%1 Cremer 27 5% 1,2 T NOAEL kb 5 £l E & 7272 28 B REIRBR(TG407) EE D&M~
=0

. . NOAEL_14d (mg/kg/day)  Critical endpointat ~ NOAEL ratio .
CAS RN Chemical Name NOAEL 25d (mg_lkglday) Critical end;fomt ot (dose level of dose setting LOAEL of dose setting (NOAEL_14d/ Chemical structure Toxiclty class el
(dose level of main study) LOAEL of main study study) study NOAEL,_28d) Cramer rules
o e A TS e
L8-Blsf1,1- 15 I__rl;erréli-gpertrc:tpr;y, 12t Liver, Kid : Intermediate
4130-42-1  dimethylethyl)- yroidHypertrop 155 550 500, ofy NieTiey i | Imermed
4-ethylphenol (15, 60, 250) hy, follicular 1000) weightt (Class II)
VP cell(60m,f) o
4-(1- 20 Forestomach:Hyp 200
4286-23-1 Methylethenyl)p (30, 100, 300, 400) erplasia of (30, 100, 300) - (LD50=600) 10.0 Low (Class I)
henol squamous cells
e Non,

% 2 Cremer 37 7 % 1,2 T NOAEL k. 5 %L1 E & 72 o - KIE &5 ATER A A B (TG422) E i
WBOEE TR T 7 AL

e i NOAEL_14d (mg/kg/day)  Critical endpointat ~ NOAEL ratio .
CAS RN ChemicalName ~ NOAEL_28d (mgkgiday)  Criticalendpointat (00| ot doce setting LOAEL of dose sefting (NOAEL_14d/ Chemical structure 1 OXCHY class of
(dose level of main study) LOAEL of main study study) study NOAEL,_28d) Cramer rules
N %%
2 10 L'Yri;‘hgfcff;fﬁ” 100 death(200(m1/512 on
90-02-8  Hydroxybenzald ol 15), 10.0 Low (Class I)
(25,10, 40,160)  depositf(fat (50, 100, 200, 400)
ehyde 40mglkg 400(m5/5,74/5))
CHy
Cho 1 (62.5m), N
Methyl 62.5 N z 500 Liver weight,
108-87-2 o\ clohexane  (62.5, 250, 1000) L'(‘;%ro‘gzgf;’t (200,500, 1000)  TRChot(1000mf)  °° Lowi(Glassil)
Weak suppression of " oy
13- bodyweight increase -
Benzenedicarb 62.5 pradetnatgrous 1000 1
.03 - reproductive test group . |
1489-65-4 7 yicacid,  (62.5,250,1000) atmorethan250mgka. (500, 1000) 16.0 Lowities
" But no effect on body AN
dimethyl ester weight of fernale of Ll
satellite group. . )
PTT,LDHT
. 2-Decyk- 625 (250m), 1000 ) _
58670-896 (o iradecanol (625,250, 1000)  UrinCl K,Nal (100, 300, 1000) 180 S fonost LOW (GlRSE)
(1000f)
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TRk 27 £ EABGERAEERMSE (LFEWEY X7 HeEE)

SRR EE

WHERES  LEWE O MERY X 7l T 5 (EERBIEEIEMERE R J O
A7 IV —=7 Fu—FOEAMUICET D

SERRREL | RERSEEZIEE L EEERET S A BT B

WFEnEE R HE E L EFELESEESEET ZetTRIFHMER B
WRSEE N K E S ERLEAEENERT R TRIFHMEN £—=&
W HE U S S B A R AR Zet TS SUERE
WEmE & = B ERELEMEENAT et TRIFHMEEITE R
WERWAHE Wk HET  EVEXRASEEREN ZENTHRHERRLR
WEmAE M BT [ESL R IR AR R AR BT RFHESMZEE
Fel 1% Alex Cayley Z—HFEET
WH9E /1%  Lilia Fisk 7 — Y WFZeET
F5eH /1% Sebastien Guesne 7 — T
5 /1% Rachael Tennant 7 —VAFFERT
728773  Jonathan Vessey T —HFZEHT

EE

H27 #EIE, INETOARBILED AN = A MEREBIFEET 7 — M 2ERT S
FIRICRD BT 7o —F & LT, BTy FRA 2 MCBET 5 key event £F
NETFRL, AFEARKEOBILICEET 2O T a7y AV EHLEDED Z &I
L BFEEDOTFRET VOERETo T2, £3, HFEEICEET 2K X O Key Event
REEET B0, invitro FFEMET —% ZINVE L7 MIP-DILI 7¥u Y= k OFZERE
ZHEFPEL L TMIE (molecular initiating event) %4FE L. A F/FEK (AOP) &
7, &5, AOP wiki iU S - % FIV C key event & AOP & OiEEIEIRE
WE LT, BAELE T T 74 F—DERIIL 2TBEDOT 72 —F (Derek Nexsus DT 5
— hXEZ—2OFIA & key event [ZBIET BAR in vitro 7 v A T — X IZBEET LA
WEE L OBEREPMEEZRIA L2 — F7 7 1 XE) 28A L7z, KIZ key event £ /b
Lk a7 v 4 7 —%EESF, KNIME 777 v b7 3 — 22 AW THFEEOT
BEREEZFHME Lz, REBREEET —F ¥y b 207 a 774 7 —CU0E L CEETH
AT o TR, BEIL 57% T, FPREIT 4% L 20T, EHIT, BRETLMFELREZTR
S7ampolfbA L LT LOAEL % 1000 mg/kg #8 % 721% 250 m/kg #8 & 2 H{LEWE &
N B EETNVOREIZIENETN 63%B LN TI%ICHM ETHZ ERRENTE, ST, W
BLERRERTON Y A7 & LTHTFED 480 K £ 721X ClogP-5 BEFIHA L& Z
5, BEZFREICHER LS ZBREDN 4%05 58%IZA LT H RN TE -, 4% D
BT, BELFREOHS2A LTS, BRIECBBEDLEWES T ADOMR
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WEEITOZEICE - T, ¥4 72 key event ZFHIT D HEZSLICHETLIZ LA

