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BMDLIZ 31T A IS FHg DN LL FTHE X B D -
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L 72 z2 M
1+ Wi 1+ Wi
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i, £72. FEEOEMB T, NEELIIBIDEDY FIzh sk BELCL WD Z L
NEEEOHEHTHATH D, 2FV, b LHEBMD vz HRHIMEE T2 &, EHimiZiZZzo R
— X TIOPED FEBR &2 Ehi 3 5 & 1WA L 72 5139 TH D, BUDLiE, T LY LAY
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log[Dose]

2. R —RMELHEES
BME (R B) Z45 D485 A—42§H BN E5/85

FI—BTEESNST LS T, — LAV 8

4 & —pn N a8

NEHENE—BIETAT LN g f(D-D,;0)
f(D-D,;6) €

RRIE (R R) DL EHRHINOAELE 5 2 %

INGA—B gD FEEMEERITFEHLEL log[Dose]

2. HEOBMDLZRE L7z _X— AT A » DS
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5 <l SFEMHz%#L T Thigh responseEREE
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0 200 400 600 800 1000
dose

2-ethylhexyl_vinylether

2—ethylhexylvinyl ether
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WZEESWTE T IV u it a % L, ZROERT —Z 2 NHIZAER Lz, £ OB,
TR CTIEI =~ LA TIROFHNAIREIE L Lic b & 30D RBR LB AF —0 B EZ L
nn (K3) . Zbicxiitc L TRIEZRE Lol # DERT — Z IZBDEEA 1 >O L&
WH LUFEMEIT > 72, BRI, E378%T — X2k L, logistic, probit,
loglogistic, logproblt, gamma, Weibull, multistage(polynomial degree = 2),
multistage (polynomial degree = 3), quantal-linear®9->DETF NV EZ Y TliLdi-,
ZOHTAIC RUEHERYE) PR LEVY ERUBET—XIC7 v FLTND)
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-, 251000y FORET — X ZNENIZIODET NV EH TILD, AFEF9000
FDETND/INT A —=LZHELEIToT2, TNLENOHITE THLNT-ET /LIT% L TBMD
EAEEAL., Iy A7 BMR=FMEFEOMIE) 12k ABMD, BMDLZ: & O % 3 &
L7z,

< ODFEFICBWNT, HEMGHBIITEHEDOERZ B IR Z2MAT-b00n% <,
BRHAEMEROZRFBICETL2ERN D720 HBEDL S TBDED L ) Z2fstET v 2 A
THEITRE F—RZWRETEZENENoT-, TOEKMEREL LTUTRAET N
5
a) 8O EOFEET LV EZ#EA L., TOF THR/INDBUDL &5 2 5ET NV EERT 5,
b) 8O EDKEHET LV EEA L. TDOF THR/NDOBMD W& 52 5FT IVEERIRT 5,
c) EZEAHHETAOF NS EAMEDAICE 52 AFF VA IRIRT 5,
d) —EDOETNERINL, Y EEXH/DLET NV EEHGRINL TET AR ETT 9,

FRROWTNHIEHEEBROESH 5 WVITFRINBR W E W I RIRIL RV, ZDHE
TRV A RIS 5T2F ) DEZ T 2T D52 035, Hlzifa) OFERLYEIZESL
EZ T, BEMEER LRSFRRET VBRI EE 25, Ll FANED
BMDLAT® N vE VD T &0, BUDLE WK T A A2 5 2 TV 7 & v ) i Eeft &
LTEALAT-D, VIal—2aryZEUTINLOEICEH L T—ED AT~
FHREEICR AT, S5, BT AVEBIME & ORIIEAED LLETHL Y #ED 2 1T0,
HAB L ARDIEEL MR A2 TESEDI_LSMNENEELZITo T2, K, BT EY
{EDOHFTHAICD ks T3DOFEUL D HEATOHETH 720, f/PNAICE DENT T A
~A T AIREOFHIICHIEE R, BENKET NLVEZ L LT HE L Ol 3
Jits U 7=

F72. TEITA T A ORIV B L 7-PROASTC K EEPADSEE ¥ L 7-BMDS 72 X oD Y 7
7 =T HET AEREFELZEMANCE D AN TR Y, RKFFE TR L T& =ik
Tk & DR TBMDL o D FL# IR T 21T - 72,

