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INTERNATIONAL CONFERENCE ON HARMONISATION OF TECHNICAL
REQUIREMENTS FOR REGIS TR_-\TIO\IOFPH—XR\L-\CEL'TIC%L FOR HUMAN USE

ICH HARMONISED TRIPARTITE GUIDELINE

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

M7

ICH-M7
BENEIPAVY R ZEBETS
- DEEMRMFBPDNARGHE
(ZERMH)

Y OFTEMRUVER
201468

This 'd line has been developed by .’ priaLeICHE rt Workin g and
ha b subject to consultatio b the l -y parties ordance u ,' l ICH
Pro A Step 4 of the Proc ? fm,ald f recommen d df adop. o the

gl -y bodies of the Eur and USA.

ICH: International Conference on Harmonisation of Technical
Requirements for Registration of Pharmaceuticals for Human Use
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B Ames/(Q)SARDFAIFEER L% BHIEL. FHHRADILLFEYME & ZDAmesiH
BR7F—2%2AVT. (QSAREFLOBELEBICEBUREToT-

vV =2ty b I REETCERSI NS, 12,000l EDLFE D Ames
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v AmesilBRfERICEDZ, FHEEZ3ERETHEE
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http://www.addaxietechnologies.com/User/Chem_Indus.aspx

7Yz bt hi-t2yE LT —2 4>

B 12,0001t ME %385 71T, #£4,0000BZ2H VW TORIE L NR %,

7z —XI-ND3YM4 7 VEREL7-

T%ﬁi-‘—ﬁ WET? mT 5 ARG 5 K%T * B 5

7 —XlI =» 7 x—XIll =» 7 —XIll it
(2014-2015) (2015-2016) (2016-2017) (2014-2017)

77 XA 183 (4.7%) 253 (6.6%) 236 (5.4%) 672 (5.5%)

h73al-—

77 XB 383 (9.8%) 309 (8.1%) 393 (8.9%) 1,085 (8.9%)
77 AC 3,336 (85.5%) 3,267 (85.3%) 3,780 (85.7%) 10,383 (85.6%)

&t 3,902 3,829 4,409 12,140
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M{L34R (ECHA) (QSARFIHE - LK— bt 4 FA™

MECHA

EUROPEAN CHEMICALS AGENCY

Practical guide
How to use and report (Q)SARs

Version 3.1 — July 2016

ECHAIC X BAREACHRFHIO T Y FRA >~ M IC
it L TL3(Q)SARY —

In vitro gene
mutation in
bacteria (Ames
test)

Danish QSAR Database | Models for Ames test Free

(DTU)

OECD QSAR Toolbox Several profilers (alerts) Free
associated with this endpoint

T.E.S.T. (US EPA) Mutagenicity Free

ToxTree (JRC) In vitro mutagenicity (Ames test) | Free
alerts by ISS

VEGA (IRFMN) CAESAR, SarPy/IRFMN, ISS and Free

KNN/Read-Across models

ACD/Percepta
(ACD/Labs)

Genotoxicity Module

Commercial

CASE Ultra (MultiCASE)

Bacterial mutagenicity model
bundle

Commercial

Derek and Sarah

Mutagenicity in vitro

Commercial

(Lhasa)

Discovery Studio Ames Mutagenicity Commercial
(Accelrys)

Leadscope Genetox Expert Alerts Suite and Commercial

Non-human Genetic Toxicity Suite

TIMES (LMC)

Ames mutagenicity

Commercial

Mutagenicity
(other
endpoints than
in vitro gene
mutation in
bacteria)

Danish QSAR Database
(DTU)

Models for genotoxicity endpoints

Free

OECD QSAR Toolbox Several profilers (alerts) Free
associated with mutagenicity
ToxTree (JRC) Several decision trees associated Free

with mutagenicity

CASE Ultra (MultiCASE)

EcoTox model bundle

Commercial

Derek (Lhasa)

