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Abstract :

Risk assessment is usually conducted to evaluate the potential risks from exposure
to a single toxic agent. However, people are frequently exposed to multiple chemicals
simultaneously or in sequence by different routes from different sources, including, for
instance, contaminants in food, drinking water, air, or the environment. Risk assessment
for a single researchers to address such question. As a resut, cumulative risk assessment
has been received notable interest of researchers in recent years.

Chen et al.(2001) employed the standard logistic model and combine the idea of dose-
addition to introduce derived the dose-response function of a chemical mixture for quzntal
response. Nevertheless, their dose-response model may not provide a good fit for a given

set in some cases. For example, the procedure fails to accyrtly estimate the cumulative



risk for combined exposures to multiple chemicals when the dose-response curve are not
symmetric or the data have heavy tails. To this end, we proposed an extended dose-
response model for dichotomous response. The approach aim to estimate cumulative risk
of the multiple chemicals with common mechanism of toxicity. Confidence interval of the
estimated cumulative risk derived from the proposed model was also.

Dose-response model fitted to quantal data can be used not only to predict the prob-
ability of response but also to estimate the dose with 100p% response rate, usually called
p% effective dose of a toxic chemical and denoted as ED1gpp. In this study, we propose
the two-stage approach to find the mixture effective dose and the optimal individual dose

associated with the mixture effective dose.
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B 2% LEIRE

LRMAEFGFRTERETF S TRME R ERTR S KA
ReAe @M TR T RREZR A EATEYE 6938248 ST
REREMEH o AMERAS EZAERTT 8 AGHBIF S TF
R FYRANEWNE » Fama R — 12 H 6935 > L ERFIRFR
B G AEFE RAITIUT ARG HAR MR RERSGEF  ELERF
f& (Risk Assessment) M AILFREZIKTaGRA o

#1983 » £ BIBIZAHE M (National Academy of Sciences;
NAS) #RsrET &5 | AFARE TR AT RAR BAUE
ByAF PG o BURFPE L 45 TiAATRS: (Epidemiology) ~ Ba AR5
(Clinical trial) ~ #32£ (Toxicology) Z%3L (Environment) #f
RZEERFAE » MARGUETE A R AL FAE 5 g WA R R FAR A
st R AR R TR T AR B A2 R A2 (NAS, 1983) © J&
et E LA T | {8 £ 2B
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2. & RJEFE (Dose-response assessment)
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4. BRAFERE (Risk characterization)
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1 #l& R JEHE X, (Dose-Response Modelling)

ERFREHET £ B BRI 72 B AR &AL
WH R F SR EABEF AR R AR R AURA A B B B A6 Rt
AR E A A 0 B AN AR B £ 2 82 - E A E
RIEH X, (Dose-response Modelling) =T A2 R21H &40'R Fl €T &
A RR RJEAEE > LT AR ZHZA FME I ER/AREL TR
RIEEHEER o T2 0 BP AR E Rl 2 & b Al & REAE X 09 R
B4 At B LB 3 HE © IS RSP AR % 4T 8 — LB

BATIR R RJEEHT o Bie g R — U A H AR -
B R e B Rk A e F AT AL 5 ket IR R L B2 G 8

bo i REO T B A A S IR B BB R8RS o —
AR BB y(d) RAEH B (N(u(d), 02)) - T8 pu(d)
$REHE 02 RFHAETATS

p(d) = a+ Blogd

AP 58 ot § 2R AREAERIERE (log-dose response func-
tion) FAIETMALEA » @ d BEMAHE o BATHELHBR
JEAEX A -

P(d) = Ply(d) < d = Ply(d) < —ko] = o[~k — "]



HEF c= —ko BERZTHINET EA TR RJENEESE » Chen et

al.(1992) 42 BAZ4AZE £ (k = 3) MOAB TAL 6983k o

0

g

AR TA SRR AR S AR T HAR
AAYE  FBLRBERTATARRE o RO 2B il 1A
SR AGATCAL TR A AL TR AR A 1 R
B 0 Sel RV AR RIS AA 5 P ARLT FREE © 86

AR LA 2 KRBT R B

P(d) = F(a+ (logd) (2.1)
HF FPAERESRRE o SH - ARBENT w2 AARE—LEDH
by AR X, (Log-logistic model) :

exp(a+ flogd)

Pld) = el g e X o ta s Blog d)

(2.2)

AT (22) TaEMEBLLARFTHE P(d = 0) = ¢ &
P58 ¢ BAERBEREEFMILENE TASRAG L6098 (Backgroud
risk) ; A a F= 0 RIREK AR E RERX T 69 BIEAfa st F o
LA FRXASHELEYH T R BT 2 — AR AT
AR 0 LE M B IEE—AEH 0 K L BAGeF M RN E A A F693A8
W R P B RS RAEL LR R LS Tl B —4E 4
By R4 It ik R A AR IR 0 E kit EA R EtE (Cumulative

