FH4

N>OFN—PD R—RX (BMD) &EIC
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N>OFI—2 R—R (Benchmark Dose : BMD) &

RUOFI—IF—RiEIS. BHERBRER(REFLLGEOBNEILHAWNIIFHERFEE) LIREEDMEE
HICHEBETILEERAL., HEHENICESE T YRLEEETIVIZEB LT, BN RETIEBRRTHRELGE
X RHTESRIELAR)IL (benchmark response, BMR) D EIZH T 5EREEROBREE TRIEZBMDL
(benchmark dose lower confidence limit) ELTEHTHFETHB,

BHE . BMRELTIT—REMETI0%, RESHTSHOEBERINELZFERAL. EEBRNS%IZHITHHE
BEEZBMDLEL TR DS, BMDLIZIREREIICNOAELIZHE Y T 3 5 BEAFEHN T A EMNARETHHEEZD
hTHY., EBRHS/ONT-NOAELE Y HEFEDNOAELABAS MM KEVLEHTESNDIES . DL ELOAEL
LHONESNTULEWLGEESIZ, TDIZEDOE H O HF 5 (Point of Departure: POD) EL TRWAZENTE S, 1B
EEHOHIENAEMED) RVEMIZEITHPODELTHENLNS,

95%{S $AR 5 L R
0.1 , ° =
......... KEREICHRET1Vb
O UF b // Li=thk(E

LED,/JUF  LED,, ED,,
(TDI) (BMDL,,) (BMD,,) —HFH=
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N2 FN—D B —=EDF54E

LOAELLMMEFoNTULVEWMEE TH, EYIICBMDLE KOS ZEMTENIL . NOAELIZCHHYE T HIRE5EES
HETED,

BEEREEICEDIVTBMDLEZE R TAHEND, Bl—DERTERS ETITo-EEB TRICNOAELA
LNI-IGETHLEHREFLLLE TES,

FEETRAZANVTVIDT, T E2DEEIVREAFHIBZAANETND, (BIPELDENGE D,
T—EDNFYEHRAREVGRICIFEFERRDENLALY . BUDLIZLYIELMEL S, )

BEDZLDT—3EBFTHL, REZHETIES%, —HFZHETIX10%D FHITE (/U3 ) DBMDLANOAEL
ERIZETHAIEMNTREINTLNS,

BMDIXEERIREEFIATHDHRETH A=, T1avT4V I ARFLEVT hOFFEXZALTELBMDL
DIEITEDA DL,

REEBZEAMRT —2MLERT IS BEEGRAPDLETHS, BMDIEREHFET —RITED
SEHENDTEMNL T L—FNRSN TV EHEBRZRY RS HE PREFHNECDETICRYTR %A
AEDLHGEFTEIEADE,

BIEEERENAYE DVSDAOMOEEKH B1=HDPOD (point of departure) RO BIZE L. EFET—
AL THERINS,



RIBEB= AT R T —2 O ki (451)

=

(mg/kg/day)

ENEYIES 12 12 12 12 12

EERT 2

FriRaiEx + 0 2 4 6 0
i 0 0 4 6 7
4+ 0 0 0 0 ;
&t 0 2 8 12 12

T —4

MHAXFEE

—+ —+ —+ -+ +
(g/100gBW) 3.20%0.089 3.30%0.165 3.52+0.099 3.961+0.132 4.49=+0.161




NOIFI—DI R—R2BHITBEHDYVI MNITT

* BMDS

REEPATHFE SN, 13—V ETEHMARINTOS, HEETILEL

CT. Gamma. Logistic. LoglLogistic. Logprobit, Multistage. Probit. Weibul,
Quantal-Linear

* PROAST

A5 D National Institute for Public Health and the Environment in the

Netherlands (RIVM) TEAFEL TS, #ETAEATY T b (S-PlusE = [ER) H b E),
HIEETILELTBMDSDET ILIZHNZ Exponential AME A TE S AN,
Multistage HVEELY,

 Model Averaged method

Wheeler & Bailer(2007)IZ&KYBRHFE INT=V IO I 7T, BMDSTHEAHAINS
HIEET ILHSBE SN BBMDLAEAIC (Akaike 1978), BIC (Schwartz 1978),

