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88 H 7Hrisk assessment)= IA S3A &Ql(hazard identification),
EETF-H1S H7Hdose-response assessment), ‘e=H7Hexposure analysis),
9314 AA(characterization of risk)e] 4@AZ o]Foj &It}

ol% L=E&%-Trs H7F @A oA NOAEL(No observed adverse effect level,
F=A47), LOAEL(Lowest-observed-adverse-effect level, FASAZ),
BMD(benchmark dose, 7158%) 52 8ot X4 JIH, FEAY
e 2452 B7kcks HIg9A1A A, WAUS 4 ZE9g 59 HHo
UTh. NOAEL, BMD 2 8% =&3F-58 BV A= dLHF68%F

I

(acceptable daily intake, ADI), 9%+ (Derived No-effect levels,

DNEL), =A%31*](Reference dose, reference concentration, RfD,
RfFOs2o2 #@dEH I 4HdAs BEF oflier 22 4oz ZddH.
RfD or DNEL or ADI = POD(NOAEL or BMDL) / UF x MF

POD(point of departure) &, A&t A2 F= T volEE =&t
=/ 8F-7hg A4 9 7 A--& oJudttt. UF(uncertainty factor,
B AS)E 5EATEENE ARIA A8staat & o 7ol ESAES
BA57] Jote] H&ste ASLE A H(margin-of-safety)ZHi = oFH
1~109] %2 A-&3tt. MF(modifying factors, BEA3A$)= H7HA7F B2t
Azo] A Ee} Hol ZASt ESHAGS T7F B2 HAAAT| 1A & o] ARS-
51, 0.1~109] g 283ttt PODZ AREElE NOAELS EA414, AEsHy
oz ZAo] HEEA e &F = 58 Ui, BMDL(benchmark
dose lower bound, 7185 slREHE E&-vhs ZPolA 44 71E879]
A= 79 ofgtgS ofu|gitt,

o8 B7H EF-5HE B0l EEAIES Y S Rl E 1l
F8rlssh, eF-HkS TA0] FEIE At BEEA g1, AF5E] 50}
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A @A o]2A Hot. 2005W¥°l= EFSA(European Food Safety
s A

S e
I =
1ol Crump(Crump, 1984)+= BMDY 7Hd9] =Y *S20& Aotstitt.
Authority, a41E2FA4)2}t JECFA(The Joint FAO/WHO Expert Committee
|7/ AAEA 7+
9] MOE(Margin of Exposure) AAt A] BMDE

FA
Al

on Food Additives, =4

AL A=Y EIEE

ARES AZ AP AL 20098 ol= EFSACA risk assessmentA] BMD
A 8o T3t guidanceES I O™, 2012W0= EPA(Environmental
Protection Agency, U= 73X 5=3)0|4] BMD 45 Hof| tist guidance$!
S oI} ESH EUIAE 20109

Benchmark Dose Technical Guidance
REACH(Registration, Evaluation, Authorization and Restriction of

CHemicals)9] technical guidanceE %3] DNELS AAHA] LOAELEth=
Zo| ¢ AAscty EESFYCH vdZ= RIVM(National

BMD&

Institute for Public Health and the Environment)oA+= 2012¥ BMD
L ojo

xLQ.sJE
Tdlg] =391 PROASTE 7fEste] &¥olA& Bdl FwHjESFol|t). vl=r
F4S AA dA BMDS(Benchmark Dose

EPASIA = 200000 2z MABMDS 1.2)8] 2Ly =45 wiEs}7] A%}
wg wEste gon AR 23 39 T

stof @A 391l il =

Software) 3 HAS 2018WF
o JHo|EE AA 3.2.0.1HAS AFstaL At E3IF 2018W 7HFH 28Y
2 90 WHE: FA=AAI ] gigt OECD TGoA = SAAIE AT Fdgo=

NOAEC, LOAEC & oflg BMCEE AA7F5ES HA|6tT Q). o] &

oflz} ok FFF7E A 547132 E NOAEL ¥t} BMD7} T

o]
Agtsltt= 71Z0) 714k A+ At A&SH o s ARHET Qo (Zarn et
al, 2020; Baralic et al, 2020; Yoshii et al, 2020), A2 & =4

ANIAY} TH =F(Won et al, 2021; Yang et al, 2019; Choi et al,
2018; Schwotzer et al, 2017)2 NOAFLZE A7+ H sty 9oy, 97
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SH0| BEE It S 8%
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RfD or DNEL or ADI = POD(NOAEL or BMDL) / UF x MF
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Hi W slo] A3 & AEstnt. AEst RdE o] A= A|H 9
glolg & 835l BMDE E&35H9th
M2 FH|AKS

3. BMD ¥7t Eif # GLP
2dY =75 o83 BMD 2423E 72 BMD B7HARE A4St
NOAEL 2% #49 Hwg F3f A e AT BT A
AUAHA 5= <72 BMD
HARRE AAISEE

o o
PR AATAY FYSHATHE hy EEF
B2 A% W Aol GLP 482 98 "as =
4. SUSEA Zae] BMD 24 g Mgt
SYSHABEA BMD 4 B9 GLPE £350e] H82400 49
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1. BMD2} NOAEL?| H|WFEA

1) NEEZ9 9% F7l 7|&(Karbe er al, 2001, Kobayashi et
al, 2010, Lewis et al, 2002, Palazzi et al, 2016; Pandiri
et al, 2017)
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(2) =40| Ozt MZE= E2

7h ASEOI 2fst FH0| U= A7 I/ERRIM UEKO1 7159 HalE gict

Lh) XS4 Hto|c

ChH ARl H3to|C

2 M (severity)7t SIX|Ol42 Mzt Me2 ®|SHH0|Ct,

OF) CHEQ| HIE}0|7{Lt SZMOI HEI0|CH AT CH2 HAISIZO| HE1}
SHEX] =L
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OfL CY,
Ab T2 BEXI29| 0|XtXQI tH5}0|Ct,
Oh MYEOol AuO|Ct,
2) NOAFL

NOAEL, LOAELY 99} BArACl Hriarso LA3dlo] ofgfe} o]

g B8

7hH A=Ee Fg & =gS FIKe.
L) =0 X ¥2 7t =2 E0| NOAELO| #Ct.
Ch) =g0| 2&E 71 "2 0| LOAELO| &,
ch Y= At O 49 Y= NOAELES Mz AMFsh|= ot
0p) =4X=40] U= =2 ZR0= MM 2206t meh Wy
g /Igotle 89k .
2) £

70 178 Aol thalt 171l s 7R

]
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C) =XE HlO|ELt BI} Lot/t Rt

(4) 28

BMD =& F43st= of8] E3(Harber et a/, 2018;EPA, 2012)914+=
NOAEL®] @0 disf thZat Zo] Awsia ot
7t) NOAELZ HItxtel #Eo| X|HHE Bh=Ct.
Lh) NOAEL2 Asg2f0| X[HiS gh=Ct.
Ch) NOAELOIIA EHEEl= HMak= A0 CIYSI0] AlRiztel HlwIt OfFC
2h) ClO[H7 22 AlE 255 AIY 25 Ojo|E SZO| st Z7t glo|

By

SiLtel $XI2 A} BHEL
of) A S40| gl 82 Y 4 YLk

HH) NOAELZ single effect? single data point01| 7|85HH 2t
0| single effecte] 8-8ts HEE= MEX| L=Ct.