Risk Assessment; CRA) AL L FIHR o



2 #l= ik (Dose Addition)

£ B SRE% (Food Quality Protection Act, FQPA) 7
1996 FH.2 £ B3R E (EPA) F S B —2HSAHE £ S HELEDY
BT e R B 7 X Bk RAEGHE (CRA) R AL SFR—
TR (EPA, 1986, 2000) °

Wilkinson et al.(2000) 42 T 248 A KA1 RE £ % ELS
PR T 0 RARR 77 ik A B

(1) Hazard index (HI)

(2) Point of departure index (PODI)

(3) Toxicity equivalence factor (TEF)

(4) Combined margins of exposure (MOE)
(5) Cumulative risk index (CRI)

Bk Rt E— Ak 4 RS ARG o RS ALY
HZ A RIEHB MG o

EPA(2000) 4% i — B8 %A% # 2 hués (Dose Addition) #9384
BEMERBENT » FATAE Z ALY 09 RAVRR © Al EAnik
BERAKTEY Finney 724197155142 » AL ARELA

A FE4# 4] (common mechanism of toxicity) #1124’ » &

23“\3
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MEVRRT » &£ — b2 E 2 &7 &5 & B —AEL2E B2 61z
ook d BE—ACEWEGEE > W dy BHABILEE 847
) AL AR EA R BRATTHELATE ¢

dl = pdg (23)

R p A4S (Relative Potency) ©
1 RARRIRFHE F Fl S Aok A0 A A — (B 69317 i (Wilkin-

son, 2000; EPA, 1999)° Chen et al. # 2001 5A4534 %2 J& A7
=4-RJE% 8 (dichotomous quantal response) Z AR DAL X
4o X T (2.2) BERE LGOS /BT —EIGH AKX > AL
fE iR G B 6 AR TR PT 2 A 0 RAR B o EPTIEAR 269U H i
JE—AEE T o Chen et al. (2001) ZFikAHEELEY R G £
ZOEAN AR Z B Ak (2.3) X o M & BA A0 Bl ik w69 1L
WE S s o AR (2.2) & — RAER F8 R
#X > Chen et al. (2001) 697 % fesb it Radam Al & M 69 X ZAF A&
5o RAELZREAER A ) HOR o ARIFH AL GBRA » £
16424t 2 4 (index chemical) F& &4 R F %S KIE > Chen et
al. (2001) RIFABEZL 694 IR B T AN, > M HF oG4 T o



2.2.1 A 7B 2 (Constant Relative Potency)

ZAA AR R AL H AL A AR o) FppH > BITT AT 2
LA ERERENSFNE P(d) = F(og + pfrlogd,) #= Py(dy) =
F(os+ Bologdy) © 4R FlE— (dy) LT 1FME= (dy) 4L
22T A ARR G AR EARIE R E A AT » L AE AN
TRTE dy = pdy ' £F p BALEWH 14222 Megtadtat /- sk
AL ED BALEWME 16GHRT - FE=BITEATEA d/p &9
X o B RERERERTHREGR © Pi(dy) = Po(di/p) = Pi(pdy) =
Py(dy) ° REIZ— (di) 89 ASEAA Pi(di) = Py(di/p) T A3

aj + f1logdy = an + By logdy /p (2.4)

EXBITHEARE S p = expl(as — 1)/ Be] s RZEIE= (dy) 78T
Bl an+ Bologds = oy + Br log dop + JARE A B p = expl(as —
a1)/B1] o eI E X At BAa R BT B = By =
[ BT ASeil g AR S AR FIRE o TS B REARLE T AR E RE
WX FREGAF o RZ » ZRILEMHAFRFR (6, = 0 =
B) ¢ BITT AR AT R TE p = exp[(az — a1)/B](Chen, 2001) °
Ft > Chen et al. 12 & 2% RAE LA A8 B A 69IL2MH » K
2 R AHEAE o AL EY 1T LRSS HE RIEHE

BV
P(dy, dy) = F(ay + By log(dy + pdy)) (2.5)
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FI32 > 224 m AER AR M09 1b 24 ] 1L 12 kUG & R4 F 40
Rl 5 ARYEFZ ik 69 LISl R (joint dose response) 42X
EARCEY I TATA
F(dy, ..;dy) = F(oy + Blog(di + > _pidi))  (2.6)
1=2
EXFACEGE ¢ FHLEWE 16094830207 pr = expl(aw — 1) /0] °

ERARCEM A s RBERETRIERH

F(dy, ..., dm)