KIC(Cavanaugh 1999)3E DIETEIZE DT I4vTAV T DEHFITELT
Ly, F151k9 5,



F72EECFARE TORFI—HIR—RENDE A

FOULTIE  SubO2EMOEMNAMRER BMDS : :
% BREK R LR A A DIESET—4  BMDS DZSaE e e

JKER B IKERICL DIV DEBESIEM BMDS

2o > D RFREAN A BMDS

- N — — — ~ -~ =

B IR R RITAT 2% 9 H53—FEYA A EE PROAST -

- 04 z;////
DON T ZDIEM /I PROAST
— = + [T
EPA BMDSVer2.11Z &S5t EHE R D5l .

Model Name |Gamma Logistic Loglogistic |LogProbit |Multistage |[Probit Weibull Quantal-Linear P / :
AIC 321.59 321.786 321.489 322.546 321.59 321.779 321.59 32159 | et b el
Chi—square 1.94 214 1.84 2.91 1.94 213 1.94 1.94
P-value 0.5845 0.5437 0.6069 0.4059 0.5845 0.5451 0.5845 0.5845
Specified
Effect 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Risk Type Extra risk | Extra risk | Extra risk | Extra risk | Extra risk | Extra risk | Extra risk Extra risk
Confidence 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 I / / I / /
Level L~ =
BMD 0.718974 0.930555 0.559789 1.33599 0.718974 0.9269 0.718962 0.718962 "
BMDL 0449433 | 0661157 | 0.301806 | 0.860224 | 0.449433 | 0661213 | 0.449433 0.449433 Tlimewe B —




1 RS EETAT 5 > RO

e US EPA “Benchmark Dose Technical Guidance (June 2012)”

e EFSA “Guidance of the Scientific Committee on Use of the
benchmark dose approach in risk assessment (2009)”

e WHO IPCS “Principles for Modeling Dose-Response for the Risk

Assessment of Chemicals (2009)”

ZET—4 10% 10% REEL
BMR \ OEYEMIZEELGRD | 5% REEEL
EFMET—2 | DESWOEELRIL
QIEEHTT —RE#
@ *ERED1SD
ETILEE E O @& EDERFEP=0.1 P =0.05 P=0.1
E7)L/BMDL :E IR ETIUKRFEHELHD EUIELBMDLIE | AICHESE, 1= LEERSY
(BMDLDWEM ALY IGE (& AR BETFILIZE
& HIEL BMDL{E LTI RE AL E

ET JURFFHEDZLY
(BMDLDTEANIRLNIS & (X,
AICHEREELET L

AIC: FRMIEHRFTAE



p-value

EPA BMDSTIZL. st ETIIVIZE KB ERICHIEEERT—2EDE
BEZHAZERTEIZKYTHELTLNS, pEAN/NSWLVHETETILIZ. E
BTF—2NoBEICTEHLTNSEEZ DM, EPABMDSTIL, p>0.1¢&%185
(EELTWLWAEIZEZLL) ETILIZDONT, T4vTa40 9N ESLTLY
HEHERTLTLNS,

AIC FRitIEER= E 4E Akaike Information Criterion

BLAHMAETILORIZLLR T EH-ODIGIETHY . ETILDEHIE BIE
T—REDBEEEDINTURAERLTINS, -2 log(L) + 2p(ETILDO M EE L
ETILDINGA—EE) TROLND, AICHINEWVNETILIZFE . INSUAD KU
STETILTHDHESND,

AT ETILDNBAET—ZIZEEELTULMNIL., -2 log(L)DIEIF/INELE S, /18T
A—BDEEEOEFTL, BET—FEDEEEEZEOHAHENTESL., /A X%
EOBENLGEFHICHLERBICHHOETLE (F—/N\—T0yT700) BENELD
EENDB, FE T INTA—AZAHAEZ ZE20DEIEMLTAICIEREHYZ EE
Y, COFBEZEREET S,



