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7% 1 :Participants in Ames/QSAR International Challenge Project

QSAR Vender QSAR Tool Methodology
1. Lhasa Limited (UK) a. DEREK Nexus Rule
b. SARAH Nexus Statistical
2. MUultiCASE Inc (USA) c. CASE Ultra statistical-based Statistical
d. CASE Ultra rule-based Rule
3. Leadscope Inc (USA) e. Leadscope statistical-based Statistical
f. Leadscope rule-based Rule
4. (ltaly) IRCCS - Istituto di Ricerche Farmacologiche g. CAESAR Statistical
Mario Negiri
h. SARPY Statistical
i. KNN Statistical
5. LMC - Bourgas University (Bulgaria) j. OASIS/TIMES Hybrid*
6. Istituto Superiore di Sanita (Italy) k. Toxtree Rule
7. Prous Institute (Spain) l. Symmetry Statistical
8. Swedish Toxicology Science Research Center (Sweden)  m. AZAMES Statistical
9. FUJITSUKYUSHU SYSTEMS LIMITED (lapan) n. ADMEWORKS Statistical
10. IdeaConsult Ltd. (Bulgaria) o. AMBIT Statistical
11. Molecular Networks GmbH and Altamira LLC (USA) p. ChemiTunes and ToxGPS Statistical
12. Simulation Plus (USA) g. Mut_Risk-0 Statistical
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F<3: Summary of the results of prediction by QSAR models in Phase 11I_4409

= Ames. Ames.
Strong Ames data
Builders @SARModels G5AR_Results posotive PDB;;:_';’. Nega{tiv! Total
A ()
posifive 167 177 a33 17
Derek Nexus v 5.0.1 negative 69 216 147 1432 70.8 547 833 70.2 100.0
total 236 393 e 4409
posifive 104 108 541 748
== “e’:“s v fs"}’" (=] p—— 2 IEs 2524 787 59,1 44,0 823 77.3 80.2
Lhasa Limited (U total 176 294 065 3535
posifive 147 189 B3 965
e regatie B 108 1888 2021 834 704 744 738 6.7
total 177 m2 537 2986
posifive 135 155 882 952
S N 20 et | egene =2 e ) =52 722 60.5 781 757 79.5
total 187 292 Er-] 3504
Positive 132 16 238 486
Negate Ei 185 061 S §0.8 50.6 928 873 859
total 189 i 3299 3789
Positive 174 205 825 1204
Negate B 49 205 BE 7.3 655 745 731 86.4
total 225 354 2w 3809
posifive 139 174 547 850
regstie 5 152 a7y 2591 698 596 836 803 8.3
Lear:tlDSeAD)e Inc: total 199 328 3326 3851
posifive 143 153 434 T30
regstie = i 2531 3188 69.4 555 871 828 884
total 206 Erid 3365 858
. posifive 184 241 1246 1871
CARSAR e =000 [ megave & e = s 720 67.6 67.0 67.1 100.0
i total 236 393 3780 4409
Istinrm di Ricerche posifive 171 27 1484 1882
Fam.:‘,;.i.: SARPY{;;?:Q;?:’E" [ regate 65 188 EE 2527 725 63.3 60.7 61.1 100.0
[(=1F) total 236 393 e 4409
KNN {training s=tbased on posiive 145 173 139 1483
Hansen etal+ stong posilive in negatie 50 M2 2609 2911 61.7 51.8 69.6 67.1 99,2
iz iz total 235 391 3748 4378
TIMES AMES . posifive 18 13 48 a7
wid 14 negative B 32 215 250 857 47.0 87.3 21.0 a7
Buul?BiibL;:;:rsny {In domain) total 21 45 T 427
posifive 15 183 822 1138
T e [ et & £ ) 287 64.0 50.0 782 742 99.9
total 236 392 Fikc] 4403
: Z - -
T . N posifive 173 210 HE\; 1_48
Sanitaitiy) oxTree 266 negatie 63 183 2615 2861 733 60.9 69.2 63.0 100.0
total 236 393 e 4409
S dish Toscicology| positive 188 174 427 Tos
Science Research negatie 50 189 3033 3252 FIAl 61.0 8.7 839 91.2
Gener (Sweden) total 218 343 3450 4021
posifive 100 105 348 553
ADMEWORKS AMES w7 10 negative 85 173 2455 2733 60.6 46,3 87.8 82.2 74.5
total 165 8 2843 3286
posifive 188 nz 748 nm»s
e regatie ™ 81 298¢ w2 703 601 200 771 99.1
total 236 392 742 4271
posifive 180 206 24 1010
AltamiraiMN predicton negative a5 157 25383 3155 786 652 827 80.3 95.4
total 229 363 3613 4205
posifive 174 205 1018 1387
MUT_Risk.5 egeie = 82 =17 54 76.0 61.5 720 705 96.4
total 229 387 3635 423
Average 721 57.7 789 75.9 26.4
Mnimum 59.1 440 60.7 611 a7
Maximum 857 704 928 87.3 100.0
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F=4: Summary of the results of prediction by QSAR models in the Ames/QSAR challenge project_12,140

Phase |

Phase Il

Phase Il

A-sensitivity
Sensitivity
Specificity
Concordance

Applicability

68.9 (51.4-82.8)
55.8 (38.6-70.0)
78.6 (62.5-91.5)
75.3(63.6-83.9)

86.7 (14.5-100)

73.2 (58.5-89.5)
57.6 (44.8-72.1)
84.1(64.9-93.5)
80.2 (65.8-87.7)

85.7 (18.0-100)

72.1(59.1-85.7)
57.7 (44.0-70.4)
78.9(60.7-92.8)
75.9 (61.1-87.3)

86.4(9.7-100)
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B1: Class A chemicals, but all QSAR tools predicted “negative “ (false negatives)

Serialld  |ANEINo. CAS# Chemical Name S truc fure Result  |Mol
Weight
6273 3-(N-1104 NO_CAS 6-[(1.3-dime thyibutslidene)amino 1 7-fuoro-4-(2- . 5 A 302.349
propyd)-3.4-diydro- 2H- 1. 4-benmxazine-3- o
one ]\\
N N ~o
\:\\
7070 4-(7)-1776 NO_CAS 3-(4.6-dib 3-finorn-2-me thyiphe myi)- 3- s} A 382.023
oxopropionic acid efind ester
P =
Br
8218 8-@)-1758 NO_CAS 2-[2-chioro-4-fnoro- 3-(3-hydroxy-1-metint- A 313.71
1H-pyrazm - 3-yiphe noxy]-N-metinac etamide
12639 7-(#)-1038 NO_CAS 2- [(diphe mimetiniens Jamino]ace tic acid metind A 253301
ester
12798 7-(4)-1039 NO_CAS 4-[(4 -2 tiniphenyie tipnsd]- 1,2-difuorobenz=ne "‘] A 242260
&
ﬁ
L
bl
20043 3-(G3)-170 NO_CAS etind 1-fluoro-2-oxo-cyelopentane- 1-carboxyhte o] A 174171
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[X]2: Class A chemicals, but almost QSAR tools predicted “negative “ (false negatives)

Serial JANEI No. CASH Chemical_Name Result Mol We1ghtjStructure
3561 5-1118 NO_CAS N-[6- (N-buty] car bamoy| ) —5- A 358.4 PN
hydr oxy-1-naphthy|] carbamic acid o~
isobuty| ester
g
T

3565 51119 NO_CAS N-[8-br omo—6— (N-buty |carbamoy |)—
S-hydroxy—1-naphthy | Jcarbamic
acid iscbutyl ester ) Moo

=

437.3

7351 3-(4)-433 NO_CAS 3~ (2-oxocyc lohexy!) propana | A 154.2 0

7762 g-(1)-2411 NO_CAS methacrylic acid 1, 3dioxo—2H- [A 245 2
isoindole-2-yImethy| ester

10063 |8-(1)-2688 NO_CAS N-[2-[N2-[5 (hexahydro-TH- A 4546
azepine-1-yImethyl} -2-

thieny| car bony loxyl ami dinolethy|]
phthal imide

11025 |8-(73-1337 NO_CAS 6-chloro-4-hydroxy-1. 1-dioxo-1- |A 295.7
thia (V1)-2H-thieno[2, 3-€]-1,2-
thiazine-3—carboxyl ic acid methyl
ester

12457 |2-(6)-1576 NO_CAS 2.3. 3. 3-tetrafluoro-2- A BA8.1
(heptaf luoropropoxy) propanoic
acid 2- ;-_'.‘