THDHI LRSI,

A. BHHY

ARG ISEOBIEIZ BN T, (T owERERE
BT —Z 2y bERAWTER LEIFEED S
'y REATTIT— D 2TNT T— b~EHE
SHBHHEEIT->TE TRV, Derek Nexsus (2
B 2BERKRELZ, 7% 5 40% I EHSE5 2
EIWZHKRFILTEZ, L L, ZTHETO, JREM
BENT — RO T—F 2y b, BAEHIXD
FAERREEZANT—2o—D2T F— 2R TS
7o DICAHY ORI NND Z ERMESRLE LT
2FohT&k, £2C, 4FEEIX. KERSE
EOFENK T D=2 T T —F 2L, =
NICESWTHERICET 2BMEETEET V2
VBT B5Z 2R ABZ L L LT, 9., O
ETFNVEER L THEE FARA > MIBEE
T AEENRBIZB W TEREL SIS key event %
THTHZEE L, SHICINLDETVELE
ENREORELICE ST 2O T T 7
ANERABEDEDZ LT D, JEULAMDIF
BHEOTFRENERTZ B8 TEBLEERT,

B. 5k
B-1 FEICEET 5K L Key Event @
FFEMEIC BS99 5 key event |, Lhasa fEiZ &
527aY=7 b (MIP-DILI 7u¥=/ k) O—
RELTITONEHREERE LTREL, T
— 4% ChEMBL.PubChem 72 E Dk 4 72 /NBRT
—F Y —=AhbEHLNEHIT Tox2l OF—F
v b (http//www.ncats.nih.gov/tox21) <fhD
ABT—% % v b (Aleoet al., Thompson et al.,
Sakatiset al., Xuet al., Pedersen et al., Dawson
etal., Morganetal.) "oBEoNizT—F HED
72o RICZ I B D key event 3 L O key event 12
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BLTNE LT — & 2 FEiERERE (AOP) I
BT 2, & 6 i, AOP wiki
(https:/aopkb.org/aopwiki/index.php/Main Pag
) L OVABASCHER (Vinken et al., Mellor et al..
Jennings et al.) IZIXE E 7= AOP IZBE9 5 1F
WA FHWT, keyevent & AOP L OFRRIRAR 244
L, ZhiCL Y ZoBELBSFEEORREIZR
HEEZONDIREDOTR Y NT—7ZFEEL, &
BAZRET 2 388 L O key event & #%RH& & OFER
BEf% % Cytoscape Trtéx L7z, (K1),

B-2 BESNERKIZEBIT D Key Event DEF
JUAL

o DXOHEETIF— MG S LY v
72T AERR

Key event OEELIZE L T DX Ffk~— R
BT 5 IR a2 AT 5720, fx D=
YRRA L NMIETAHET I M EST LT, KiG
HIZESSBERVRELVEELEZ DN LERK
P RBRBRIEOT Y RARA » MTOWTHT %
TV, RISHEIZES < #7272 MIE (molecular
initiating event) D2 RiRA > MIHEEOMT T 7=,
REVEMALDOMEMEIZONTHEEBL, 75— K
NE— DRICE#ERGT 2LEW L R#z»%
B LT 5EMBREEL TG« 0
T I— Mo, EEEEOBFICLYE—D
BHEICELMFEI FRACETETI—ME, &
key event [ZBIEDIT 72, I HIZ, LOBE key
event ([CBATHEEFMNET 7 — B LUK ERE
77— MIZOWTHHRET L, %435 key event
T RARA b (B BAEA, BB AR E R
7E) 5L, ZhbD7 75— BT 5%
FrickS&, FFEME AOP Izl b &2 bh



DX 5725 key event ODFHEERAZ4FE L, FlHE
RBEETET - M E L, &bz, T h=
VR THEREREE Y P D key event ZEEIZTFHIT
&% Derek D= A ¥ M BETMICEDT,

e NI OEBET—ZE2HAVWEI—FT
7 a A FIVOVER

Derek OEIET 7 — M= — NI 7z 5k
ERWETFREICMA, 7=V —{bE&WL o
key event |ZEET AT v A MHINE LA
T L OBENEMUEEZRALEZEY— T2
0 A% key event D THICERA L7z, Z DI
IXKNIMEfHT "7 v 7 —LD7 L—hT—
7 NTEM LT,