A 2E SER/L M2 B2 AN dg0] LAasto NOAELOI O =0t
A= 880 Ol= O L2 LAl O 2 #29 Algs s lotIAt

ULt
ot= 282 XNoHAIZ17] H20 A7 | 20lA Hi2t= A0t 2HCHO|C}
3) BMD

(1) g9

Haber 5(2018)°] 33t Y80l Z5to] AEA AHLA=A] A Be:
drgol #avlt gofof tiste] 7t 7l&sit. BMD+= vlE] g ojd s
Soh= EE/E8s 245te e FR=E dtiEdler, 2014). EFSA
t=W(Hardy er a/ 2017) Fo-&33 Bad wgo] 7|dste] AHtolE

Q ar

S

243t 554

) BWg A g3t §-S THL SEWU ASHA WS
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( SUSHAIR 21t S8 HIUE {8t Benchmark dose =¢ ¢1F

critical benchmark response(BMR)°|1L E& 5%C|A 2% h:} H| <44 9]
dlolgof thefAl=, BMRS & 10%E A% 0}.1_ extra risk®2 Aolgit}, o]
10% S7F= &%°] 0¥ o =d=gt vvkg &l w2t v HE" Llhe==
HAEATE ouo|t}t. F83F A %‘%‘EO] 0L 9] BjAurs-2 A&l <t
H| A& dolgt 5= ke wh-go] ofd Etﬂoﬂ olsf| g ejEth= Mot BMR
2 dEtF o2 H|A&HolEH = 5%, A& olH+ 10%E Ast=t o=
o1 7]L & AEFH Y oy %‘jf]:oﬂ ol SUE]7] wfZoltt. F SF2
glolg BEE A3 95% A1F interval®] =¥ lower bound (benchmark
dose lower confidence bound, BMDL)2 Aol A 2lH BMRS A&t
ol+= HBGVE Xdl= reference point(RP)& ArRE-HT}.
7t) BMR: BMD ZEE2 7HHEQI 5t DHO0| HYH0HY} XS
ol= A0l HolE 8 &0 ti3ok= 0| Falidtt. 1 do
| Ht2AZS BMRO|2IDEHY,
L) BMDL: CHEE29] MHT™IHrisk assessment)= BMDOA 5+
(lower) 95% confidence limit(AM=Z|HA)S X3t 0|2 BMDL
0|2t

T g

rOII

ofC}.

Ct) BMDU: SEAIEHMAE(European Food Safety Authority, EFSA)=
MA ME|FZHconfidence interval)g HMdH= AS HASTICH HA|
M2|77t2 BMDL A(upper bound)S EESICH BMDO| A
(upper bound)E BMDUZ}LT StC}.

(2) BotdY

7hH A=Ee Fg & =4S FIKe.
L)) =gz SF-Ug ZAYS St
CH) MEst BMDLZY(FE BMDLs, BMDLs, BMDLio)2 RISt
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SI20 Ciol 1719l ZS 71Xt &,

7h 174
e =9 +UF BMD7} =EHO.
L) =g&d XA BMD 20| et SASH X[A0] QL E Lt
Cf) BMDE #5270 IAL O L2 ARiZEY [ o E2 Z0E SE0itt
4) 34

Haber -5{(Haber et al, 2018)2] X.irof wie} thZ3} o] A4S A= sk
7h) 8¥-UE M MESIH OH EF+E0|lE ==0| 7tsot,
Lh TH 8F-9E S48 12olll, A—FY0l HAG0l JoE BE
0l 2
CH NOAELELH BMDE &8 &4 &8XC=z= MEY £ W st
ool AEH= SE0M O L2 2% BIE & = JUXE o
2h) NOAELOI HIgH BMD= Al@W2E d%oh=0 O XME5I.
0f) =SSt benchmark response2 ArRol0] Alg7tO] H
HE =501 NOAELZS AR8otH =7t Br301 AAAQl XH0[7F AN =
SAX! F2140] G0 NOAELO| &M=L O =4 482 &+ &

- T

El
N

(6) =H

Slob 5(Slob et al, 2005)°] W= thZ3} Zo] d8-Z FHT & Ut

7t) OECD TGO 7[8tst AlRCIXRIE 72| 7t HgHE0|22 BMDE
BItot7 |0l = XSt K] LRUACE.
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2. BMD 4 $37K54 Ty}

1) BMD 29 =79 F&7 3 A

U= RIVMOllA 7iEsto] wi25Ql PROASTS}F Hl= EPAOA] 7St
BMDSE H|Z3}¥tHDavis et al)[FEII-1]. PROASTS} BMDSE RIVM}t
EPA ZHo|A|o|A Zt7} Ru& BRI Qlow, EAAMo|AE & Aol
Se AR dHA Aot ot ARAF 34 SHOA| Zpo] o] 1=t BMDS+
SIGAA 2 D=5 AMESHE ¥ PROASTE #5248 Mac OS X& AR
s, BMDSE IS 7|Fto 2 skt PROAST= RS 7|Hte = 3jith &
|5/ AIol A LA st= HolE Y FHQ A&5F A HAEF HolE <
o] 7hsoitt metA B AFoAE SFAAY 7Rt 2 T-59] AHEAL
g, 239 A=A, 4715 HolHY §38 2 1Esty, Hx
H AAY 71 g5 8740 R Yy Ziof AF/do] 1o
4 H|A&Y flojEle] o] BF 7Hsstth= Aok BMDSE °l&
FA

o

1%

fu
I

N

e

o R (H e ofr o
o]
ol

N,
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(& I-1) BMDS vs PROAST
Ed BMDS PROAST
JHEA} 0= EPA HEHE RIVM
=GHA| Windows Linux,MacOS X
J|8tm 2 e ol R
ASX} OIEIT0|A GUI(.graphicaIuser e 2 GUI
interface)
43 G0y s ts
- s
H$<43 HO|E S
253 HolH * (il B0
22|(nest) A& HI0|H =/t ts
22|(nest) HIH&Y H|O|E] s ts
_ HEY 3| Z2HO0 C
208 To|E] fé% | s
BMDU 7t ie. HlEe B s
22 AZOI0IHe V=2 =3 normal Log-normal
2) BMDS (Gift J et al, 2020)
(1) BMDSE 9017t
BMDS: %%k-‘i% E%l%% B-o]5HA| Sh= Z27HO 2 excel 7|4t

=&

Aol /d %8 7Hrisk assessment)ollA A5

2} P2 ATE ofHo g AFA|7|7] 9

AHE5H=

= 7]%olt}. £ 7
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e o 5018 g A8 112 ARglo] QU= oA SUHY ke ®Sl
&3ht}

- A o] FWH(nested dichotomous endpoint): °|EHA £7 9]
735 AW A E= 7REHY §57F §kso] "ot =y o] A% 7 Ad
o= M7t T 7 ol A& o AT &, TRREs A ©9 e
S ojHe TUHY 7 dutdRl o= A @7t A4l ofwjo]1
Z} ofu] 9] SHjA7|9] Bjo} E+= Aol PR 71F)Y FFE A=
g =4 Aotk

SHH R, tolH] ok Rdlg shee {Re] 482 BMD REY =

BMD Folgtal 3ty BMDSE of o]4fe] &5 Hhg- Hjo|E AEoA oy
nES Agste] BMD RE@H-S 8o|otA ok Eo|tt,

C}) REY 2o B

- Goodness-of-fit X

- BMD

- BMDOl gt bound(@ll: A2 2tA)S] F=8%k(Z2 siet & AJgtol| s
BMDL ¥ BMDUZ H7]%).

(2) EPA= BMDE O{EA At&dH=7t

EPA= BMD & AREsto] IA 27 93] tiet 225 44351 s
ohE BekA AL 3 AMEE= RID, RIC ¥ 7]1&7] Aot 22 F F
HAE =& BMDSSF 22 =75 ARSH] Aolli= NOAELZ &85t
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2|8t Benchmark dose E=8! ¢

|

( EUSMAY 2 2% HuE
(3) BMDS 7hgt o]
BMDS 7iE-2 1995 9]
EPACIA WHEHCo= HEEHSGH. 1998~1999¢ 0] <F
AEE

1999~2000¢1°] L3t 22 HZ |
HAQl BMDS 1.2%& 20004 490l ZA= Ak

1Z=El9lo™ X HA BMDS T2 EERILS 199749
4 I AES
Z1A BMDS9] A HA 7Y

3) BMD &4 Alg9] Ad
(1) 71 =8AIY Ao A
SAEAAEAY A & EAZF 07 ZSUEAAS
| 202197HA19] 6E7F 33 SUAVESAAA TS iﬂhﬂoi [E -2 Oﬂ
UEHHSIT}. ol AlE FolA 54387 S=Eal stehEdo o Mshrt
HEE AES AEFote] 11 A HEE FE U 525 (3 1-3]9] YE
it
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=33

CAS No.