(trifluoromethy!) hexaf |uor opropy | S |
ester f A'T‘r

13405  |4-(7-2114 NO_CAS 3-A-tert-butyl-2- A 203.4
fluorophenyliming)-2-

methy|butanoic acid ethyl ester
RNPER N
|

15383 |8-(7)-1520 NO_CAS 3-[[6-(2-ethoxy-1-butenyl}-1, 3~ |A 399.5 [+
dioxolo[4, 5-flbenzothiazole-7- o}
iuml —7-y |1 propane-1-su | fonate

15410 5-1372 NO_CAS t-chloronaphthal ene—2-sulfonic  [A 242.7
acid
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Derek ADMEWORKS AWorks CASE Ultra MCase Ames
in vitroCA in vitroCA
in vivo QSAR
CGX
440 in vitroCA Derek
56.0% 86.9% AWorks 67.7% 61.5% MCase 91.0%
64.9% MCase in silico
in silico
CGX CA CA
GLP in vivo
A. in silico
Ames in Ames in
silico vitro CA
in vitro CA in vitroCA
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in vivo (MN)
QSAR
CGX
DB 3 in silico

Derek Nexus [Derek]
ADMEWORKS [AWorks] CASE Ultra

[MCase] in vitro CA
B.
CGX DB
Derek AWorks MCase 3
in silico in vitro CA
in silico
in vivo MN
B.1.
CGX DB Moritaetal, 2016
DB CGXDB
756 183 939
Kirkland et al, 2005 Ames
in vitro CA
in vivo MN
TGR
B.2.
B.2.1
In vitro CA n
silico
CGX DB
°
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o Technical grade
C
713 NC 167
B.2.2 [InvitroCA/in vivo MN
in vitro CA
in vivo MN
In vitro CA in vivo
MN - +
E equivocal,
TC Technical compromise,
713
167
394 130
524
in vitro CA in vivo
MN +
B.3. in silico

Derek Nexus (ver.
5.0.2, KB2015) [Derek]
ADMEWORKS (ver. 7.9.1.0)
[AWorks] CASE Ultra (ver.
1.6.0.3; CA-CHL, CA-CHO,
MNT-mouse) [MCase]
vitro CA

In
Derek AWorks



MCase CA-CHL MCase Chemical Grouping

CA-CHO 14 MCase CGX 2007
CA-CHL CA-CHO Miscellaneous
MCase CA-CHL/CHO
in vivo MN MCase 2
MNT-mouse Others
B.4. C.
in silico 394
130 in vitro CA in
vivo MN + -
in silico +
1 - E (Equivocal) NA (Not applicable)
394 130 Appendix 1
in silico + - E Appendix 2
(Equivocal) NA (Not applicable)
Sensitivity C.1L
Specificity Accuracy In vitro CA + -
Applicability 440
2 C n=325 NC
MCase CA-CHL MCase n=115 3
CA-CHL CA-CHO MCase CA- in silico
CHO MCase in vivo MN +
CA-CHL/CHO - 337 C
+/- n= 266 NC n=71
+ NA/E -+ in silico MCase:
MNT-mouse
- + 3
c.2. in silico in vitroCA
B.5.
in silico / In vitro CA
524 394 C C+NC C
130 NC NC
4 5
2007 CGX DB CGX 2007 1 C+NC
JRC/EURL ECVAM Derek
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56.0% 86.9% AWorks
61.5% MCase CA-CHL
57.5% MCase CA-CHO
93.5% MCase
CA-CHL/CHO 64.9%
MCase
Derek 68.6% AWorks
65.2% MCase CA-CHL 76.3%
MCase CA-CHO  83.5%
MCase CA-CHL/CHO  80.5%
MCase
Derek  89.1%
MCase CA-CHL
CA-CHO 90.9%
CA-CHL/CHO  97.7%
MCase

67.7%
87.4%
76.2%

91.0%

AWorks
77.7%

99.3%
MCase
MCase
AWorks

in silico

NC

C.3. MCase (MNT-mouse) in vivo
MN
MCase
in silico
MNT-mouse
MNT-mouse

C NC

in vivo MN

In vivo MN
C+NC

6 7
2 MNT-mouse
C+NC

91.1% 57.0%

72.4% 81.6%
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in vitro CA in silico
65.2 83.5%
77.7 99.3% C
NA
NC 20
in silico
C.4.
524 36
8 Appendix 1
2 8
Others 3 69
5
in silico - +
in vitroCA
in vitro CA 5
22 9
In silico MCase
CHL CHO
CA-CHL/CHO
in silico
Aromatic

amines or amides Aromatic nitro
compounds
Derek

In silico

Azo compounds

Alkylating agents Aromatic amines or
amides Aromatic nitro compounds
Epoxides Halides N-nitro or N-nitroso
compounds

Alcohols
Carboxylic

Alkenes Azo compounds



acids Polyhalogenated aromatic CGXDB in
compounds vitro CA NTP CHO
11
Amines/Amides/Imines Carbamates
Halogenated compounds Hydrazines CGX DB in vitro CA
Ketones Phenols Phosphorous 10 mM
compounds Ureas Others -
12
9 7 5 in silico
10 In silico
D.
In vitro CA CHL CHO
Derak AWorks MCase CA-CHL MCase insilico
MCase CA-CHO 56.0
87.4% 575 935
65.2 83.5% MCase
CA-CHL CA-CHO
+ - + invitro invivo
MCase CA-CHL/CHO 91.0% in vitro CA
64.9% 80.5%
Derak
AWorks MCase in silico
CGX DB Ames in vitro CA
65.6 92.7%;
Hayashi et al, Mutation Res, 588,
129-135, 2005 [ CHL
/ 10% ]
Derek /
AWorks / MCase CA-CHL / in vivo
MCase CA-CHO /
MCase CA-CHL/CHO /

in vitro CA
MCase CA-CHO
83.5% CGX DB MCase MNT-mouse n
CA-CHO vivo MN  in silico
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91.1%

CGX DB invivoMN

in vitro CA

in vivo

Aromatic amines or
amides N-nitro or N-nitroso compounds

Polycyclic aromatic hydrocarbons

CA
in silico
CA in silico
Amines/Amides/Imines Carbamates
Halogenated compounds Hydrazines
Ketones Phenols Phosphorous
compounds Ureas
F.
In vitro CA 3 in
silico
CA
Ames
GLP
in vivo
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Horibe A, Odashima S, Hamasuna
N, Morita T, Hayashi M, Weight of
contribution of in vitro
chromosomal aberration assay for
evaluation of pesticides: Experience
of risk assessment at the Food
Safety Commission of Japan,
Regulatory Toxicology and
Pharmacology, 95, 133-134, 2018.

R. E. Tennant, S. Canipa, W. Drewe,
A. Cayley, S. Guesne, S. A. Stalford,
R. V. Williams, K. Masumura, T.
Morita. Hirose and M. Honma.,
Extrapolation of in vitro
mutagenicity alerts to the in vivo
10th

World Congress on Alternatives

endpoint in Derek Nexus,
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Takeshi Morita, Tomonari Matsuda,

Yuichi Ito,

Osamu Morita, Refinement of in

Masayuki Yamane,



silico cytogenicity evaluation and
development of an integrated
testing strategy for carcinogenicity
based on data science, The 53rd
Eurotox, Bratislava, Slovakia,
2017.9.10-13.

in silico
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6. Yurika Fujita, Hiroshi Honda, Shoji

Matsumura, Takeshi Morita,

Tomonari  Matsuda, Masayuki
Yamane, Osamu Morita,
Development of new in silico
cytogenicity evaluation tools and
integrated testing strategy for
carcinogenicity based on
genotoxicity data and chemical
space, 12th ICEM, Inchon, Korea,

11 6 7 2017.11.12-16.
Takeshi Morita, Yoshiyuki Shigeta,
Tomoko Kawamura, Yurika Fujita, H.
Hiroshi Honda, Masamitsu Honma,
Comparison of Three QSAR Models
for Prediction of Chromosome
Damage, 12th ICEM, Inchon, Korea,
2017.11.12-16.
1
In silico BF L o BWROT IR T he it ade
El Inactive< - i
Derek+ Certain« +o n
@ Plausible« +a
. Equivocal» Eo «
a ) - 4
AWorks« +o ta
° Mot Applicables NA~ 1
a Known negative« -a I
< Negatives _a .
a Known Positive +a f
MCase~ Positives +o B
£ EKnown marginal« +a .
a Inconclusive« Ee
a Out of Domain+~ NA« n