— i, V3 alb—ya S IESL BT VEIREEO R FHE RICE L CI3REFER L &
L CHMNERE e A= T - ERRGEICBEicE 5 L 5. TOMRROAIICEY AT,

(7R
3ODRILLBP AL = NEZBNL32OMEICHET LT — 2% AT Lok
BREHE R A2 RICL ORT (F1-3)
T VBRI OV T, BFO L ICHlRd 217572, ¥ 1al—var7—4
2 BAE S NT9000HDE T % AT, LAF O 7 /VBIRAE U L 0 28 MR R 22
EOMmEt EIT 72, ET IV EBLIZOWTIE, 2T AVOET VEELEI T 2T 1,
B L VAIC EA3EF M L BETF AP EIT o1 T, F/DAICE DFERT T 2~
A FARIRMDET VI K DT T V&2 Wiz,
LowestBMDL : 90D #EHET LA HWE L, TDOH THR/NDOBMDL x5 2 5E5 )V
LowestBMD : 9O DHEFETFT L E A L. FDOH Ci/NDOBUD % 52 5 EF /L
LowestAIC : 90 DMiFtET V&G L, £OH TiR/NDAICE G X 58TV
MA-all : 9D DFFET AT R TOAICEBE L, ET VLM EIToI2ET L
MA-3 : 9D DIEFHET LD 5 B AICEMIET VERINL, TV EHETT -
=TIV
® MAAICS3 : 9ODMEHETAD I L, i/ MICEDENRT T A~ A F A3KEL 725
ETINEERL, ET VAT 2TV
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fEREME - 1000 v FOEAET —X ZNFNIZX L, T /VRREEICLVERIRSN
72 10001# > 5 /L DOBMDL ofif & TELDOBMDLofE ] & O ¥ FEEER L OV o e fif % F
L7z,

MM 10002 v FORAET — X FNEFNICK L, KT IVERIEREIC LV BIRS N
72 1000{E DFEF /L OBMDLofEAS . TEOBMD ] LV /NSWEESEZEH LT,

TS EARPEEICMZ TICRRE B HEMBRETREZFRE Lz, &, 704
Ay al—aryOFTRIEDRIIEHEZ VD EMNINR L7 WIEAEOEIE 21T,
Bl ZAFUL R 2380% & WY 9 DIL1000E D> I = L—3 3 > 2 FEHE L 7-85121X800[H] 771 F
SHHAENMEOND, EWOBAERT, ?&%@E@Hﬂ%ﬂﬂ%ﬁ@fn%& Ty Ial—v
2 VANCFA LB EIRE SNDMETET ANRA FOFRERE LA S EE &
T BIZIE, VA TN EBEOET NV ERE L CEMEFREICER LIS, V414 71
DHPBBREINTZVI2b—va rOEERZICHYT S, VYIalb—va ik sD
A% Fh L CWADBRICIE, B ERE LIZET ANBE SRR I N T & TREDOER
FUENRWEHB SN IR SR 0Td, 2 ORUEZR L L TR L 7=,

#1. l-aminoanthraquinone#ETFT — X Z Rl L7-> I 21— g UFER

lowestBMDL  0.39 5 100
lowestBMD 0.28 2 100 1
AL lowestAIC 121 5 88.4 15
| MA@l | 620 | O [ 996 | 8 | 956 | 96 | 95 | 955 | -
[ MA3 | 4¢3 |7 [ees |7 [ | [ | | - ]
-—————

lowestBMDL 0 39 100 1
KS lowestBMD 0.28 2 100 l 95.6 95.6 95.5 95.5 0 1
lowestAIC 121 88.4 34.1
“lﬁﬂﬂ___——
KS lowestBMDL 0 34 4 100 1
BMD /iBM lowestBMD 0.23 1 100 1 95.6 95.6 79.1 79.1 0 5
DL lowestAIC 121 17 88.4 15 38.4
___——
KS lowestBMDL 27 1 13 91 0 18.4
BMDL,J /B lowestBMD 27.1 12 910 12 95.6 95.6 49.0 49.0 18.4
lowestAIC 148 18 79.4 35.3

MbL ____—

l-aminoanthraquinone DG BMFIZILL TO L HoIcE LD BN S

- fE#EMEI X lowest BMD/lowest BMDLAZFIH L7 & D3 A K, Lowest AICH e, MA
IZTALLARE, MAD I CIIMA-3A BV, BRAMIFIEIC L > TEBLE D,