Ethyl formate

109-94-4

Cyclohexanone

108-94-1

Cyclohexanone

108-94-1

Tetrachloroethylene

127-18-4

Tetrachloroethylene

127-18-4

Tetrachloroethylene

127-18-4

Tetrachloroethylene

127-18-4

PHMG-HCI

57028-96-3

Cyclohexanone

108-94-1

Cyclohexanone

108-94-1

Cyclohexanone

108-94-1

Cyclohexanone

108-94-1

1-Methylnaphthalene

90-12-0

1-Propanol

71-23-8

40

40

=0

30

30

=0

40

40

40

40

=0

40




8SC HOE $I8t Benchmark dose =@ H7
B [1-2) SUSYAE 28 S=20I)
gu cas No. |58 o | EEST
1-Propanol 71-23-8 | OIRA | 4F 2
1-Propanol 71-23-8 giE | 13 2
1-Propanol 71-23-8 | O0IRA | 13F 2
PHMG-HCI 57028-96-3 | ;HE | 23 2
Tetrachloroethylene 127-18-4 | = | 24 2
Tetrachloroethylene 127-18-4 | ORA | 1.5 %
Benzalkonium chloride 63449-41-2 | HE | 2= %
Benzalkonium chloride 63449-41-2 | sHE | 13F S
1,2-Dichlorobenzene 95-50-1 gt | 4F Q
1,2-Dichlorobenzene 95-50-1 | ORA | 4% =
1,2-Dichlorobenzene 95-50-1 BHE | 13 =]
1,2-Dichlorobenzene 95-50-1 | ORA | 13F =
Barium nitrate 10022-31-8 | =HE | 4= =]
Mono methyl formamide 123-39-7 HE | 13F o
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(B 1-2) SUSHAIH 48 S2(L)
2u CAS No. |58 3o | Toot
1-Propanol 71-23-8 e | 2 TS
1-Propanol 71-23-8 | OA | 1.654 =
Mono methyl formamide 123-39-7 SHE 2% Q
2—-Methoxy—1-propanol 1589-47-5 | SiE 4= g
2-Methoxy—1-propanol 1589-47-5 | OIRA | 4% 2
2—-Methoxy—1-propanol 1589-47-5 | 8iE | 135 =
2—-Methoxy—1-propanol 1589-47-5 | OIRA | 13F L=
Dimethyl carbonate 616-38-6 SHE 4% =]
Dimethyl carbonate 616-38-6 | = | 13F =
Acetyl acetone 75-83-2 HE | 4= (=]
Acetyl acetone 75-83-2 HE | 13F (=]
1,2-Dichlorobenzene 95-50-1 e | 24 PN IS
1,2-Dichlorobenzene 95-50-1 |OFRA | 1.58 | XS
2-Methoxyethanol 109-86-4 | = | 4= r
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28 HUE 2
(B 1-2) SYSYNH 28 22015
gu casNo. | sE3 5 | FIEF
2-Methoxyethanol 109-86-4 oA | 4% ]
Anisole 100-66-3 SHE 4Z= (=]
Anisole 100-66-3 e | 133 =
2-Methoxyethanol 109-86-4 e | 13F =2
2-Methoxyethanol 109-86-4 OrRA | 13F 2
1-Ethoxy—2—-propanol 1569-02-4 e | 4F =]
1-Ethoxy—2—propanol 1569-02-4 e | 133 =
Anisole 100-66-3 Be | 21 LIAS
Decane 124-18-5 e | 4= K
Decane 124-18-5 SHE | 13F RS
2-Chlorotoluene 95-49-8 gE | 4F 2
2-Chlorotoluene 95-49-8 dE | 13 SIS
Heptan-1-ol 111-70-6 SHE 4Z= =
1-Chlorobutane 109-69-3 SHE 4Z= 2
Diethyl benzene 25340-17-4 | SE L=}
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T

H 1I-3) Y =% 84E Hsl(Hs5)
=
g1y = gay BaE vl
[ -
sk gUSIs, dAMstst I |SH, K4
—Ni 2= 4= I:OI:IE|
1,2-Dichlorobenzene| 3= T |z==g Maler A=Y
Msk: 7|18
sk Alg
1,2-Dichlorobenzene | OIRA | 4F Sk AfUE, Malsh XTE/H|
Msk: Z2AHL
A=k S, ZAEL
1,2-Dichlorobenzene | OIRA | 13F |E5E: HE, XY
Msk: ZAHL
sk MUE, S, LUSH, A, dalst
L BT
Barium nitrate e | 4% TSV S ET
Msk: ZAHL
sk B, HES, A=gFY, 2N, 43t
Mono methyl s | 13x st AAHL
formamide o~ T EsE: M5t
Msk: Matst
sk MUE, HES, AsgFE, A, Matst,
Mono methyl s | o= Y5, TAHe
formamide o R ET Y= ST
Msk: Halgl=
sk FAlS
Dimethyl carbonate | E | 43 |EsL: FaQle
Msk: Fatelz
dst MAE, MES, A=gFE,
Acetyl acetone e | 4F EZsk AqE, AlREREY, ZXge
Msk: HelGlS
Uk MS, Mg, g I
Acetyl acetone dE | 133 Esk A, YA
Msk: HalglE
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.I

IRE HUE 2|8t Benchmark dose T8I ¢17

7
it

(2) BMD £4M0| 7ts8t A9l =

EPAC A= 2012€(EPA, 2012) benchmark dose technical guidance
F9a, I Foll= BMD g0l 7Fs3etA] ARof HiolHE H7S
AA7F AA S o] ATHIIEII-1]. o]& &l 4 713 AE(HlelH)

20 2) glojgjo]ofof T}, o] uf FASH

S MFH oz AT 5 3lom b3 ol 1HEs| AT+ 3o

£ U35
T U=
o %
" Hlo|E7} SE3SHoF ji.
- ofu7t Sl=(8EEE E= SAISh
oul= ©ett SAA Fo8S Au|sHA] Y=t
- &Fo] Sk ji
- S-S A mdgo] 7hssfof gtk
TAACo = BMD HEY 7Fso 7o AXHIHI-11E ATEH WA 1) Hlo]
B|7} S2RtA] SISt S-E5ttH 2)AESE] B AR E 72 Aol
U=A FRlgtet. et A4 Fold2 BR/SHA kow, FERoA o
ko] ¥ist A B A8 E0] B2 AFollA B8l e T2 BES
Aoz om7} QUvt. TIETal JHhH 3) §to] S-SR ERleht & 5
Y& Hom Aukzog A8 7hset B 71 AsheEnt, dubyg oz gt 79
T2 SEoHA AN & /vhgo] §-835 ol o RdgE S5
g 2 412 SHA9] A E A 4 Ak #1932 Bd A
AN = YA 2d ES444S Brlstedls E&0] HA &2 & Ath
9] = w3 A1F] 7K confidence interval)& F35H7] 5t
FUHE Fof gttt &FTo] Sttt 48358 A
eIttt o &0 ANrERl &F5 7o we gEst
Z], glo|g7} 29 &A% (sublinear) B+ Z41Q
A3t model fitdt F3o]
OF o] NOAEL/LOAEL

%2
fr

293o] A5AAE

geFel A9l Wsh}
3]

8%
9 parameter®]
A
(supralinear)?1#], 7|t E BMRo] 2t vHg-9] W} 717k27) soltt
%ok gk 5) BMDs®F BMDLsoll dish &
A . AS0=

o §kg Foll A AFTol YeAE o
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Eo7hA Tk 1)o] thigk @o] “ofy et HHs2 E7sshe o]l e”
2 glolEof A= NOAFL/LOAELS B7I3loF gt 1)2] EolAlo] “ofulr”
2ty wagithd dolgrt REF o g EFEL Aojn RAUAHA RAgS
AP 5 ot 4 e 2 golgErE= o 244 F71o)oF
F Aot 2),3)°14 “olye g2 WHEH NOAEL/LOAEL®] §H&=EofA]
12| 72700 23t =xE golsty BdsS Aggich 4)ofA “ofmtrrgla
gHote 45 S0 B0t o] wie 6) vhgo] AsEoAT TEEHEA,
19943 dlojEghd B0l 100%E Tt F2A& &Rlgitt. go] “Y|"=td
5) BMDs®} BMDLsell i3t &3t model fitd F730] J=AE Eolst1
o|% HAE= FUsHA APgtch Tk 6)oAZ “ofmtrElal HESohH
7) X E non-zero dose”7t 2 BR8-S Hol|=X4], H|A4Y tHlolgetd F-50]
100%XE T F-22| & gRIgtet. qheF 7)ol Ak “ofnf"etal GHgittH 8)8<gt
SFolE/go] AN 7MY W2 &7F9] vhgo] BMRETH AHH o R 22
£ gQIgtth vk ¥ od 5)9] AAE HEZT 6),8)9 DACNA EHo]
‘ol 272 modeling?] Aol tisf Aol Y oE = modelingE A4
EdfH= Ao| £t 7)01A ol "E @Hsk= 7-%-olli= NOAEL/LOAELO]
SRS A eEete] leAE dRlsty REyS APt

ol

r*ru

jus

)

<
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STOP: Cannot model or assess .
Are there sufficient data? |—- o ey fhode) o assess. ix uu..grdn::._ug:pu:u.

na | s thers anofher endpaint or M

Examples:

Dratta partly incomgileds - procesd « If survval ar firing of is an
cautiously with modeling: ?nuu.ammmh;:gﬂmruﬂ&hb
reporied esfimales may " address #t7?