Chromosome damage in vitro

Commercial

Leadscope

Non-human Genetic Toxicity Suite

Commercial

TIMES (LMC)

Several models associated
with mutagenicity

Commercial

https://op.europa.eu/en/publication-detail/-/publication/0bfe7b84-3386-11e6-969¢-

0laa7bed71al/language-en
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https://op.europa.eu/en/publication-detail/-/publication/0bfe7b84-3386-11e6-969e-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/0bfe7b84-3386-11e6-969e-01aa75ed71a1/language-en

(Q)SAR™ = £+ — (ECHA) e\

“(Q)SARs and their assessment under dossier evaluation”
3 June 2021 11:00 - 12:30 EET, GMT +2*

(, QSARs and their assessment under dossi... 0 ~»
#CcH3 5

B ECHA

b, WEBINAR

5225 @Youlube

M DOREAICK > TEZAIRELRY, HlZIE, ECHATIZI(Q)SARICH L TH,
OECDDEERA A F 7 4 No ATLICEM L 5B DT —2 & RHT W3,

* https://echa.europa.eu/-/(Q)SARs-and-their-assessment-under-dossier-evaluation & ) Eﬂ@@ﬁﬂ%b“ﬂﬁ@



https://echa.europa.eu/-/qsars-and-their-assessment-under-dossier-evaluation

OECD QSAR Assessment Framework (QAF) ‘@N

OECD Working Group launched in 2021 to deal with the problem that not all predictions
produced by a valid model are acceptable for all regulatory purposes. Experts in relevant fields
joined and discussed the assessment framework for regulatory use of QSAR.

Z D fEIRE (S X340
9578, OECDTIE. QSARZHHIHF/H MBI 2= DFFEDOBHHAICOWTERL 7=, (2021~)
[Purpose] @//IOECID
M Develop a systematic and harmonized | _ _
framework for the regulatory assessment - [ =] - cuidance Wil fallow Eﬁfnogtt;”f%r
of (Q)SAR models and predictions. — 4 %%curlz_entt models and
= - EeCKIIS dicti
. FRRREOFE, TS P PIECIETons
< FiE = - v = I “ o
E?Tfi[%;{;;:é?'a"%fégéz l{% Interlinked Discuss in relation ’
AMOmNAbT, EXRAZ £ L DT :;;;;g@::;;;g £ ucertainies 4 Possivle
HAXVRAZ L TCHowto Z F ¢ H-F v the model the prediction related to 0 use cases for
2 U2 kRS- validity  validity e fpreeletion external use

Practical regulatory focus, fitness for purpose,
flexible and context-dependent

15



QAF Working Group

&) OECD

BETTER POLICIES FOR BETTER LIVES

<" Lead by Italian National QSAR Assessment Framework
“¥+< Institute of Health (ISS) Working Group / Howto
assess '
QSAR models
/I\ Case studies i :
(endpoints/ 3
regulatory'
Persons in charge of each task ‘ ‘ s ‘ QSAR
Discuss the idea, draft Assessment
! ‘Y‘ ‘Y‘ Framework !
W model and evaluate the
prediction uncertainties
Complement
Experts from around the world O O O suidaiis
Review, comments on the draft ‘Y‘ .ih ."
NIHS, NITE . JaCVAM Editorial Committee: In Silico Toxicology
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“Guidance for the regulatory assessment of (Quantitative) Structure-Activity
Relationship models, predictions, and results based on multiple predictions”

-\

“QSAREFIL, Fill, H&UHEHOFUICES CERORFIFHEDIHDH A X2 2"