« MM lElowest BMD/lowest BMDLZFHA L2 OB A b, Lowest AICOSHHE. MA
IXTAL LIS, MADHITIIMA-3AY B U,

 PBRIFIMA-3CMA-ATCC3 A i B BV, BRAM DU T HMA-3 L MA-ATCK3 A R U,

« lowest AICTZ L &2 DEDOETANEITNTLE Y>BHEENFE



#2. 2-ethylhexylvinyl ether DT — Ly Ial—ya URER

o = téw BMDL FRAGA & [BRAAABMDL| E SR
yﬁ (% LXEE (%) u‘l’ﬁj (%) 1%% (%)

lowestBMDL ~ 17.8 7 100 1 0
lowestBMD 17.8 7 100 :L b 5. 5. 85.2 0
L IowestAIC 20.7 15 66.6 33.4
nmn—————
mMA3 | | leee o[ [ | | [
-mn—————

lowestBMDL 17 8 7 100 1

KS lowestBMD 17.8 7 100 1 85.2 85.2 85.2 85.2 0
lowestAIC 20.7 15 666 9 33.4
-mn—————
KS lowestBMDL 17 8 7 100 1
BMD/EM lowestBMD 17.8 7 100 :L 85.2 85.2 85.2 85.2 0
DL lowestAIC 20.7 15 66.6 33.4
-mn—————
KS lowestBMDL 17 8 100
BMDL’J /B lowestBMD 17.8 7 100 1 85.2 85.2 85.2 85.2 0
lowestAIC 20.7 15 66.6 33.4

ML g N O 2 = S
2— ethylhexylvinyl ether®fFHERIFLLTO LI ICE LD BN D ¢
cEREMEEMAY R < HTHMA-3DN BV, MA-ATC3MRZAUICIR S, Lowest

BMD/lowest BMDLIZTAZLLRE, lowest AICONEIEE, BRANDEEITITE A ER20, B
M K o TMADEFEME I T S

o ZMME T lowest BMDL/lowest BMD75>E'<I/\ MA & lowest AICIEINL,

< I A IIMA-3CMA-ATC3 23 e b BV, BRAM > DI T HMA-3 & MA-ATIC3AS B,

« lowest AIC/Z L T2 DEOETIANRBIINTLE YHEENFHW

3. Acrylamde@%ﬁm’f HEFIZLEYI 2 —va VR

,":“ A BRAAA ERSHR

BR:
lowestBMDL ~ 0.39 100
lowestBMD 0.28 100 1 5.6 5. 95.5 95.5
7L lowestAIC 121 15 88.4 15
[ MA@l | 620 | 9 | 996 |8 | 956 | 956 | 5 | 95 | -
| MA3 [ 473 [ 7987 [ [ [ [ - |
___——

lowestBMDL 0 39 100
KS lowestBMD 0.28 2 100 1 95.6 95.6 95.5 95.5 O 1
lowestAIC 121 15 884 15 34.1
nmn—————
KS lowestBMDL 0 34 4 100
BMD/éM lowestBMD 0.23 1 100 1 95.6 95.6 79.1 79.1 0 5
DL lowestAIC 121 17 884 15 38.4
| MA-all | 620 |10/93]10] 96 [ 96 [ 791 | 791 [ - |
KS lowestBMDL 27.1 13 91.0 12 18.4
BMDliJ/B lowestBMD 27.1 12 91.0 12 95.6 95.6 49.0 49.0 18.4
lowestAIC 148 18 79.4 35.3

MPL MA-all ____—

acrylamide DREFIFERIFLU T O LI ICE O BN D -
AEBEMEIIMANE < . BTHMA-IRE VY, lowest AICDYNFHUIZIR <, Lowest BMDLAY
I, BRANOEEITITZE A E7R, BRIMT X o TMADEHEME 1T S,
« MM Tlowest BUADLZF|A L7726 DA b, Lowest AICOSETE. MAIXOLLLLRE,
MA® H1CTIXKSHE & BMD/BMDLEL Z FIJ F L TERAF L 721 DOMADY B,
CNHITIFEAEED LR, DT ICMA-3OMA-AICSB A i b B,
- lowest AICTEETTADEDETFANERINTLEIEENE N (I 2L —3
VRGO R EEDN)