Incorparate mone uncertainty « If developmental efecis, ane felal
than with complete data darta provided within litters?

| s there a biolagically o statistically significant trend? |

Siatistical significance not requinsd - monolonic trend in rare endpoints, or adverse
endpaints in studies with low power may be bislogically sigrificant.

e | |

Ihuﬂimmnugﬁduﬂamﬂ? I

Too few groups generally imits the number of applicable models:

= iOne group wsually nod enough, but i it & n useful rangs of exposursinssponss,
modeling can provide eslimate of response and confidence Emils

= Two groups may support a model fil, bul may nol help evaluale modsl uncertainty in
fimal ressult

= Humber of groups should be at least as large as the number of moded parameterns 1o
eslimabe mean responsas and confidencs inferals.

~|

Is the dose-response e

= |5 there a dear dose=response relationship, wilth overall monotanic changes
relationship amenable t0 [+ wah increasing dose level (aking biskogical considerations inlo aceount)?
modeling 7 « Are Ihe data exiremely sublinear or sugraline ar?

= |5 desived BMR near range of obsenned responses?
yes \nm,m

DOinly responss seen is al high doss na Modeling often “works,” | consider

{Dataset A} If quantsl data, is the bt ary ks be
ratponas well blow 100%7 uninfarmative.

\E'ﬂm

no
yes Every non-zero dose has the same - T -

v

respones (DatasstB). If quantaldata [~ o
yes i the responss well below 100%7 it s i

&
In ad dition to filling models ‘\{mm

to all data points, corsider Claar doss-reaponss, but kowast consider

I'i'.l.'l'lg_an'l:chlq:lpmutimhg yEE dose Rk 4 high resporss (Datasst
& siraight fine between €} relative 1o BMR. Model?
adjacent doses with different

Especially consider madel

response bevels.
uncerainty for extrapolating io ower

K/ dosss’ resnonses (han ofsened

Are there adequate model fio
NOAELLOAEL Include confidence
and BMDLs?

N [T ————p———n /

[O3 1-1] BMDREHZ! CO|E HIFHA|
(ZX: Benchmark dose technical guidance(EPA, 2012))
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3) BMRO] A=

A H4EMHH(European Food Safety Authority, EFSA)Z} v]=+ &7
B S5(Fnvironmental Protection Agency, EPA)2 °o| &A= (dichotomous
data)ol] tigt BMD ZAA] 10% 93 ¥ (response range)o] 23S %W
At EFSAE 2017W NOAELOIA Q] extra risk®] A% $Y 4 (median)<
10%°]l 7}7Fl 21 oli= BMDL10°] &3t 7¥Egto] 2 5= U= v|girar
TR o] HLe] BMRs2 ATl EH Y Hetol| U= ABFo] Jon
upebA RO XAt US EPA= BMRY 7124t Al FotA|qt

= 7Io|dAE o] FEHE #It BMRY ﬁE—Hf—:’: CHEaL Sl

- A e YR 1Y BuE g H|d&H ol (quantal data, 7H*-
glo]E, AHolE)ol A= 10%2] extra r1sk7} BE HY $FOR
HHET 10% ¥ 52 dFHd o s vlwo] AREE AT dustd o=
H 2 4= U= 2719 FE2] $F R HSY bioassayol|Al #4472
A CIAY A IO 7Hd7] woltt. o] 2 PODsE /NdstAY &
A= 1% BMRY 7|2%2 ofd2 F2sfjof Qi
%“3}2‘4 J_—’Eﬂ ol 22 {32 gy disiA= 5% BMR &2 1 Hth
T2 = ARESEAY JEgH] ditt PODY| 7|22 27| A5 a3
f1sh 10%&1’4' § & BMR=2 AREE & Ut
-2 10%E T %2 BMRZ #ES = Sle HWo A &A%<
standpointZ= 58 R3] A4 9 A tARIL HE 5% BMR=

AEST 1%2] BMRS @A 02 epidemiology AlEOIA quantal

human datal] ARS-Et}. 9hef o Hdlo] gt 4= Q= JeIuiof SUThd,

ox

.\;

B7HA B4 Frrt SRt AE A5l & 280 ok O™
7390l BMDS} BMDLE THwst dgz vjmd 4 9t}
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( SUSYNE 24 85 HUE 2[$t Benchmark dose T2 17
4) BMD &4

BMD £40] 7H5e Algle] 2AE Tsle] 7] 4WAY AHE BT

3= EYE BMD 4 7MeolF 9 dx} 52 AA=E ERlsty| st AA|

BMD £42 AAJs1%ich, BMD B4o] 7153t Algle] 27iof nfe} 2 At

109 2 A|dE4o] Qg eyt 9lom B&Fto] 37]o|a Fe|E4 ]l
sl BE AEATIE st 949 W olud golgo] olaHal
340] JHsai A7 27he) ARe AEste] oy fYus we
2439
(1) 943 0S| BMD M2 st 7|2 HE
HhEY s s Y2 YA
A& Hlo[HE 24P SRt Al + & =5 4 7iA| =& <3 M-4)°l
Upetlc
(B M-4) A48 HoIEe 244
Control 0 10 10
T1 10 10 10
T2 30 10 10
T3 90 10 10
Lh =&7|7k 133(909), 6AIZH/1Y, bY/1F, 13F
ChH SYsd AlE 24
= 9% SU=AHAAEZT Hol8E o <& M-5° YerH At
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(B I-5) 43 OI0[Ee] U= Al Zut
Control T1 T2 T3
Male
AST 96.56+11.766 96.36+10.649 137.57+14.664 121.96+20.945
ALT 48.95+4.240 49.12+6.115 75.50+£14.770 67.49+16.369
BUN 16.84+1.590 16.97+£2.318 19.40£2.235 20.16%£2.732
TCHO 81.05+7.387 103.29+10.716 132.19+£12.186 170.04£12.730
Female
ALP  263.33+30.379 289.73+22.726 306.20£30.757 344.37+39.556
BUN 18.44+1.676 18.57+2.033 18.76+1.837 22.53+4.923
TCHO 97.52+7.633 111.24+7.140 131.36+8.811 198.64+27.085
ALB 4.36+0.097 4.21+0.173 4.06+0.126 3.90+£0.115

AST: Aspartate Aminotransferase, ALT: Alanine aminotransferase,

ALP: Alkaline phosphatase, BUN: Blood urea nitrogen, TCHO: Total cholesterol

(2) ¥4 OHO|Ee] BMD 24 Zyt
&% gekE4o ottt Wsbt TEES Y &FE4do] Atk THE=
71 AST, ALT, BUN, TCHO, ¥ BUN, TCHO, ALB©| tjs] BMD £4&
AAI5H
7h oy ¥ ¥ BEMxH E2F
BMDE #4F Hlo[EAEE T (OF 1-2) 7|2 E421S A4t
(39 I-3). olof wet [ MM-4]9F 2] decision logico] 2 &8
FAS AEstaei(( 1" 1M-5)).
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Insert New Dataset <-- Click here to insert 3 new dataset manually Insert New Dataset

