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(Q)SAR Basics
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(Q)SAR Modeling: What is it?

= (Q)SAR = (Quantitative) Structure-Activity Relationship

* Modeling identifies associations between attributes of chemical structures and biological activity
(e.g., mutagenicity)
* General assumption: Similar molecules exhibit similar chemical and biological properties

= Toxicity can be explained by chemical structure
= Model learns from the results of actual laboratory testing

* Use a computer to examine “pieces” of chemical structures to find those associated with activity
=» structural alerts

* Can also identify attributes that mitigate activity
= Model can be used to make a prediction of a new chemical’s toxicity based on its structure

* Fill data gaps when empirical data are unavailable or inadequate

QSAR — guantitative — statistical-based mode} (Q)SAR

SAR — qualitative — expert rule-based model



Building and Applying a (Q)SAR Model

www.fda.gov
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Chemical Structure Formats

= Structural representation = Structure formats
* SMILES
NY@/\ =» CCCCCCCN(CC)CCCC(C1=CC=C(C=C1)NS(=0)(=0)C)0
NN
L o * InChl
2D

= InChl=1S/C20H36N203S/c1-4-6-7-8-9-16-22(5-2)17-
10-11-20(23)18-12-14-19(15-13-18)21-
26(3,24)25/h12-15,20-21,23H

th.( e’ * Molfile/SD File
3D $ =» 2858.mol or Drugs.sdf Most
T T Common
Ibutilide F t
Single Multiple orma
Structure Structures
(Molfile) (SD File)
www.fda.gov




SD File Benefits

- ila- > <Name>
SD File: p-Chloroaniline
* Enables batch processing of 10s to 100s of
structures > <CAS Number:>
186-47-8
* Open standard — does not require a
commercial software to open or create 5553
files
* Small file size (ASCII text) — makes data 6 5 0 0 0 0 6 0 6 0999 V2000
transfer facile 4.4736  2.5260 ©0.0000Cl @ © © © 0 © 0 © © O 0
5.1888 2.9385 @.ea0e C 6 8 B8 8 & 6 B8 B © B0 B8
®= Format works well for regulatory 5.9025  2.5260 ©.0000 C © 0 © © © @ 0 © @ 0 ©
. ] . ] 5.1888 3.7635 b.egae O b &8 &8 B B 8 B B B B0 0
submissions ofdruglmpurlty 6.6170  2.9385 ©.0000 C © © © © © © ©0 © © © o
. 5.9825 1.7818 B.8gae C P & &8 B B 8 B B B B0 0
structures under ICH M7(R1) with 1 5 106 0 0 o
H H . 2 3 1 &8 & 6 @&
associated qlatg fields: e e e
* Name, Application Number, ID,Role,UNIl, | 3 5 1 o o o o
CAS, Notes* > 61 0 0 09
! M END

o T v B I e I e Y O

www.fda.gov  *For more details, see presentation by Marlene Kim, entitled, “Quick Guide to Creating an SD File for eCTD Submissions”
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ICH M7(R1) (Q)SAR Assessment of
Drug Impurities



|ICH M7 Pharmaceutical Regulatory Guideline

Published in June 2014, revised (to version R1) in March
2017, currently under revision to R2

Title: ASSESSMENT AND CONTROL OF DNA REACTIVE
(MUTAGENIC) IMPURITIES IN PHARMACEUTICALS TO LIMIT
POTENTIAL CARCINOGENIC RISK

Describes how a hazard assessment should be conducted
on a pharmaceutical impurity to classify it as mutagenic or
non-mutagenic based on experimental data and/or (Q)SAR
predictions

* (Q)SAR models should predict the outcome of Ames assay

* Use two complementary modeling methodologies: statistical-based
and expert rule-based

* Models should be consistent with OECD validation principles

* If no structural alerts, no further genetox testing is required

FOA

INTERNATIONAL COUNCIL FOR HARMONISATION OF TECHNICAL
REQUIREMENTS FOR PHARMACEUTICALS FOR HUMAN USE (ICH)

ICH Harmonsep GUIDELINE

ASSESSMENT AND CONTROL OF DNA REACTIVE (MUTAGENIC)
IMPURITIES IN PHARMACEUTICALS TO L\aT POTENTIAL
CARCINOGENIC RISK

M7(R1)

Current Stgp 4 version
darad 31 March 2017

Thes Guadelime has been developed by dhe appropriate ICH Expery Working Growp and has doen
sudject w conswlarson by the regulatory paraes, i accordance wizh the {CH Process. Ar Seep 4 of the
Process e fimal draft is recommended for adopaton 10 the regulatory bodies of the ICH regions

International Council for Harmonization (ICH) M7(R1), 2017. https://database.ich.org/sites/default/files/M7 R1 Guideline.pdf; Organisation for Economic Co-

operation and Development (OECD), 2007. http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?doclanguage=en&cote=env/jm/mono(2007)2
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Application of Expert Knowledge

Model output “... can be reviewed with the use of expert knowledge in order to provide
additional supportive evidence on relevance of any positive, negative, conflicting or
inconclusive prediction and provide a rationale to support the final conclusion.”

