Positive, 0 244 M- Positive, 0 092 M- Positive, 0. 341 M- Positive, 0 555 M- Positive, 0 517 M- Positive, 4 31 M- Pt
“FRhesus (1/2) M: Positive, 7.18 ___

HtDevelopmental Toxicity / Teratogenicity j

H-1Genetic Toxicity ()
v — )

[1Bacterial Reverse Mutation Assay (e.g. Ames Test)
=1Gene Mutation
HSalmenella typhimunum
[FINo S9 Info (26/26) M: Positive M: Positive M- Positive M- Negative M- Pe
FWith 59 (10/22) M: Positive, Positiv... M: Positive
NC(=0)N(CCOIN=0 FWithout S9 [29/67) M: Positive M: Positive, Positiv... M: Positive, Positiv...
Undefined Metabolic Activation
2en - HEDNA Damage and Repair Assay, Unscheduled D
'N-\{ HHDMNA React. (Ashby Fragments)
°© HHIn Vitro Mammalian Cell Micronucleus Test  (2/2) M: Positive
o HHIn Vitro Mammalian Chromosome Aberrati... (11/18) M: Positive, Positive M: Positive, Positive M: Positive, Positive M- Positive, Positive
HEMammalian Cell Gene Mutation Assay (2/2) M: Positive
LA Sister Chromatid Exchange Assay
“Hin Vivo (712) M: Negative, Positive
As mention on the previous slides we will try to reproduce the positive carcinogenicity data. |
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QSAR TOOLBOX

Outlook

* Background
* Objectives
* The exercise
* Workflow
* Input
* Profiling
* Endpoint
* Category definition
* Data gap filling

* Navigation to target endpoint
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QSAR TOOLBOX

Data gap filling
Navigation through the endpoint tree

* Before proceeding with the “"Data Gap Filling” module, the
user should navigate through the endpoint tree and find
the specific gap that will be filled in.

* The user can navigate through the data tree by closing or
opening the nodes of the endpoint tree.

®* Double-click on the node next to
then , followed by ,

* In this example, all data associated with different route of
administration is used in read-across analysis. In this
respect the user should enter gap filling on the level of
“Summary carcinogenicity” (see next screen shot).
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QSAR TOOLBOX

Data gap filling
Navigation through the endpoint tree

‘@
D
(I,

Documents Filter endpoint tree... |1 [targed] | ‘2 | |3 ‘ |" | |5 | ‘5 | i &
s Y _{““9 3\—‘-'\-: < /_//( h /L/——fﬂ’ . N\O_{M
tructure — 5 o 2N
o e o e il b 5%
[HEcotoxicological Information
[EHuman Health Hazards
HElAcute Toxicity
— Bioaccumulation
H-ICarcinogenicity .
HH Cynomelgus (142) M: Positive, 4.52 .
HHHamster (5/10)
HH Mouse (5/15) M: Positive, 0.818 . tive, 1.23
FHERat
HECarcinogenicity
S ] -FSu[;nmarz Carcmogemmty L
ummary —Diet
= = s —Dosed Feed (1)
ca rCln.Oge.r"Clty — Dosed Water (18/21) M: Positive M: Positive M: Positive M: Positive
data dIStrlbuted |— Gavage (15/25) M- Positive M- Paositive, Positive M- Paositive, Positive M- Positive M- Positive
by routes Ll | [—Intraperitoneal (3/3)
|— Intraperitoneal Injection (313) M: Pe
o=N — Other (111)
‘N,_\QNH' —Water (13/13) M: Positive M: Positive M: Positive M: Positive
o '— Undefined Route of Administration
<H

TUEED e m— — — ) g0 S d—) . Ge0997 (gt mivimGr 3 e g/t || s v feln § etk g e, et Aty g |

1. Point the mouse cursor on the cell of "Summary carcinogenicity” endpoint in order to combine data with

different routes. This is the target endpoint. Carcinogenicity experimental data distributed by different
“Route of administration” is displayed beneath.
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QSAR TOOLBOX

Outlook

* Background
* Objectives
* The exercise
* Workflow
* Input
* Profiling
* Endpoint
* Category definition
* Data gap filling
* Navigation to target endpoint

* Read-across analysis

The OECD QSAR Toolbox for Grouping Chemicals into Categories 15.07.2016 53



QSAR TOOLBOX

Data Gap Filling
Overview

* "“Data Gap Filling” module gives access to three different data gap filling tools:
®* Read-across
®* Trend analysis
®* Q)SAR models

* Depending on the situation, the most relevant data gap mechanism should be
chosen, taking into account the following considerations:

* Read-across is the appropriate data-gap filling method for “qualitative” endpoints like skin sensitisation
or mutagenicity for which a limited number of results are possible (e.g. positive, negative, equivocal).
Furthermore read-across is recommended for “quantitative endpoints” (e.g., 96h-LC50 for fish) if only a
low number of analogues with experimental results are identified.