BEDB
1. Assessment of (Q)SAR Models

1.1. Defined endpoint

1.2. Unambiguous algorithm

1.3. A defined domain of applicability

1.4. Appropriate measures of goodness-of-fit,

robustness and predictivity

1.5. Mechanistic interpretation

1.6. Outcome of the assessment of the model

1.7. Conclusions on the assessment of the model
2. Assessment of (Q)SAR Predictions

2.1. Correct input(s) to the model

2.2. Substance within the applicability domain

2.3. Reliability of the prediction(s)

2.4. Outcome fit for the regulatory purpose

2.5. Conclusion of the assessment of an individual

prediction
3. Assessment of a (Q)SAR Result derived from multiple
predictions

3.1. When to use the Result Checklist

3.2. Uncertainty and outcome of the (Q)SAR Result
4. Final considerations

1. (Q)SAR E 7 LD FFi -

1L1L. TV FEA Y FOER Model validat
S \T? '] =2°

1.2 BRSOBVWTILITY XL | o principles

1.3. BHESEHEOEE
1.4 BEE, mE@EME. FRIEDE) 4 5T
15 {FRABFICRY 58I _
1.6. ETILDOFHEDREER
1.7. ETF I DM DR

2. (Q)SAR ¥ FFA

21. FEFNMADIELWAD
2.2. EAEEAOYE

2.3. FHIDEFEY

2.4 REIRERICESLI-ER
2.5. Bl 4 O F B DD FER

3. EHD(QSARFHID BB ONI-FERDEM
3. Fz vy 7 VR M42ERT BI5E
3.2. (QSARFAIFERDAEEE L BRIRNAER

4. BEEHBEER

on
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2. (Q)SAR YA @ 54

2.3. PHIOSHEE (EHEEZRETSI-HDFzy R4V F

EERE: RACANEETIVOERICKYRILBERY’EONDIDE S DZREET S
O FHERE, BE. FEE. BELG L,
BhL—=Y7tEy FOYBILLFR. BERN, RENZERICERY S

mAELUMEICET S -'Eﬁ"“)lad)'l_&._""‘ (RFrEEE
J7xA4 b I( ngh " Medium Low

W AHZRLB LV EFRREICET 2 EEE
DTS LWELIIEETE 31HH AFARLIES) L DRFHROES

B4 OFADOEREEFMEIZ. 2FENENT7 - ADFHEL Y HEER

—> Checklist: 3.4

ETLDOFABERR/FANICELRT S, FUMBOXRABERZETLHIELL FRHTES D
ZHERTHILICLY., FHENKMEOFABROERIEZFMETE 3,
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EFHAIVIRBLET—RRET 4

Br
CAS RN: 52434-90-9 Br
MW: 728.7 BrOYN\fO Br
logP: 4.48 Bre_J_N N”Br

B (Q)SARICE > TFHIZ ntﬂs-}%’ié
d)A:FrP esERFMZRENLRHEDOT
> =\ ﬁ

B fHFER 2D D E T )L, CASE Ultra
(MultiCASE Inc.) & U'TIMES (LMC)

m2ODER (%,,JJ ERFEXRY) 2HmaT
5 jﬂ_lf % n?“x'.nﬂﬂ

>Fry I YRMEHAKXY
nag-g

ANEDE

>

(JaCVAM THEER X = 1ERL F 7E)

Result Checklist
rinciple | Assessment Element (AE) CaseUltra TIMES Both
Outcome I Uncertainty | Outcome I Uncertainty | Outcome I Uncertainty
Correct input(s) to the model
1.1 Clear and c_omplete description of the input and O L O L
model settings
1.2* Input representative of the substance O L O L O L
1.3 Reliable input (parameters) appllcable - appllccble -
12.1 Substance within the applicability doma_in_ _ I M | O | L 1
2.2 Any other limitation is considered woicane | - | O | L |
Reliability of the prediction(s) 7 ' ) )
3.1 Reproducibility O L O L
13.3 Fit within the physicochemical, structural and Not ) O Lo
i~ = response spaces of the training set EeCURIENtEd
|3.4 Performance of the model for similar O M O M 1
I-.-.-S-Ub-s‘tal1-ce-s----————-——----,-,- L_§ _§ _§__§N _§N _§ _ &R _N N B B _ ___-I
3.5* Mechanistic and/or metabolic considerations | .icssie - O L O L
3.6* Consistency of information O L O L @) L
Outcome fit for the regulatory purpose
4.1* Compliance with additional requirements X - X - @) L
Correspondence between predicted and
*
oroperty O L O L O L
4.3* Decidability within the specific framework @, L @) L O L
Conclusion on the individual prediction @) M @) M / /
Correct determination of the final result from O M
individual predictions
----.---——.—-------l-l-l-l-------- NN | (NN N N N _§F _F I I n_ W N NN
IConclusion on the final resuit _ " "~ "~~~ 1=~ 71—~~~ =T O !