-, Negative: +, Positive; E, Equivocal; NA, Not Applicable+
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a In vitro or In vivo resulte ‘
o a +a - Totale “

In silico« +a as be atbe ‘
results < - o de ctde .
Total atce b+de atb+c+tde |

No. of all chemicals evaluated (all) +

= (atbtctd) + E (equivocal result) + NA (Not applicable)«
M (Sensitivity, %) =a/ (atc)+

FHEM (Specificity, %) =d/ (b+d)+

EFEM (Accuracy, %) = (a+d)/ (atbtctd)«

AT (Applicability, %) = (atbtct+d)/ alle

3 MCase CA-CHL CA-CHO
HigR ek
M 3 —EH R
e+ TOF—E. +o
NA/E & +DF—He HET L DT R
E F NA T-R—%. Eo
4 in silico in vitro CA C+NC, n=440
In silico model Sensitivity Specificity Accuracy Applica-
[No. of C/INC] CA results + = Total E NA %) %) %) bility (%)
Derek + 130 21 151
[287/105] - 102 139 241 48 0 56.0 86.9 68.6 89.1
Total 232 160 392
AWorks + 178 67 245
[325/112] - 85 107 192 0 3 67.7 61.5 65.2 99.3
Total 263 174 437
MCase + 188 54 242
(CA-CHL) - 27 73 100 64 34 a87.4 57.5 76.3 77.7
[263/79] Total 215 127 342
MCase + 176 1 187
(CA-CHOQO) - 55 158 213 23 17 76.2 935 83.5 90.9
[293/107] Total 231 169 400
MCase + 233 61 294
(CA-CHL/CHO)" - 23 13 136 4 6 91.0 64.9 80.5 97.7
[318/112] Total 256 174 430

C, Carcinogens; NC, Non-Carcinogens; E, Equivocal; NA, Not Applicable
* +/- or -/+ is considered as +, **: Accuracy (%) x Applicability (%)

5 in silico in vitro CA C (n=325) NC (n=115)
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Sensitivity Specificity Accuracy Applica-

In silico model CA results + - Total E MA (%) (%) (%) bility (%)

Carcinogens (n=325)

+ 107 16 123
Derek - 7 ar 164 38 1] 582 845 B7.6 88.3
Total 184 103 287
+ 145 43 188
AWaorks - 68 69 137 1] 1] 68.1 61.6 65.8 100
Total 213 112 325
MCase + 161 34 195
(CA-CHL) - 17 5 68 44 18 90.4 60.0 80.6 80.9
Total 178 85 263
MCase + 145 7 152
(CA-CHO) - 39 102 141 19 13 788 936 988 90.2
Total 184 109 293
MCase + 194 39 233
(CA-CHL/ICHO ™ - 13 72 85 3 4 937 649 837 ar g
Total 207 111 318
Non-Carcinogens (n=115)
+ 23 5 28
Derek - 25 52 77 10 1] 479 91.2 714 91.3
Total 48 57 105
+ 33 24 57
AWaorks - 17 38 55 1] 3 66.0 61.3 63.4 a7 .4
Total 50 62 112
MCase + 27 20 47
(CA-CHL) - 10 22 32 20 16 73.0 524 620 68.7
Total a7 42 79
MCase + 3 4 35
(CA-CHO) - 16 56 72 4 4 66.0 933 813 93.0
Total 47 60 107
MCase + 39 22 61
(CA-CHL/CHO ™ - 10 41 51 1 2 796 65.1 714 a7.4
Total 49 63 112

* +- or-i+is considered as +.

6 MCase (MNT-mouse) invivo MN C+NC, n=337
In silico model Sensitivity Specificity Accuracy Applica-
[No.ofcing)  MINresufts — + - Total B NA ) (%) (%) __ bility (%)

MCase + 113 65 178
(MNT-mouse) - 11 86 97 39 23 91.1 57.0 724 81.6
[275/52] Total 124 151 275
C, Carcinogens; NC, Nen-Carcinogens; E, Equivocal; NA, Not Applicable
7 MCase (MNT-mouse) invivo MN C (n=266) NC (n=71)
In silico model '"r‘:‘s’zh'\:N + - Total E NA Se':z,:;""y Spe(ﬁgc"y Ac‘(’f,j:fcy QES";Z)
Carcinogens (n=266)
MCase + 93 52 145
(MNT-mouse) - 11 87 78 27 16 89.4 56.3 71.7 83.8
Total 104 119 223
Non-Carcinogens (n=71)
MCase + 20 13 33
(MNT-mouse) - 0 19 19 12 7 100 53.4 75.0 73.2
Total 20 32 52

C, Carcinogens; NC, Non-Carcinogens; E, Equivocal; NA, Not Applicable
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8

# Chemical Class Carcinogens Mon- Total
carcinogens

1 Alcohals 5 2 7

2 Aldehydes i} 4 12

3 Alkalis, metal salts 0 3 3

4 Alkenes i 2 10

5 Alkylating agents 20 5 26

6 Amines/Amides/Imines 15 10 25

T Anthraguinones or quinones 3 0 3

8 Aromatic amines or amides 57 12 69

g Aromatic nitro compounds 31 g 39

10 Azirines or aziridines 4 0 4

11 Azo compounds 21 5 26

12 Benzenes 13 2 15

13 Carbamates 7 7 14

14 Carboxylic acids 7 6 13

15 Catechols 4 2 6

16 Epoxides 11 2 13

7 Esters 2 1 3

18 Halides 18 3 21

19 Halogenated compounds 23 6 29

20 Hormones 4 0 4

21 Hydrazines 11 3 14

22 Isocyanates 3 0 3

23 Ketones 5 4 9

24 Nitriles 2 3 5

25 Nitro compounds or nitrites 4 0 4

26 I'-nitro or M-nitroso compounds 24 0 24

27 Others 40 15 55

28 Phenyl compounds 3 ] 3

29 Phenols i 2 10

30 Phosphorous compounds 6 10 16

kil Phthalates 1 2 3

32 Polycyclic aromatic hydrocarbons 5 0 5

33 Polyhalogenated aromatic compounds 10 4 14

34 Quinolines 2 1 3

35 Resorcinols 1 3 4

36 Ureas 8 2 10

Total 394 130 524
9 in silico
. Tendency of
Chemical class * cn:;gls fn '{;Z; cA Positive prediction Negative prediction In sifico
predictions
+/-/NTD Derek AWorks MCase® Derek AWorks WMCase®

Alcohols 7 3/2/2 0 1 0 4 2 3 -
Aldehydes 12 7i5/0 5 4 3 3 2 5 ND
Alkenes 10 3/4/3 1 2 0 4 2 3 -
Alkylating agents 26 16/6/4 14 7 15 1 4 3 +
Amines/Amides/imines 25 10/12/3 4 9 6 12 5 9 ND
Aromatic amines or amides 69 43/19/7 11 39 38 17 g 9 +
Aromatic nitro compounds, 39 25/12/2 3 19 21 2 ) 2 +
Azo compounds 26 71207 1 5 4 12 8 2 -
Benzenes 15 6/T7/12 2 4 3 6 5 6 ND
Carbamates 14 6/4/4 G 2 3 2 4 4 ND
Carboxylic acids 13 4/712 0 2 1 6 6 ) -
Epoxides 13 10/2/1 10 12 11 0 0 0 +
Halides 21 15/6/0 9 10 10 4 5 5 +
Halogenated compounds 29 12/12/5 7 g ] 9 7 11 ND
Hydrazines 14 4/4/16 2 2 2 2 3 2 ND
Ketones 9 6/3/0 0 2 1 3 3 3 ND
N-nitro or N-nitroso compounds 24 14/2/8 14 12 14 0 1 0 +
Phenols 10 7/3/0 3 1 3 3 3 3 ND
Phosphorous compounds 16 7871 3 5 ] 6 3 2 ND
Polyhalogenated aromatic compounds 14 5/712 1 1 1 6 2 6 -
Ureas 10 47571 0 1 2 3 1 1 ND
Others 55 25/18/12 14 17 16 11 12 16 ND

+. Positive; -, Negative; NTD, No test data; ND, Not determined;
a: Chemical classes with equal or more than 5 chemicals with in vifro CA test data

b: MCase CA-CHL/CHO
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10 10 mM

in vitro CA

in silico

In vitro

D Chemical CA

Invitre  In vitro Invitro  Invitro  In vivo MN

In vivo CA CA MCase:

CA CA

MM MCase: MCase: MMT-

Derek  Aworks  p'oHL CACHO  mouse

C392 Hexanamide = - - - + E
C509  Nitrite, sodium - + + MNA + +
C514  Nitrobenzene - - - + - -
C851  N-Nitrosodisthylamine - + - + + +
C664  Saccharin. sodium - - + - - E
C734  Trimethylphosphate - - + - + +
C744  Urethane - + - - - +
MNC12  o-Anthranilic acid - - - + E -
MNC20 Benzyl alcohol - - - - -
NC124  4-Nitroanthranilic acid - E + + + -
NC144  1-Phenyl-2-thiourea - - - - + +
NC152 Resorcinaol - - - + +

No. of in silico-positive 3 4 5 8 6

1 in silico

in vitro CA

M sensitivity (%) B Specificity (%) B Accuracy (%) B Applicability (%)

Applicability (%)
Accuracy (%)
Specificity (%)
Sensitivity (%)

C+NC € NC

W Sensitivity (%) B Specificity (%) [ Accuracy (%) B Applicability (%)

Applicability (%)
Accuracy (%)
Specificity (%)
Sensitivity (%)

C+NC C NC

W Sensitivity (%) B Specificity (%) [ Accuracy (%) B Applicability (%)

Applicability (%)
Accuracy (%)
Specificity (%)
Sensitivity (%)

C+NC G NC

[EACH MODEL (C+NC)|

M Sensitivity (%) B Specificity (%) [ Accuracy (%) B Applicability (%)

Applicability (%)
Accuracy (%)
Specificity (%)
Sensitivity (%)

Derek  AWorks MCase-CA
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2

MCase (MNT-mouse) in vivo MN

|MCASE MNT-MOUSE|

@ Sensitivity (%) @ Specificity (%) [ Accuracy (%) B Applicability (%)

Applicability (%)
Accuracy (%)
Specificity (%)
Sensitivity (%)

C+NC C NC
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1. TIMES 21
OASIS TIMES

S9 3 (CAS: 1806-23-1 CAS:
609-60-9 CAS: 765-63-9)

2. OECD QSAR C
OECD QSAR 1. TIMES
ID
e CAS 1806-23-1
OECD o 2- 4-
QSAR (2-chloro-4-fluorobenzophenone)
e 2D

(0]
] O
i Q

OASIS TIMES

3.
— TIMES

20 4 S9
OASIS TIMES

2- -4-
4. TIMES
7790 A
(Q)SAR
21 ). "
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2.OASISTIMES

ID
¢ CAS 609-60-9
J 2,4-
(2,4-dimethylbenzenesulfonyl
chloride)
e 2D
CHy
CH,
Cl——Ss—=0
OASIS TIMES
2,4-
S9
2
DMSO
DMSO

3. TIMES

1D

e CAS 765-63-9

o 2,2,3,3-

(2,2,3,3-tetrafluorooxetane)

e 2D

i
+H

OASIS TIMES
2,2,3,3-
S9

) TIMES

TIMES
S. typhimurium

TIMES

TIMES S. typhimurium

E. coli

2,3,3,3-
(2,3,3,3-tetrafluoropropene)
Salmonella typhimurium
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coli (WP2 uvrA)

H,C——=CF—CF; — > H,C——CF—CF;

\/
o]
2,3,3,3 - tetrafluoropropene  2,3,3,3 - tetrafl uoropropene epoxide
(HFO-1234yf) (active metabalite)
TIMES
2,3,3,3-
2,2,3,3-
CH2-O
DNA
( )
/

Gua drR (LR

dR- deoxyribose phosphate fragment
Gua- Guanine nud eosides

2- 3,3.3.-
(CAS: 16387-26-1) E
2.3,3,3-
S9

22,33
F
D G.

OASIS TIMES OECD
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Vivo
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NOEL
234
234 2D
extended
tanimoto
R3.0.2 RCDK
NOEL NOEL
NOEL
NOEL
NOEL
NOEL

sdf

fingerprint

234

NOEL

70%

70%

Munro  (Munro IC et.al., (1996)
Food and Chemical Toxicology, 34, 829-

867)

234 X234
NOEL
Similarity
NOEL
70%
70%
NOEL 1
10
234
70%
234 96
70%
3 57
80%
140
3
25 data not
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NOEL
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NOEL 80%

NOEL

NOEL D.

NOEL

NOEL 5 in vivo

17

NOEL
NOEL

NOEL NOEL

in vivo

NOEL

2
NOEL 100 200

70%
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Flavour and Fragrance Materials
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Toxicology 55th Annual meeting , , ,
(2018.March, San Antonio, USA)

, J. Richmond, K. Nicole, K.
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, J. Richmond, K. Nicole, K. : in chemico
Bae-Hwa, , , ADRA
in chemico . 44
ADRA (2017.7, Yokohama)
2
30 (2017.11, Tokyo) G
A. Ono, Y. Hiraoka, A. Hirose, and H. 1.
Jinno :Comparative analysis of 2
respiratory, skin and eye irritation 3

potential of chemicals using
Japanese GHS classification.. The
53nd Eurotox2017 (2017.9,
Bratislava, Slovak)

A. Ono, S. Watanabe, T. Sugawara, K.
Wakabayashi, Y. Tahara, N. Horie,
K. Fujimoto, K. Kusakari, Y.
Kurokawa, T. Sozu, T. Nakayama, T.
Kusao, T. Kawakami, K. Kojima, H.
Kojima, J. Richmond, N.
Kleinstreuer, K. Bae-Hwa, Y.
Yamamoto, M. Fujitaand T.
Kasahara :Phase-1 of the validation
study of Amino acid Derivative
Reactivity Assay (ADRA): a novel in
chemico alternative test method of
skin sensitization.. Tenth World
Congress Alternatives and Animal
Use in the Life Sciences (2017.8,
Washington State Convention
Center, Seattle, Washington)
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WhichCYP

1
CYP yes/no)
CYP
ID
D. Derek Nexus
MIP-DILI
MIE/KE
in vitro 1
MIP-DILI
in vitro

Breiman, L. Random Forests. Machine
Learning, 2001, 45, 5-32. doi:
10.1023/A:1010933404324

Gijbels E, and Vinken M. An Update on
adverse outcome pathways leading
to liver injury. Applied In Vitro
Toxicology, 2017, 3, 283-285. doi:
10.1089/aivt.2017.0027.

Kalgutkar AS, Didiuk MT. Structural
alerts, reactive metabolites, and
protein covalent binding: how
reliable are these attributes as
predictors of drug toxicity? Chem

Cooper statistics Biodivers. 2009, 6, 2115-2137. doi:
10.1002/cbdv.200900055.

Rostkowski, M., Spjuth, O. & Rydberg, P.
WhichCyp: Prediction of
cytochromes P450 inhibition.
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Bioinformatics 29, 2051-2052 (2013).
doi: 10.1093/bioinformatics/btt325

RDK:it: Open-Source Cheminformatics
Software. RDKit Nodes for KNIME
(trusted extension). Available at:
https://tech.knime.org/community/rd
kit. (Accessed: 25th January 2017)

Roth AD, and Lee M-Y. Idiosyncratic
drug-induced liver injury (IDILI):
potential mechanisms and predictive
assays. BioMed Research
International, 2017, Article ID
9176937. doi: 10.1155/2017/9176937.

Stepan AF, Walker DP, Bauman J, Price
DA, Baillie TA, Kalgutkar AS, and
Aleo MD. Structural alert/reactive
metabolite concept as applied in
medicinal chemistry to mitigate the
risk of idiosyncratic drug toxicity: a
perspective based on the critical
examination of trends in the top 200
drugs marketed in the United
States. Chemical Research in
Toxicology, 2011, 24, 1345-1410. doi:
10.1021/tx200168d.

Yuan L, KaplowitzN. Mechanisms of
Drug Induced Liver Injury. Clinics in
Liver Disease, 2013, 17, 507-518.
doi: 10.1016/j.cld.2013.07.002.
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1.

Tanabe, S., Kobayashi, K., Matsumoto, M.,
Serizawa, H., Igarashi, T., Yamada, T.,
Hirose, A. Toxicity of repeated 28-day

oral administration of acenaphthy
lene in rats, (2017) Fundam. Toxicol.
Sci., 4, 247-259.

Matsumoto, M., Iso, T., Yamaguchi, H.,
Igarashi, T., Yamada, T., Hirose, A.

