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1 e—-(a+,8dose)
Probit d(a + Baose) ' ; —- :
Log-logistic 1=y 3 p (slope)>=1
ek qr e-(n+ﬁ In(dose))’
Log-probit y + (1 == y)¢(a + ﬁ ]n(a’ose)) 3 B (slope) >=1
Weibull y+(@Q-y)- (1 = e—ﬁdose“) 3 a (power)>=1
Gamma 1 [Pdose 3 a (power)>=1
y =)= t%te -t
I(a) J,
z —8d 2z

Quantaiinsar y+@=y)-(1-e7fdese) BT BRI
Multistage _en j HIEEMHST=HDHIR

two-stage (n=2) y+@@-y)- (1 —€ By Fytiase ) 3 Betas >=0

three-stage (n=3) n = degree of polynomial 4 Betas >=0
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1-4. £MFHEBICEDOCETIL
2. PB-PKETIL (AN TOHOADMEZZEET HETIL)
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CONTINUOUS
UNIVARIATE .,
I)]STR”_JLITI()NS Johnson NL, Kotz S, Balakrishnan N.

SECOND B DITION (1994),

Continuous univariate distributions.
Vol. 1,

Wiley Series in Probability and
Mathematical Statistics: Applied
Probability and Statistics (2nd ed.),

New York: John Wiley & Sons, ISBN
978-0-471-58495-7
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BB Weibull REBER-WRL1=97. BRIXELV:19394F
[HEOQSFRIELTEELY,

Feum [ M H OBIRAE T — 2L ERDMITIET1vM
T, BTG EBEDEENER T MLES>EE . 6
HE: TR EAMHEORLBEVERICRET S, xbBEVE
I CT—RIZED, |

Weibull: T1DDIEDRE (X, BRI THA T 1DV ED
DSEE D FEHEFZEM DRI TITIRE LEL, £ THLT,
OB T DEFETRESITT !

Jiang, R.; Murthy, D.N.P. (2011). Reliability
Engineering & System Safety. 96 (12): 1619-26

JA4T IV fF ()

Yo hAnBD1DDEE, IEXTY T 100N
FERG((X)(E

G(x)=1-exp(-¢(x))

HOEIH D MEXTUIBESN DHEZEF(X) &
1-F(x)=1-(1-G(x))"=1-exp(-nd(x))
ndx)Dix B L (x-g/a)"ToHHEREERBIIZR DITTLL

T&Fr-: .
F(X)—l—exp[—(xz_igj ]




AT )L &Risk assessment

ARV REEFTOREKRENAZEBRFRBTEILRTS
=>70+XIZ[EBiEI1HHD:

S o . m-1
INY—FEZK /I(X):m(x g)
d a
Ot X(IZTEEIAELY
MmO N\F—FE%K 1
A(X) Zg

[HWEEEENOTINICEFETILIETES

Jiang, R.; Murthy, D.N.P. (2011). Reliability "
Engineering & System Safety. 96 (12): 1619-26

Ho<o%Hh

Fin: B M THOBEBRYBLELESITLDH I1EH
BSEHENEZT-

BIRE: TEHE X ERME/ETTIRZE>TLENET . H
HE.TSREIF—RA(12@) EWVELT=, BEHEEINIFT—X
ft%lléi’él:h\h\éﬂ%%ﬂliE@&’;?‘;ﬁ#ﬁl:ﬁEL\iT

V2 |

ZEZH VEDDIAVTNEINBDANUNES U LTHAEY
DIEWNTOERZET e ANV HEDRREITIERS T

(293,
f(X) = Aexp(—=1X)

Dubey, Satya D. (December 1970). "Compound gamma,
beta and F distributions". Metrika. 16: 27-31.