* Trend analysis is the appropriate data-gap filling method for “quantitative endpoints” (e.g., 96h-LC50 for
fish) if a high number of analogues with experimental results are identified.

* “(Q)SAR models” can be used to fill a data gap if no adequate analogues are found for a target chemical.

* In this example, we use read-across approach.
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QSAR TOOLBOX

Data Gap Filling
Interpreting Read-across

®* Read-across prediction is based on an initial group of analogues having “"N-Nitroso”
and “Urea derivatives” categories defined by Organic functional groups. A group of
53 analogues along with the target chemical is identified.

®* Summary carcinogenicity data associated with rat species is available for 30 out of
53 analogue chemicals. This data will be used for filling data gap.

* As mention in the exercise of this tutorial (slide #7) the aim is to predict the
carcinogenicity effect of the target by filtering with Ames mutagenicity data. As
noted earlier carcinogenicity effect is a complex endpoint depending on DNA and
Protein alterations. Based on this the initial group of analogues is further refined
using the subsequent subcategorizations starting with:

- Filter by AMES observed data
- DNA alerts for Ames, MN, CA by OASIS v.1.4
- Protein binding alerts for chromosomal aberration by OASIS v1.2

See next screen shots
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QSAR TOOLBOX

Data Gap Filling
Apply Read across

o s % e
QSAR T 8 o Bos bt Uit

} Profiling ¥ Endpoint » Category Definition » Data Gap

Filliny, The OECD QSAR Toolbox
. ro micals

# Possible data inconsistency into Categories
Developed by LMC, Bulgaria

* - Route of administration

. - i ffiDosed Feed (1 points)
‘FIHE[ endpoeint tree. ., |1 [target] RiDosed Water (21 points)
d O Read-across i/ Gavage (25 points)
_ PR mlntra periteneal (3 points) '{"u
® Trend analysis Structure Y N [l Intraperitoneal injection (3 points) . - \N{"“’
@ (Q)SAR models K ° - bl Other (1 points) AL ]
i - pAwater (12 points) e
Target Endpoint v -Type of me.lhud )
. - [HEcotoxicological Information [dIn Vivo (28 points)
Human Health H Carcinogenicity Rat Summary A i L[ Unknown Type of method (38 points)
\ “ w - ScaleUnit
E mcarcinuganicity Il (CPDB) (28 peints)
mCar:inngeni:ity | (ISSCAN) (38 points)
HHCynomolgus \ Gap filing scalejunit
HElHamster (O Carcinogenicity III (CPDB)
HAMouse Create prediction by gap filli 1 (®) Carcinogenicity I (ISSCAN)
HARat
H#HCarcinogenicity converted data
HESummary Carcinogenicity 28 from scale Carcinogenicity III (CPDE)
— Diet
—Dosed Feed (111)
—Dosed Water (18/21) M: Positive Selected [67/67] points sitive M: Positive
— Gavage (15/25) M: Positive I Positive, F sitive
I— Intraperitoneal (33) X cancel
— Intraperitoneal Injection (3/3) M- Pc
[—Other (11)
—Water (13/13) M: Positive M: Positive M: Paositive M: Positive
'— Undefined Route of Administration
HATDA0 (27/49) M- 0.244 mg/kg/da.. M: 0.0927 mg/kg/d... M: 0.341 mg/kg/da. . M: 0.555 mg/kg/da. . M- 0.517 ma/kg/da.. M: 4.31 mg/kg/day... M: 0.1
HHRhesus (1/2) M- Positive, 718
HEDevelopmental Toxicity / Teratogenicity .
HAGenetic Toxicity (37/149) M: Positive, Positive  IM: Positive, Positiv.__ M: Positive, Positive M: Positive, Positiv... M. MNegative. Positi... M- Pc

1. Click on the cell corresponding to “"Summary carcinogenicity” node of endpoint tree; 2. Select "“Read-across”;
3. Click “Apply” 4. “Possible inconsistency window” appears indicating that more than one unit/scale is mixed. For

more details see next slide.
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QSAR TOOLBOX

Data Gap Filling
Scale definition

Carcinogenicity is a “qualitative” endpoint for which the results are
presented with categorical data (for example: positive; equivocal;
negative).

Summary carcinogenicity data of the chemicals originate from different
databases, coded with different names (for example: data from ISSCAN
are: Positive, Weakly positive, Equivocal and Negative; data from CPDB
database are: Positive, Negative, and unspecified, data from ECHA CHEM
database came with different data interpretation: Yes, no effect, not
examined etc.)

The main purpose of the scales is to unify all data available in the Toolbox
databases for a certain endpoint. To this aim, scale conversion of one
data to another data type is implemented. Usually more informative scale
is transferred to less informative scale.