»7% key event 7 —%¥ v MIBEET A{LE
1oLl Bz LTO0.7 L EELEE R LTS
= U —{LEMTONT, Y& keyevent D7 T
AT LT,

B3 HWEEO=V RS v v eTmTrA YV
79 2% Key Event 5 V3 v hU—27 DYERL
AR 2 BEO T CRERGEET —F &
v D keyevent 7’077 A VT E{ToM
%, TN D DOFETH X LEMDORREHE
Lz, B72AHFHETEHM LT key event D% <
ER—DbDOTho7eh, HRICBW TR~
DTaTrANE L, U— 7271 R{ET key
event I Z1To7- b DITITFERIC TRA) % ff
L7z,

B-4 fFEEORAEMNTHIZ B E L7 Key
Event 7u 7 7 4 7 —DFERDHIE
FE®RET — %2y MBI BA{LEMD key
event a7 7 A Y VT THEERKREHRAEL, &
{LEHOIFEEEREIIC TR L, HEX&

SFHIZATV, Fr 774 T —DNThind—>20
- 81 -

key event (ZEHE L CTWAUIZRAEIFHEIE (5
] & Uiz, WINo key event 125 BRED R
WEENITFEEICE T o REeTRIZ TR
] & LTz,

C. R

C-1 &I BE T 5 BB B L U Key Event ®
RE,

AR DT &> THEEDO =Y FRA Vb
BT 2 L BERE SN TV SRR X key
event ORI 1 12" L7e, Z ORITRREERIHR
{7 —)b Cytoscape DA Y —>ra v hTH
D, HEBERIETLL (OF~EER) I2XkoT
2 TO key event @43 L TRLTWS, Key
event [FREHL L FEOMHT TR Y | ZDKRMO
RSIFFEHLDOBREIZ L o TEZ TS,

ZOXRy MU= iE ALEWEDR TTEERE) L
LCHRICBIZET 2 LRELSNSFWREEDCD S
key event Z/RTHDTH D, HEERTIL, L&
YERIEER S BIE T D 7 DI BB R B
HOMEE L A EAER 2 2 L7z 0 RIE(L SNz Y
T 21D HBERRH R EITBE S TR,
key event [ZBI L THRELZETABIOZ 0T
FAERNEFEEOT Y FRA » FOHEEIC
BWCIRRI, o, R#, et 2 —8E8T 5
WERDHDLEZ DI, SBROFETERXy bV
— 7B TRETH D, Fe. ZOXRY MY
— 7 THWEBESRRRCHEE. S HIC key event
EERRLEZLVIZOWT S EREHROKHN
HY, SERBFTOIVNERD D,

C2 BEINEREIZEBIT S Key Event DEF
Y14
e DX 0#ET 77— Mg S him@gszAv
T VAERR
BIR D key event DIFHRZ FER T D= DEEED
DX M —AZMRHT L, FFEEcEE LT 5
— F LBIET B key event DU A N EFMERR LTz,




DX HFk~— R THERR S 17z key event 38 XU

key event (ZFE T BT T — FOKER 1 ITTRT,

728 key event OBELICREEIELEZ BT 5LE
W 72k M) 24 LT,

BoMToNET 77— FOEPELE Do
key event IIFUSEID MIE Th 5 ¥ /37 Kt
MERETFH] (M), DNA RUSHEREFA (M), #
XY ROGHERE A, DNA KIS HERETFHIT
Ho, FOEIEIDXICBITHERFET 77— b
RRERET T — B/ b, I b D
T RRA ¥ MIEREAR X Ok (M) &
572 key event TV FiRA ¥ hDOEZFETH H
Bo TPV RYT~OEEL, I b FUT
HEREREE | D= FRA > MIHT D7 7 — b
Mz T I7'F CoARZI, T BBRILIE] L\
o7 X 0 EEH key event DT T — R X o T
HRSN TN D,

o ABHXEBNOEBET—FEZRAVWEY—FT
7 v A ETFIVOER

BT D FiECHER L B2 AW TEE L
X v FU—27 D key event (ZBHE T B AT —
2 ZHER L. 30 @ keyevent [ZBT 57T — & %X
L LT, T—FBHERINT keyevent 3K 2 1T
R, ZORXY, BHETLT vEAS THEREN
7SI LIS\ key event b H LI, 1T &
AER\Wkey event bH D Z ERGnD, X
T A haFUREAE (BR) #BElclTo7 —4i3
2233 {LAWMTHEET D0, MEREEICET LT
— X6 {LEMTLMFELRY, TOIZ L IiEH
EMCEY—RT7 7 RAEF AN NN—F 51
BANR—RARTET 25, FHRSLEWE Eh
N—oDOEEICEHM LTI —FT7 7 e X
BITHOZEIXAETH D EEZDND, K213