A0 (Fr=E)

2EMNEINS,
X1+X2 (GUALEHOMIEIIEAAH])

I f(x—y)f(y)dy=Axexp(-1x)

nBHEINS
X1+X2+X3+....Xn
. _ ﬂa a-1 .
g(X,a,ﬁ)—r(a)X exp(—fX)

Dubey, Satya D. (December 1970). "Compound gamma,
beta and F distributions". Metrika. 16: 27-31.
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1. R7 V55
RTVBRRIZRDITUA LARU D EFE FfE
(GEKDRT7VUBREIZHIFZE IR TILNSD)

2. R7VVEEDTIUF LITEEIZFIA
FEEICLUTIARILT A EN LN TULNTEF
Poisson(Gamma(a,b)) = NegBin(a, 1/(b+1))

3. RAXHEEFEICH T HHEERI N
4. ERAMDNAZHEICE ITHERHD
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| Health
Vol. 42, pp. 25.97, 1981

Modeling of Dose-Response Relationships
by Bernard Altshuler*

The Multi-hit Response Eﬁ%?*f ’\t/ |‘75§E — é 35 TIZ
The gamma distribution function [y ;A 1E_|' Fg -'E, E _b,

DoseMtdf=&. OdEIDEYVE
kElEy DO REC HFEF L (k-1)!
cal;t.acl:ﬂ Ezo(\lr;?'fv:dggmﬁ:htéoaggltfm(;t]i'on that there IE Eﬁ E"]Eiﬁ N ord i ng ( 1953) %

is a discrete change, called a hit, which has to

occur several times in order to produce the re- 75§A/ ﬂi ﬁ/'ﬁ 75\ 15 + —7: ) [/j'c_ﬂi E‘E

sponse. The expected number of hits is propor-
BEWRASEM: TFIL=FOVERER
LHIEERMNA

Bd
P@) = 1 _ f o gy (2)
re Yo

Communications in Statistics - Theory and
Methods,1995, 24, 2621-33.

AR T4V

MO X T4y 7BBUICHFET 5, SSFHAERD/NN(A =7

L
1+ exp(—K(X—X,))

f(x)=

Verhulst(1844) O A OQEMETIL

dP KP, exp(rt)
dt (1__j E> PO = K+ P, (exp(rt)—1)

N Balakrishnan (1992). Handbook of the 20
Logistic Distribution. Marcel Dekker, New York.
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O RT A9 ERisk assessment

-EBRA I TINS, EEX#R. ERSHELYE
kurtosish & L (fitIZR<GEN D)

-BERFERFEZFETILCTHEASINS (Growth
curveb R TCEAL,. E—V1DTERSMITMT

WTEFREEADL)

) ROBFTIEMENST LIS IBLLGATLNS
13T, EIFEFEICH TIH O (BRI (ZDose 0 T
YR OMEIELAEL, BES5E TIIHTER

DWITEWNWENER)

21

N., Balakrishnan (1992). Handbook of the
Logistic Distribution. Marcel Dekker, New York.

ANBADATAVIETIL

(Bllnsne)

Log(X) DA ATV I3 MICHES D XITRHBODZAT197
SmIZHES

BTV ERDMEMKERTMDORER)

F(ca, B)=———
1+(1)
a

R BEZIZEITAFskETIL(BEDORTAHBEITILNS,
1/betaMGinifz#E= 5% 5)
SRPIHFIBKBLEDRABEND ST (HEBHIE
ELIZERET—2IZ 749 TESHD TEF])
Diekmann, A. (1992), J Scientific and Industrial
Research 51, 285. 22
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https://en.wikipedia.org/wiki/Log-
logistic_distribution

Diekmann, A. (1992), J Scientific and Industrial

Research 51, 285. 23

Logistic-accelerated failure time location-scale mixture regression model.

(a)
Conditionas Dab Rutans of
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To facilitate the gen-

otype analysis procedures, we used the web-based statistical software system EHA-RiskFree with a user friendly
interface, which was developed according to the logistic-AFT location-scale mixture regression model'?. We
herein summarized the formulation, inference, and properties of the model.