= F(as + Blog(ds + > pdy)), t=1,....m  (27)
t#£s

AFAHE AR p, = expl(ar — ay) /0] BT AR RARAEILE Y
T t,s ARHEHAR ) = py/pa

2.2.2 A 7R Bl (Nonconstant Relative Potency)
SHEtAas I R BT BF 0 Chen et al. 74200142 TAT LA ©
FARHB A AR Tl R R AR TR G T AR R RGP,
%R LA AR R LR R AR I R A B F o Bt
HE B # By RZTrdosk o IS FIR AR H D ik B RS X T
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(2.7) 89X, BIEAMAZNG Pi(d)) = Py(dy) HE 3k -

a1 + B log(di) = ag + B2 1og(ds)
dl(dQ) _ eXp(QQ—al)dﬁz/ﬁl
=
d2(d1) _ eXp(O‘l ag)dﬁl/ﬁz
Bt T AR AR R R 6 E LT R A= M 6 AR g bt R A F aF %
T Bk TR (Bo))) - ESARIERT (2.5) T HA BB A
R G,

F(dy,dy) = Pi(dy + dy(dy))

= F(ay + pilog(di + pi2dy)) (2.8)

XA 1 T ey e Rl R EHET p1o = expl(an — a1) /3]
i w BRI (slope ratio) T&RTE w = 5y/0; °

BAFXT (2.8) RIETHE m ARILEWH GHER > § IR E
Y s L& RERIEXE

F(dy,....d +§:mﬁm
t#£s

= F(C“s + 0 log(ds + Z pstdévSt)) (2~9)
t#£s

EF t=1,..m,t#s> APEXF py = expllar — ay) /5]
M We = ﬁt/ﬁs °

12



2.2.3 —AxFML (General case)

SAH m AT - b A SBHAE AR -
ABR] 5 SLEF Al E KRB RS L3 2.2.14 2.2 2MAEEIL o IR -
wH DAEEF AR FE R eI EWE - P LEWE 1424t 2540
Bl » w2 E 344t R A0 et 2 H 1 R AR ML
SEgAT R A LA iE S AR BB AF L& T BES {{C), Os), {Cs,
Cub. Os) o At ASHRA A 80 H T IR A 4 e BB FUERER, -

F(dy,...ds) = Pi((d1 + pada) + (p3ds® + pady®) + psds”®)

FI3E > 24 m ALY ERENERSFRETHHE{{C), C,,..},
{Chy Crityer}yeery {Cin}} o BEEAZCEYS 1T Chen et al. (2001)
R T AR AP R BN B

F(dl, ...,dm) :Pl((dl + pody + ) + ..+

+ (prd)* + pradisy +...) + oo+ ppdy) (2.10)

L 2R —BELS N EAFAE - AR w, = 5;/6; °

13



2.3 FHzk#l= (Effective Dose)

FRGHE R 0 B2 KB T A A S A ATEE > e
ATRRI LA B E T RBHIE © A—7 @ £ ZEHLT &
JERRAB B 100p% BEPTE Bl TR AT R AN HARE 8 LB a9 il 2
F B 100p% t9A 2 AE (effective dose) » #3E325 EDjgp ©

HRAAGREE A= ATH  RREEER Y, = 1 RERI
FHGEL > R Y, = 0 RIRATARKFN ;M o, FIRAGEER
HF i BREETHEENHE > RRTERES | BHETLRD
WER

P(d;) = P(Y; = 1|d; = ;) (2.11)

£ P() BRZREHSE (dose response curve) » H&&E P Bk

-

B IR (strict monotone increase) © A8 EDqgg, BITE &5 -

EDyop, = P '(p) O<p<1 (2.12)

= P(EDloop) =D

BEIFFE 0 £ p=50% B » LAHZXKEEE ED5 » L LRIE

Bl B—FagrFix > FA8E EDs g AR ErF > RIMSHARE 4 ek b
BEE ; AR E B RBIRAS B AGEIRE (1A back-
ground risk ) ZAIPIEhe—F- 89 BIR B PTIF 269 il 2 > XAE A median

effective does °

14



%A R AR N B ST % SR G p A - AR RG]
B 10% d&st2 p = 0.1 FEARAE4E2 R EDg o — K2R
(safe dose) M FH ED1g 3 EDg 1 ° BEs&RATTT AR R A 5L F £ 698
AR T T 8 FlE AR o

—fmE o BATT ARIBEAL X PTRATEY EDqgp, FHEATIZHEE R
ByfEst > B ATSH T E— L2 H T A A 215 BB M A&7 i sUkk
PEAF SR £F Likelihood Ratio(LR) #= Bootstrap 7 ik
AWM o ARy > BATER YR AR R BIRFIE T A2 R 212
MR AR R a5 69F 8§44 Chen et al. (2001) 423
B RS S R E P A 0 AR N T R — 7 R AT A2
13 H & Rl 6453t o
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F3F Tk
Chen et al. (2001) Fi42 i 89 =70 R JE EARKR Bl 24X B —1%
REFPERA (logistic model) » FEEARZIR S HegEike s o
AR X fe R IR G E A BB TR AL 0 Blded RESR S 2
RAIAERAF R BRAPT R AT AT T — IRk
X AR R A 3 A AR R RGBT R AR &4 A 2L
EFE