Scale definition and conversions associated with summary carcinogenicity
data is presented on next three slides (only for illustration)
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QSAR TOOLBOX

Data Gap Filling
Summary carcinogenicity - scale definition

®* Summary carcinogenicity data is presented in four different scales:

® Carcinogenicity I (ISSCAN) including the following scale members:
* Positive,
* Equivocal and
* Negative

® Carcinogenicity II (ISSCAN) including the following scale members:
* Positive,
* Weakly positive
* Equivocal and

* Negative
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QSAR TOOLBOX

Data Gap Filling

Summary carcinogenicity - scale definition
(continued from previous slide)

®* Summary carcinogenicity data is presented in four different scales:
® Carcinogenicity III (CPDB) including the following scale members:
* Positive,
* Negative, and
* Unspecified
* Carcinogenicity IUCLID (data coming from ECHA Chem DB) including the
following scale members:

®* Yes
* no effect,

®* not examined etc.
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QSAR TOOLBOX

Data Gap Filling
Summary carcinogenicity - scale conversion

Summary carcinogenicity scales used in Implemented scale conversions
the current read-across analysis
- Carcinogenicity Source:
4 - Scale/Unit i Cardinogenicity II to Carcinogenicity - —
i... i/l Carcinogenicity Il (CPDB) (28 points) i~| Cardinogenicity TII to Carcinogenicity I | Carcinogenicity IIT {CPDE)
i... il Carcinogenicity 1 (ISSCAN) (39 points) -~ Cardnogenidty IUCLID to Carcnogenicity Fositve
- Qevehpmenhl unspecified
.. DART toxicity original to DART toxicity Megative
ap filling scalefunit - GSH experimental RC50 i
() Carcinogenicity III {CPDE) RC50 (ratio) to (ordinal) 3
. i RCS0 (ordinal) to (ordinal)
(@) Carcinogenicity I (ISSCAN) - Mutagenicity
Micronudleus IT to Micronudeus I \ Conversions
Chromosome aberration IT (Japan MHLW) to Chromosome 2 Positve —> Pogitve
converted data Chromosome aberration III (Danish EPA) to Chromoszome at unspedified -» Equivocal
28 from scale Cardnogenicty 111 {CPDE) i Mutagenicity IUCLID to Gene mutation T Megative -> Negative
i CA TIUCLIDS to Chromosomal abberation I B

®* Scales “Carcinogenicity II, III and Carcinogenicity IUCLID” mentioned on the previous two slides are converted to
scale “Carcinogenicity I”. As an example, conversion of “Carcinogenicity III” to “Carcinogenicity I” is provided on
the right snapshot. The conversion consists of:

* Positive to Positive
* Unspecified to Equivocal
* Negative to Negative

®* The data used in current read-across analysis is associated with two scales: Carcinogenicity III and I (see left
snapshot). As mentioned above a conversion of III to I has been available. This is the reason the scale
“Carcinogenicity I (ISSCAN)” to be used in further read-across analysis.
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QSAR TOOLBOX

Data
Apply

Back to our example

QSAR Toolbo

17 [Document]

()

Gap Filling
Read across

p ofiling dpo gory D o D p g po
Possible data inconsistency - O X e
* Route of administration eve
. n ol Dosed Feed (1 points)
Data Gap Filing Method Filter endpaint tree... ‘1 [targef] | |2 %Dused Water 21 points) | |E | i &
O Read-across hflGavage (25 points)
) — - E\ntraperi{un eal (3 points) - F:p
® Trend analysis Structure \N-—< : i A Intraperitonesl injection (3 points) 5 /_/‘ . ‘N—&M
@ (Q)5AR models Pl ‘- [Aotner (1 points) B e VA
i - pglWater (13 points) e
Target Endpoint V Type of method
_ EEcotoxicological Information : kAn Vivo (28 points)
Human Health Hazar: genicity Rat Summ, dnogenicity DHuman Health Hazards KAlUnknown Type of method (39 points)
. ‘ - Scale/Unit
HEAcute Toxicity . . | Carcinogenicity Il (CPDB) (28 points)
— Bioaccumulation i [l Carcinogenicity | (ISSCAN) (39 points;
H=]Carcinogenicity
HEH Cyromolgus R M- Dositive, 4| Gap filing scale/unit 1
|- Hamster (O carcinogenicity III (CPDE)
HAMouse Create prediction by gap filling sitive, ¢ Cardnogenicity T (ISSCAN
HARat
HHCarcinogenicity || converted data
|EISummary Carcinogenicity _ 28 from scale Carcinogenidity 11 (CPDB)
— Diet
—Dosed Feed (1/1)
|—Dosed Water (18/21) M: Positive Selected [67/67] points sitive M: Positive
[— Gavage (15/25) M: Positive M: Positive, B sitive
— Intraperitoneal (3/3)
— Intraperitoneal Injection (3/3) M: Pe
— Other (1/1)
— Water (13/13) M: Positive M: Positive M: Paositive M: Positive
'— Undefined Route of Administration
LEHTDA0 (27/49) M: 0244 mg/kg/da... M: 0.0927 mg/kg/d... M: 0.341 mg/kg/da... M: 0.555 mg/kg/da... M: 0.517 mg/kg/da... M:4.31 mg/kg/day. .. M: 0.l
HRhesus (1/2) M: Positive, 7.18 ...
HHDevelopmental Toxicity / Teratogenicity .
HHGenetic Toxicity (37/149) M: Positive, Positive  M: Positive, Positiv... M: Positive, Positive  M: Positive, Positiv... M: Negative, Positi... M: Pt
—_\I'I'.Imu.ﬂﬂtl.))flclly . v
Y - .« . ” M A\Y ”
1. Select “Carcinogenicity I (ISSCAN)” scale 2. Click "OK
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QSAR TOOLBOX