We assumed that T of an alcoholism susceptible case follows a log-logistic distribution™ in the AFT
location-scale regression submodel; in brief, error term ¢ has the logistic distribution of the density
fle) = e’ /(1 + e°)". We fita logistic regression submodel and an AFT log-logistic regression submodel to simul-

Yang HC, et al. Sci Rep 2017;7:1975
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JOEYRETIV

2REEANVREDHE) NERAZE R (DoselrE)
’g‘kb'l%*&&b’cﬂﬁﬁ LIGBICER M TEALN

Pr(Y =1;X) = ®(ax+ f)
BIX/INT A=A,

1930 RICEYPWNFELEEED) I HATSN.,
FREL-

WAETIH. ADRATAVIETILER L EIN S VT IV
BEID1D (Excel CETE TEA-OMFEND)

Bliss, C. I. (1935). "The calculation of the dosage—mortalzigcy
curve". Annals of Applied Biology. 22: 134-167.

(o]

JAEwk vs A RXTAYYT

JOEwvk Pr(Y =1;X) =DO(Xf + &)
1

-p
X
1+ —
a
A XTI DIESHTalAELY (B L Dose THP o<

YRIE) . FAEYRDIESINBLENYED
LogitD [F5 A HERRIICIXEERMN <L ELVDE

O x7qyy  Pr(Y =1;,X) =

26




X ITAEYRETIL

11_2&[/tt&"cs RKEVRVBITFYICERELTE-E
7 )
BLOBMIFChUTEERIGHIES S &
LWORE (RIE)ZHF DT T En&YEfZEA4A
VEHE S (Finney, 1971)

R BEE  BIHEN— X OHEIFERS 1S

Pr(Y =1;X) = D(alog,, X+ S)

D.J.FINNEY: Probit Analysis. Cambridge:
Cambridge University Press, 1971 (3. edition).

XAy ETILERA

RORICNEYPTOVE=IXEDSOTH S
=Pl . EDSODETEICIEEHTOE v NERAIN D

AR RELREE [LLog(dose) Y F 4 Log(dose) b E
NS<HWLEBEN DM T, IERRD T TRES

EBAFTOERBDD NN ER D AICKIESE,
Xt 0EvrDRAE RiGE&RIZ% 5 (Chand & Hoel)

Diekmann, A. (1992), J Scientific and Industrial Research 51, 285.
Fishbein L. (2011) Potential Industrial Carcinogens and Mutagens 22
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Quantal-Linear €7 JL

“quantal response”: A N MRR DERF LA (21E
T—3) IZEDICETILIE

Quantal-linearET JL=> 88D D&
F(X)=1-exp(—f£X)

2L L \BMDTlQuantal quadraticET JLEL LS
F(x)=1- exp(—,BXz)

BEGFMNESHBLING]

29

1-6 T T T T
1.4k A=0.5 |

EHAHETIL Ei:f\ — s
BHOHEA A NETOBR o |
HRTVBIE (S5 L) ol \
) ROMEFETORRE] '

S EDEE

BILFREI DS

Risk assessmentCTDEZE: FEUEFRI(Z1[B] 0D A #E
COMENEKRNHY . BUREAYDIRU
RENT—FN—TETHS. LELVOGEE

D. F. Schmidt and E. Makalic, "Universal Models for the Exponential
Distribution", IEEE Transactions on Information Theory, Volume 55,
Number 7, pp. 3087-3090, 2009 30




DoEYhETIL=1 M HETIL

ENAMENEEFICEHEL, BEEZRTEEFH
MNAMIRIZERIE T D,

BERR

1. MBIV LIZHALTEY . Z0ERZE(X
RT3 HIZHED,

2. EMELIYDARINERZ—F

3. 1DDMRAERITISFICRNAYMEINEYNT HHESE
(XIe# A MIZHED

D. F. Schmidt and E. Makalic, "Universal Models for the Exponential
Distribution", IEEE Transactions on Information Theory, Volume 55,
Number 7, pp. 3087-3090, 2009