3.1 Al= R e A AP (Extended
Dose-response Model)

W LIS A 4m 0 f2 il RE s 4R 38 3F FHARRE ST 4% Rl 98 A 69 42
NAREATH A6 BeE » AFTR AR Prentice(1976) # power-ZE#T
X (power logit model) 89#E4s » % 3§ he—TAKk 5% m (shape pa-
rameter) £&3|HERIEEXT > @ power- AL XA Z—1E
HEAE R Bl % 09X (Devias, 1993) o E—1L24H T power-
BPIHER T R T4 T

exp(a + Blogd)
1+ exp(a+ Blogd)

P(d) = ¢+ (1 - o) o (3.1)

16



Bam AT (3.1) AR BN, (2.2) 5 T —EMRSE m >
T m =1 RTHEZRIEE— AR - LAE R EAEX RS UER T
Chen et al. (2001) AT BGHXARR - 22 m > 1 REAAEREH
BB R ELT THABGER » R m < 1 BIAwEE L% R
& REHAE o

BEAR (3.1) ZMA - HIBE B RRRRHE o BRAA R
BB A A8 B A Al 69 L2 H &3 R RIBE X A9 power-1E 45
XX T (3.2) ATF

exp(oy, + Brlogdy) .
1 + exp(ax + Bk log dy,)

HEF k= 1,2° %H# power-BHIAE X &R E ik o9t B4R
B — R Ay B AT A (Extended logistic model) » AT &AVE 4t
#H m, B R TAR AR R B S-S ARH IR R R o

P(di) = c+ (1= ¢)(

(3.2)

3.1.1 A 7B (Constant Relative Potency)

S B M B XRBATIRE > 5 A AR E AR Bl w6910
WH & Pi(d1) = Pa(di/p) = Pi(pda) = Py(do) > #EIZ— (dy)
6 A BT L AR ) B

17



dh

Pi(di) = Po(—)
P
1 1
= "= "
(1+emx—a1—¢%k%dﬂ) (1+emﬂ—&z—ﬁbbg%)

d1:1 1 m 1 m

= L= ’

(1 +exp(—a1)) (1+6Xp(—041 + b1 logp))

= my log(1 + exp(—a1)) = mglog(1 + exp(—a + (1 log p))

= log(1 + exp(—« ))m1 log(1 + exp(—ay + f1log p))
= (14 exp(—a1))™ = (1 + exp(—ay + filog p))

m

s + log[(1 + e=®)m — 1]

7 (3.3)

= logp =

FoR my = my B EARHAT p = exp(#27*) ##Chen et al.(2001)
P agAata /1 —ix o RIS A A RIE = (do) 898 EAa s T

m

a1 + log[(1 + 6_0‘2)’”_? — 1]
—b

HE mi = my WEARKEANER p = exp(©g*) » HATHIL
#HR mq :mgzmﬂ_ﬁl IﬁQZﬁT’E—#EZ‘H’%’(ﬁ%p:
exp(®5H) © RZ  FAHHMA B p = exp(©5H) = exp(z™H) T

e A HRER () = o = m) FRBBE (B = b = §) T

(3.4)

log p =

px

A8 o
HA R E SRR R ER » 58 ¢ A A48 R kA a1

18



%.’#h}Ej'?;B:-ml:m?::mq:m7_ﬂ_ﬁlzﬁ2zzﬁq:
BT > BB RACEIT s BIBILLY LI B RET AT G -

exp(as + Blog(Dy))

P(D;) =c+(1- C)(l + exp(as + Blog(Dy))

) (3.5)

£ D= (ds+ Z%&S pdy) Tt =1,2,....q; t #£ s HERRERE

(mixture dose) °

3.1.2 AR¥E 7 A Bl (Nonconstant Relative Potency)

AT LA T 6 Aadtak H R AR S B B P (dy) = Po(do) i

Pi(dy) = Pa(ds)
1 1

( mi m2

é e
1+ exp(—oyq — By log dl)) (1 + exp(—ag — [ log ds)

= mqlog(1l + exp(—ay — Py logdy))

= mylog(1l + exp(—as + [ log ds))

mi
m2

= 1+ exp(—a1 — frlogdi) = (1 + exp(—az + B2 log dy))

= —Bilogdy = ay +log((1 + exp(—ag + fylog dy)) ™ — 1)

ay +log(1 + e~2d, )¢ — 1
—B

= dl(dQ) = eXp(

) (3.6)
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B € = my/my o BT S B LB T R EACEME 1 TT

RTA

Fi(dy, ds) = Pi(dy + di(dy))

= Fi(a1 + b1 log(dy

ay + log(1 + e~dy ™) — 1

+ exp( )

) (37)

HEF & = mi/me % my = my 12 By # (o BlgFChen et
al. (2001) ATHR i 89 A0 #HR A 7 B e 2 BARIR A RBAER, (2.8)
ABR o