Data Gap Filling
Read across applied for summary carcinogenicity

'\ OSAR Toolbox 3.4.0.17 [Document] - *

R E - o s @
QSAR TOOLBOX Tio h o100 About Update
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Initial data gap filling graph without any subcategorization steps.
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QSAR TOOLBOX

Data Gap Filling
Subcategorizations

In this example, the following subcategorizations are applied in order
to eliminate dissimilar analogues (phase 1II, see slides 41-42):

* Filter by AMES observed data

®* Oncologic Primary classification (“Protein binding alerts for
chromosomal aberration by OASIS v1.2” profiler as an alternative

subcategorization)
* DNA alerts for AMES by OASIS v.1.4
* DNA alerts for CA and MNT by OASIS v.1.1

See next screen shots
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QSAR TOOLBOX

Data Gap Filling
Filter by AMES mutagenicity data — subcategorization 1
(new functionality)

* This is a new functionality introduced in Toolbox 3.3.

* It is a functionality within the data gap filling module allowing to filter
chemicals by measured data.

* This functionality separates analogues in bins based on observed
data.

* Domain of the obtained read-across prediction takes into account
filtering by measured data.

* Filtering by data is a multi-step procedure illustrated in the
forthcoming sequence of screenshots.
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QSAR TOOLBOX

Data Gap Filling
Filter by AMES mutagenicity data — subcategorization 1
(new functionality)
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1. Open “Subcategorize™ panel. The new functionality is implemented as a sub-node of new endpoint tree node called “Experimental”
2. Click on “Endpoint data” node 3. Analogues are labeled as N/A, because no observed data has been selected. Follow the steps
4. Click on “Adjust options” button 5. “Endpoint data grouper” window appears.

More details about this window are provided on next slide
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Data Gap Filling
Filter by AMES mutagenicity data — subcategorization 1
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1. “Select descriptor” button evoke an additional window from where the user could select endpoint (observed data) used further for filtering;
2. In our case we mixed up gene mutation data with and without S9;

3. Once the endpoint of interest is selected click on “Select descriptor” button;
4. Data are distributed into 3 bins by default. Number of bins could be changed; 5. "Single category per chemical" produces a single value per chemical when
multiple values of single unit/scale are present; 6. List of used scales 7. Combo-box list with different data usage options. In our case we use highest
values, in case worst case scenario is played

8. Click “Recreate bins” to finish the initialization process.

9. Units and scales used 10. A panel with bin
11. Click OK to finalize the correlation settings

constrains of the selected scale
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Data Gap Filling
Filter by AMES mutagenicity data — subcategorization 1 (new
functionality)
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After click the OK button on the previous panel where we have filter the chemicals by Ames data the set of analogues have been distributed into 3
bins (default bins in the Endpoint data grouper window) depending on Ames experimental data (1). The target chemical has positive experimental
data (2). As seen from the graph the negative (1 analogue)analogue and analogues without Ames data, labeled as N/A (17 analogues) are
distributed into positive and negative level of the graph (green dots). The prediction is apparently positive. In this respect analogues with negative
and absence of Ames data are eliminated from the graph. The two bins of analogues (with negative Ames and absence of data) are selected by
default and eliminated from the graph by clicking on "Remove button”(3).




QSAR TOOLBOX

Data Gap Filling
Filter by AMES mutagenicity data — subcategorization 1 (new
functionality)
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After analogue elimination, the chemicals with positive Ames data remained only. However, as seen in the set of positive analogues

there are two chemicals with negative Carcinogenicity data. The next step is to see why these analogues are negative. See next two
slides.
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QSAR TOOLBOX

Data Gap Filling
Oncologic primary classification — subcategorization 2
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In order to see why the outlier chemical is difference to target follow the steps: 1. Right click over the outlier chemical

2. Select “Information” and then “Difference to target”. The profilers according to which the analogue differ from the target are
highlighted in red (3). The most appropriate profiler for subcategorization in case of carcinogenicity assessment is “Oncologic
primary classification” and “Protein binding alerts for CA”. Let's check both of them separately (see next few slides)
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Oncologic primary classification — subcategorization 2
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1. Select "Oncologic Primary classification”.