TILFRART—IFTIL

ENA XS BRI TILEEMIC FBCHEWLND AN
ALERADT=ODTATT

i ——> A= T —b——>EE—>RH &%

initiator promotor  progressor

EORREITEWEE ., fEHDose D ENELD
R AL Z ERFETET JL(Linearlized multistage model)

F(X)=1-exp(-f X~ BX" = BX* -+ = fX°)




EPNARO—TI795—
Rt Z EBRFETET JU(Linearlized multistage model)

F(X) =1—exp(=f,x— B,x* = BiX*--- = f X)
~ ,le
f=1=L. ET L ZH MM B EIZEER (100-1000FDELY)
1. LD DETEEMNR S
BEHEDHTTREDNENELLIDDG,
EERHBTIIERAEEFCTERMEEZREDNS
BELZLDIRE +RZE2BIDHEEET HRE,

%w!\)
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Kenneth P. Burnham, David R. Anderson
MODEL SELECTION AND MUILTIMODEL INFERENCE

Model Selection and Multimodel LT TBELICN, PG FLTRAN = RN 1K Ap v a0t

Inference: A Practical Information- CEASIUTH B BURMHAM + BuWD 0. ARSER S

Theoretic Approach

Springer; 2nd ed. 2002. Corr. 3rd

printing 2003

ETILEREIE

ETILEROBE=>IFHEEFRTHI:RACLHT)UT%
RURLTHEHETITFEYLERLY
FIZHARENLGENT—2EODOVTFRAD-HDET
IVEIEEE

BE: FANBL EOETILTHEVNH, FRMNSFELKET
IV (HHEEETIL)

AIC, DIC(ETIJL:EIRFRZE) - - - LERDETIILEREHEICT
FETLESS

Burnham and Anderson, 2002
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Akaike Information Criterion

BHOIFEBEBETILAHSGE . ROBIFENDIETILIEIRD
AICHER/IMEELEDETIL:

AIC =2k —21n(L)

AICIEE S B (LETFHE L. Ttz ARICBELET H/\5
A= DORFILTAERYRAATIBE, A—/\—D1yT41>
JERITD

BRLUTITFYOBRWETIL INSA—ZEDZNETIL
AIC: THTITFRYREIFTTLEL WA= EIELI-LEE

Akaike, H. (1974), "A new look at the statistical model identification",
IEEE Transactions on Automatic Control, 19 (6): 716—723, 39
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7__\\)I/JC¢RT® /__,Es
2EXPEDFE@EL TLNVS

[1EXFEE ]

BEERTE (pE) : FEICFEELTWAETILEER TSRO
p<0.1% EDETILIX D49 bZZALTULNVEWL D TETE=LY,
BT#IEZ, (Bo=ETILD)plEZLIESRELAL,

[2ExFEH ]
®-oT=ETILTAICHOLLE BMDLO RSFRIGER. ETILD
BEbRiR () TETILER (pEXFERICSELALY)
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ROFEER: BIREINEETILOINSA—RDI5%1E 8 X ]
[EETHADITEE, [ETILERTESLKDEIZ, INTA—E2D
EHERBNLTESEBEHINELLY, |

Burnham and Anderson, 2002

AICTEIRLI-ETILEIX

1. ={SABHDETILE-EOFTHEREDFANGELNSGETIL

=>321E. FUF LICRLLIGT—REH LTIV TLTH, 1=<&
AHBBDETILDHRTRLEGEST DEEFSND

2. EQOETIVEEATWSDITTIEAEL

3. ETIERIIVUTINHAXIZHESN TSI LITEER
A DGENT—2=> BHIGETILAAICIZIFEN DT L
NBANENT—E=>HEHLTETILNEEN AT

AICD 8B % AlCc (/YT L), DIC, BIC (Schwarz Criterion),

Z M fth : Adjusted R2
Burnham and Anderson, 2002
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AICIZHIESDENH S,
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RENGZNWIRIDBD B, 4712 ETB EHEBE . 10LL =L
[K3XxX]