Read-across (V—F72RAX) ‘@N

BY)—F770R FHET—ZHBAET ZFHENRYEICH L T, MloktFHEOEREFENOT—4
ICBEOWTT—4&¥ry vy 70T ZITIAE

Source Target
chemical chemical Ci\/i\OH . Ci\/\OH
I )
| Repeated-dose'
Property ® o toxicity?
® Reliabledata O Missing data Known to be Predicted to be

® Target Chemical : T— X ¥ ¥ v 7 &5 2l RDILEYE
® Source Chemical : XTSIV E & OFALIECEAET — X DBEICE DO Z,
JU—F7 I RRIZERTZIOISEYLRICEYME, SEPELLV S,

20



AEOEE 4~

lﬁ%%ﬁ%ﬁ»—fﬁ?%%ﬁ
>TFATT7A—F . TLAHOMPEZEICIT V-7 T S (. FEMEXTR
ME + SEYEL1-2ELR L)
>ATFaV—F778—F : &V ILEE
O RERDH SIGEEICER

LRELCERZEICT V-7 L. FHEIC

NT..THhY

HFaV—770—F D—F7208XR
ST SR ®

MH . F—8 ¥ vy TR
o0 © =P —P  FEUMEORBRT—2EMALT
° O , IV FEAY P OBEHREHTE

@ '
(F): BE1E/ Pt
EE S (NOAEL) + EmiEss
etc.

[ 7 5‘”’] MEE 7 — Tt

© »zEpmE
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)= RF7P2O0RDPROONIES s\

— e ——

BYRIVFMDOMRE R BIEFEDEHIE
BEHICEATIAEEIPEONATUVWS, HE VLI HEWEEYED
HZ <L FE (KEH., 28EY. THPF)

BRERDEET — 22 AFTH-HOHLELRY Y — R EETAEE
(B, aXbd)

B Y EELLEWEEEAENDBITZRKDH 5 HEMNER

B OECDIZ & B3Guidanceh’ s THE Y., FHFICERIMREACH
Guidance THRBEINTW 3

- BHLEEETIVFRA T, BEOEFSET—2D8Z L HEWEE
1. (Q)SARL YV EZ (ffl : REXRESE. EHEFKESHESF)
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)—F720RDEREH

B SEEEYE (HPV) z8Re L7107
>KEEPA HPVFvL>J7ASF L4

L (19901 & V) Eiht)

E

Iu-.l A -~ _— D - > —
>ERMLEIERS HPVSIANA=7T747 (OECDEHFR]) OECD
3 — » > — e | A 4 : = r——
ZHOMEBEZATIV—LLY—F7I7RR%ZENE a X kIR % ER
Number of INumber of Robust Cost Total | Animals: Animals:
Categor Program | Chemicals | Study Summaries OECD | Tests | Costper e e
| hg y r g ¥ Endpoint Guideline| Avoided |test (USD)| (USD) test replaced
Aliphatic acids OECD 78 1125 Acute oral toxicity
Alkyl sulfates, alkane sulfonates g“ent)d —— 423 174 22978 = sl
: epeated dose 28-day
and olefins OECD 61 >1300 oral toxicity (rat) 407 248 76,810| 19,048,949 40 9,920
Aluminum alkoxides US EPA 2 1195 Prenatal developmental
Amine oxides OECD 15 180 tT°Xi°ity(rat)t, 230, 84,912 19,529,460 560 128,800
Fatty acid methyl esters US EPA 30 >500 ,Zt,‘i;gdelj‘c‘ﬂje'?;‘xidty
Glycerides OECD 28 748 (rat) 421, 422 259 143,076 32,907,582 412 94,760
Hydrotropes OECD 8 125 xl‘i‘r‘sifgzat:s“;?s’;
Linear and branched alkylbenzene (mouse) 474 13, 17,524 227,809 100 1,300
sulfonates (LAS/ABS) US EPA 9 192 Acute aquatic toxicity
. (various fish species) 203 177 6,521| 1,154,193 42 7,434
Lo.ng ChaII'T aICOhOIS (C6-C22 - Total benefits of reduced 40,359,277- 115,502-
primary aliphatic alcohols) OECD 30 1400 vertebrate animal testing 53,737,399 149,542

