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REACH & QSAR

According to REACH regulation (Annex Xl)
a(Q)SAR is VALID if:

J/” the model is recognized scientifically valid;

S the substance is included in the applicability domain of the
model;

/ results are adequate for classification and labelling and for risk
assessment;

J” adequate documentation of the methods provided.
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- MUTAGENICITY.
Mutagenicity

Classification Models

QSAR models of noncongenericcompounds to predict
mutagenicity can use TWO APPROACHES: _

1: STRUCTURAL ALERTS aSCrG

2 :STATISTICS

25 Complexity

http//www.caesar-project.eu/ S
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: MUTAGENICITY

CAESAR MXYDELLING ForR MUTAGENICITY

Dataset

A Kazius-Bursi Mutagenicity Dataset (Kazius et al. J Med Chem,
2005),originally containing 4337chemical compounds,
supplied by R. Bursi

A Data are categorical

A Following quality checks the database has been pruned and
modified to 4225 compounds 2358 classified asmutagensand
1867 classified asnon-mutagensby Ames test

A For validation, the dataset has been divided into training
(80%) and test (20%) sets

http//www.caesar-project.eu/ 5.0
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MUTAGENICITY

CAESAR MXYDELLING ForR MUTAGENICITY

Descriptors
A 2D descriptors: MDL software

Models

A Classification: SVM (Support Vector Machines)
A 10 fold cross-validation

SLORCHESTRA 3% = http://MWww.caesar-project.eu/
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—=7 MUTAGENICITY

Results of ¢ 4 E $ d R Mxkdelling
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§_ 2l ] ]

Training set
Test set

A Good accuracy (considering reproducibility of the experimental
data about 85%)

A A cost-sensitive model was also evaluated to reduce FN

¥ http//Www.caesar-project.eu/ LI



Architecture of the Integrated System '

§ P

( ) statisticalmodel
(basedon chemical
descriptorg

¢(» knowledgebased
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structuralalerts)
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if negativeX l
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ToxTree
2nd checkpoint

If negativeX l
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MUTAGENICITY.

Integrated Mxkdel Statistics

SUSPICIOUS SUSPICIOUS
CAESAR TeStt takenas takenas
NONMUTAGENIC MUTAGENIC
accuracy 83.3% 82.1%
sensitivity 88.3% 90.9%
specificity 77.1% 71.2%
CoOHIEENTHOH®ICE PRUBPRNCHOHCEICE

Accuracycloseto the reliability of the
experimentatest (85%)

http//www.caesar-project.eu/
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CARCINOGENICI

Comparison between different models
Training+Test set (805+739 compounds)
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COMPONENTS FOR THE
APPLICABILITY DOMAIN INDEX

Chemiometric check (descript. space
Similarity index (chemical; sub-indices)
Fragments for outliers (output space
Prediction Concordance (tox exploration)
Prediction Accuracy (output space
Uncertainty (output space

A Visualisation of similar substances

Do To o Do Io Do

http//Mww.caesar-project.eu/ B =



SIMILARITY SEARCH

CAESAR QSAR model for Mutagenicity - version 1.0

Prediction for the compound no. 1: Celeee2Ne3ed4CC(Ocdee(0)e3C(=0)c2c])CI(C)COI

Activity: Mutagen
Remarks for the prediction:

VISUALIZATION OF SIMILAR SUBSTANCES
is very useful for the reporting

The following chemicals similar to the query compound have been identified in the CAESAR database:

o o Dataset id: 10
SMILES: O=C5cleceee IN(e3e5(e(0)ec20C(Ce23)C4(0C4)(C)))C

@ O Similarity: 0.99
L]

I Experimental class: Mutagen
Predicted class: Mutagen

-]

Dataset id: 772
SMILES: O=C2clcccce I N(cde2e(0)ec30C(C(=C)C)Ce34)C

@ © Similarity: 0.922
N

| Experimental class: Mutagen
Predicted class: Mutagen

Dataset id: 1963
SMILES: O=Clc5c(O)ccee5(0ce3ele(OC)cc20C40CCC4A(c23))
Similarity: 0.828

Experimental class: NON-Mutagen
Predicted class: NON-Mutagen

Dataset id: 3769
SMILES: O=C4c5¢(0)ceec5(0c2e4(c(0)ec1OC30CCC3(c12)))
Similarity: 0.825

Experimental class: NON-Mutagen
Predicted class: NON-Mutagen




CHEMICALS OUTSIDE DESCRIPTORS RANGE

CAESAR QSAR model for bioconcentration factor (BCF) in fish

Prediction for the compound no. 1: S=C=S

S BCF value: 2 (L/Kg) whole body weight
Log BCF value: 0.24
Remarks for the prediction:

Descriptors for this compound have values outside the descriptor range for the compounds of the

/ training set.