2. As seen there are 4 analogues with different classification than those of the target. 3 out of 4 are categorized as “Not classified”
and 1 outlier is categorized as “Nitrogen mustard” category”, which do not belongs to the set of categories of the target chemical.
Based on this different classification, these four outlying chemicals could be eliminated from the group.

3. Click "Remove”.
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1. All the analogue are positive and similar with respect to “Oncologic primary classification”.
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Protein binding alerts for chromosomal aberration by OASIS v1.2 -
(alternative subcategorization)
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This slide illustrates an alternative to the “Oncologic” subcategorization.

1. Open “"Select navigation” panel and click “Go back” 2. Select “Protein binding alerts for CA by OASIS v1.2”

3. As seen 3* out of all analogues do not have “protein binding alert”. They could be eliminated from the graph.

4. There is one additional chemical which has Protein binding mechanism different than the target chemical. 5. Click "Remove” to eliminate dissimilar
chemicals

*3 - four dots are highlighted in green, because for one of the chemicals there is positive and negative experimental data.
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Same prediction is obtained after subcategorization by “Protein binding” profiler.
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Next subcategorization, is by “DNA alerts
conditioned by DNA and Protein interactions. Follow the

1. Click “Subcategorize”
As seen all the analogues have same DNA mechanism (SN1, Nucleophilic attack, N-nitroso compounds) as the target chemical. So
the prediction is reliable enough, in domain and could be accepted.

3. Click “Accept prediction”

for Ames, by OASIS v1.4” because
steps

2. Select "DNA alerts for Ames, MN...".

as mentioned before “Carcinogenicity effect” is

4. Click “Return to matrix”




QSAR TOOLBOX

Data Gap Filling
Read-across results

*| QSAR Toolbox 3.4.0.17 [Document] — X
T g1010
QSAR TOOLBO & - 0100 L
p ofiling dpo gory De 0 D P g po

Data Gan Filng Method Filter endpoint tree... [1 Harget | |2 [ |[E |6 |7 ~
O Read-across
0
@ Trend analysis N c})—um—'z a /'{(PQ /__/‘JCH - /_/—CF’ ")‘\ AEy
Structure /__/"“‘(O N }-n/_ p= B PR
® (Q)SAR models L 4 . s s W weg i has i

Target Endpoint
HHuman Health Hazards

HEHAcute Toxicity
—Bioaccumulation

Human Health Haza

H=JCarcinogenicity

HHCynomolgus (112) M: Positive, 4.52 ___

HElHamster (5/10)

HHMouse M- Positive, 0818 . M- Positive, 123
CRat

Carcinogenicity

M: Positive, Positiv...

R: Positive
11

M: Positive, Positive  M: Positive, Positive  M: Positive, Positiv... M: Positive, Positiv... M: Positive, Positive M: Pos
Summary Carcinogenicity

FHTDS0 (27/49) M- 0. - M:0.0927 mgfkg/d... M: 0.341 mg/kg/da... M: 0.555 mg/kg/da... M: 0.517 mg/kg/da... M: 4.31 mg/kg/day... M: 0.0Z
“HRhesus (1/2) M: Positive, 7.18 ...
HEHDevelopmental Toxicity / Teratogenicity .
HEHGenetic Toxicity (37/149), M: Positive, Positive  M: Positive, Positiv... M: Positive, Positive  M: Pasitive, Positiv.. M: Negative, Positi... M: Pos

— Immunotoxicity
Hlrritation / Corrosion

— Meurotoxicity
HEPhaotoinduced Toxicity
HHRepeated Dose Toxicity

HEHSensitisation mp‘
— ToxCast B
HEToxicity to Reproduction .
HHToxicokinetics, Metabolism and Distribution
1. Read-across prediction appears on data matrix. v
>
|
53 N-Nitroso<AND>Urea derivatives (Organic Functional groups) 1/0/0
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Recap

* This example illustrates the read-across prediction for carcinogenicity of chemical (1-(2-
hydroxyethyl)-1-nitrosourea) when filter by Ames experimental data is applied to the initial
group of analogues.

* All the analogues were identified based on Organic functional group classification. Two out of four
most important functional groups were used for searching analogues: "“N-Nitroso” and "“Urea
derivatives”.

* Data gap filling was based on read-across approach due to “qualitative” character of experimental
data (positive, negative).

* Read-across analysis was applied for analogues with “Summary carcinogenicity” data associated
with rat species.

* A set of 3 subcategorizations were applied for refining the initial group of analogues starting with
filtering all the analogues by Ames experimental data.

* Refinement of category continues with two mechanism-based subcategorizations:

®* Oncologic Primary classification (Protein binding alerts for Chromosomal aberration by OASIS v1.2
as an alternative subcategorization)

* DNA alerts for Ames by OASIS v1.4

* Results of subcategorization shows positive read-across prediction for the target based on positive
Ames mutagenicity analogues supported by positive DNA and Protein binding alerts.