BMDS 3.2

Data

-- Click here to insert a new dataset manually

Import Dataset J <=~ Click here to import an existing BMDS dataset (*dax file) Import Dataset ] <-- Click here to impart an existing BMDS dataset (* dax file)
_Edit | ALTM ALP_F
[Add user notes here] [Add user notes here]
Dose N Mean Std. Dev. Dose N Mezan Std. Dev.
ppm No._of_animal 1U/L UL ppm No._of_animal /L /L
0 10 4895 424 0 10 26333 30379
10 10 49.12 6.115 10 10 230.73 22.726
30 10 75.5 1477 30 10 306.2 30757
90 10 67.49 16.36% 90 10 34437 30.556
_Edit | AST M _Edit ALB_F
[Add user notes here] [Add user notes here]
Dose N Mean Std. Dev. Dose N Mean Std. Dev.
ppm No._of animal UL A ppm INo._of_animal g/dL g/dL
0 10 96.56 11.766 0 436 0.097
10 10 96.36 10.643 10 a1 0173
30 10 137.57 14.664 30 406 0.126
90 10 121.96 20.945 90 39 0.115
_Edit | BUN_M _Edit BUNF
[Add user notes here] [Add user notes here]
Dose Mean Std. Dev. Dose N Mean Std. Dev.
pp! No._t mg/dL mg/dL ppm Ne._of_animal mgydl ma/dl
0 10 16.84 1.59 0 10 1844 1.676
10 10 16.97 2318 10 10 18.57 2033
30 10 19.4 2.235 30 10 18.76 1.837
30 10 20.16 2732 90 10 22.53 4923
_Edit TCHO_M _Edit | TCHO F
[Add user notes here] [Add user notes here]
Dose N Mean Std. Dev. Dose N Mean Std. Dev.
ppm No._of_animal mg/dL mg/dL ppm Ne._of animal: mg/dl mg/dl
0 10 81.05 7.387 0 10 97.32 7.633
10 10 103.29 10.716 10 10 111.24 714
30 10 132.19 12186 30 10 131.36 8811
90 10 170.04 1273 90 10 198.64 27.085

(2% m-2] 4% HlolE

Define Analysis
Analysis Name. [Continuous male ] MLE Alternatives Model Averaging Variance Medels
Restricted | Unres
WS 7 2 AW A2 dataWEMDS B 32 Model Name Enablézl | Enabld] 2 a
10| EfwEisE i ] [] []
il = [m] []
Analysis Description |5td DevNormal:Non-constant Linear a = [ ]
Polynomial| [l (=] []
wer| [ 5] []
Select Model Type Comtnuos - L — —l —
Load Analysts Sz Amahysis Hurs Analysis
Tall | Confidence
BMRE | Probability |  Level ial Restriction
1 035 Uit Gataoet azvere drecticn

aﬁmﬂm';m
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BMDS 3.2

Model Recommendation Decision Logic

[Decision-Logic
[Recommend madel in Vizble Bin? TRUE -
Recommend madel in Questianable Bin? FALSE Reset To Default Logic
[BMDL range deemed “sufficiently close” to use lowest AIC instead of lowest BMDL in 1
iable models
Model Logic
s TestThveshald | gin pracement if

Test Description o [ — aym) Testis Failed Motes to Show
[EMD calculated On On On Unusable Bin BMD ot estimated
EMDL calculated On On On Unusable Bin BMDL not estimated
BMDU calculated off Off Off Mo Bin Change (Waming) BMDU not estimated
AIC calculated On On On Unusable Bin AJC not estimated
(Constant Variance On 0.05 Questionable Bin Constant vanance test failed (Test 2 pualus < 0.05)
Non-Constant Variance On 0.05 Bin g variance test failed (Test 3 palue < 0.05)
Goodness of fi plest On On On 01 Questionable Bin Goodness of fit pvalue < 0.1
(Goodness of it plest (cancer) On 0.05 Q Bin Goodness of fit pvalue < 0.06
Ratio of BMD/BMDL (sesious) On On On 20 Questionable Bin BMD/BMDL ratio > 20
Ratio of BMD/BMOL (caution) on Oon on E] Mo Bin Change (Waming) BMD/BMDL ratio > 3
|Abs(Residual of interest) oo large On On On 2 Questionable Bin |Residual for Dose Group Near BMD] > 2
[BMD higher than highest dase On On On 1 Mo Bin Change (Waming) BMD higher than maximum dose
[BMDL higher than highest dase On On On 1 Mo Bin Change (Waming) BMDL higher than maximum dose
IBMD lower than lowest dose (waming) on On On 3 No Bin Changs (Waming) BMD 3x lower than lowest non-zero dose
[BMDL lower than lowest dose {waming) On On On 3 Mo Bin Change (Waming) BMDL 3x lower than lowest non-zero dose
BMD lower than lowest dose (serious) on On on 0 Q Bin BMD 10x lower than lowest non-zera dose
IBMDL lower than lowest dose (senous) On On On 10 Questionable Bin BMDL 10x lower than lowest non-zero dose
|Abs(Residual at contred) toa large Oon On On 2 Mo Bin Changs (Waming) |Residual at contral| > 2
[Poor control dose std. dev. On 15 Mo Bin Change (Waming) Modeled control response std dev |1 5| actual response std_dev
D.OF equals 0 On On On Q Bin d.f =0, saturated model (Goodness of fit test cannot be calculated)

[23M-4] 2N FHMst= Decision Logic

BMDS 3.2

Output Options

Save Default Output Options |

- Export Options

Output Directory |D:Wﬂ—?—‘F‘.‘ﬁ%‘ﬁ?ﬂlﬂwmﬂ‘o\‘daw’ﬁ%MDS 2420 3 E4H0IEHwESE 1
Model/Analysis ‘F’J‘C.Oﬁti;'\;mus T]
[ User Input [ Analysis Results
Export to Excel [Variable Export to Excel [Variable
Model Name [# BMD, BMDL BMDU
& Data File Name AIC
Description/Motes [# Test 4 P-value
[ Dose Reponse Degrees Of Freedom (D.OF)
\Variance Model Number of Parameters in Model
Dataset Parameter Estimates (MLE)
EMR Type
BMRF {Goodness of Fit

Tail Probability

Confidence Level

Distribution Type

\Variance Type

Total Number of Dose Groups/Observations
Dependent Variable

Independent Variable

‘Adverse Direction

Likelihoods of Interest
Tests of Interest
{Cumulative Distribution Function (CDF)

X & &|=| @

I|RI| =] &

(18 -5 &3 S92 My
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SYUSMAE At Z22E HUE st Benchmark dose =9 A7

L BMD 24 2

=7 AST, ALT, BUN, TCHO, ¥ BUN, TCHO, ALBS] BMD &423}

7} o b ARe 29 SAYR e CGE 609 29ttt

(B MM-6) BMDS 3.20M HAISH &8 7P HMgtst R
o= BMDS  R2&
27 AST frequentist Hill v1.1
2 ALT ML glg. BMD 24 271
271 BUN frequentist Exponential degree 4 v1.1
71 TCHO frequentist Exponential degree 5 v1.1
A7 ALP frequentist Hill v1.1
2% BUN frequentist Polynomial degree 2 v1.1
&4 TCHO frequentist Polynomial degree 2 v1.1
7 ALB frequentist Hill v1.1

CH 27 AST
7 AST9] BMD #4 ZAy= [19 11-6, MM-71 € (3 M-7>°f 7+
ey ]l
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User Input

Info

Model

frequentist Hill v1.1

Dataset Mame

AST_M

User notes

[Add user notes here]

Dose-Response Model

M[dose] = g + v*dose*n/(k*n + dose*n)

Variance Model

Var[i] = alpha * mean[i] * rho

Model Options
BMR Type Std. Dev.
EMRF 1
Tail Probability -
Confidence Level 0.95
Distribution Type MNormal

Variance Type Mon-Constant
Model Data

Dependent Variable ppm

Independent Variable U/L

Total # of Observations 4

Adverse Direction Automatic

[22 m-6] £3 ASTS BMD &AM ool X

(B IM-7) 31 ASTS| BMD &4 Zut

Benchmark Dose

BMD 15.78252559
BMDL 10.26573992
BMDU 26.29458284
AlC 335.570752

Test 4 P-value

0.123588227

D.O.F.

1
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Response

[& 21 2L MUE st Benchmark dose E91 ¢

[22 M-7] % ASTS| BMD £ Zi}

Frequentist Hill Model with BMR of 1 Std. Dev. for the BMD and 0.95 Lower Confidence
Limit for the BMDL

H=—
.