AEERE q RCEWH AR E AR m 48R 1S
H s BARTHHERETRTR

exp(a; + Blog(D;))
1+ exp(as + Blog(Ds))

P(D) = c+ (1 —¢)( ) (3.8)

APt =1,2..,¢t#s EXF Dy = (ds + XL, pdy") B
wy = Bt/ Bs °

WA 4o g FALREWH EIARCEDH s T X mAARERE
R AR T AF GBS R RE © 128 m; Fo §; B AR LIS
& REEX BT G T, > 5 R EA 48 B %5 T a91LS 4
B ARG EAe R B R AR AR R T oML E 1 B IEIHLE Y

20



RS

Fi(dy,ds) = Pi(dy + di(dy))

= Fi(a; + (1 log(dy

ay + log[(1 + e~d;™)¢ — 1]

- D) (39)

+ exp(

AP E=mo/my e
W—FTUEE g REA B FWEBT > EIIRILEY s 89
BT E REARERT AT A !

Fy(dy, ..., d,)

s+ log[(1 ard—Pr)sr — 1
= i+ e el LA 1,
k#s (s

= Fy(as + O log(ds

a 0 e~ Ok —Br\sk __
£ 3 exp( ! g“”_ﬂ 4T 1y (3,10
k#s §

B g =my/mg o k#1E g Bk REEEA s o

RBIR, > 55H BAETFRIGILEY T 5 3 RILER T 1585 &
AR FEFRSE (m) TREMRER 6T L =AHR
oIR8 AF AT A{{1,2},{3,4}, {5}} » R PALLE 1 84890k
%% m AR (my = ... = my) 12ALRWE 1F 285 40F (5 =
Bo) 5 ALEWH 3An A4t R AR FUe A E W 1R (35 = By # B1) i
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ICE A H 5 B A MACE W H E T AF (B5 # B1 # [3, m5 # my) ©
BALEWH | BIAMLE M LRI R TR T4 T

Dy = dy + pady + p3ds® + pady®

ay + log[(1 + e~d; )65 — 1]

el 2

)

¥ wy = [3/01 0 BECEWE 34 AR 894 F  PTALAHE
b (w) A wsg &7 ASRBENH 58 m FLEHH 1 F4aF
LR AR KTV &5 = ms/my o

WA Sl 0 s B AT R TAE A RS R B4 $ el & | g #F R fm
TR G- BE T AR FE FT AR R L3 69 7 ik R LB - & RO A9, ©

3.2 EAR st s R f

3.1 BFATAR 69 RARRIRAE X 824 Chen et al. (2001) FT42 89
R FRERIESHETE S AEHERF BIF| AP ATIR B 69 77 ik —
PGB BITRERNRAEF R o F—7r @ - BH L FEEX AR
A PARRR 0915 > B AR Bk T 5 — R ZA R Hl2 RE
X A— B R EAER p AL HEROGE » ATRLEHEE
B E &AL JB il p AR B R L8 80 0 12 B X P S5
% BAfag  ZRAMEXBET R LS BRETE Y » FIAKBHRAL A
HHE (bootstrap) FfEst L 2 E B o By AR KPR A
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A% I BRAT 6 A FRAR A A SRR A3k A ARG 2 BAE=T > A RBGH 3K
ey T R A B iR AhR R REmAT RS R
o ks B o

AF T P R HE AT EARE K T -

(1) #EATREA T A FF 2 =6 7 Xdb h —aa#eg A e
EAAMFS =A% B (Binomial distribution)Bin(n;, p(d;))
EF p(d;) =ri/n; o n; BF i BICEME GBAE > @ o BLE
% 0 MEALRI A T R ARG B

(2) AR IR BB AL X ET AR F S B E=HE > THAT B 4

~

SHAEFHE (6,0, 0,p) » A ELFHRALE EH -

(3) & e » A AAZREEXLBRAE B 8 ARt
W (pr, ..., pP) I FER-FHEK E(p) % ZEK Var(p)

(4) FleFFI R B 2 reiz & B (percentile confidence interval) 4&3t
b BRI RER PP (a/2),p*P(1 — a/2)] °

3.3 AR T A b 69 &=t

B E REHE T i 2269 B 8952 A At SR B AT AR R4
2 0 FSLARITR A — B 2R BRESMWA A E (Effective Dose ;
ED,) #2& 7| %% (Individual Dose) © —f&MI&EL#REGE 100p% T
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B FIE 0 IRILIMR R A TR RSB L L MR A AAGF— R E
THRARFWE SACEMHE HARPEGRRTELER AR R
R AR A AT AR EARE S| R ZE - I8 T BAEH9) ) RMTR
FA L HER LR o BREE T % (two-stage approach) KA