Summary information of human

health hazard assessment of existing
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Matsumoto, M.,

chemical substances (I111), Bull. Natl.
Inst. Health Sci., 135, 39-44, 2017.

Furukawa, M.,
Kobayashi, K, Iso, T., lgarashi, T,
Yamada, T., Hirose, A., A 28-day

repeated oral-dose toxicity study of

insecticide  synergist N-(2-ethyl-
hexyl)-1-isopropyl-4-methylbicyclo
[2.2.2] oct-5-ene-2,3-dicarbo-ximide
in rats, (2018) Fundam. Toxicol. Sci.,
5, 1-11.

Yamada, T., Tanaka, Y., Hasegawa, R.,

Igarashi, T., Hirose, A. Male-specific

prolongation of prothombin time by
industrial chemicals, (2018) Fundam.
Toxicol. Sci., 5, 75-82.

Yamada, T., Hirose, A., Honma, M. Our

recent experiences for development of
read-across approach for chemical
safety assessment, 10th World
Congress of Alternatives and Animal
Use in the Life Sciences (August 2017,
Seattle, Washington, USA).

Yamada, T., Hirose, A., Yang, C., Rathman,

J. Development of a new database of
non-cancer toxicity endpoints of
industrial chemicals for improving
TTC approach. 53rd European
Congress of the European Societies of
(September 2017,
Bratislava, Slovak).

Toxicology,

Matsumoto, M., Miura, M., Kawamura, T.,

Yamada, T., Kobayashi, N., Suzuki, T.,

Nishimura, T., Hirose, A. Derivation
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Congress of the European Societies of
(September 2017,
Bratislava, Slovak).

Toxicology,

Yamada, T., Hirose, A., Yang, C., Rathman,

J. Evaluation of Genotoxicity and
Carcinogenicity Profile for the TTC
Database Used to Develop Safety
Thresholds of Industrial Chemicals.
Society of Toxicology Society, 57th
Annual Meeting and ToxExpo (March
2018, San Antonio, USA).

Hirose, A., Kawamura, T., lgarashi, T.,

Yamada, T., Inoue, K., Nishimura, T,
Matsumoto, M. Expansion of the sub-
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Society of Toxicology Society, 57th
Annual Meeting and ToxExpo (March
2018, San Antonio, USA).



List of the Read-across KE models

- Name of KE endpoints
- Applicability domain (yes/no)

STRUCTURE INFORMATION READ-ACROSS MODELS MACHINE LEARNING MODELS: Random Forest
| Key Eventtome In Appicabiity Doman r Key Event Name Predcton Confidency Machine Learning Models
Lll . = - Key Event name
1 Inhibition |Inactive . —
1 EHEE = - Prediction
2[PXR_Agonist ves 2R _Agonist Inactive 51.7 . g
3 [MRP4_Inhiiton racive 550 - Confidence in prediction (%)
Active examples
(| structure Seniarity Score Distance Score
| (Tanmoto smiarity | (Eucidan dstance
‘ T | descrptors) REACTIVE METABOLITE
Kalgutkar Alerts Prediction for Reactive Metabolites
7 r Jert - Potential for formation of
1 o 02 - Ferr T Reactive Metabolites
] yes
R Foamale Mol Weight §} e A - Name of (Kalgutkar) alert(s)
95060014 C15H18ON0 2178 -
Repeated Dose Toridty Study in Rodents k Ve
Active 2 = 071 0.01
Lowest Observed Effect Level (mg/g/day) i
120
STRUCTURAL ALERT MODELS: Derek Nexus Alert Mapped to Key Event WhichCyp Prediction WhichCYP Prediction
.| Key Eventtame Nt Name: [ Bndng CYP450 Isoform - Binding to CYP active site
1[Consttutve androstane receptor (CAR) bndng o 547 [Phenylakoyitriazole or 1[yes 2 - CYP450isoforms
2[cYP nhbton No 547 [Phenylakyltriazole or yes 219

List of KE names (mapped to Derek Nexus alerts)
- Name of KE endpoints
- Requirement for bioactivation (yes/no)

- Alert number (DX knowledgebase)

- Name of DX alert

1.

Dataset ID Dataset description Link

Aleo Hepatology 2014 60 1015 https://doi.org/10.1002/hep.
-1022 27206

Aleo_ 2017 Chem Res https://doi.org/10.1021/acs.
Toxicol 2017 30 1219- chemrestox.7b00048
1229

Broccatelli J Med https://doi.org/10.1021/jm1

Chem_2011 54 1740-1751

01421d

ChEMBL_Targetld=CHEM
BL1870

ChEMBL data on agonists
of Retinoid X receptor beta

https://www.ebi.ac.uk/che
mbl/target/inspect/CHEM
BL1870

ChEMBL_Targetld=CHEM
BL2003

ChEMBL data on agonists
of Retinoic acid receptor
gamma

https://www.ebi.ac.uk/che
mbl/target/inspect/CHEM
BL2003

ChEMBL_Targetld=CHEM
BL2004

ChEMBL data on agonists
of Retinoid X receptor
gamma

https://www.ebi.ac.uk/che
mbl/target/inspect/CHEM
BL2004

ChEMBL_Targetld=CHEM
BL2008

ChEMBL data on agonists
of Retinoic acid receptor
beta

https://www.ebi.ac.uk/che
mbl/target/inspect/CHEM
BL2008

ChEMBL_Targetld=CHEM
BL2034

ChEMBL data on agonists
of Glucocorticoid receptor

https://www.ebi.ac.uk/che
mbl/target/inspect/CHEM
BL2034

ChEMBL_Targetld=CHEM
BL2047

ChEMBL data on agonists
of Bile acid receptor FXR

https://www.ebi.ac.uk/che
mbl/target/inspect/CHEM
BL2047

ChEMBL_Targetld=CHEM
BL2055

ChEMBL data on agonists
of Retinoic acid receptor
alpha

https://www.ebi.ac.uk/che
mbl/target/inspect/CHEM
BL2055
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Dataset ID

Dataset description

Link

ChEMBL_Targetld=CHEM
BL206

ChEMBL data on agonists
of Estrogen receptor alpha

https://www.ebi.ac.uk/che
mbl/target/inspect/ CHEM
BL206

ChEMBL_Targetld=CHEM
BL2061

ChEMBL data on agonists
of Retinoid X receptor
alpha

https://www.ebi.ac.uk/che
mbl/target/inspect/CHEM
BL2061

ChEMBL_Targetld=CHEM
BL235

ChEMBL data on agonists
of Peroxisome proliferator-
activated receptor gamma

https://www.ebi.ac.uk/che
mbl/target/inspect/CHEM
BL235

ChEMBL_Targetld=CHEM
BL239

ChEMBL data on agonists
of Peroxisome proliferator-
activated receptor alpha

https://www.ebi.ac.uk/che
mbl/target/inspect/CHEM
BL239

ChEMBL_Targetld=CHEM
BL242

ChEMBL data on agonists
of Estrogen receptor beta

https://www.ebi.ac.uk/che
mbl/target/inspect/CHEM
BL242

ChEMBL_Targetld=CHEM
BL2808

ChEMBL data on agonists
of LXR-alpha

https://www.ebi.ac.uk/che
mbl/target/inspect/CHEM
BL2808

ChEMBL_Targetld=CHEM
BL3201

ChEMBL data on agonists
of Aryl hydrocarbon
receptor

https://www.ebi.ac.uk/che
mbl/target/inspect/CHEM
BL3201

ChEMBL_Targetld=CHEM
BL3401

ChEMBL data on agonists
of Pregnane X receptor

https://www.ebi.ac.uk/che
mbl/target/inspect/CHEM
BL3401

ChEMBL_Targetld=CHEM
BL3979

ChEMBL data on agonists
of Peroxisome proliferator-
activated receptor delta

https://www.ebi.ac.uk/che
mbl/target/inspect/CHEM
BL3979

ChEMBL_Targetld=CHEM
BL4093

ChEMBL data on agonists
of LXR-beta

https://www.ebi.ac.uk/che
mbl/target/inspect/CHEM
BL4093

Chen Drug Discovery https://doi.org/10.1016/j.dr
Today 2016 _21 648-653 udis.2016.02.015

De Bruyn Mol https://doi.org/10.1124/mol.
Pharmacol_2013 83_1257- | 112.084152
1267