EDKIEEETENAVIAICO2EF 3B FRME LI ZE - LB
IAE

-HRD @AY NTA—AMEDEERXMZE LR T RE

Burnham and Anderson, 29302
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FE TSR0

-fth 5. EEIDrawback

[HAEE A [XMulti-stageDH 1=>F8Y, ETILAHD= A LDREEY
[CHENY TIEFE>TLEITIIEERA DO MR

thTH, T—ANRETBANXLHAFHLES, FhiE”Model
uncertainty’ THOTCERDETIILTHHLTLR T RE

[Quantal linearBX\WV\DEHERE=D D4 9 1=> Y, RN ERICERER
 ANT=<%LY,

AU BARERZHE 2015;65:197-20%19?5
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NTLWSRRERNRICTDES

2. BEMICEBESNBERRZICEALLPTVIET VAL HSIHE
. TR OB RERB I ER S TITHRES]
[ 5 & =% 44 0D Dose response curvelEBeta Poisson /> f A\ iz Cdh B |

"ERARROGANBRICERSNTIESLTHHRER S D IDN—ED
HIEHLAILTERBARIEETH D

RO R THIRE TIMLOHEEEIZODWTREBRMIZAIELES
SNTET=

FE: FZHEAILOCDTEY EIFIEXHFEER I, o 0 |
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Lowest BMDL vs AIC(Rl—T—4h &
ZbNT=EE)
Lowest BMDL
(F]52) ConservativeZBMDL® R & HV Al RE
BULERR GHBREMN ~D1o o T4ThEK
(RR) YT IWYAXIEEFEL T, TZ<ELDosel 272 2 ATREME
ZEEFATI VDBV ETIL(INTA—2y) DIELMEREXE
AIC
(FIR) BTIEFHDZRELBINET LA ERATRE
Low dosefIE TOHHIET (T3t L TREMEMAAYIZLY
(GRAE=>EAEDFAZLTLSDT, EALGEELEREN)
(RR)NFA—EDEBERFEIFRIZL TV
YT A ZXHBINSITNIRAICHIRDZENH S .
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AICYBICTETIILEHLEMNH SR
EIRZHE T =2 (Post model selection estimator; PMSE) D5 RE :
*AICRBICTDETILEIRBARLTHEETHS
FDREEREISHEEDHEICRIZTHEEEELGWE, [
MERSTHERMNITHhRASE
Bl ETILOLORFAEERMEMNESDDICHES ! 2

(BMDLIZE4>3)
BMDTlIWheeleroH{RIE:

[EQETILINGIFEHIZEN T, TFRIARVIZEZERL,
NGA—EDEREHEEZEHTERMTERLEZLD

Wheeler MW, Bailer AJ. Properties of model-averaged BMDLs: a study of model
averaging in dichotomous response risk estimation. Risk Anal. 2007;27(3):659-70.

BMDJEIZHETAHETILEHED ALY

ETHDETIHEBEEZRES. ETIILOFRHEEMEEE
1DDETIVIZEFTEHEYIZBLLLVIIZHE

BMDL,,, = > w,BMDL,
k

exp(-1,/2)
| iexp(—li/Z)

f=f=L. @< DER (BMDLEE) EDHL D DL IEEFEIEIS
ZLUL (582 (Zad hocdf=8h, BRMEIBRSNELY) &b ol
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Wheeler MW, Bailer AJ. Properties of model-averaged BMDLs: a study of model
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Dose response#RZ 151k
Tua(d) = iﬂi (0,d)-w,

BMR = [y (d)i- T pa(0)V/[1- 7 0 (0)].

BMDLIE., T—rRFSYTiE (B LLIRAXHETE) T, RESI-HEED
95% SN LETE

S (BEE)NABWNCEEEIA, BMDD A FEE M A FFEIZIEZ F-BMDL
DIREMNAIRETHA=>BMDLREDNHI-ERBDETILELIDEANKY
LEND

(BMDLRTE DR, Quantal-linear®T JLIZEHWE DEEEEAELMER])

51

Wheeler MW, Bailer AJ. Properties of model-averaged BMDLs: a study of model
averaging in dichotomous response risk estimation. Risk Anal. 2007;27(3):659-70.