* Hence one could conclude that the target chemical may elicit carcinogenicity effect in rats.
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Outlook

* Background

* Objectives

* The exercise

* Workflow
* Input

Profiling

Endpoint

Category definition

Data gap filling
* Reporting

® Save the prediction
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Report

* The report module allows generation of report on the
predictions obtained with the Toolbox. This module
contains predefined report templates as well as a
template editor with which users can define their own
user defined templates. The report can then be printed
or saved in different formats.

* Generating the report is shown on next screenshots.
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0S5AR Toolbox 3.4.0.17 [Document]

® e B

¥ Endpoint

QSAR TOOLBOX

¥ Profiling

Filling

¥

Apoly

o1
10100

» Category Definition » Data Gap Filling

“8e\Q
About Update

The OECD
for Groupin:
into Categories

Developed by LM

Data Gap Filing Method Filter endpoint tree...

|1 Harget]

O Read-across

@® Trend i
rend analysis Structure

@ (Q)SAR models

Target Endpoint

= 2 o B Nzo W e

EHHuman Health Hazards
HElAcute Toxicity
— Bioaccumulation

Human Health Hazards icity Rat Summary Cardnogenicity

H=ICarcinogenicity

HECynomolgus

HElHamsfer

HHlMouse

Rat
[FICarcinogenicity

Summary Carcinoge

HTDS0
FRhesus

HElGenetic Toxicity

— Immunotoxicity
Hlrritation / Corrosion

— Neurotoxicity
HEPhotoinduced Toxicity
HHRepeated Dose Toxicity
HHSensitisation

— ToxCast

HHToxicity to Reproduction

EHProfile

HEDevelopmental Toxicity / Teratogenicity

(142) M: Positive, 4.52 ...

(5/10)
(6/15) M: Positive, 0.818 ... M: Positive, 1.23 ...

M: Positive, Positiv...
SIES] R: Positive
'49) M: 0.244 mg/kg/da

(1/2)

Explain
Delete prediction

(3?,1149]‘ M- Paositive, Positi M- Paositive, Paositive

Display prediction domain
. Explain prediction 2

Edit prediction info

‘e JUCLIDS

“HToxicokinetics, Metabolism and Distribution

{: Positive, Positive M: Positive, Positive M: Positive, Positiv... M: Positive, Positiv...

Copy mag/kg/da... M: 0.555 mg/kgida... M: 0.517 mg'kg/da...

M- Positive, Positiv._

M: Positive, Positive  M: Pos

M: 4.31 mg/kg/day... M: 0.0Z

M: Negative, Positi._. M- Pos

1. Click on the cell with prediction
2. Perform Right click and Select Report
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QSAR Toeolbox 3.4.0.17 [Document]

® B

¥ Profiling ¥ Endpoint

QSAR TOOLBOX

Reports Repository

~

Upd:

Available data to report Prediction [1] |

Predictions
(Q)SARs
Categories

Available report templates
Standard (predefined)

n bl )

¥ Category Definition  » Data Gap Filling

Prediction of Summary carcinogenicity for 1-(2-hydroxyethyl)-1-nitrosourea

The template of the current report is based on "GUIDANCE DOCUMENT ON THE
VALIDATION OF (QUANTITATIVE) STRUCTURE-ACTIVITY RELATIONSHIPS MODELS"
published by OECD (September, 2007) and "GUIDANCE ON INFORMATION
REQUIREMENTS AND CHEMICAL SAFET Y ASSESSMENT / CHAFTER R.6: QSARS AND
GROUPING OF CHEMICALS” published By ECHA (May, 2008).

The report provides information about the target substance, chemical characteristics
used for the grouping, the resulting boundaries of the group of chemicals (applicability
domain), the type of data gap filling approach that was applied (read-across, trend
analysis or QSAR models), the predicted result]'s) and in the Annex information about

the category members or lraining set and test set chemicals,

- X
“e® X\
About Update

seen.

The system automatically switch to the Re

port module, where the generated report can be
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QSAR Toolbox 3.4.0.17 [Document]

o H fG7010)
QSAR TOOLBOX o -FF Y0100

» Profiling » Endpoint » Category Definition » Data Gap

About Update

Repository The OECD QSAR Toolbox
- for Grouping Chemicals
- t into Categor]
_ - - Developed by

Available data to report Prediction [1] |
Predicti
(.;)SAR:’ o SAR Toolbox prediction based on read-across

Categories

Prediction of Summary carcinogenicity for 1-(2-hydroxyethyl)-1-nitrosourea

o arget chemical (Positive) is predicted from category members using read-across based on 11
\ralues (Positive xll) from 5 nearest neighbours compared by prediction descriptors. Category members are
single chemicals or mixtures and are selected based on the profile of the target chemical. Only chemicals

Available report templates having experimental data are listed in the category.
Standard (predefined)

R Model Reporting Format (

The target chemical FALLS within applicability domain of the prediction (see Section 4.3 for details).
egory Report

The data used for calculating the current prediction is taken from 15 experimental values selected from
the following database(s):

1. Carcinegenic Potency Database (CPDB)

2. Carcinogenicity&mutagenicity IS5 CAN

Custom (user defined)

Below is @ summary table for endpoint & descriptor values for the target chemical and the category
members.