Greene Chem Res https://doi.org/10.1021/tx1
Toxicol_2010 23 1215- 000865
1222

Karlgren J Med https://doi.org/10.1021/jm3
Chem_2012 55 4740-4763 | 00212s

Kock Drug Metab https://doi.org/10.1124/dm
Dispos_2014 42 _665-674 d.113.054304

Kruhlak Toxicology 2014 321 62- https://doi.org/10.1016/j.tox
72 .2014.03.009

Matsson J Pharmacol Exp https://doi.org/10.1124/jpet
Ther_2007_323 19-30 .107.124768

Morgan Toxicol Sci_2013 136 216- https://doi.org/10.1093/toxs
241 ci/kft176

Mulliner Chem Res https://doi.org/10.1021/acs.
Toxicol 2016 29 757-767 chemrestox.5b00465

Pedersen Toxicol Sci_2013 136 328- https://doi.org/10.1093/toxs

343

ci/kft197

PubChem_AID=1159531

gHTS assay to identify
small molecule agonists of
the RXR signaling

https://pubchem.ncbi.nlm.
nih.gov/bioassay/1159531
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Dataset ID

Dataset description

Link

pathway: Summary

PubChem_AID=1159553

gHTS assay to identify
small molecule agonists of
the retinoic acid receptor
(RAR) signaling pathway

https://pubchem.ncbi.nlm.
nih.gov/bioassay/1159553

PubChem_AID=1451

Single point confirmation
for ABC transporter
inhibitors: specifically
ABCB1 screen, ABCG2
counter-screen

https://pubchem.ncbi.nlm.
nih.gov/bioassay/1451

PubChem_AID=1453

Single point confirmation
screening for ABC
transporter inhibitors:
specifically ABCG2 screen,
ABCBLI1 counter-screen

https://pubchem.ncbi.nlm.
nih.gov/bioassay/1453

PubChem_AID=1689

Dose Response for ABC
transporter inhibitors:
specifically ABCB1 screen,
ABCG2 counter-screen

https://pubchem.ncbi.nlm.
nih.gov/bioassay/1689

PubChem_AID=1690

Dose Response for ABC
transporter inhibitors:
specifically ABCG2 screen,
ABCBLI1 counter-screen

https://pubchem.ncbi.nlm.
nih.gov/bioassay/1690

PubChem_AID=651754

gHTS assay for small
molecule disruptors of the
mitochondrial membrane
potential - 1 hr assay

https://pubchem.ncbi.nlm.
nih.gov/bioassay/651754

PubChem_AID=651755

gHTS assay for small
molecule disruptors of the
mitochondrial membrane
potential - 5 hr assay

https://pubchem.ncbi.nlm.
nih.gov/bioassay/651755

PubChem_AID=720637

gHTS assay for small
molecule disruptors of the
mitochondrial membrane
potential: Summary

https://pubchem.ncbi.nlm.
nih.gov/bioassay/720637

PubChem_AID=720659

gHTS assay for small
molecule activators of the
human pregnane X
receptor (PXR) signaling
pathway

https://pubchem.ncbi.nlm.
nih.gov/bioassay/720659

PubChem_AID=720719

gHTS assay to identify
small molecule agonists of
the glucocorticoid receptor
(GR) signaling pathway:
Summary

https://pubchem.ncbi.nlm.
nih.gov/bioassay/720719

PubChem_AID=743077

gHTS assay to identify
small molecule agonists of
the estrogen receptor
alpha (ER-alpha) signaling
pathway: Summary

https://pubchem.ncbi.nlm.
nih.gov/bioassay/743077

PubChem_AID=743122

gHTS assay to identify
small molecule that
activate the aryl
hydrocarbon receptor
(AhR) signaling pathway:
Summary

https://pubchem.ncbi.nlm.
nih.gov/bioassay/743122
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Dataset ID

Dataset description

Link

PubChem_AID=743140

gHTS assay to identify
small molecule agonists of
the peroxisome
proliferator-activated
receptor gamma (PPARQ)
signaling pathway:
Summary

https://pubchem.ncbi.nlm.
nih.gov/bioassay/743140

PubChem_AID=743227

gHTS assay to identify
small molecule agonists of
the peroxisome
proliferator-activated
receptor delta (PPARd)
signaling pathway:
Summary

https://pubchem.ncbi.nlm.
nih.gov/bioassay/743227

PubChem_AID=743239

gHTS assay to identify
small molecule agonists of
the farnesoid-X-receptor
(FXR) signaling pathway:

https://pubchem.ncbi.nlm.
nih.gov/bioassay/743239

105

Summary

Sakatis Chem Res https://doi.org/10.1021/tx3
Toxicol_2012_25 2067- 00075j
2082

Schadt Toxicology In https://doi.org/10.1016/j.tiv
Vitro_2015 30_429-437 .2015.09.019

Warner Drug Metab https://doi.org/10.1124/dm
Dispos_2012_40_2332- d.112.047068
2341

Xu Toxicol Sci_2008 105 97- https://doi.org/10.1093/toxs

ci/kfn109

Endpoint Name 2 Datasetid Species | Number of | Number of
Active Inactive
Compounds | Compounds
gonist ChEMBL_Targetld=CHEMBL3201 | Human 134 18
gonist PubChem_AID=743122 Human 755 5709
Inhibition Matsson Human 42 77
Inhibition PubChem_AID=1453 Human 16 255
Inhibition PubChem_AID=1690 Human 16 24
Inhibition Aleo_2017 Human 33 87
Inhibition Morgan Human 135 430
Inhibition Pedersen Human 81 150
Inhibition Warner Human 321 289
2_MechanismDependentInhibitor Sakatis Human 15 157
19_MechanismDependentInhibitor Sakatis Human 34 138
9 MechanismDependentinhibitor Sakatis Human 14 158
6_MechanismDependentinhibitor Sakatis Human 15 156
4-7BQ_MechanismDependentinhibitor Sakatis Human 21 151

-72 -




Endpoint Name Datasetid Species | Number of | Number of
Active Inactive
Compounds | Compounds

4-DEF_MechanismDependentInhibitor Sakatis Human 36 134
4 _TimeDependentinhibitor Schadt Human 14 102
a_Agonist ChEMBL_Targetld=CHEMBL206 | Human 395 506
a_Agonist PubChem_AID=743077 Human 322 6570
_Agonist ChEMBL_Targetld=CHEMBL242 | Human 317 601
gonist ChEMBL_Targetld=CHEMBL2047 | Human 436 206
gonist PubChem_AID=743239 Human 88 6327
onist ChEMBL_Targetld=CHEMBL2034 | Human 422 181
nist PubChem_AID=720719 Human 147 6549
1ione_AdductFormer Sakatis Human 82 102
1ione_AdductFormer Schadt Human 35 84

toxicity Chen Human 420 228
toxicity Greene Human 303 132
toxicity Kruhlak Human 176 102
toxicity Mulliner Human 1140 452
toxicity Sakatis Human 109 103
toxicity Schadt Human 54 65

toxicity Xu Human 147 135
ha_Agonist ChEMBL_Targetld=CHEMBL2808 | Human 313 174
a_Agonist ChEMBL_Targetld=CHEMBL4093 | Human 457 811
Inhibition Aleo 2017 Human 59 61

Inhibition Morgan Human 23 502
Inhibition Kock Human 46 36

Inhibition Morgan Human 39 519
Inhibition Kock Human 48 35

Inhibition Morgan Human 93 463
ndrialDysfunction_OxygenConsumption_ | Aleo Rat 26 42

:.;l%r;ldrialDysfunction_MMP_Disruption PubChem_AID=651754 Human 123 1020
hondrialDysfunction_MMP_Disruption PubChem_AID=651755 Human 110 1082
hondrialDysfunction_MMP_Disruption PubChem_AID=720637 Human 871 4916
B1_Inhibition De Bruyn Human 186 1625
B1_Inhibition Karlgren Human 76 145
B3_Inhibition De Bruyn Human 120 1690
B3_Inhibition Karlgren Human 45 177
B1_Inhibition Karlgren Human 45 177
nhibition Broccatelli Not 621 587

specified

nhibition PubChem_AID=1451 Human 18 253
nhibition PubChem_AID=1689 Human 9 31

Ipha_Agonist ChEMBL_Targetld=CHEMBL239 | Human 1426 536
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Endpoint Name Datasetid Species | Number of | Number of
Active Inactive
Compounds | Compounds
elta_Agonist ChEMBL_Targetld=CHEMBL3979 | Human 899 499
elta_Agonist PubChem_AID=743227 Human 67 6077
amma_Agonist ChEMBL_Targetld=CHEMBL235 | Human 2037 584
amma_Agonist PubChem_AID=743140 Human 178 6256
gonist ChEMBL_Targetld=CHEMBL3401 | Human 137 271
gonist PubChem_AID=720659 Human 207 1664
ha_Agonist ChEMBL_Targetld=CHEMBL2055 | Human 47 91
ha_Agonist PubChem_AID=1159553 Human 325 5471
'a_Agonist ChEMBL_Targetld=CHEMBL2008 | Human 85 46
nma_Agonist ChEMBL_Targetld=CHEMBL2003 | Human 57 42
ha_Agonist ChEMBL_Targetld=CHEMBL2061 | Human 161 115
ha_Agonist PubChem_AID=1159531 Human 150 5384
a_Agonist ChEMBL_Targetld=CHEMBL1870 | Human 40 62
nma_Agonist ChEMBL_Targetld=CHEMBL2004 | Human 40 59
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3 DEREK