~

100 !
Data

——BMD
BMDL

s Estimated Probability
Response & BMD

Dose

2h) 47 BUN

A<
57

BUN®| BMD £4] A= (9 M-8, M-9] % <E II-8)oflo teks]

eI
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User Input

Info

Model

frequentist Exponential degree 4 v1.1

Dataset Name

BUN_M

User notes

[Add user notes here]

Dose-Response Model

M[dose] = a * [c-(c-1) * exp(-b * dose]]

Variance Model

War[i] = exp(log-alpha + log{mean[i]) * rho)

Model Options
BMR Type Std. Dev.
BMRF 1
Tail Probability -
Confidence Level 0.95
Distribution Type MNormal

Variance Type Non-Constant
Meodel Data

Dependent Variable ppm

Independent Variable mg/dL

Total # of Observations 4

Adverse Direction Automatic

[22 m-8]

%% BUNQ| BMD 24 2

gLl

(E M-8) &% BUNQ BMD £A Zu}

Benchmark Dose
BMD 19.42434311
BMDL 7.734424239
BMDU 62.41164966
AIC 184.0290223
Test 4 P-value 0.307767998
D.O.F. 1
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Response

oo
Y
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ok
0f0
|.|-|
=
El
M
4o

[8t Benchmark dose =9 ¢

[12 mM-9] 4% BUN2 BMD £ Zi

Frequentist Exponential Degree 4 Model with BMR of 1 Std. Dev. forthe BMD and 0.95
Lower Confidence Limit for the BMDL

Data

EMD
BMDL
e Estimated Probability

Response & BMD

Dose

ah =% TCHO

27 TCHO2| BMD &4 3= [1 [-10, M-11] E <FE M-9)°] 7HF3
LrER it
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User Input

Info

Model

frequentist Exponential degree 5 v1.1

Dataset Mame

TCHO_M

User notes

[Add user notes here]

Dose-Response Model

Mldose] = a * [c-(c-1) * exp(-(b * dose)*d)]

Variance Model

Var[i] = exp(log-alpha + log{mean[i]) * rho)

Meodel Options
BMR. Type Std. Dev.
BMRF 1
Tail Probability -
Confidence Level 0.95
Distribution Type Mormal

Variance Type MNon-Constant
Model Data

Dependent Variable ppm

Independent Variable mg/dL

Total # of Observations 4

Adverse Direction Automatic

[22 m-10] £ TCHOS BMD &AM pgl XH

(E I-9) 31 TCHOS| BMD 24 Zu}
Benchmark Dose

BMD 3.342354298
BMDL 2.26916667
BMDU 6.262028267
AIC 308.293328
Test 4 P-value 0.755728583
D.O.F. 1

45



SYUSMAE At Z22E HUE st Benchmark dose =9 A7

Frequentist Exponential Degree 5 Model with BMR of 1 5td. Dev. for the BMD and 0.95
Lower Confidence Limit for the BMDL

120 Data
— BMD
BMDL
m——Fctimated Probability
Response & BMD

Dose

[22 mM-11] £% TCHOS| BMD £4 Za}
Hh 2% ALP

AA ALPY] BMD &4 Z3H= [O9 M-12, M-13] € GE [M-10y° 7HEFs]
LR it
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User Input

Info

Model

frequentist Hill v1.1

Dataset Mame

ALP_F

User notes

[Add user notes here]

Dose-Response Model

M[dose] = g + v*dose*n/(k*n + dose*n)

Variance Model

Var[i] = alpha * mean[i] * rho

Model Options
BMR Type Std. Dev.
EMRF 1
Tail Probability -
Confidence Level 0.95
Distribution Type MNormal

Variance Type Mon-Constant
Model Data

Dependent Variable ppm

Independent Variable U/L

Total # of Observations 4

Adverse Direction Automatic

[23 M-12] U3 ALPS| BMD 24 I Mu

(E M-10) &¢A ALPS| BMD 24 Zu}

Benchmark Dose

BMD 14.25444578

BMDL 5.744790846

BMDU 38.61554567

AIC 394.2325795

Test 4 P-value 0.539200402

D.O.F. 1
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Y
fol

QI=MAIY Zu 2E M| TE @lst Benchmark dose £ GF

Frequentist Hill Model with BMR of 1 Std. Dev. for the BMD and 0.95 Lower Confidence

Limit for the BMDL

]
300 T _’_/‘{-—/

Response

Data
——BMD
BMDL

e Estimated Probab

Response & BMD

Dose

[23 mM-13] YA ALPS| BMD 24 Zu}

AbH &7 BUN
o}7 BUNS] BMD
UERH AT
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User Input

Info

Model

frequentist Polynomial degree 2 v1.1

Dataset Name

BUN_F

User notes

[Add user notes here]

Dose-Response Model

M[dose] = g + b1*dose + b2*dose”2 + ...

Variance Model

Var[i] = alpha * mean[i] * rho

Model Options
BMR Type Std. Dev.
BEMRF 1
Tail Probability -
Confidence Level 0.95
Distribution Type Normal

Variance Type MNon-Constant
Model Data

Dependent Variable ppm

Independent Variable mg,/dl

Total # of Observations 4

Adverse Direction Automatic

[A8 1m-14]

2f71 BUNS| BMD 24 Do HH

(B mM-11) 2% BUNS| BMD 24 At

Benchmark Dose
BMD 58.58665466
BMDL 30.11982185
BMDU 101.1405082
AIC 186.4631338
Test 4 P-value 0.825932143
D.O.F. 2
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[8t Benchmark dose =9 ¢
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Frequentist Polynomial Degree 2 Model with BMR of 1 5td. Dev. for the BMD and 0.95
Lower Confidence Limit for the BMDL

25
an
0 I /’/4

o i I + Data
8

g 15 ——BMD
&

2 BMDL

s F ctimated Probability

-
=

Response & BMD

wn

Dose

1z
mY
B

[23 m-15] 28 BUNS| BMD &
of) &z TCHO

ol TCHOS] BMD &4 Zxt= [O19 [MI-16, M-17] € (1Y M-12)°]
ZteFs] YER AT
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User Input

Info

Model

frequentist Polynomial degree 2 v1.1

Dataset Name

TCHO_F

User notes

[Add user notes here]

Dose-Response Model

M[dose] = g + b1*dose + b2*dose”2 + ...

Variance Model

Var[i] = alpha * mean[i] * rho

Model Options
BMR Type Std. Dev.
BEMRF 1
Tail Probability -
Confidence Level 0.95
Distribution Type Normal

Variance Type MNon-Constant
Model Data

Dependent Variable ppm

Independent Variable mg,/dl

Total # of Observations 4

Adverse Direction Automatic

[2 M-16] &3 TCHOS| BMD £ mw Hg

(B Mm-12) &3 TCHOLS BMD &AM ZHut

Benchmark Dose
BMD 5.557676554
BMDL 4.262689221
BMDU 8.646545039
AIC 309.537499
Test 4 P-value 0.745354519
D.O.F. 2
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[8t Benchmark dose =9 ¢

N
ot
I°
J
&
=
oot
Y
=}
ok
0f0
H-]
=
El
M
4o

Frequentist Polynomial Degree 2 Model with BMR of 1 5td. Dev. for the BMD and 0.95
Lower Confidence Limit for the BMDL

Data
——BMD
BMDL

Response

-
=]
=]

s Estimated Probability
Response & BMD

n
=]

Dose

[ 1-17] & TCHOS BMD =M ZHat

) 243 ALB

917 ALBS| BMD 24 A7H= (19 [-18, I1-19] 9 (& I-13)0] 7t2¥s]

eI
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User Input

Info

Model

frequentist Hill v1.1

Dataset Mame

ALB_F

User notes

[Add user notes here]

Dose-Response Model

M[dose] = g + v*dose*n/(k*n + dose*n)

Variance Model

Var[i] = alpha * mean[i] * rho

Model Options
BMR Type Std. Dev.
EMRF 1
Tail Probability -
Confidence Level 0.95
Distribution Type MNormal

Variance Type Mon-Constant
Model Data

Dependent Variable ppm

Independent Variable g/dL

Total # of Observations 4

Adverse Direction Automatic

[22 m-18] &4 ALBS| BMD £A odl XH

(B I-13) 4% ALBSl BMD &AM ZHu}
Benchmark Dose

BMD 8.469000538
BMDL 3.928251384
BMDU 20.57938024
AIC -43.43782912
Test 4 P-value 0.945863385
D.O.F. 1
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[8t Benchmark dose =9 ¢

4o

Frequentist Hill Model with BMR of 1 Std. Dev. for the BMD and 0.95 Lower Confidence
Limit for the BMDL

i ’ Data
g 25 ——BMD
E 2 BMDL

. s Estimated Probability
B Response & BMD

1

10 20 30 4 50 60 8O
Dose
[33 m-19] ¢ ALBS| BMD 24 Za}
(2) O|2& GIO|E{2| BMD 242 gt 7|12 EE
HhFE s st ¥ H A