The following chemicals similar to the query compound have been identified in the CAESAR database:

N Dataset id: 399
SMILES: NC(=S)N
Similarity: 0.348

/ Experimental Log BCF: 0.30
S N Predicted Log BCF: 0.46
Dataset 1d: 398
SMILES: CS(=0)C o
Similarity: 0.297 18

S Fyvnermental T oo ROCF- 1Y G0



COMPOUNDS WITH FRAGMENTS IDENTIFIED AS LINKED
TO LOW RELIABILITY OF PREDICTION

CAESAR QSAR model for bioconcentration factor (BCF) in fish

Prediction for the compound no. 1: CIC=1C(Cl)=C(Cl)C(CI)(CDHC=1ClI

< BCF value: 25 (L/Kg) whole body weight
Cl Log BCF value: 1.39
& Remarks for the prediction:
Presence of chemical features in the compound (6 Cl atoms in the molecule) that might be
cl associated with a lower reliability of the predicted value.
Cl
cl

The following chemicals similar to the query compound have been identified in the CAESAR database:

% Dataset 1d: 233

¢l SMILES: CIC(=C(CI)CHC(=C(CHCHCI
¢t Similarity: 0.483

¢l Experimental Log BCF: 3.35
& Predicted Log BCF: 2.69

Dataset id: 287
€ SMILES: CIC12C3C(C(C1H(CHCH(C(=C2CHCHCHC=CC3CI o o
Similarity: 0.391 S 14 &

Cl —_——

L Fyvnerimental T oo RCFE- 2 QF



COMPOUNDS WITH A LOW SIMILARITY INDEX

CAESAR QSAR model for bioconcentration factor (BCF) in fish

Prediction for the compound no. 6: O=CIC=CSN1CCCCCCCC

‘ BCF value: 103 (L/Kg) whole body weight
S Log BCF value: 2.01

Remarks for the prediction:

The following chemicals similar to the query compound have been identified in the CAESAR database:

Dataset id: 477
SMILES: CCI(C)CC(=CC(=0)C1)C
Similarity: 0.467

Experimental Log BCF: 0.14
0 Predicted Log BCF: 0.99

Dataset 1d: 168
SMILES: CCCCcccclccecececl .
Similarity: 0.463 S 15 =

Fvnoritmental T oo ROCE:- 2 20



CONCORDANCE WITH EXPERIMENTAL VALUES
OF SIMILAR MOLECULES

CAESAR QSAR model for Carcinogenicity - version 1.0

Prediction for the compound no. 1: CN(C)C(=O)NC1=CC(Cl)=C(C)C=C1
Cl
Carcinogenic: Non-Positive

Class indices: Positive=0.079, Non-Positive=0.921
Remarks for the prediction:

The following chemicals similar to the query compound have been identified in the CAESAR database:

| Dataset id: 162
g B SMILES: Clclcec(ccl )NC(=O)N(C)C
% \{ Similarity: 0.884

N
Experimental class: Positive
Predicted class: Non-Positive
Cl

Dataset 1d: 754

SMILES: O=C(Nclcee(ecl)C)N
Similarity: 0.857
N

Experimental class: Non-Positive

Predicted class: Positive
N (o]



ACCURACY OF PREDICTION FOR SIMILAR MOLECULES

CAESAR QSAR model for Carcinogenicity - version 1.0

Prediction for the compound no. 1: CN(C)C(=O)NC1=CC(Cl)=C(C)C=C1

Cl

Carcinogenic: Non-Positive
Class indices: Positive=0.079, Non-Positive=0.921
Remarks for the prediction:

N
OJ\T/

The following chemicals similar to the query compound have been identified in the CAESAR database:

Dataset id: 162

SMILES: Clclcec(ccl )NC(=O)N(C)C

|
i "\{0 Similarity: 0.884

N
Experimental class: Positive
Predicted class: Non-Positive
Cl
Dataset 1d: 754

SMILES: O=C(Nclcee(ecl)C)N
Similarity: 0.857
N

Experimental class: Non-Positive

Predicted class: Positive
N (o]