Dr. Kruszewski (American Cleaning Institute) &U3E{it
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) — K72 O ZOBHLR~0Z I AnERS IckE Q>

REACH: “IFHLRIVIIBEENLGHERTH/ONSIDLRAE

-656&3" HMECHA

g ﬁi : U o I: - 77 H Za) % (-,-A*L 'i l, (iL ‘i*& L-t L \6 ° :Ir:;t’it:)alllf::teernatives to animal testing
U —_— F‘T 9 m| Xf 1R 0) *SI' # E(] IE m &?glgl};%;l{sitrl{i;(gglation requirements for

B Source chemical&target chemical DEEBRA D+

B HR—MERO RN
> FEDRERAILEEESN TLVELY

B MRS
> REEFET DT —FDEFHE
> BEDXEREFET HERTOO7MIL

B BRYECRETIEBREDENTIVFRAUT—4

Ball, S. et al., ALTEX, 2016 etc. o4
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B BREEDRRZEL

ES1E9 D,

> BENGEVOVHLICEMIDET . EMNELLTVEEEZONSDIEEE, ?

> BEDEWVCELIHEETERT S,

] ﬁnﬁ'-ébﬁf’##ﬁ%h 7] j-éo
> R/ P2 axRT149X(TK)
> P aAFAFSOX(TD) DB RN ELEBTES TV THER

> QSARMDFEER Ein

vitrofABR T —3ZBRATE 5.

FEEIRFRAMNIEKTFET S,
> DVOTIWEIVRRA (EEEEHEET)
> BHEIVRRALUR(TK/TD, HToKF MR DILEMEDEEICHIKRTF)

B N RYE (TERA RS EBN TR T NIEELEL,
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Patlewicz et al., Regul. Toxicol. Pharmacol., 106, 197-209, 2019. 25
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B 2FEEICKIELUYME INon . NN T o

Structural analogues

B nEEEaiEislc & UM E 0 /@({}t&
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ADME A/M/E D/E A/D/E