Experimental values from data matrix are presented in bold font. Recalculated endpoint values (if
required by selected data usage option in Gap Filling) are presented in italic font. Recalculated endpoint
values based on experimental data only are presented in bold and italic font.

Endpoint(s) Descriptor(s)
Human Health
Hazards; log Kow
Carcinogenicity
Carcinogenicity I

(ISSCAN)
Target chemical Positive (3) -1.04
Cat. member No. 1 Positive {2) -0.520
show only relevant templates at harNo 7 Pocitiva 2] _1.61 v

1. Summary report
2. Table with for endpoint and descriptors of the target and chemicals within the category

1/0/0
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QSAR Toolbox 3.4.0.17 [Document]

-
QSAR TODOLBOX i) E

» Profiling } Endpoint

Reports Repaository

Available data to report Prediction [1]

Predictions
(Q)SARs
Categories

Available report templates
Standard (predefined)
SAR. Model Reporting Format (i

' il )

» Category Definition » Data Gap Filling » Report

Prediction of Summary carcinogenicity for 1-(2-hydroxyethyl}-1-nitrosourea 10 /28

i. Additional data eliminations (not determined by domain):

Mot available

. Predicted value (model result):
Positive

k. Predicted value (comments): manualy ediabie field

Not provided by the user

4.3. Applicability domain (OECD Principle 3):

The target chemical FALLS within applicability domain
(see Section 3.1.b fi

4.4. Uncertainty of the prediction (OECD Principle 4): manually edtable field

8 e\ e
About Update

into Categories

1. Predicted value
2. Applicability domain
The target chemical is “In domain”.
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Outlook

* Background

* Objectives

* The exercise

* Workflow
* Input

Profiling

Endpoint

Category definition

Data gap filling
®* Reporting

* Save the prediction
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Saving the prediction result

* This functionality allow storing/restoring the current
state of Toolbox documents including loaded chemicals,
experimental data, profiles, predictions etc., on the
same computer. The functionality is implemented based
on saving the sequence of actions that led to the
current state of the Toolbox document and later
executing these actions in the same sequence in order
to get the same result(s).

* Saving/Loading the file with TB prediction is shown on
next screenshots.
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Saving the prediction result

©
.
[

Doa. g ca ca ol
3¢ o m = 1 " [ emica
Doa Filter endpaint tree... 1 [target] ‘ |2 | |3 | ‘4 | |5 ‘ |5 | |7 e
2 oM 2 5 s o, ,;("“ -
Structure Save As b4 e
S
T <« Ksenia » CURRENT WORK » NEW TB3.3.6 v | & Search NEW TB 3.3.6 »
EJHuman Health Hazards DraenE=k New folder B v e
HEAcute Toxicity v
| — Bioaccumulation [ This PC ~ Name Date modified Type Size ~
HEICarcinogenicity I Deskiop [7] test save doc.tbw TBW File
HE Cynomelgus Documents [7] Test edit prediction info.tbw TBW File
[ Hamster ; Downloads D File with Filter by Ames.thw TBW File
M Mouse . D Mot accurate message for Nasko.tbw TBW File
EIRat & Music [7] Test edit predction infotbw 6/24/2016 6:41PM  TEBW File
[ Carcinogenicity =] Pictures [ Test naska.tbw 6/24/2016 254PM  TBW File
BS T G B videos [7] File with edit prediction info.tbu 6 TEW File Rl Positive, Positive | M: Pos
HTD5 ‘e Local Disk (C) D File for Ames 13013177.tbw ° M- 4.31 mgrkgiday. . M- 0.07
[P —— — New Volume (s [ File for RDT.tbw 6722/
D File for 66251.thw 6/21/2016 432 PM TEW File
rEHDevelopmental Toxicity /Teratoge! Network ¥ [T File for 120-82-1 P.tbw 3 6/21/2016 420 PM  TBW File v . ’
-E Genetic Toxicity ! M: Megative, Positi... M: Pos
ON(CCOIN=0 — Immunotoxicity File name: | Tutorial 22 Filter by Ames data ~ #
HElIrritation / Corrosion Save as type: | Toolbox work file (*.tbw)
— Meurotoxicity
O=N  NHz HEPhotoinduced Toxicity A Hide Folders Temad
/_/N‘_\QO HERepeated Dose Toxicity
TH HESensitisation wp‘
—ToxCast .
HH Toxicity to Reproduction
A Toxicokinetics, Metabolism and Distribution ’
EProfile

1. Go to “Input” section 2.Click on “Save” button 3. Define name of the file; 4. Click “Save”
button

The OECD QSAR Toolbox for Grouping Chemicals into Categories 15.07.2016 85



QSAR TOOLBOX

QSAR Toolbox 7 [Document_1]

[
» Profiling

2

» Input

poLBOX

ument

Open saved file

=2

» Endpoint

Single Chemical

} Category Definition

Fh
o1
10100
» Data Gap

Chemical List

a2

1emIDs D

|F\Iher endpoint tree...