BMDS 2.6.0.1[CINEH=NTLSD IBEHRET—YORAERIGETIL
2 = S =77

Logistic
1+ e—(a+ﬁdose)
Probit d(a + Baose)
Log-logistic 1—y 3 B (siope) >= 1
V 1+ e—(a+ﬂ In(dose))’
Log-probit ¥+ (1 —y)¢(a + B In(dose)) 3 B (slope) >=1
Weibull y+(@1—-y)- (1 — e—ﬁdose“) 3 o (power)>=1
Gamma 1 [Bdose 3 a (power)>=1
y+@Q-y)- tletdt
(@) J,
uantal linear — 7). (1 — g Bdose o

4 y+ A =y)- (1-e7F%) RN TR R 7
Multistage LY g dosel 5 EZ <=0 D HIR

two-stage (n=2) y+@-vy)- (1 —e = pjdose ) 3 Betas >=0

three-stage (n=3) n = degree of polynomial 4 Betas >=0

v’ EPABMDSTI&, RBIT—FEEFTIVIZT4YTA2 T SEBHERFE T, /3T A—2IZHIR (Restriction)
HR(FTAA TV EERT HENTTHE,

v Y ERBATELGVWEE RIGHERICESENKSIZ, Restriction on&off DA TI4YTAY
g BHETHLE, (EPATH=HILFAH L Z2.3.3.34Y)



o=
- efsam
European Food Safety Autharity
response response
— | | — | |
b 1 3 10 0 1 3 10
accepted by the data
but biologically implausible
Restrictions on the models are needed
-]

EFSA (2011) TECHNICAL REPORT: Use of BMDS and PROAST software packages by EFSA Scientific Panels and
Units for applying the Benchmark Dose (BMD) approach in risk assessment 13



#144

EPA BMDS ver.2.6.0.1 (3%) proast ver.38.9
Restriction AIC p—value BMD BMDL BMD/BMDL Restriction BMD BMDL
No. Model Name
1| Quantal-Linear 61.8864] 0.1376] 0.48368 0.337545 1.433
2| Probit 63.8037| 0.1583 1.52028 1.11261 1.366
3| Logistic 63.7295 0.1629 1.55675 1.09775 1.418 1.56 1.1
4Multistage en 63.8488] 0.0536] 0539364 0.338321 1594 on 0.539 0.338
5l—Multistage off 63-8488 00538 0539384 0:277286 1945 off 0.539 0.338
6l—Multistage Gancer 638488 0.0536] 0539364 0338321 1594
7] Weibull on 61.8864] 0.1376] 0.483679 0.337545 1.433 on 0.482 0.337
8| Weibull off 61.0017] 0.2556] 0.255767 0.0430463 5.942 off 0.256 0.043
9| Gamma on 61.8864] 0.1376) 0.48368 0.337545 1.433 on 0.483 0.337
10—Gamma off 606172 03156 0212168 0.0209155 10144 off 0.212 0.0209
11| Log-Logistic on 63.0504] 0.1097| 0.254657 0.146404 1.739 on 0.255 NA
12| Log-Logistic off 63.0504] 0.1097] 0.254662 0.0512515 4.969 off 0.255 NA
13—tog=Probit on 660195 00396 200855 0715461 2929 on 0.262 NA
14| Log—Probit off 62.8986] 0.1 135| 0.262082 0.0618832 4.235 off 0.262 NA
0.255-1.56

Data file for the EPA BMDS ( WT+TG)

mg/kg bw/day n effect
0 19 0
0.4 20 4
4 19 9
12 20 19

<EPA BMDSOETILEIRDEZF >

1L ETILOEMTREODFEIFQDIHE)
Dp-valueH0.1 LA FEZEH]
(2BMD/BMDLAN10LL L% ZEH]

2. ZELETILOER

EHESNEDS=ETILD3E, KYBMDAMEWLWET LEEIR

10




Weibull: Restriction on

‘Weibull Model, with BMR of 10% Extra Risk for the BMD and 0.95 Lower Confidence Limit for the BMDL