Endpoint

Number
of alerts

3-Hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibition

Acetyl CoA depletion

Androgen receptor binder

Angiotensin converting enzyme (ACE) inhibitor

Aryl hydrocarbon receptor binder

beta-Oxidation competitive substrate

beta-Oxidation inhibition

Bile transport competitive substrate (M)

Binding to tubulin

Carnitine depletion

Carnitine palmitoyltransferase I inhibition

Chelation of metal ions

Constitutive androstane receptor (CAR) binding

CYP inhibition (M)

CYP inhibition

DNA reactive electrophile

DNA reactive electrophile (M)

Electron Transport Chain Inhibition

Electron Transport Chain Inhibition - succinate-coenzyme Q reductase (SQR)

Estrogen receptor binder

Glutathione (GSH) depletion

Glutathione (GSH) depletion (M)

Inhibition of RNA polymerase (M)

Kreb cycle inhibition - alpha-ketoglutarate dehydrogenase complex inhibition

Low density lipoprotein (Lys-adduct) reactive electrophile (M)

Microsomal Triglyceride Transfer Protein (MTTP) antagonist

Mitochondrial dysfunction

Nucleobase Mimic

Nucleophilic thiol exchange compound

Nucleophilic thiol exchange compound (M)

Oxidising agent

Oxidising agent (M)

PPAR binder

Protein reactive electrophile

Protein reactive electrophile (M)

Protein reactive nucleophile

Redox Cycler (Metal)

RNA reactive electrophile (M)

Uncoupler of oxidative phosphorylation
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4 Kalgutkar

SMARTS patterm Pattern Name
N-Substituted Piperidines
1
Aryl-CH and Aryl-Cx
2|
Mono- and di-alkyl sulfate or akyl sulfonate
3
Chlorobenzene
4
1,3Benzodioxole
5
2-Alkylimidazole
6
o, 2-Akylpyrrole
7
O
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8| ,*\
O
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E s ‘L4J<
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10 ~u -
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2 s
g ]
\(.
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25 iz
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Electrophilic ester

27|

Epoxide

Furan

e
9 _>—ou
o

Heteroarylacetic acid
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SMARTS pattern Pattern Name
oH, Alkylimidazole
11 )ﬁ
|
Q1
=, Allcylpyrrole
12
©
Alkyne
B (AC CH
u‘ Anilide
14 @
" Aniline
Arylacetic acd
18
e, Arylhydrazine
o Benzodiazepine
N O
v
Benzothiophene
4 O
5
& Bromobenzene
0
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" o-Alkylphenol

o-Hydroxyaniine

&5

e
i p-Alkoxyaniline
A
53 IOI
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@]
54 S
M
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A
55 lOu
S
) p-Alkylaromatic ether
S
% [@]
T
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-Hydraxyanilide

_</'©J>_ A, B
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SMARTS pattern
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SMARTS pattern

Pattern Name

T

| Thiazolidinedione

41
w | Thioamide
<
42| 3:<
"
. [Thicester
\
43| :/\
[Thiophene
* OZ
el |Thiourea
N
45) 3:<
kY
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b
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g » -Alkylanilide
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50|
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N
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|
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- o-Hydroxyaniine
g,
52|
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P
53| O
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P
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; o-Alkylaromatic ether
-
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T
o o-Allylphencl
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i
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i
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-77 -



29

OECD 2015 Integrated Approaches to Testing and Assessment
(IATA) Case Studies Project
IATA
IATA
invitro
A.
OECD 2015

IATA Case Studies Project

IATA
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(ADME) Mode of Action (MOA)

/Adverse Outcome Pathway (AOP) /
B.
[ ]
OECD IATA
IATA
B-1 OECD IATA
CAS
[ ]
QSAR
Annex
[ ] “IATA QMRF
Annex “ 7
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vitro

QSAR

IATA

n

IATA

OECD
C.
C-1
uv
uv
2009 EPA
2011 NTP Chemical

Information Review

Weight of Evidence
WoE

NOAEL
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AOP

C-2
OECD

QSAR
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12
non-
GLP 7
non-GLP

12 GLP



ADME

MOA/AOP

REACH
REACH

OECD HP (OECD, 2017,
http://www.oecd.org/chemicalsafety/risk-
assessment/iata-integrated-approaches-
to-testing-and-assessment.htm#case
studies)

D.
2016 OECD IATA Case Studies
Project 2

2016-1: Repeated-Dose Toxicity of
Phenolic Benzotriazoles [Japan]
2016-2: Pesticide Cumulative Risk
Assessment &  Assessment  of
Lifestage Susceptibility [the United
States]
2016-3: 90-Day Rat Oral Repeated-
Dose Toxicity for Selected n-Alkanols:
Read-Across [ICAPO]
2016-4: 90-Day Rat Oral Repeated-
Dose Toxicity for Selected 2-Alkyl-1-
alkanols: ReadAcross [ICAPO]
2016-5: Chemical Safety Assessment
Workflow Based on Exposure
Considerations and Non-Animal
Methods [JRC/BIAC]
2 1 2

9

2016-
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2 2
2016-5
AOP
2016-2
6
1 1 IATA AOP
1 9
5 2016-5 AOP
MOA/AOP /
4
5
NAM
5 / /
2015
OECD, /
2016a 2016-3 2016-4
6 /
MOA / AOP 1
/ New Approach Methodologies (NAM)
2 5
IATA NAM
2016 2
NAM
MOA/AOP
2015 1 OECD OECD 2014
2 IATA OECD 2016b

Defined Approach
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OECD

NAM
IATA
NAM
NAM
NAM
1
2
OECD

2016-3, 2016-4, 2015-1,
2015-2
Wu et al., 2010; Blackburn
Stuard, 2014; Schultz et al., 2015
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IATA
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NAM
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in vitro
in vivo
AOP
WoE WOoE

Many to one

one to one

Invitro
WoE
invitro in silico
[13 / b2
2

4.

F.

MoA

in vitro

in vivo

in vitro

IATA Case Studies Project

Blackburn, K. and S.B. Stuard (2014) A

framework to facilitate consistent

characterization of read across
uncertainty. Regul. Toxicol. Pharma

col, 68, 353-362.

OECD (2014), Guidance document for
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describing non-guideline in vitro test

methods, Series on Testing &

Assessment No. 211.

OECD (2016a), Report on considerations

from case studies on Integrated
Approaches  for

Assessment (IATA),
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grouping methods as a part of 1ATA,

Testing and
First review

cycle Case studies on
Series on Testing and Assessment No.

250.

OECD (2016b), Guidance document on

the reporting of defined approaches to
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Approaches to Testing and
Assessment, Series on Testing and
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OECD (2017), Report on considerations

from case studies on Integrated

Approaches  for  Testing and
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(2016);
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Series on Testing and Assessment No.
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Gautier, F, Klaric, M., Knight, D.J.,
Mahony, C., Schwarz, M., White A.,
Cronin, M.T.D. (2015), A strategy for
structuring and reporting a read-
across prediction of toxicity. Regul.
Toxicol. Pharmacol., 72, 586-601.

Wu, S., Blackburn, K., Amburgey, J.,

Jaworska, J., Federle, T. (2010) A

framework for using structural,
reactivity, metabolic and physico

chemical similarity to evaluate the

G.

1.

suitability of analogs for SAR-based
toxicological assessments.

Toxicol. Pharmacol., 56, 67-81.

Regul.
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IATA

No

Chemical
structure
Chemical name
CAS No.