SHREMAM AR EREE » L PRA
(1) &3t R GRS AR E > BT R L Bg B M e
30, EDyy, (1 - a)] ¢
(2) MSeATPTAE 3T 898 X G BAE AR IS4 A 2 Bl E AR = Rl € R
JEARXF o
(3) AT ALsEi & R F I E % - KB XN RS RS (K
AN A
ERE R F— PR A A A A E ED g, K AUE R

et AR RS B EDygp » BT

exp(a + Blog D)
1+ exp(a+ Glog D)

P(D)=c+ (1—¢)( )"

EXR¥ D BZ AT ZAGRARE > RSB ET RERESMA

HAEE (D= EDigp) ° #XF (2.12) #T4= EDygq, 893H 7%

EDjgop = P~'(p) = P(EDyqp,) = p%

24



FSLTT A4

exp(a + Blog(EDigop))
1 4 exp(a + Slog(EDigop))
)" =p%

p%

P(EDigop) = p% = (1 — ¢)(

1
1 + exp(—oz — ﬁlog(EDl()()p))

= (1 + exp(—a — Flog(EDig,))) ™ =

= (1- o)

~—~

= 1 + exp(—a — Blog(ED1qgp))

= —a — (log(ED1gg,) = log((

:>ngDm%%:i;kw+bg(p%)%_-U]

:iEEhmp:empﬁ%x[—a—lmﬂ(é%)Yﬁ—lﬂ} (3.11)

Eom =1 BTHEAEA

log(p%) — a —log(1 — ¢ — p%)

3 ) (3.12)

EDlOOp = exp(

W E X T 7T sl A HAENCRYE T - RIGEFRHE TR AR89 5
i ¢ G [BAKT (3.11) BPTAFEIR FLBIG A RS > Hldo
EDo; BIZ# p #0.1% 516944 » &R EHCEWHE 6 FlEAE
EDo1 BIEHAMEAGE o S4H AL EEEHEN » IAEHA
BHIZREWEORRTELE » RRHE PTG B S BB T

- = ~_xB
TR0, EDyg,(1 — )] °
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)

=3 R A RT3 AR 8RS AR E EDygop RikiA
AR AR - ALY T BIEXT (3.11) T33! ¢ @
HHIEXTF EDygy, 0 SR TASBREEE » TA NGRS
87 RAFEN S B4 o BOIIGH > 24 RAELA 40 Fl 489 1b
P AR TR R ZIIRS TR (my =my B = Bo)
BB FE R BT & A%,

EF D BRSHE - B ARIERSEIR 10% TRLRESMALAZ

EDyy = di + prady = f1 = di + p12d2 — E Dy

EDyy = dy + pardy = fo = day + pardy — E Dy

EX dy Ao dy 5 BACEYH 182209 8- 3| RZ ARG RAFE 7
KK dy Ao dy ZAF > BARSFFES fL 2 fo 8P4 d) A= dy 898
FARX 0 EFEH R BB F Optim 89484 244 L TH R B X
REE d 89fE °
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H 4 ARGH

W L —F T A dm R RFT I VT ST R ] 9 F R R4 R A R 89 4%
PEREAT BRI 09-7 45 » BLA TR =480 B a9 AR R EAT
3t B4 1B B3R EETE m R [ AR EATIREY o 4.2
FAEHRE B m ABRULE [ AT Rl 6 AZ 24T RARBRUIR 69714

W% 4.3 BEHAE m A B AR EATREST o

4.1 $af5]—

FBl—1E M Chen et al. (2001) L% FGBITREFTHH 3%
T E Stk A e AR A AR Rl Rl ek Al LR L A2 R
5o AT ERIF RS (hE—) -

(R

RN

4.1.1 AREUERE AL, (Constant RPF model)

SEFHA Chen et al. (2001) T ¥ LALTHA—(BIRE
by ATAE A (standard logit) @ At AL ALY H Ak 5 &
BAF] (my = ... = my) ° W B4 17T B headd P anH eg 4t %
R (S FAEZTAT) ¥ (a) BREBBRIE © (b) BRRT logit
By Att RE o FLT AEEZEA L REE my = mo = my =
my=m B B =y = f3= 0y =03 F48F] °

RALRSHH B LW E T 09 Fl & R XAEH AT R ruflay
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(@)
S - —=— chemical 1
— - chemical 2
=9 chemica 1]
== Chemics 14
= ]
<
«“ | a
o
a
- < o
[ o _| Y
g =1
a
-t Q
L
<@ a
| a A
L=l o
= _|
[
T T T T T T
1 0 1 2 3 4
logidose)

(b)

“3 —=— chemical 1
—a - chemical 2
=9 chemica ]
== chemical 4
o <
a
—_ = 3
[=%
= < o
a a
=]
=) 3
= o a
a
< a
—
'
a a
a
o
b
T T T T T
1 8] 1 2 3
logidose)

($u#]— constant RPF) #l& (log scale) ¥R J& (Risk) 1% E

Az EE o LT AAE—F IR R RR RS WA EE o ik

BERT m LR AS

ERERIEAES,

P(d17 d27d37 d4) =Bk (1 " C)