UNCERTAINTY

CAESAR QSAR model for Carcinogenicity - version 1.0

Prediction for the compound no. 1: CCC1=NN(C)C(C(=O)NCC2=CC=C(C=C2)C(C)(C)C)=C1Cl

Carcinogenic: Non-Positive
Class indices: Positive=0.491, Non-Positive=0.509
Remarks for the prediction:

I
R Borderline output, in the this example the carcinogenicity
O%S/K/ probability values predicted: positive=0.491 and negative=0.509
a show a VERY HIGH UNCERTAINTY IN THE PREDICTION

The following chemicals similar to the query compound have been identified in the CAESAR database:

O Dataset id: 433
SMILES: CN(CCN(clccceel)Celecees])C
Similarity: 0.693

N
©/ I Experimental class: Non-Positive
N 2
|

Predicted class: Non-Positive

Dataset 1d: 696
SMILES: O=C1Nc2¢(n(nc2C)CC)C(=NC1)clceececl
2 Similarity: 0.69

"O Experimental class: Non-Positive 1875
Predicted class: Positive Sy =
N



Developmental Toxicity Prediction

By

¢

Developmental Toxicity

IMPORT STRUCTURE(S)
FROM FILE gy | DRAW STRUCTURE

1 |
5-(butan-2-yl)-5-ethyl-1,3-diazinane-2,... CCC{C)C1{CCICEOINCEDOINCTI=0
lacetamide |CCiN=0
(E)-N-ethylidenehydroxylamine C\C=NO

acetonitrile CCH#N

acetaldehyde CC=0

| CLEARALL
™ F




B Developmental Toxicity Prediction

A-(hutan-2-yl)-5-ethyl-1,3-...
acetamide
(E)-N-ethylidenehydroxyl...
acetonitrile

acetaldehyde

CCC{CICTH{CCICE=0INC... Developmental toxicant {(compound into AD)

CC{N)=0 Developmental toxicant (compound possibly out of AD)
CIC=NI0 n.a. {compound out of AD)

CCH#MN Developmental NON-toxicant (compound possihly out of AD)
CcC=0 Developmental NON-toxicant (compound into AD)

MOLECULE ID 2

SMILES CC(N)=0
IUPAC NAME  acetamide

PREDICTED YALUE Developmental toxicant

APPLICABILITY DOMAIN ; S
Predicted substance could he out of the Applicahility

Domain of the model.

ASSESSMENT Developmental toxicant (compound possibly
out of AD)



Developmental Toxicity Prediction

Developn;ental Toxicity STEP 1 S ;‘ 2 q

a-(hutan-2-yl)-5-ethyl-1,3-... CCC(CICT1{CCICE=QOINC... Developmental toxicant (compound into AD)

acetamide CC{N)=0 Developmental toxicant {compound possibly out of AD)
(E)-MN-ethylidenehydroxyl... CIWC=NIO n.a. {compound out of AD)

acetonitrile CCH#MN Developmental NON-toxicant (compound possihly out of AD)

acetaldehyde CcC=0 Developmental NON-toxicant (compound into AD)

SIMILAR MOLECULES

Global Applicability Domain Index

Similar molecules with known experimental value index
Concordance for similar molecules index
Accuracy of prediction for similar molecules Index

Model descriptors range check
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number of compounds
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hto AD Possibly out of AD Out of AD

Chartreports statisticsfor Mutagenicity model TestSet (836 compounds)divided by
three ApplicabilityDomainclasses

* Prediction into AD

* Prediction possibly out of AD
* Prediction out of AD
WORKSHOP

QSAR MODELS
ron. REACH 3
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O Correct
O FP
B FN

number of compounds

nto AD Possibly out of AD Out of AD Possible positive

Chartreports statisticsfor Carcinogenicitynodel TestSet(161 compounds)divided by
three ApplicabilityDomainclasses

* Prediction into AD

* Prediction possibly out of AD

* Prediction out of AD

CHKAS MdpiRsR A i A PDSSIELIRGREAMIEASD SETF O Y L2 dzy Ra A", O
_recoghitién' of some carcinogenic fragments (AD estimation is not calculated upon suc
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SLORCHESTRA

NOT BLIND EXPLICIT
NOT SILENT TRANSPARENT

NOT ORACLE REASONING KNOWN




COOPERATION