Su

Cat

gor

Trans
cripto
mic
profile

Repeated-dose toxicity

Experimental results
(GLP/non-GLP)

Integrate
d
conclusio
n
(read-
across)

D value
(hazard
assessme
nt
value)*

3846-71-7

CAR
PXR
PPAR
Nrf2

Species: rats
Dosing: 0, 0.1, 0.5,2.5
mg/kg bw/day (male),
0, 0.5, 2.5, 12.5 mg/kg
bw/day (female), 52
weeks by gavage
NO(A)EL: 0.1 mg/kg
bw/day (0.0003
mmol/kg bw/day)
Liver effects: weight
increase, hypertrophy
of hepatocytes (0.5
mg/kg bw/day in male
12.5 mg/kg bw/day in
female), altered
hepatocellular foci
(0.5 mg/kg bw/day in
male)
(Hirata-Koizumi et
al., 2008)
GLP study

0.001
mg/kg
bw/day

HQ
@jN\
/N
\N

25973-55-1

Not
tested

Species: rats
Dosing: 0, 100, 200,
400, 800, 1600 ppm,
90-day feeding
NO(A)EL: 100 ppm
(ca. 20 mg/kg bw/day,
0.057 mmol/kg
bw/day)
Liver effects: focal
necrosis, bile duct
proliferation,
parenchymal cells
enlarged (200 ppm in
male and female)
Kidney effect: tubular
necrosis (200 ppm in
male),
Hematological effects
(200 ppm in male),
(Til et al., 1968)
Non-GLP study

0.010 mg
bw/kg/da

y

3864-99-1

CAR
PXR
PPAR
Nrf2

Species: rats

Dosing: 0, 2.5, 25, 250
mg/kg bw/day,

56—57 days for male,
55—69 days for female
by gavage

0.004
mg/kg
bw/day
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NOEL.: 2.5 mg/kg
bw/day (0.007
mmol/kg bw/day)
Liver effect: weight
increase (25 mg/kg
bw/day in male) non-
adverse

(Ema et al., 2008)
GLP study

36437-37-3

Not
tested

Species: rats
Dosing: 0, 0.5, 2.5,
12.5 mg/kg bwi/days,
42 days (male), 41-55
days (female) by
gavage
NO(A)EL: 2.5 mg/kg
bw/day (0.008
mmol/kg bw/day)
Liver effect: weight
increase (12.5 mg/kg
bw/day)
Kidney effect: weight
increase (12.5 mg/kg
bw/day)

(METI, 2011)
GLP study

0.004
mg/kg
bw/day

a4 )
<Y
N
./
N ()

70321-86-7

)

PPAR

Species: rats
Dosing: 0, 50, 300,
2000, 10000 ppm, 90
days by feeding
NO(A)EL: 50 ppm (ca.
2.5 mg/kg bw/day
(0.0056 mmol/kg
bw/day)
Liver effects: weight
increase, hypertrophy,
and/or cytoplasmic
vacuolation of
hepatocytes (2000
ppm in male, 300 ppm
in female),

(Basler, Phil 11 W.
and Gfeller, W., 1987)
GLP study

0.0125
mg/kg
bw/day

HQ

2440-22-4

®3)

Nrf2

Species: rats,
Dosing: 0, 30, 100, 300
mg/kg bw/day, 42
days (male), 42-53
days (female) by
gavage

NOEL: < 30 mg/kg
bw/day (< 0.133
mmol/kg bw/day)
Liver effects: weight
increase (30 mg/kg
bw/day in male, 100

0.005
mg/kg
bw/day
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mg/kg bw/day in
female),
hypertrophy of
hepatocytes (300
mg/kg bw/day in male,
100 mg/kg bw/day in
female),
Kidney effects:
degeneration and
regeneration in
proximal tubules (100
mg/kg bw/day in
female),

(METI, 2007)
GLP study

HO,
N—<‘ ; :
~ /
N

3147-75-9

(4)

CAR
PPAR

Species: rats
Dosing: 0, 12500,
25000, 50000 ppm, 30
days of feeding
NO(A)EL: 5658 mg/kg
bw/day (17.49
mmol/kg bw/day)
No effects,

(American Cyanamid
Company, 1968)
Non-GLP study

9.43
mg/kg
bw/day

Cl
/N\
N
=~/
N

3896-11-5

No

def
ine

Not
tested

Species: rats
Dosing: 0, 62.5, 250,
1000 mg/kg bwi/day,
42 days for male,
44-56 days for female
by gavage
NO(A)EL: 1000 mg/kg
bw/day (3.167
mmol/kg bw/day)
No effects

(MHLW., 2007)
GLP study

5 mg/kg
bw/day

\_/><

o<
! )
NG \ (
‘>_O

d N\

84268-33-7

No

def
ine

Not
tested

Species: rats
Dosing: 0, 50, 200,
1000 mg/kg bw/day,
28 days by gavage
NO(A)EL: <50 mg/kg
bw/day (< 0.141
mmol/kg bw/day)
Liver effects: weight
increase, Necrosis,
hypertrophy of
hepatocytes (50 mg/kg
bw/day in male),
diffuse hypertrophy of
hepatocytes (50 mg/kg
bw/day in female)
(Ciba-Gaigy, 1986)
GLP study

0.008
mg/kg
bw/day
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NO(A)EL
1 <64
. 7 No mg/kg
o t | N bw/day) | 4 911
10| " g def ot (<0.141 mg/kg
0 . tested mmol/kg
y ine bwiday bw/day
127519-17-9 d
Hepatoto
xic
effects
NO(A)EL
125
O mg/kg
» " bw/day 4
. C@ o | Nt 00056 | 0904
tested mmol/kg
73936-91-1 bwiday) | 29
Hepatoto
xic
effects
NO(A)EL
1< 35
HO No mg/kg
N bw/day
@ /“Q Ul Not (<0.133 | 0006
12 N def mg/kg
. tested mmol/kg
ine bwiday) bw/day
3147-76-0 d Hepatoto
xic
effects
*D (mg/kg bw/day) = NOEL (mg/kg bw/day) /uncertainty factor.
If NOEL was not available, D = LOEL (mg/kg bw/day)/uncertainty factor.
1 2
Year-No. Assessment Endpoint IATA topics
approach AOP™ | UR™ | NAM™3 | L/N*
2016-1 Read-across Repeated dose X X
(Japan) toxicity
2016-2 Grouping for Neurotoxicity X X
(US) cumulative risk
assessment
2016-3 Read-across Repeated dose X X X
(ICAPO) toxicity
2016-4 Read-across Repeated dose X X X
(ICAPO) toxicity
2016-5 Safety Repeated dose X X
(JRC/BIAC) | assessment toxicity
workflow
2015-1 Read-across Mutagenicity X X
(Canada/US)
2015-2 Read-across Repeated dose X X
(Canada) toxicity
2015-3 Read-across Repeated dose X X
(Japan) toxicity
20154 Read-across Bioaccumulation X X
(Japan)
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*1. AOP: MoA/AOP
*2: UR:

*3: NAM:

*4: L/N: /

-93-



2017

128-141

Petkov, PI, Sc
hultz TW, Hon
ma M, Kirilov
K, Kotov S, M
ekenyan OG.

Predicting in vitro genot
oxicity by mouse lympho
ma L5178Y thymidine k
inase mutation assay (M
LA): Accounting for sim
ulated metabolic activati
on of chemicals.

Computation
al Toxicology

45-53

2017

Gadaleta D,
Porta N,
Vrontaki E,
Manganelli S,
Manganaro A,
Sello G, Honma
M, Benfenati E.

Integrating
computational methods to
predict mutagenicity of
aromatic azo compounds.

J Environ S
ci Health C
Environ Car
cinog Ecotoxi
col Rev.

35

239-257

2017

Horibe A, Odas
hima S, Hamas
una N, Morita
T, Hayashi M

Weight of contribution of
in vitro chromosomal abe
rration assay for evaluati
on of pesticides: Experien
ce of risk assessment at
the Food Safety

Commission of Japan

Regulatory T
oxicology and
Pharmacolog

y

95

133-141

2018

K. Saito, Y. Ha
segawa-Baba,
F. Sekiya, S. H
ayashi, Y. Miro
kuji, H. Okamu
ra, S. Maruya
ma, A. Ono, M.
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Degawa, S. Oz
awa, M. Shibut
ani and T. Mai
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Japan Flavour and Fragranc
e Materials Association's (J
FFMA) safety assessment o
f food-flavouring substance
s uniquely used in Japan t
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