Weibull ———

Weibull: Restriction off

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

Weibull ——
1f B 1f
/ - —
os [ B os [ —
_—
B o6 E B o6}
5 5
2 2
= =
= =
S S
8 T 8 T
T 04r B L o4l
oz F T B o2 fF T
of B of <
BMDL| BMD BMDL| BMD
o 2 4 6 8 10 12 o 2 4 6 8 10 12
dose dose
10:52 11/15 2016 11:01 11/15 2016
. . . . . .
LOg Probit: Restriction on LOg Probit: Restriction off
. .
LogProbit Model, with BMR of 10% Extra Risk for the BMD and 0.95 Lower Confidence Limit for the BMDL LogProbit Model, with BMR of 10% Extra Risk for the BMD and 0.95 Lower Confidence Limit for the BMDL
LogProbit LogProbit
1f B 1 b
08 b 08
2 06 B! B 06 [
2 2
<< <<
= =
S S
g g T
g g
freg 0.4 ] o 0.4
0.2 F —— i b 0.2 T
o r f 1 o
BMDL{ BMD [BMDL |BMD
o 4 6 10 12 o 2 4 6 10 12
dose dose
11:30 11/15 2016

11:32 11/15 2016
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#162 1. ESYrOBES (70— R) (#162 data MinimabMild (CofotrzEsstmEat0
EPA BMDS ver.2.6.0.1 (#%) proast ver.38.9
Rest Rest
Mo.|  Model Name  |-vict] Aic P-value BMD BMDL BMD/BMDL |-rict| BMD BMDL
1] Quantal-Linear 220066 g4ak2 S-0604604 et n 4634
3| Probit 10.5017] __ 1.0000 0.471304 0.208127 2.265 ]
3| Logistic 105017 1.0000 0537374 0.221424 2427 0538 | 0.221
1| Multistage on | 133384] 07208 0159065 0102875 1546 | on | 0159 | 0.119
5| Mestiotase ol 20824| 00000 FrT—T) +54E=a1 4006 ] off | 0159 | 0119
6| Multistage Ganer 13.3384] _ 0.7208 0159065 0102875 1.546
7| Weibull on | 650516 EDIV/ 0! on | 0525 | 0195
3| Weibull off | 6.50488 DIV/0 | off | 0525 | 0.195
3| Gamma on |__853301] _ 1.0000 0.337506 0194914 1732 | on | 0441 | 0.196
10| Gamma off | 853301  1,0000 0.337508 0194014 1732 | off | 0441 | 0.196
TI istic on | 850166]  1.0000 0.485696 0.197431 2460 | on | 0473 | 0.197
12| Log—Logistic off | 850166 1.0000 0.485696 0197431 2460 | off | 0473 | 0.197
13| Log—Probit on |__10.5017] _ 1.0000 0418964 019741 2122 | on | 0424 | 0197
14] Log—Probit off | 10.5017] _ 1.0000 0.419838 019741 2127 | off | 0424 | 0197
BMD 0.159-0.537
< EFA BMDESIDET M- o =

Data file for the EPA EMDS

mg/ kg bw./ day il affact
ol 10| o]
007 10| o]
0.21] _10] o]
0.62] 10| 9
1.92] 10| 10]
5.66] _10] 10§

LEFLORYTRODE=ZDORE)

Mp-value 01 Bl FERE

(ZBMD/EMDLAN10LL &R0

2 BELETLODER
mixhighot=ETLOSG,

EYUBMDAUELNETALERR




Multistage Restrict OFF

Murtistage Model, with BMK 0T 1U% EXTra Risk Tor the BMU and U.yd Lower uontidence Limit Tor the BMUL

Multistage ——

08

0.6

04

Fraction Affected

02

BMDLBMD

0 1 2 3 4 5

dose
20:39 02/01 2017

Multistage Cancer

Multistage Uancer Model, with BMK 0T 1U% Extra RISk Tor the BMU and U.yd Lower uonfidence Limit Tor the BMUL

Multistage Cancer ——
| Linear extrapolation ~——
\'4
0.8
3
H
> 06
H
€
5
304
: S
0.2
0 Jk/ v
BMDL BMD
0 1 2 3 4 5

dose
18:57 02/01 2017
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