56e 2\

About Update

Developed by LMC, Bulgaria

Structur

EHPhysica
EEnvironr
EEcotoxi
EHHuman

Selectfile

T <« Ksenia > CURRENT WORK > NEWTE3.3.6

Organize « Mew folder

UPDATED TUTOI ™
¢@ OneDrive

& This PC
[ Desktop
Documents
‘ Downloads
J& Music
[=] Pictures
B videos
“im Local Disk (C:)
- MNew Volume (D

I e

MNamne

D Tutorial 22_Filter by Ames data.tbw
D test save doc.tbw

D Test edit prediction info.tbw

D File with Filter by Ames.tbw

D Mot accurate message for Na

D Test edit predction info.tbw

D Test nasko.tbw

D File with edit prediction info.tbw
[ File for Ames 1301317 7.thw

[ File for RDT.thw

[ File for 66251.thw

|7 File for 120-82-1 P.tbw

[7] CAS 120-82-1 to check Nasko.tbw

File name: |Tutcma| 22 _Filter by Ames data.tbw

x
v | @ | Search NEWTB3.3.6 o
E~ @ @
Date modiied Type Size ”~
/2016 4:50 PM TBW File 89 KB
016 3:58 PM TBW File 3NTKB
016 2:27 PM TBW File 434 KB
T/1/2016 8:55 AM TBW File 15K8
6/29/2016 12:59 PM  TBW File 176 KB
/2016 6:41 PM  TEW File 235KB
6/24/2016 254 PM  TBW File 165 KB
6/22/2016 10:59 AM  TBW File 226 KB
6/22/2016 %31 AM  TEW File 21T KB
6/22/2016 &:37 AM  TBW File 1,250 KB
/2016 4:32PM  TEW File 1,383 KB
6/21/2016 420 PM TBW File
6/21/2016 3:43 PM TBW File n
V| Toolbox work fijy ~
Cancel

o select filter type ., v Apply

1. “"Create” new document
4. Click “"Open”

2. Click “"Open”;

3. Find and select the file;
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Open saved file

Q5AR Toolbox

Documents Filter endpaint tree... |1 [target] | |2 | ‘3 ‘ |4 | |5 | ‘6 ‘ |? ~
e o - . rfJ S -
= Structure v PO N 5 i N
~ Yo NN Y il O °
" LS [, W wzo LA == P
- Inf ti >
[#HSubstance ldentity niermatien
EPhysical Chemical Properties o The file was executed successfully
nvironmental Fate and Transpor
. . The following interface changes were made during execution:
EYSerimia iy e | M mELTn - Database "Aquatic ECETOC" in branch "Ecotoxicological — . i . . . . . i
EHuman Health Hazards Information” was unselected M- Positive, 0.341 M- Positive, 0 555 M- Positive, 0 517 M- Positive, 431 . M- Pos
- Database "Aquatic Japan MoE" in branch "Ecotoxicological
EProfile Information" was unselected
Pradefined - Database "Aquatic OASIS" in branch "Ecotoxicological
Information” was unselected
US-EPA New Chemical Cate - Database "Carcinogenic Potency Database (CPDE)" in branch
H=General Mechanistic "Human Health Hazards" was selected
- Database "Carcinogenicity&mutagenicity ISSCAN" in branch
"Human Health Hazards" was selected
" - Database "Genotoxicity OASIS" in branch "Human Health
[—DNA binding by OASIS v.1.4 Hazards" was selected
- Database "Toxicity Japan MHLW" in branch "Human Health
Hazards" was selected
NC(=0)MN(CCON=0 =
IN(CCO) L DNA binding by OECD
05N nms SN2 == Nitrosatio...
‘N-‘( HZEndpoint Specific 1
° — Carcinogenicity (genotox and nongenotox) alerts b Alkyl and aryl N-nit
oH o9 via g = Structural alert for
SN1
SM1 == Nucleophil
... select fiter type .. v || Create Apply —DNA alerts for AMES by OASIS v.1.4 SN1 == Nucleophil
[ et i cpe. | ceste | oo | St o2 Nl
k] Muclannhil
1. The file i d full 1. Click “"OK"
- € Tle IS opened successrully - IC
33 M-Nitroso<AMND=Urea derivatives (Organic Functional groups) 37070

The OECD QSAR Toolbox for Grouping Chemicals into Categories 15.07.2016 87