ETIILEHEIXTZHTDOTIN? ]
FBEHDEA:
1. EFAGTETILEIRY ITY, [ REHTT M ? J[EUnfair Question

2. BMDIEIZHBITAETIVIEEETIX . TEQETILIZIEKRT S
BHEBELFEAN. BWFRIETILIZERTHEEE—
[ZLTYARVEEMELTLNVET

3. L TEMETILIEVLSEKRTIE, FHIEFILELRLT
ZUTEHYEEA

4. TETIEOHDEWVWETILIEVWNSEKRTIEI—FEDRIEZR-A
EICEDODWTHY ., 7OERRARBE T —2IZE IHFLHERMIZZ
L7 IBMDLODREMTESLDITY,
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BMRMD % 7E (=)

TYR910% D88 |

Table 1: lllustrations of upper bounds® of effect at NOAELs related to 10 substances evaluated p
Quantal data Continuous data
Substance &
Endpoint Upper bound Upper bound percent

(source +year)

extra risk (%)™

change (%)

TRIERE .
Background T15%,
BN R T H8.5%75

Thiodicarb Splenic extramedullary haematopoiesis 21
(JMPR, 2000) BEL‘% I)Xg‘j:
Carbaryl Vascular tumours 15 _ 0
oo 2n1) 8.5/(100-15)=10%
Spinosad Thyroid epithelial cell vacuolation 2.7
(JMPR, 2001) ~
ket oo votane adion 5 -BMD10l Default C%:
(JMPR, 2002) L \
Haemoglobin concentration 9.7 J
Mean corpuscular haemoglobin 3 iz
Decreased cellular elements in the spleen 30 [ ] NOAEL J: L) —F % 1% BE
Metalaxyl Serum alkaline phosphatase activity 260
(OMPR, 2002) L/T: LYo
Serum AST 100
Cyprodinil Spongiosis hepatis 5.1 -_— 3
(IMPR, 2003) .i\iﬁﬁﬂl‘](ﬁlo%—CBMD
Famoxadone Cataradts 29 = 2 ~
(IMPR, 2003) %I:Eﬁ 3 étjiiim
Microscopic lenticular degeneration 29 —_— N hs += =
Tributyltin Testis weight 9.1 — t~7b\ g l' \ o E%‘E T
(EFSA, 2004) 9 1'.: (4)
Fumonisin Nephrosis 8.6 - &5 A)
(EFSA, 2005)
Deoxynivalenol Body weight 10.5
(EFSA, 2004)
Bhylburod | White blood cell counts 23 EFSA Journal. 2017;15(1):e04658
amginate
(EFSA, 2007)
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L[]
IncidenceZ#|FHL 7= [ Extra
J - a—
% t é Log-logistic model with 0.95 confidence level
I LDg-|OgIIS1IC I I
Log-logistic model in terms of BMD 1
3 T version: 61.5
model A 18
log-ik  -19.57
a- 01501
BMD-  308.6626 08 s
@ | € 5.3465 P
(=] diype 4 r
b 601.3 i
ces.ans 3 d
CES 0.1
conv 1 06
g e T scaling on x: 1 T
1] selected all 14
E extra risk 0.1 %
3 |7 L[ o 5
5 170.7 809 ‘g
= < i 04
= S
o~ 02
= —t
S 1 0
o
T T T T
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BMR D% 5E 2%t 9 HEPA D) & &

2{ET—4H

BMR :10% (& Standard Tdh 5 (YL FE ¥ E W°EndpointZ LLEE T 5
LIZBEWNT)

0%(15/\41‘7/-&40)!&&&&&J:UQF%E/WTT“J-E/(O)
LWOMZHEITHREREFRDHTI-YIZHEE

HETEMNH ST EYMFERLIEH TLlower BMRE{FES
f=FZL. BMCIOIZEIZTLEV T RE
EiRT—A

BMR: TR RAVRDELLANIVICIGECTEYMFENTREEE
RIIZRDHRES,

ZO5TRITNIXRUED T —RIZEHRL THLWY,
TATT7HEITNILISDOEAFHIZEDHNNIL, .