Mitigating Features = |dentify and interpret alerting portion
/ \ of the molecule
= Consider mechanism of reactivity,
O O O where possible
NH, = Assess training set structures used to
(Q)SAR O NHz\ deriye alerts and mitigating features
Model structural Alert [review model output]
Negative = Consider data from structurally similar
Mutagenicity
Prediction compounds (analogs) not used by the

model [search supplemental databases]

www.fda.gov Expert knowledge is applied to all (Q)SAR analyses conducted in-house by FDA/CDER 11



(Q)SAR Review

" Industry (Q)SAR predictions for impurities in DMFs are triaged by review staff

= Any questionable predictions/conclusions or inadequately documented analyses (including
application of expert knowledge), are sent forward for an internal (Q)SAR consultation
* Electronically-readable structure needed for analysis

" |In the absence of an electronic structure, impurity and corresponding APl need to be
redrawn from submitted image
* Quality of submitted images varies — takes time to decipher them

*  For example: N
Original =x O \S Final
m) | N

Submission Structure

. fda.gov But redrawing takes extra time and can introduce errors! 12



Structural Accuracy Matters

Prediction is based on chemical structure

* |Incorrect structure = invalid prediction!
* Slight changes in structure can lead to different predictions

Addition of
a methylene

group

Structure Predictions
IP*( }NHE

e NH;
PH .,e_J + |Eqv| *

Position of
substituents

Structure Predictions
:t - NH:;-

| %< - -
[ _.-:J + -

Electronic submission of structures in SD File improves accuracy and efficiency!

www.fda.gov
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Chemical Structure (Q)SAR Pre-Processing

= |f structures are submitted as an SD
File, only minimal pre-processing is
needed by the agency for (Q)SAR
analysis

= For (Q)SAR analysis, structural
formatting may be needed:

* Salts and counter-ions stripped, and
some charges may need to be
neutralized (e.g., -COO’, -NH,*)

* Some functional groups may need to be
standardized, e.g., nitro groups

www.fda.gov

I
_O/Fl’ 0 Original
Na* Na* Na* o Submission

o

I
o N Final
OH Structure

/O- ’O
—N* NOT —N_
\O O

14



. . . FDA
Structure-Linked Databasing Supports Review .

H
N

Yes < ) oy

= Has FDA/CDER reviewed this chemical before?

" Are experimental data available?

=" Have we previously performed a (Q)SAR analysis?

" Are there data for structurally related compounds (for expert review)?

O\
ﬂ No

NH,

Structure-based searching facilitated by electronically-readable
www.fda.gov structures in SD File format 15



Databasing is Essential for (Q)SAR Review!

* The Computational Toxicology Consultation Service (CTCS) team maintains an
internal database of ~¥35K chemical structures, published toxicological data and

past Agency (Q)SAR analysis reports
* Structures can be imported directly from SD File format

= Reviewers have the ability to search the database for past Agency (Q)SAR

analyses
* Eliminates duplicate consult requests for previously evaluated compounds

= CTCS reviewers use the database of toxicology data to support their (Q)SAR

analyses

* Facilitates application of expert knowledge to (Q)SAR predictions--rapid retrieval of
structural analogs using exact, substructure and global similarity queries

* Rapid retrieval and review of past regulatory decisions for related compounds—ensures

consistency 16



Summary

" (Q)SAR models make predictions of toxicity based on chemical structure

* Require structures in computer-readable format

= SD File format is commonly-used in cheminformatics
* Encodes multiple chemical structures and associated data in computer-readable format

* Suitable for regulatory submissions of drug impurity structures under ICH M7(R1)

" In a (Q)SAR review workflow, SD Files:

* Eliminate the need for redrawing of structures =2 reduces introduction of structural errors

* Facilitate application of expert knowledge to (Q)SAR predictions by enabling structure-based
searching

* Enable direct databasing of impurity structures for tracking purposes

Drug impurity structures submitted in SD files improve efficiency and accuracy of

(Q)SAR analysis review
17
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