AR (3.5) RAER B AR LE W H T 091

exp(as + Blog(ds + psads + ps3ds + psads))

1 + exp(as + Blog(ds + psads + psads + psady))

(4.1)

SR AETFIGIARCE s T o KATT i EXAE3 4 Bl A 2 A

T o LR E K420
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&4.1: (#Bl— constant RPF) 1% MR HH LT & 5L 69 & BB K
S8 (RRE) BRAKAE

Chemical ¢ & 3 EDy EDo 4

1 0.03 -2.31 1.71  1.0896 0.0692
(0.06) (0.61) (0.35)

2 0.12 -3.17 251 1.5598 0.2375
(0.10) (1.20) (0.67)

3 0.11 -0.51 234 0.5141 0.0683
(0.13) (0.62) (0.59)

4 0.06 -4.78 1.92  3.9794 0.3412

(0.09) (1.53) (0.52)

&4.2: (#4]— constant RPF) ﬁﬁ]ﬁﬂt&{é‘ SHRE AWAELEYH T RS R
TRIEEASH (IRE L) AR E

s ¢ a B Pa Po Pe ED1g EDo 1

1 0.06 -2.76 1.97 1.27 3.64 0.34 1.3781 0.1257
(0.06) (0.55) (0.25) (0.14) (0.40) (0.03)

2 0.06 -2.30 1.97 0.79 2.88 0.27  1.0911 0.0996
(0.06) (0.47) (0.25) (0.08) (0.31) (0.03)

3  0.06 -0.22 1.97 0.28 0.35 0.09  0.3796 0.0346
(0.06) (0.26)  (0.25) (0.03) (0.04) (0.01)

4 0.07  -4.90 1.97 2.98 3.77  10.79 4.1085 0.3746
(0.06) (0.79) (0.25) (0.30) (0.38) (1.14)

RA2F o py po FIREM T BTACLWE EIAEME I
Z K GG et A o HALEMH 1 RIEARMLEME » L2 2414
W VAR N By pro = 1.27 e AR ZFHANBBRLSHE D =
ds+ psada—+ ps3ds+peady ; ERFBIF EVCEWE 1 BIAZILEWE
B (s=1) EA5EEHDHE =006~ & =—-276> F=1.97"
o = pro =127~ py = pr13 = 3.64 F= p. = p1s = 0.34 » AstfE3tey
RSB ETERTE D =d +1.27xdy+3.64 x d3 +0.34 X dy °

% dp = 150 dy = 150 d3 = 0.75> dy = 5.00 B » RN
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T (4.1) T4F p = 0.799 ° H—7 @24 H LA 48 Fl 69 4%
FEH m >~ G AR PTATRRAE FAAEILE ) H & 1E 482 2 R AR B A
(p) FEs%ARF] » d &4 3THEYIME o

14

10+ -

L= T I o s -

1l

0.7z 0.738 0.756 0,774 0.792 0.81 0.828 0.846 0.864d

p_hat

Bl4.2: ($f]— constant RPF) p 894tz s-feh 7 B (LS4 H 1)

BT AR ERERE B EM o B4.22]E4.55 7 AIL249H 1
LS A0 p g By B o s LR AEARE U &£
STHZEEMBIEE Ak 1964569428 2 E B M LT s
BAG p Ao E T B 4.25B4.54 L3I EHAEE Y o sheF S
J&1E a5tz BB (percentile confidence interval) 8977 & R4,
F ETRR > ST A0 £ ERREER /2 LT 2R
Mokt p BMEBRERMTETA [P (a/2), pP(1 — a/2)] ©

30


Peggy
新建印章


[ = T T o Y T

AE oD a R T

14 -

12 A —

10 A

1l

T I T T T T T T T
0.7z 0.735 0.758 0.774 0.792 0.81 0.828 0.646 0.664

p_hat

Bl4.3: ($a4]— constant RPF) p 6940k 4Bl 77 B ({L24H 2)

a | 1 T T T T T T I
0.7z 0.738 0.758 0.774 0.782 0.8l 0.82Z8 0.848 0.864

r_hat

Bl4.4: (36— constant RPF) p 94wtk 5-Beh 7 B (L2475 3)
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Peggy
新建印章


12

10

= T B I

a T T T

0.7z 0.738 0.756 0.774 1}

L7832 0.

p_hat

g1 0.828

T T
0,546 0.864

Bl4.5: ($ut]— constant RPF) p 694dik 4Bl 7 B (IL2 4 'H 4)

£4.3: (#uhl— constant RPF) AR (p) BfE3HHLE M &3+

p

sd(p)