EPA. Benchmark Dose Technical Guidance, 2012
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FIEAZED RIGIZE-T)

Questions

1. BMRD 1= (Minimally|lZhEBEESN DY TIL YA X
ElE? (MER,OECDT RN ARSAUEBFEZDD)

2. BMIEERIZE NTIF2058L EXEDDosel2ES4-T
Y IRDDH
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Restriction® On/OffEX EIZDLVT

Number of model Model expression

Model mean response (y) as Constraints

P function of dose (x)

Quantal data

Logistic 2 y = 1/(1 + exp(—a—bx)) b>0
Probit 2 y = CumNormm(a + bx) b>0
Log-logistic 3 y=a+ (1-a)/(1 + exp(—log(x/b)/c)) 0<a<1,b>0,c>0
Log-probit 3 y = a+ (1—-a) CumNorm(log(x/b)/c) 0<a<1,b>0,c>0
Weibull 3 y = a + (1-a) exp((x/b)°) 0<a<1,b>0,c>0
Gamma 3 y = a + (1-a) CumGam(bx©) 0<a<1,b>0,c>0
LMS (two-stage) model 3 y = a + (1-a)(1—exp(—bx—oc?)) a=0,b>-0,c>0
Latent variable models Depends on These models assume an underlying See continuous models
(LVMs) based on the underlying continuous response, which is
continuous models continuous model dichotomised into yes/no response
above™’ based on a (latent) cut-off value that

is estimated from the data

EFSA Journal. 2017;15(1):e04658

Probability of infection

RERRMIEKIFE=H(QLT)
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Dose (cells) Number of days
= Exponential s Hjll-1 — Weibull
- Beta—Poisson, approx. Hill-n
Beta—Poisson, exact Log-normal

Brouwer AF, et al. PLoS Comput Biol 13(4): e1005481. 60




INT A=A (constraint) : JEIR
T T VT EE TS

" Primarily equality constraint, inequality constraint, integer
constraint
-REIET AT I3V ETEHLHR
BRI E TR RVDABALH I EES-1h—T T
IR
- ELEY )]

Weibull with no restrictions on the power parameter

100%FKEHD EZATPlateaul ZELTLESETIL (TTH 53T
L TULVELY)

EPA. Benchmark Dose Technical Guidance, 2012
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3

Restriction ONDER &

infinite slope at dose zero%
EFHNE
steepness parameterz1&l)

RELTHIGLTE:

Observed response

o
o
]

H9 LBIELLAELY

(BMDLM A &S
HoTLED)

EFSA Journal. 2017;15(1):e04658

Slob W and Setzer RW, 2014. Shape and
steepness of toxicological dose-response
relationships of continuous endpoints.
Critical Reviews in Toxicology, 44, 270-297.

Observed response
2 4 8

Log10-dose
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INT A=A $Y (constraint) [ZRHL T
78 27K T KZERBE4E Supervision

[Constraint N W EUNER TELZWZ A1 IREREBRE AT VT
SRBATESM., HHWIL. BBRYTHS]

=>bHhoHWEERFE->TIEGELEL

(HMBELMES L. ONZEDefaultl ZL TEHEFIZZ(T5 LY
OFFHLEFIZR S, ELVSEBHNNE)

BIEZR BMDEIZSAShLWWT—4E1E

1. BRT—RIZERIGAVUF

2. ARVEHARBNL2R U E+arbA—)L1 @B

3. IRVNMIEBERAET 2N EELNGEGRHE=>EAZFAIL
MYLTEH., FhldSpeculation| 2T EFAELY)
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