CAR CAR

. PXR PXR CAR

Transcriptome PPAR PPAR PPAR Nrf2 PPAR
Nrf2 Nrf2

Species: rats
IDosing: 0, 0.1, 0.5, 2.5

Species: rats
Dosing: 0, 100, 200,

Species: rats
Dosing: 0, 2.5, 25, 250

Species: rats
Dosing: 0, 0.5, 2.5,

Species: rats
Dosing: 0, 50, 300,

Species: rats
Dosing: 0, 30, 100, 300

Species: rats
Dosing: 0, 12500,

Species: rats
Dosing: 0, 62.5, 250,

Species: rats
Dosing: 0, 50, 200,

Test mg/kg bw/day (male), |400, 800, 1600 ppm  |mg/kg bw/day, 12.5 mg/kg bw/days  |2000, 10000 ppm mg/kg bw/day 25000, 50000 ppm 1000 mg/kg bw/day 1000 mg/kg bw/day
Condition Igl c;g, 2'?' 12'|5 me/kg 90-day feeding 56-57 days for male, |42 days (male), 41-55 |90 days by feeding 42 days (male), 42-53 |30 days of feeding 42 days for male, 28 days by gavage
SZ‘lweagk(s imgaev)age 55-69 days for female |days (female) by days (female) by 44-56 days for female
4 by gavage gavage gavage by gavage
100 ppm 50 ppm
NO(A)EL 0.1 F’Z% 25 25 pzps <30 5658 1000 <50
] (mg/kg bw/day) (0.0003 mmol/kg ca. (0.007 mmol/kg (0.008 mmol/kg ca. 2. (< 0.133 mmol/kg (17.49 mmol/kg (3.167 mmol/kg (< 0.141 mmol/kg
_a fow/day) (:-%7 r’)nmol/kg bw/day) bw/day) LO.(}(;SG)mmol/kg bw/day) bw/day) bw/day) bw/day)
w/day w/day
8 weight increase, focal necrosis, bile weight increase (25 weight increase (12.5 |weight increase, weight increase (30 weight increase,
“© hypertrophy of duct proliferation, mg/kg bw/day in male)|mg/kg bw/day) hypertrophy, and/or  |mg/kg bw/day in male, necrosis, hypertrophy
b= hepatocytes (0.5 parenchymal cells non-adverse cytoplasmic 100 mg/kg bw/day in of hepatocytes (50
v : f me/kg bwy/day in m‘?'e enlarged (200 ppm in vacuolation of female), hypertrophy mg/kg bw/day in
g Liver effects flezrﬁaT;)g/ZIgt::géday "™ Imale and female) hepatocytes (2000 of hepatocytes (300 No effects No effects male), diffuse
g Ihepatocellular foci (0.5 Ppm in male, 300 ppm |mg/kg bw/day in mgle, hypertrophy of
< mg/kg bw/day in male) in female) 100 mg/kg bw/day in hepatocytes (50 mg/kg|
w female) bw/day in female)
ety el !(\dne\/ effect: weight Kidney eff.ects:
. . increase (12.5 mg/kg degeneration and
Other necrosis (200 ppm in bw/day) regeneration in
No effects |male), No effects L No effects >3 No effects No effects No effects
Organs effects Hematological effects Areexinel e (et
(200 - le) mg/kg bw/day in
ppm in mate), female),
GLP? GLP Non-GLP GLP GLP GLP GLP Non-GLP GLP GLP
o NO(A)EL <64 2.5 <35
- 9 (< 0.141 mmol/kg (0.0056 mmol/kg (< 0.133 mmol/kg
& 8 (mg/kg bw/day) bw/day) - [ -
x © et elece Hepatotoxic Hepatotoxic Hepatotoxic
effects effects effects
D-value
(mg/kg bw/day) 0.001 0.010 0.004 0.004 0.0125 0.005 9.43 5 0.008 0.011 0.004 0.006

28



) — F 77 4 0 2R OFREE TR 4>

(FREEMHEZDH)
B Similarity hypothesis used for the read-across () — F 727 A X ICHW=3ELIED(RER)
B Structural similarity (Z&EFE{LUE)
B Similarity of physico-chemical properties CIIB{tFEHV4FIEDFELIE)
B Similarity of toxicokineticsdata (F ¥ aAF T4 7 AT —X OFELUE)
B Mode of action ({EFA¥ER)
B Number of analogs used for the read-across GE{LIIE D)
B Quality of the endpoint data used for the read-across (LY F: R4V P T—2DE)
B Similarity of the endpoint data (among source chemicals) (L FRA4 > b T7— 2 OFELLE)

B Concordance and weight of evidence of all data used for justifying the hypothesis ({R5% % IE 21t
THEHICERALETRTOT—RO—BE L ERDEHFIT)
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stress subscquent to the loss of GSH may be associated with mitochendrial dysfunction (Watanabe et al.. 1992:
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Figure 1. Hepatotoxic pathway induced by allyl acetate
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