[E{E D FE OBV & R s izl
EWOERLTEY, V-7 7RI h
b DLEMD L% Tz, KEBEOEE. AFIR
TR LS Y, BEZHI SR oT

-82-

03 BIEMREL HoTeld, T b DLW
U—R7 7o AREEOHEIZITER LR
7re F72. U—RKT7 7 uAb0RET —FRA
v FOBSMNE, 7 =Y —{bEW LB DR
BB BHEAEMERILT Y 7 AN HHHEI
13U ) —{bEW P keyevent T 7 T 4 T
b4 B AEEMEIZ B E TE RV e v ) RANCED
WTTTo Tz,

o J¥ElE Key Event 7’07745
BHREEET — 2y L ORI

B-3 TR L7z 7 CIERR L 7= key event £ /L
EREWC, RERGHEET —FEy MIBIT 51k
SO EELZ TR LTZ, — 2 key event (25X}
LTH 5 FHRSCEMRNEE LIZBEITiX, F
B EERDT, YbawEBEE FRITZ20

WS THD LR LTI, ZOFRFETIEFEIC
BRFHITHD LB bND, TRIEIToTCRRE
£ 3ITRTH, BAKEOTFRIERE LN, Zh
bORERIL, T—FEy MIHTHRYRRE

(57%) B X OTRNCEE T 2 BARE R AR LR A 23k
BFashT0WaZeERLTWS, —F, TRIOK
B E» o7z (44%), FRNCAWZET VI
ADME 2 ZE LT LT, 2D ADME F#tk
IZ& Y keyevent 71 7 7 A U VT OWRER THREE
EN7z key event DIREL HSh{L S 41 D FIREMEDS
HolH, REEORKIIIOIBETH SN,
ADME %ZZBIZANTEZRA T 48 ) 0 T%E
BITH 2 LI KV REMEN M BT D ATREMES
B 5,

RETIERR LT E TV D3BEE D key event D &
DL BWVWEHNN—L, D keyevent IZBAL T
BONZHEHR EDL DWEFHTH D10
Eeib, Thbb 57%E W ) RETFFEICE
% key event |ZBH L CHEDORMDH 5 Z & &R
LTCRY, ZNEERTHOBBMELAET LY
AW key event 70 7 7 A T —TTFRIS
RO BHERETHZEHBETH D,

—%. WEE2ET2REDO S 2{bEm D%

—lZ kAKX




B, BEMRRE T2 BRECOREICX
> CHIRIC R g2 BB E2 5 2 DEREEEZRE
T HAREMEICEE Lic, Z Do —ARESEIOFENT
WROT—Z U TIXE DR T D20, Bk
ETLFEEEZ RSP ZBIELEY
(LOAEL 7 1000 mg/kg #8 ¥ 7= 1% 250 m/kg #2)
ERAA LT, FHIETAVOREICED X 5 5
BREHBFTHE LTz, £ 31R”T & 912, LOAEL
1000 mg/kg BOLEMET v AT L TBHLE
FORREREEL 63%) L, Iy b+ 70
#% 250 mgkg BETTITH L ELITEREN L
Botz (T1%), Hy A7 % 250 mglkg £ TTF
T BE TR BRI S E Y O KE S
X, Bt FN) ofbdThotz,

KEZEFEET -y MCELTEL. D
key event ET LV CHEL FRISNIZ DD EK 2
BEUH 3I1TRT, M2iEDX 77— k25l
N7z key event, X 31XV — K77 o X TTH|
SNz keyevent /R LT3, ZTNHDR KLY,
FFUNRTFH LT key event D RIFL AR Iz
#-3< key event (& >3 SR EF#H]. DNA
FOSHERBEFHI72 &) 53 50 Tz, BB LAl D key

event HAHEHEDOILEWICTEE L CTFHRIS TV 3,

—FH. AR T 0T AV T ~DY— T
0 ADFEGITT o E/EW (Figure 3), £7/224
5 D key event ET VNERFHELEM O TFHIEK &
FRRE OB LEME L FRIL T\, & key
event E7 VOGHEROE I, BNZEER
HFIBEETHETNDEL, BLOTVEFF
B IR IZ BEE#E 5 key event BT /LI
FEEOZ Y RRAS VM2 BFICTFRITAZ L
BRENTz, —F, REFRHICEET S key
event E7 /LOBEE P EIIKS . ZTHIEFE key
event E7 /L7 ADME FEZ R L TN
ERRREEEZ b,

e HBiEtEOWE
BiatE (FN) Offfr Tk, #BERrYy —nv
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(Mercury) BL Ot hORBEHEOWICL D7 5
AZ YT EITV, 1) 77 ARNIC 3 BLLED1L
&, 2) BMESETR 50%BD b DB L
R, 18 DbEWI T A (A 124 WE) HMBIRE
niz, £%7 7 ACEET HERICETE
T —F BIUOBFEZRER Lz, B{LF%E7 TR
B4 5 HEMF — %%, ChemIDPlus, HESS,
Google 72 k@&ﬁﬁ INTVNBTF—FZ_X— R TH
LT, FOFRE, 1207 T A Ti3FEME L EET
BT =B /B ENTERNPSTEN, 4 D2DY
Z A%, BETED key event (=R b 7 U RIK,
BR(LA, FUSHERBETFH. BEALIAERL) M
HTALA L EENELLTBY, ZhETO
LREEDEFE O GAP M2 A RN R E N
Tro Elo—27 53R T (BFYVFAREZT TR
LEER) 13727 MIE ZBA% T X B EEMEZ R
Lkoﬁnw—om%%£& L BIFEME L Dl
EEEN D EMEESHE, D ORI
TROZREETHY ., 5% X0 FERMRFRINES
ToT, B EET S 77— MEEITHIT 2
WREBLETHDHEEHEI AN RDBAL
Zx b,