54

(E I-14) O|=¥ Hlo|EY Z7Y

No. of animals

Group Dose (ppm) Male Female

Control 0 10 10
T1 400 10 10
T2 800 10 10
T3 1200 10 10

Lh ==7[7h 133(90Y), 6AIZH 1Y, 5Y/1%, 13F

o ERSA AlY 2
2492 9ot FYEAAGAT BloES ofd (E M-15)0] Lehelch



(E I-15) O|FY GolE9 EYUSY A™ At

Harderian gland Control T1 T2 T3
Male
Degeneration/regeneration 0 0 8 10
Increased single cell necrosis, acinar cell 0 1 5 5
Female
Degeneration/regeneration 0 5 10 10
Increased single cell necrosis, acinar cell 0 5 9 10
Inflammatory cell infiltration, interstitial 0 1 5 9

(3) OI2¥ HIO|E{2] BMD &M Zit

o o5t el BAE U4 shelAle] ol cjstel BMD

7)) Hl0JE Y3 W 2Nz M

214 vlofele} nh AR BMDE £418 sloelHES RS (23 M1-20)

e 2azae QAL M-21). ool tet [1d M-221eh 2o
decision logico] ZY51 &84S AEstAck(2Y M-23)
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o 2t 22X HUE st Benchmark dose =8 A+
_Edit | Harder_Degeneration_F
[Add user notes here]
Dose N Incidence
ppm No. of animals|No. of animals
0 10 0
400 10 5
Insert New Dataset ‘ <-- Click here to inse 300 10 10
Import Dataset ‘ <-- Click here to imp: 1200 10 10
_Edit | Harder_Degeneration_M dit! Harder_lnﬂammatory_F
[Add user notes here] e
Dose N Incidence e e Incidence
ppm  |MNo. of animals|No. of animals ppm No. of animalsNo. of animals
0 10 0 0 10 0
400 10 0 400 10 1
800 10 8 800 10 5
1200 10 10 1200 10 9
_Edit | Harder_sngle cell_ M _Edit | Harder sngle cell F
[Add user notes here] [Add user notes here]
Dose N Incidence Dose N Incidence
ppm No. of animals|No. of animals| ppm No. of animalsiNo. of animals
0 10 0 0 10 0
R o
1200 10 5 800 10 )
1200 10 10
[23 mM-20] Y= HIOE YU
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Analysis Name

SR e
e ey E;w:;J@we@jﬁﬂwzozzwdamwemus EREECED

[ iy | 21 g 4lolEwol Y

Analysis Description Extra

Select Model Type | pichotomous

Load Analysis

save Analysis | Run Analysis

Enable

DataSets

Harder_Degeneration_M

Harder_sngle cell M

Harder_Degeneration_F

Harder_Inflammatory F

Harder_sngle cell F

[23 m-21] ¢=2

MLE Alternatives
Frequentist | Froquentist | oo Bayesian
Restricted | Unrestricted Model Average
Model Name Enabl] Enabl(] Enable [J Enable[] |Prior Weights|
Dichotomous Hill [m] O O 0.0000%
Gamma [m] [m] L] 0.0000%
Logistic [i:] [m] [m] 0.0000%
Log-Logistic [m] [m] (] 0.0000%
Log-Probit m] ] jm] 0.0000%
Iti () [m] L] 0.0000%
Probit [i:] [m] [m] 0.0000%
Quantal Linear ] 1] m] [m] 0.0000%
Weibull [m] [m] [m] 0.0000%
| Total Weight 0.000%
Option Confidence
Set # Risk Type BMR Level Background
1 |ewarsk  |7] 0.1 0.95 Estimated | v |

3

HolE2] 24

Decision Logic
Recommend model in Viable Bin? TRUE |-
Recommend model in Questionable Bin? FALSE Reset To Default Logic
BIDL range deemed "sufficiently close” to use lowest AIC instead of lowest BMDL in %
vible models:
Model Logic
B OO Test Threshold
Test Description (where Binffacoments Notes to Show
Continuous | Dichotomous Nested e Testis Failed
BMD calculated On On On Unusable Bin BMD not estimated
BMDL calculated On on On Unusable Bin BMDL not estimated
BVDU calculated off off off No Bin Change (Warning) BIMDU ot estimated
AIC calculated On On On Unusable Bin AIC not estimated
Constant Variance On 0.05 Questionable Bin Constant variance test failed (Test 2 pvalue < 0.05)
Non-Constant Variance On 0.05 & Bin N tant variance test failed (Test 3 pvalue < 0.08)
Goodness of fit ptest on on on 01 Questionable Bin Goodness of fit pvalue < 0.1
Goodness offit p-test (cancer) On 0.05 |Questionable Bin Goodness of fit pvalue < 0.05
Ratio of BMD/BMDL (serious) On On On 20 Questionable Bin BMD/BMDL ratio > 20
Ratio of BMD/BMDL (caution) on on on 3 No Bin Change (Warning) BMD/BMDL ratio > 3
Abs(Residual of interest) too large on On On 2 Questionable Bin Residual for Dose Group Near BMDI > 2
BIVID higher than highest dose on on on 1 No Bin Change (Warning) BMD higher than maximum dose
BIVDL higher than highest dose on On on 1 No Bin Change (Warning) BMDL higher than maximum dose
BIVD lower than lowest dose (waming) On on On 3 No Bin Change (Warning) BMD 3x lower than lowest non-zero dose
BIMDL lower than lowest dose (warning) On On On 3 No Bin Change (Warning) BMDL 3x lower than lowest non-zero dose
BIVD lower than lowest dose (serious) on On on 10 Questionable Bin BIMD 10x lower than lowest non-zero dose
BIVDL lower than lowest dose (serious) On On On 10 |Questionable Bin BMDL 10x lower than lowest non-zero dose
Abs(Residual at control) too large On On On 2 No Bin Change (Warning) Residual at control| > 2
Poor control dose std. dev. on 15 No Bin Change (Warning) WModeled control response std. dev. >[1.5| actual response std. dev.
D.O-F. equals 0 On On On Questionable Bin d.f.=0, saturated model (Goodness of fit test cannot be calculated)

[28 m-22] 2RM F

HMol= Dec

ision Logic
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( SUSHAIR 21t S8 HIUE {8t Benchmark dose =¢ ¢1F

BMDS 3.2

Output Options

‘Save Default Output Options ‘

| Export Options
Output Directory [D:wel 2 EeiwH A 1 R[w2022wdatawBMDS £4 21t 9 24ColHwd S b
-J[nntmucus »: |

Choose Model/Analysis Typ.

User Input Analysis Results
Export to Excel |Variable Export to Excel |Variable
Model Name: BMD, BMDL, BMDU

Data File Name
Description/Notes
Dose Reponse
Wariance Model
Dataset

AIC

Test 4 P-value

Degrees Of Freedom (D.O.F)
Number of Parameters in Model
Parameter Estimates (MLE)

BMR Type
BMRF Goodness of Fit
Tail Probability Likelihoods of Interest

Tests of Interest
Cumulative Distribution Function (CDF)

Confidence Level

Distribution Type

Variance Type

Total Number of Dose Groups/Observations
Dependent Variable

Independent Variable

Adverse Direction

J|E(E|E @ F E|E R EE

HENEEE R EEE EEEEE

[13 m-23] &3 M9 MEH
L} BMD £4
&= ot Aol 7 i

AR 2 (& M-16)% “2%

(B 1-16) BMDS 3.20lA HMIAISH e=d 71& Xglst 23

EE BMDS ZH

471 Degeneration/regeneration frequentist Probit v1.1

27 Increased single cell necrosis frequentist Log-Logistic v1.1

274 Degeneration/regeneration frequentist Logistic v1.1

27 Increased single cell necrosis | frequentist Probit v1.1

247 Inflammatory cell infiltration frequentist Multistage degree 1 v1.1
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C}) 47 Degeneration/Regeneration
7l Degeneration/Regeneration®] BMD &4 23[9 [1-24, [1-25]
2 (G M-17>°0 7HeEFs] ey it

User Input
Info
Model frequentist Probit v1.1
Dataset Name Harder_Degeneration_IM
User notes [Add user notes here]
Dose-Response Model Pldose] = CumMNorm(a+b*Dose)
Model Options
Risk Type Extra Risk
BMR 0.1
Confidence Level 0.95
Background Estimated
Model Data
Dependent Variable ppm
Independent Variable No._of_animals
Total # of Observations 4

[12 M-24] 21 Degeneration/Regeneration? BMD £ D& XMH
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( SYUSSAY 21 28 MIE ?fet Benchmark dose =Y i

271 Increased single cell necrosis®]| tfgt BMD +4 2}

Response
s o

(X M-17) £ Degeneration/Regeneration?] BMD £ Zu}

Benchmark Dose
BMD 658.4552285
BMDL 375.6653796
BMDU 705.7662709
AIC 12.00805096
P-value 1
D.O.F. 3
Chi® 1.24553E-06

Frequentist Probit Model with BMR of 10% Extra Risk for the BMD and 0.95 Lower
Confidence Limit for the BMDL

__

[213 Im-25] #21 Degeneration/Regeneration? BMD

600

Dose

2h) £ Increased single cell necrosis

M-27] 9 (E M-18)°f Z+eFs] Web A

60

Data

—BMD

BMOL

m—F ctimated Probability

L.