UbZzieadde, RAELEBREICE L T, SIREMHFICE > TRRLERDG
b7z, Lowest BMDL/lowest BUDZ2SRWGA S & D03, ZAUTBEIZRTFHITHLHT20,
EORLHE 2 5565055, Lowest AICIZEAL Tlt, EDOETANEWHEE CEiE
NTVWHDOT (BIEORERTEZ) ENPBEIHTLES TV L AEERD D, i,
MA-3ZFIH L2 a . B TEWGAIERO T, o, oOMAL Y & BUWMEA A &
INThH o7,

PROAST<CBMDS %5 DA D XL FiEEZ FHWZBMD Y 7 b 7 = 7 & O HERIZ SV T,
Rk 22-244EE O [T BESOSHEFHIIC BT DX F~v—2 R—REOwE MBI 4158
(WFFERRRER 51007) | 1B W T, ENTICHWZBGEH T — % @ 5 B, NOAEL3 % 541 T
WDH1T20 —fET — % % T, NOAELIZ® 9 2BMDL, Db ZRH L Y 7 b = T O
WA 4T 57, PROAST (Version67.0) 1. EFSADHEEFETFT L 2B L TV AWeb—
(https://shiny-efsa. openanalytics. eu/app/bmd) @ H TH-5 %17 - 7=, BMDS X
V3. 1. 12X v rn— RLCTHEHIZAW:Z, &5iZIndiana K= TAR L TV 5BMDOFHE
H#—/3— (Bayesian Benchmark Dose (BBMD) Analysis System) bk CEHEAEIT-o7=,
[K| 4 (ZBMDS & BBMDIZ DU C ik, BUDLOBE HFiEE L T_A XEREDLRTWS, Y 7 b
V=T ONRT p—v ADERE L TIE, NOAELMEIZXIT 24 7 h oy = 7 REH L
LTI X ABMDLfE D e R 5 Z Lk - TiT o 72,

F4. %7 b7 =TI XK HBMDLE ONOAELAE (%9~ 5 LE R D i -

BMDL1o | PROASTvs? BBMD BMDSvs.1.1 MA-3

/NOAEL /INOAEL INOAEL /INOAEL /INOAEL

Average 2.97 4.47 1.45 1.67
SD 5.69 4.29 1.79 1.35

NOAELAE A 43 L & BERAYZ2BMDL ol Z T W 2 & 2R3 00 Tl Wy, ARELEEAT T
1. FEBRAICE SN ENOAELEIC R LT, &Y 7 b= 7N EDOREDEW & L TBMDL
EEBENT2HEMBH LN ONTOKREIT) ZENTED, FxrDOFiE (MA-3)
ERIBROBEERO TR L 2ET U > 7 28 L TV 5 PROASTIZMA-31Z L 5 BMDLAE |Z
TR RESVMEZF T2 mbd s Z ENHBH Lz, — A XiEE W
7V U FEEHAWVDBADS & D G2 VT, MA-31EBMDS & [F] L XL O BMDLAHE % %L
HLTWE, L2rL, RUA XEEZHAWS FETHBBMDIC L W B &4 5BMDLIE
BMDS £ W K135 b mVMEZ R L TE Y, FHLTFEEZHWEEAE THLZORERE TK
XIENWEEAZRT Z ENHB LTz, &K E LTMA-3 & BMDSIZ L 5 F#){kiz X % BMDL
DOEITFEEIAIIZNOAELD L 55 E DA FHH L T 0 . L0 2o s FH 3 58
MRHDH T ENRINT, Fio, BHERNTIESCSA XEEZ AWM OSHETH Y
L FEZE AT BRI EFEDOFEREDZ BRI OV TORMNNESE DO LETH
HZEbmREhz,

3) {HRFREL - BUDIEICB T AETF R EHEDE R
(BFZE4H4 3 - MR 2 (E S ESR SR LA AT ZERT) o i (deidE K2%) )

[WFZEN% - 5]

BUDIEIZ S BT NWVIRIR A FHEi T 212HT->C. #tEFIEEZ A X AL LTRAFE
THZEAESUAICES &, YRR EEL FANCHEEL T 2R ZIL2EEZH
N5, BlIZX, UTFTOX D 72T VRN EEREZ 2155 -

a) BMDyo/BMDL1,



b) LOAEL/BMDL,,
c) BMDU;o/BMDLo

ZDH L, BTN ESER) L) ITET VOARERMEICEETLZLOTH LN, T
JVERANEEYED) (X FERUE &L T LD FRIEE O X VICET AERTH D, TR
NERIRDZEDOTHDLN, Wbwd (ML) TOEWEES] OFETIVERINT 7201
TR ONE D PIREFORMNITE D, AEEIT, LR THRET L2 i@ IR B e 5 T
EF NN E FER LB OHEE R T +— < ADOWEIZOWTERY B 21T, I A
HUABDOIERDHMAERESEDLNNEELZFT M LT, o, FIFEDO Y I 2 b —
Va NCES S BN REO BB R ICBE L CURB R E L TN AT 2 % ) T EEEEIC
BT L. TOREOAIHIZEDY AT,