o (ABtONE

AR O X 5o, RERSEET—F 1y Mokt
T Bt key event 00 7 7 A T —OREITR
HFChHole—HTTRETNVORERE (44%) 121X
WEORMMBH S, 2 b, ADME RiEe, 1
HICLHDHFEEOEZ(LOFREELZER L TY
PNWZ EICERAT S EELX O, £ T,
ADME #E%2EBTHZ D TEZE 9 REFEN
RAERFEFHEOICHE L., 72774 T7—0
— 2Ll ED key event IZEESITHNTWAZ L
FRILE LTHEEEZETHETFRISNEZET
DILEMICEE L, T &, ClogP, MEREHE

(TPSA) X UMLAWA Lipinski's rule of 5 7
BANEREEE L, KILAWEEBHE

(ERICESEHM) LBt (ERIcESEkE
) 124, BRROERIRFIZONTIND 2200



HORMIZAWSAZ EDTEDhy VA T7%R
HI 72D DT 1T o7, EDORER, FLAED
IR FCERBRICESERETH 5 & Rt
LB D OBRIMIR/IRET DI Yy bE T
BBIRT 5 LN TE -, ADME DB S0 b
BRI WVEEWITIAES RIS RNT
bArHHEEZHLNDEFERRIC, BBUKEDLEY
HRIREN D LiFE I, BBRFT LR
By NATRERBE L BB RBNC KIET
HEARAITR L, EBEZHEVRAT LS
&R KBRS DIEBEE RN 5 L 5 R TIE,
NFEDON Y NATHEBEDOREJGFTETHD &
Ex2bhiz, &bt TFEE ClogP O&/MEZEH
HEAEDEB LIV EL DBEEERNTHI L
NTE, TNHORBFIZLEI Y bATER
AT 4 NE L LTHAANTERDET VDT
PIMERBIZR 5 IR LT, ZORKY, WFho
BAEICHREDCIERTIIE/ R CTREEN LA L,
S8 L LT balanced accuracy b E&H L7z,

D. B%

S B DFFENT TILE WA AT MR BT 4 5 RE RS

® key event Z1BEL T 5 E‘T'F?E‘fi%?“@]‘ﬁ‘é Z &,

LA YR TR L FHRT 5 AEEL o7
FTANTBEHEE L THETHAZ LBRREN
Tro ZOFy U—7 ZAWVWTREREEET —
Ay NMEBITAFEEEZETHLEWOKRE
5 (57%) RHERTHZELNTE, SHILZ DR
FIZE D, BELT 5 key event Z &4 LEY
PEEEZRTEEZONZRIVICET2HRA D
BHZENTE, —FH, Tr77A47—ILk5
R TR O R R E X IR o 7228, Tk
JFEEICED ERE LHAEER 215 % g
YD HHEF (Fl. ADME %) Z2&ZE LT\
Mol EIEB LD THD I LIIBESNE,
ZORBERDRL L bIEIEICET 5 EAE 72
ADME OB %ET VAL LI BfliRitik+F &
Y PATERWSZ ETHETEHZ &1L, BRI
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FIHIFAE CHLC Lz, ST, BaEE2 o
LizfER, *y hU—27 TFREIS L2 NIHS 7
— &y MZBITBLFES T ADEZ L BRAD
BRI L TR ERET 2 AREES R E T,
Zhid, FEELRSIEREITHO L LTARMET
BALKEZ MIE BAEE LTERRICELTHRES
NTVWBEHLOEEIZLTWVWA I ERNRRAEE X
biiz, SHOMETIZ, TRIOEMRER XU
e m b (feo T, RELREEDOW G Z M L)
SR DB, xR key event 2 THIT 5 FHiESE
SHICHAET DL EMATHA S, £, T'n
AT = TELW] BEIZEZ>TELWTFH
EENTHWAEPESLICRE (T2bb, L&Y
DOFFEEICE L TR Y RIBIEHERR) L, 61
BENREREEERTFFED Y X 7 ICE#H#R S
NBONETFRET 3 -DEYD OB FERIM
BEzAWTETVOREEZM ESEDSI LD
BRTHDHLEEBEROND, KA, BITOVART
ATEREET VLS TRV ITEME ICBEE
95 key event B LUK EEE, T /TS
LWL TETNVOREZMEIELZ LS
AR THDH EEZ DT,