»

Response & BMD



User Input

Info

Model

frequentist Log-Logistic v1.1

Dataset Mame

Harder_sngle cell_M

User notes

[Add user notes here]

Dose-Response Model

P[dose] = g+(1-g)/[1+exp(-a-b*Log(dose))]

Model Options
Risk Type Extra Risk
BMR 0.1
Confidence Level 0.95
Background Estimated

Model Data

Dependent Variable ppm
Independent Variable No._of_animals
Total # of Observations 4

[12 M-26] 7 Increased single cell necrosis® BMD £4 o

(E MM-18) &#A Increased single cell necrosis® BMD &
Benchmark Dose

BMD 322.9602036
BMDL 85.8067501
BMDU 562.51104
AIC 41.16840691
P-value 0.33122476
D.OF. 1

Chi? 0.944103485
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Response

fol

QISMAIE Zn S8 HIIE 2[$t Benchmark dose E¢) ¢

Frequentist Log-Logistic Model with BMR of 10% Extra Risk for the BMD and 0.95 Lower
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Dataset Mame

Harder_Degeneration_F

User notes

[Add user notes here]

Dose-Response Model

P[dose] = 1/[1+exp(-a-b*dose])]

Model Options
Risk Type Extra Risk
BMR 0.1
Confidence Level 0.95
Background Estimated
Model Data
Dependent Variable ppm

Independent Variable

No._of_animals

Total # of Observations

4

M

=

L

[13 M-28] Y71 Degeneration/Regeneration® BMD £ m&l X
(B M-19) 271 Degeneration/Regeneration® BMD &
Benchmark Dose

BMD 351.1727895
BMDL 121.19046
BMDU 373.250755
AlC 15.86294422
P-value 1

D.O.F. 3

Chi® 3.046E-07

L=
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Data
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Harder_sngle cell_F

User notes

[Add user notes here]

Dose-Response Model

Pldose] = CumMNorm(a+b*Dose)

Model Options
Risk Type Extra Risk
BMR 0.1
Confidence Level 0.95
Background Estimated
Model Data
Dependent Variable ppm

Independent Variable

No._of_animals

Total # of Observations

4

[22 m-30] ¢

(E M-20) YA Increased single cell necrosis® BMD
Benchmark Dose

BMD 179.4324698
BMDL 98.71551909
BMDU 306.4066785
AIC 25.36946211
P-value 0.687308138
D.OF. 2

Chi? 0.749945119
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Response
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Lower

Data
——BMD
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CH 27 Inflammatory cell infiltration
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frequentist Multistage degree 1 v1.1

Dataset Mame

Harder_Inflammatory_F

User notes

[Add user notes herg]

Dose-Response Model

[dose] = g + (1-gP*[1-exp(-b1*dose*1-b2*dose”2 - ..)]

Model Options
Risk Type Extra Risk
BMR 0.1
Confidence Level 0.95
Background Estimated

Model Data

Dependent Variable ppm
Independent Variable No._of_animals
Total # of Observations 4

[12 m-32]

(B m-21)

ot Inflammatory cell infiltration®] BMD £A B

AA Inflammatory cell infiltration?] BMD &

Benchmark Dose

BMD 105.8816314
BMDL 69.65453306
BMDU 169.9851988
AlC 36.23599185
P-value 0.11013734
D.O.F. 2

Chi® 4.412054287
Slope Factor 0.001435657
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Abstract

A Study on the Introduction of
Benchmark dose for
Enhancing the Applicability of

the Inhalation toxicity study

The NOAEL (No observed adverse effect level)/LOAEL
(Lowest-observed-adverse-effect level) or BMD (benchmark dose) of
general toxicity studies using for chemicals have been used for deriving
RfD (Reference dose), DNEL (Derived No-effect levels), ADI (Acceptable
daily intake) during the human risk assessment. The inhalation toxicity
research center has been presenting the results of inhalation toxicity
studies as NOAEL/LOAEL. EU EFSA and US EPA have described that BMD
is more appropriate than NOAEL/LOAEL in human risk assessment via
“Benchmark Dose Technical Guidance (Environmental Protection Agency
(EPA), 2012)", “Update: Use of the benchmark dose approach in risk
assessment (European Food Safety Authority (EFSA), 2016)”. Therefore,
it is necessary to consider the application of BMD to enhance the
applicability of the inhalation toxicity study results in the inhalation
toxicity research center, which aims to identify human risk. However,
NOAEL/LOAEL-based toxicity evaluation is still dominant in toxicity
study institutes. In this study, we evaluated the possibility of BMD modeling

using inhalation toxicity test results. For this purpose, we identified the
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reasons why BMD is not preferred by other toxicity testing institutions,
evaluated the BMD modeling feasibility using inhalation toxicity data,
confirmed the applicability of the modeling process and results to GLP,
and reviewed the BMD introduction method and expected problems.

1) Comparisons between BMD and NOAEL
The major feature of BMD and NOAEL is that BMD uses a dose—-response
curve, and NOAEL uses the dose used in the test as it is. Based on

these characteristics, The advantages of BMD are that it is less limited
by the experimental dose because it allows comparison between trials

and continuous dose-response information. The disadvantages of BMD
are that BMD modeling is not possible when the group size is too small
or there is no dose-dependent change. The advantages of NOAEL are
that it can be derived regardless of dose, and that accumulated data and
evaluation criteria are established. Disadvantages of NOAEL include that
it is dose dependent, does not assess data quality, and results are

expressed as just one number.
2) Evaluating BMD modeling feasibility
BMD modeling tools and data were selected to evaluate the feasibility

of BMD modeling using inhalation toxicity results. For the BMD modeling

tool, the US EPA's BMDS was selected considering the types of
analyzable data, the reliability of the results, and user convenience. The

dataset for BMD modeling has been required dose-related response,

sufficient dose group, adequate model fits. We selected continuous and
dichotomous dataset of inhalation toxicity study from 2016 to 2021
considering the required dataset conditions. BMD modeling was performed

with BMDS program and selected dataset. As a result, it was feasible
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derivation of adequate model fit and BMD modeling for both continuous

and dichotomous data, if the dose-response relationship was showed.
3) BMD modeling procedure and preparation

Based on the results of the BMD modeling feasibility evaluation, the
BMD modeling procedure was presented. The BMD evaluation process
could be classified to data selection, BMD modeling option selection, and
modeling result review. BMD modeling have differences in the process,
time, and range of analyzable dataset compared to NOAEL. Therefore,
several preliminaries including standard procedures, expert, time, report
formating, and so on is required to perform BMD modeling under GLP

regulation.
4) BMD modeling using inhalation toxicity study results

Taken together, BMD modeling using inhalation toxicity study results
is possible, and there is a need to introduce BMD modeling to toxicity
result analysis when considering its usefulness and meaning. In BMDS,
modeling options are provided with analysis results, so if all the process
for BMD modeling are described in our BMD analysis report, we could
make reliable results even without applying GLP. In addition, the limitation
of applicable data could be solved by integration of NOAEL/LOAEL and
BMD, that is, NOAEL/LOAEL is applied to all studies, but BMD is
additionally analyzed for data with dose dependency and is described in

separated reports.

Key words : inhalation toxicity study, risk assessment, benchmark
dose, NOAEL/LOAEL
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