[WF5ERk R ]
F1-3IIRTEIICV I 2 b— 3 VIR TIELL F O3 DDA & aT L7z,
KS:p-value (p>0.10)
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Abstract/Summary

Benchmark dose (BMD) method has been increasingly used for risk assessment practice,
including the determination of the point of departure (POD) for toxicological assessment of
chemical substances. Besides, model selection criteria for the BMD method have been
highly variable by existing guidelines of different organizations. Also, inconsistent
applications of pathological data to the BMD method are conducted in different
organizations. As for application of BMD method to epidemiological data, some pitfalls exist.
Therefore, it is necessary to establish guidance for application of BMD approach to the
regulatory risk assessment.

In this study, we performed literature survey, conducting systematic review analysis to
understand technical issues surrounding the application of BMD method, and evaluated
model selection criteria by using simulation-based approach.

The mathematical exercise revealed that the similarity between the two are supported by
limited sample size during animal experiments, coincidentally meeting the necessity of
BMDL,o due to sampling error. Model selection criteria were evaluated, restricting our
analysis to the application of BMD method to quantal response data using simulation-based
approach. Candidate criteria included the use of 1) smallest BMDL1o, 2) smallest BMD1o, 3)
smallest AIC, and 4) an option to take model averaging values. The model averaging with 3
models with the lowest AIC values (MA-3) returned reasonable results overall, while it did
not always yield the best performance. We gathered the information of simulation-based
performance by applying Kolmogorov-Smirnov test p-value and the ratios of BMD/BMDL,
and BMDU/BMDL. No exclusion criteria we considered in the present study greatly
improved the performance of evaluation, i.e. reliability and validity, in none of dose-
response patterns. To assess the added values of parameter restriction or imposing
statistical constraints for parameters, we have discussed its details proposed by literature,
and concluded that they do not have to be applied.

Consideration on the application of BMD method to pathological data, we summarized
issues and points of note for applying the BMD method to histopathological findings. Based
on some case studies using published toxicity data, setting of clear criteria for grading in the
histopathological analysis was needed to consider application of the BMD methods. To
combine incidence data derived from different toxicity studies or findings, biological
equivalence of the background or mechanism of the corresponding histopathological
findings should be clarified. Quantitative data by image analysis revealed that the imaging
data could be used as markers related to the toxicologically significant findings.

As for application of BMD method to epidemiological data, we have enumerated and
compared technical characteristics of epidemiological data against those of animal
experiment data. Epidemiological data tend to involve evaluation of continuous
response data, and the incidence data can be usable for the analysis of BMD method.
We noted that the representativeness, i.e. if the quantified outcome is applicable to the
entire population, confounders, cut-off value, and quantiles are often problems,
whenever the application of BMD method to epidemiological data is considered.

If a technical guidance of the BMD methodology with a single recommended criterion for
applying animal experimental data is required, we considered that one may recommend
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MA-3 method as the method to calculate BMDL1o as a POD to the reference dose. When
the pathological data or related imaging data are used for the BMD method, we should
verify whether the quantitative data is appropriate for explaining toxicologically significant
dose-responses. We found the possible points to be considered below at the application of
BMD method to epidemiological data: *The infinite number of confounders may be related
since the epidemiological is usually based on observational researches (i.e. nothing such as
randomization). *Studies sometimes includes the smaller number of high-dose data.
*Quantiles of observed continuous data are sometimes unknown. The development of BMD
methods (e.g. model averaging, hybrid model, and Bayesian-based BMD method) possibly
changes the methods of risk assessment.

This report provides outcome of the captioned research programme funded by Food Safety Commis-
sion Japan (FSCJ). This is not a formal publication of FSCJ and is neither for sale nor for use in con-

junction with commercial purpose. All rights are reserved by FSCJ. The view expressed in this report

does not imply any opinion on the part of FSCJ.
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