E. &

H27 EEIZ. TNETOATRRILED AT =X
LAEHEREICFEET 7 — M ERAERT 5 FIE
Rb2HRT 7Iue—F L LT, FEE=Y PR
A v MZBEE T 5 key event EF L EFHIL, 4
AR OBILICESE T 2{bEawBH O T a7 7
ANVERBEDLEBZ LICXAFEEOTHIE
T NOVERRE T o 1o FHRIET VAR D T2 D
WX KNIME 77 v s 7 3 — 2% FAvbewm~
n7yAT7—%ERL, RIERGEEET —F &
v hEIOTuT s AT —CHEBLTEETH
BAT o TofE R, BREIL 5T% T, SrREIT 44% & 72
STz, EBIT, BRETCULIMFEEEZ RS o
AL EMERNT D L ETVOREIL TI%ET
METBZERRSNTZ, EHIT. TFED 480
AR E 721 ClogP-5 78 &\ 5 MyH{LERIRLIR+ O
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5T BRI,

F. Brse3gk
1. f3CFER
Hirata-Koizumi, M., Fuji, S., Kato, H,,
Matsumoto, M., Takahashi, M., Ono, A. and
Hirose, A.,

reproductive/developmental

Repeated dose and

toxicity of

long-chain perfluoroalkyl carboxylic acids

in rats: perfluorohexadecanoic acid and

acid. Fundam.
Toxicol. Sci., 2, 177-190, 2015.

Ono, A., Kobayashi, K.,
Kawamura, T., Kato, H., Matsumoto, M.,
Takahashi, M.,

Matsushima, Y. and Hirose, A., A repeated

perfluorotetradecanoic

Serizawa, H.,

Hirata-Koizumi, M.,

dose 28-day oral toxicity study of B-
bromostyrene in rats Fundam. Toxicol. Sci.,
2, 191-200, 2015.

Canipa S, Cayley A, Drewe WC, Williams RV,
Hamada S, Hirose A, Honma M, Morita T.
Using in vitro structural alerts for

chromosome damage to predict in vivo

future
Mutagenesis. 2016 31: 17-25.

EREEM, MARET, EHER, EAFH R
BNBE—, /IHEC, FHEETF, DB A
W Z. OECD{b¥MEXIEDENA (55 26
#) —% 6 [1 OECD {b W E L FEFHE &%

(2014 F"Y)  ALFEMREEH, 11, 28
36, 2015

WMAEE-F, EARE, e, BANHE, K
W Z. OECD {b W EXRFME T = 7 5
L 6 ELFHEERFMESEME (b

.85.

activity and direct testing.

YRGS, 11, 37-45, 2015.

2.FEFR
Hirose A. Chemical
Regulation and Contribution to the OECD

Cooperative

Japanese Current

Assessment

(CoCAP). The 7th
International Congress of Asian Society of
Toxicology. (2015.7. F = =, EBE)

Hirose A, Hirata-Koizumi M, Kawamura T,
Matsumoto M, Takahashi M, Nishimaki-
Mogami T, Nishimura T, Ema M, Ono A.

Derivation of subacute reference doses for

Chemicals

Programme

drinking water quality management. The
51st Congress of the European Societies of
Toxicology (EUROTOX 2015) (2015.9. =
Uk, BV RHIL)
A., Matsumoto, M., Takahashi, M.,
Kawamura, T., Hirata-Koizumi, M. and
Hirose, A. 2015.1s a 14-day dose setting

study able to predict its 28-day repeated

Ono,

dose toxicity? The 51st Congress of the

European Societies of  Toxicology
(EUROTOX 2015) (2015.9. &/ K, &Lk
Hn)

Hirose A. Metal contaminants in drugs: ICH
point of view. The 9th Congress of
Toxicology in Developing Countries.
(2015.10. FF—, 7T IN)

Nishimura T, Hirata-Koizumi M, Yamada T,
Kawamura T, Ono A. Hirose A, Ema M.
Derivation of the health advisory guidance
values for sub-acute exposure of drinking
water. The Society of Toxicology 55th
Annual Meeting (SOT 2016) (2016.3. ==

—F Y X)

G. FHOPAPERE D HIRE - BRERIRTL



1. BFFEUS: YL
2. ERFEBREG: Z42 1L
3. Tl ML

.86-



X 1. BB ALY — Cytoscape TE T /UL LIz FEMEDORBICEET S
keyevent *y hU—Z DA77 Y—rav b,

B RITSTF LU0, HI/NRE LAV, Ml L0, MLV, B8R L~ TR
SNTn3, ROBEPERTNA 74 hEN TV 5 key event 1Z DX O#EIET 77— b,
BRkeaDNA 74 MIU—F727a2X (RA), BREDNA T MIDX & RADMHF%
AunwcETafbani,

.87.



450
400
350
.é 300
3
g 250 J .
o
S a0
|
150 - .
100 s
50 l » : l‘ V IV V | N .t.
positive
O i B o R W w B e . RN e e
I P i S SR R R S RO R S PR RO
qy'}@&\\ \"‘d:(,}?& v‘&i.\é\\sséo&@é‘ {\‘\z\ &gox'é\ob&eoé)é‘\@@@og‘*@@& “b\‘&;’ @“\\\\é"s\\‘é\b:gl&&é"&@&\\z"&\ \"‘é 6\56
° D D S o o & & f & &
ST -§°é@;~ oty ée«@Q F E S E s &fo&@i‘v‘e@sﬁ" & & @“\%“;f &’
S S $ R I e & 8 & & & R
é‘ﬁe“’ & K c@eo&o&{? F ¥ EF & &' EFEL E
& & ‘@\é‘«&&ﬁf’é‘ S & 8 T
R &
b&@o s o‘i}&&& A 6‘9 e‘&° o & \C&‘\ \&'} s <z‘°®é°(@*z‘°& 6\°¢
45 & &~ N s S &
o ’bb 3 & @\) & & \)&
& e?"o & \\“5’ \&é\ &“9
5 - 3 \)"
& & & b
¥ & 2
\o\ _¢°° Key Event Predicted
& =
& &
& &
o”& vc?
<& «
<&
&
<

70
60 4
50
w
é 7 IRt SRR, NS
S 30 ¢ S
=z ® positive
 negative
20
m l I |
o we s B B e ] I s =
Sy = Y N N S £ Y = Y N o Y N N NN SN
& & & & §FF
& 8 ) & & & & 48" < & & & & & & &f
F & & & & & & & F & &F & & & & $
¥ & & P & & & § NS & & 9 & & F
SRR A S & & F O
N A ARIRCG OF O QR S A S A S
& & <& ) » . &b\ PSS o & & qu@ Na qu &Q
& N ] ] 0‘9\0
Key Event Predicted 03]

3. U— K77 aREMIZBIT 5 KeyEvent &0 XE®R 53 DB IZRBIT 5

Rt O E R LU E

.88.



# 1. FFEEICEESIT O/ DX I2EE#& ST 5 Key Events

Key Event No. Alerts Predicting Event
Protein reactive electrophile (M) 61
DNA reactive electrophile (M) 58
Protein reactive electrophile 51
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Mitochondrial dysfunction 24
Oxidising agent 20
Oxidising agent (M) 20
Estrogen receptor binder 17
Glutathione (GSH) depletion (M) 14
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Peroxisome proliferation
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Key Event No. of Positive Compounds Reported
ER Binder (RA) 2233
GR Binder (RA) 1853
Tubulin Binder (RA) 705
LXR Binder (RA) 664
Topoisomerase Inhibitor (RA) 582
RXR Binder (RA) 408
MMP Inhibitor (RA) 385
RAR Binder (RA) 235
BSEP Inhibitor (RA) 213
AHR Binder (RA) 197
MTTP Binder (RA) 185
MRP2 Inhibitor (RA) 179
NADH Depletor (RA) 133
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GSH Adduct Former (RA) 97
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PPRgamma Binder (RA) 7T
P450 Inhibitor (MDI assay) (RA) 74
MitoTox (RA) 53
CAR Binder (RA) 50
CPT1 Inhibitor (RA) 39
PPARdelta Binder (RA) 36
ROS Intensity Modifier (RA) 32
MRPS3 Inhibitor (RA) 30
Lipid Intensity Modifier (RA) 25
PPARalpha Binder (RA) 29
CPT2 Inhibitor (RA) 20
CYP Inhibitor (RA) 10
CytoTox Causing (RA) 6
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The ICH M7 guidelines for the assessment and control of DNA reactive (mutagenic) impurities in phar-
maceuticals allows for the consideration of in silico predictions in place of in vitro studies. This represents
a significant advance in the acceptance of (Q)SAR models and has resulted from positive interactions
between modellers, regulatory agencies and industry with a shared purpose of developing effective
processes to minimise risk. This paper discusses key scientific principles that should be applied when

evaluating in silico predictions with a focus on accuracy and scientific rigour that will support a
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consistent and practical route to regulatory submission.
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1. Introduction

The ICH (International Conference on Harmonisation of Tech-
nical Requirements for Registration of Pharmaceuticals for Human
Use) is an international group comprised of regulatory authorities
and industry across Europe, Japan and the US which has taken a
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predominant position in establishing guidelines to support the
development and registration of safe and effective medicines. Since
1990, this body has established almost 50 guidelines covering many
processes from manufacturing quality to clinical trial design and
drug safety. One of these (M7) focusses upon the assessment of
potentially DNA-reactive (mutagenic) impurities and is significant
in that, it recognises the potential to use in silico predictions in lieu
of in vitro studies. This substitution is not necessarily a simple
process because of the inherent uncertainty that exists with any in
silico prediction. However, the risk of not identifying a potentially
DNA-reactive impurity that is subsequently exposed to humans can
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be minimised through the appropriate use of well-constructed
models and, crucially, through the use of expert analysis. Whilst
this principle is clearly defined in the guidelines, the practical
implementation of a process that can ensure consistent, safe and
accurate predictions requires some consideration. This paper
identifies key questions and approaches that an expert could apply
in order to maximise sensitivity in the identification of DNA-
reactive materials without necessarily applying an overly cautious
approach that reduces specificity and overall accuracy to a point
where in silico predictions offer little additional value.

The intention of the M7 guideline is to describe how best to
identify and control the exposure to (potential) pharmaceutical
agent impurities that could cause cancer through direct reaction
with DNA. Such impurities may be introduced during the prepa-
ration of the active pharmaceutical ingredient (API), during
formulation of the final drug product, or through degradation. DNA
reactivity can be effectively tested using the in vitro bacterial
reverse mutation assay (often somewhat loosely referred to as ‘the
Ames assay’), but this study may be impractical or unnecessary
given our knowledge of the endpoint and weight of data already
obtained. (Q)SAR is recommended in the ICH M7 guidelines as a
high-throughput, state-of-the-art alternative for assessing the
mutagenic potential of such impurities. This paper focusses not on
the identification of such potential or observed impurities, but on
the subsequent (Q)SAR analysis of their likelihood of being DNA-
reactive.

The guideline describes the need for two predictive systems;
one expert rule-based and the second statistical-based. The appli-
cation of two systems that use different methods is predicated on
the assumption that their predictions will be complementary and
that greater sensitivity in detecting potential mutagens will be
achieved if they are applied in a manner where a positive predic-
tion from either method leads to a positive conclusion. Applying
the models in this manner typically results in a decrease in speci-
ficity and overall accuracy; however, some of this decrease can be
mitigated through the application of expert knowledge. Indeed, the
guidelines make a specific provision for the application of expert
knowledge to support or overturn a (Q)SAR prediction, effectively
allowing a positive or negative in silico conclusion to be challenged
through the rational consideration of additional information. While
expert assessment has been successfully applied and reported
(Dobo et al,, 2012; Sutter et al,, 2013), the definition of what con-
stitutes expert analysis and how it may be undertaken has until
now, been left largely open (Powley, 2015; Greene et al., 2015). Here
we attempt to define a framework through which this process may
be more clearly understood, although it should be emphasised that
we do not anticipate this to be exhaustive or that when applied,
experts will necessarily come to the same conclusions.

2. Comparison between expert rule-based and statistical
systems

The distinction between expert rule-based and statistical sys-
tems is not necessarily clear-cut; experts may use statistical models
to support their knowledge extraction during the development of
an expert rule-based system, and the building of statistical systems
undoubtedly benefits from oversight by an expert.

An expert rule-based system is comprised of rules written by
humans which allows for the injection of knowledge in addition to
known (in)activity of compounds. These include the biological
mode(s) of action or expected metabolic transformations together
with a chemical understanding of reactivity. This facilitates the
provision of a detailed and clearly reasoned explanation for an alert
along with references and mechanistic information — all of which
can offer significant benefit during expert analysis. The injection of

additional knowledge also allows the model builder to extrapolate
from that which is known from the training set, for example to
hitherto unseen functionality based upon an understanding of
chemical reactivity, or through the incorporation of knowledge
from proprietary data that can remain transparent and interpret-
able without revealing confidential structures. This can help an
expert rule-based model maintain strong performance against
chemical space more dissimilar to the training set than a statistical
system can often achieve. Such an approach can also allow more
complex endpoints to be modelled — for example if there are
multiple modes of actions within a single dataset, then a simple
global statistical model may struggle to correctly learn significant
trends.! Some more sophisticated expert rule-based systems apply
layers of reasoning which enables the model to continue to work in
the presence of contradictory information — something which is
important when modelling biological data since reproducibility is
often not complete.

In contrast, a statistical system must rely upon machine-
learning to determine the importance of a descriptor or combina-
tion of descriptors subsequently used to predict activity. For it to
show a high degree of transparency, some expert knowledge
almost always influences the model, most commonly through the
choice of descriptors from which the model can learn. This can
range from defining a list of descriptors to be used during model
building (e.g. a predefined fragment library) or by defining rules by
which descriptors should be created from the training set (e.g.
fragmentation rules appropriate to the endpoint). Each approach
offers benefits and challenges, but the result is still a statistical
model provided that the decision as to the final selection of de-
scriptors and impact that they make upon a prediction is learnt by
the model through application of the training data. Statistical
models tend to work best when predicting compounds of similar
structure to those in the training set, and this has given rise to a
number of approaches to defining applicability domains. Typically
this is a set of criteria implemented by the modeller below which
the predicted accuracy is considered insufficient for reliable use.
However, this measure should be treated with caution, since even if
the approach is explicit and the robustness demonstrated (sadly
both are often missing), the modeller cannot know the use to which
the model will be put and hence the acceptable level of accuracy
that is desired. Models that apply the same descriptors for both
predictions and determining the applicability domain and focus
upon human interpretable properties that have demonstrable
relevance to the endpoint are more likely to be able to provide
transparent, relevant and unambiguous estimates of expected ac-
curacy than those statistically tuned to a certain level of perfor-
mance against a particular test set (Sahigara et al., 2012; Netzeva
et al,, 2005).

3. Ensuring in silico models can support expert analysis

Many models of mutagenicity have been developed using a
range of methodologies. All have benefited from a large dataset of
in vitro data tested under well established and mostly consistent
conditions. This, together with a clear understanding of the
mechanisms of action, has enabled models to make predictions
which can be trusted provided the supporting evidence and ratio-
nale is readily accessible. Whilst some models may be used to
illustrate points, this paper does not endorse any specific system

! Some statistical approaches can at least partly address this, for example by
clustering compounds before constructing local models and thereby identify sig-
nificant trends that would be swamped if the dataset was considered as a
whole(Hanser et al., 2014).