» 2.5%

b 97.5%

S

1 0.799
2 0.799
3 0.799
4 0.799

0.019
0.019
0.020
0.019

0.7606
0.7602
0.7604
0.7607

0.8376
0.8377
0.8377
0.8375

@A 43T A H TR AT

» L BRI AE S B 0.799 o

Bie mAE LR E B R A F > Bkt RAR AL § 4ok

P

AT ©

H T 5B EFHMEIE S BT RIS B R R A3 BAR R S-E T 4

AEE » RAABTRIIGAZALEW T T RS 10% $20.1% Bb
WA T B0 B Ak st E R AETHE 5 M E R RS HE B 2 AR
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A e B4.6 31E4.13 Bk RRHEPTATRE WA R 2 X Ak 5 B

o wHT A K ED10 2 EDg 1 Z At Bt IEEAE R Y > Ebai A

>

El

o B maor oo

R E AL R B AT B B RAE TR A A 2R & LR SGE S o

&4.4: ($h)— constant RPF) &AM FZ

ED sd(ED) ED+1.96sd(ED) ED 95%

S
EDig 1 1401 0.393 2.171 2.147
2 1.098  0.289 1.665 1.631
3 0385 0.105 0.590 0.576
4 4125  1.090 6.262 6.167
EDg1 1 0.139  0.085 0.306 0.304
2 0109 - 0.064 0.235 0.232
30038  0.023 0.083 0.081
40410 0.243 0.885 0.872
17.5 A
15.0 A ]
12.5 |
0.0 ]
7.5 T
5.0 T
2.5 A
o Ll |

T T I T I T T T T T T T
o.e6 0.% 1.14 1.38 1l.62 1.86 2.1 2.34 2.58 2.8 3.06 3.3

ED _p

Bl4.6: (#4]— constant RPF) EDy, #9dbtkofet 7 B (1L24H 1)
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[ = T T o B -

fa =y I T B =]

15.0 -

la. 5 o

0.0 A

L

I I T I T T ! T I T T T
0.4 0.64 0.8 0.5%6 1.12 1.246 1.44 1.6 1.7 1.92 2.08 2.24 2.4

EL_p

Bl4.7: (#4]— constant RPF) ED,, 894tk ofc a7 B ((L24K 2)

15.0 A~

12.5

10.0 ~

0 T T T T T T T T T T T T T

o.1s 0.24 0.3 0.36 0.42 0.4% 0.54 0.6 0.66 0.72 0.73 0.84 0.9

ED_p

Bl4.8: (#u#]— constant RPF) EDy, #9dbikofed 7 B (IL24'H 3)
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¢ B oo o R T d

fa = I T o B =]

15.0 A

lZ2.5 A~

10.0 ~

0 T T T T T T T T T T [ T T

2.25 Z.85% 3.45 4.05 4.65 5,25 5.85 6.45 7.05 7.85 8.25 §.85 9.45

EL_p

Bl4.9: ($#]— constant RPF) EDy, 89dbixsaicary B (1L24H 4)

25 A

15 o

10 A

o T T T T T T 1 T T T T T
.03 0.0% 0,15 0.21 0.27 0.33 0.39 0.45 0.51 0.57 0.63 0.69 0.75

ED_n

B4.10:  ($#£4%]— constant RPF) EDy, ##io R a5 B (ILEmH 1)
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=2 T T ]

= I T o Y -

30

25

20

15

10

0.025

B4.11:

25

z0

15

10

0.1 0.175 0.

(#u]— constant RPF) ED, 6940t sBel 7 B (1LF44HH 2)

|
0.004

B4.12:

I I I I T | I
0.0z5 0.052 0.07a6 0.1 n.1z4 0.148 0.172

(#.4]— constant RPF) EDg; 894tk 9Bt 7 B (1L24'H 3)
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20

15

[ = T T B o Y

—

0 T T T T T T T T T T T T T
g.08 0.24 0.4 0.56 0.72 0.83 1.04 1.2 1.36 1.52 1l.68 1.84 2

B4.13:  ($Lfl— constant RPF) EDg; 694tk Bl 7 B (1bS40H 4)
W &4.4 T A B EACENH L BIEARLEYET - £ RERBIE10%
THHRAERE LA EDyy = 2.147 » b Ast e RARR F T

MR B RAETE R 2.147 » e RAB B A S A GHARE A

o)

o

&4.5:  ($uhl— constant RPF) &5 %l L

dl dQ d3 d4
ED;p 0.1928 0.5119 0.1403 1.4281
EDg; 0.0279 0.0659 0.0216 0.2053

FALE AL AZBE EDyy #2 EDg T LA &R HEH o
ERJEAE10%R0.1% T » RIFEEA5 L2 H 1 A T/FAE L
2 EEH 0 BT FRIBGI10% LREE A€ 5 2.14718F >
A B B UL H R KT 24 HE40.1928 ~ 0.5119 ~ 0.1403 4=
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1.4281 » Fét 4t A 4Rl 45T (B m 32 5 48R 89 ZAHR
A ERBAERNT o 48 Fobik TR 2RAMA R R T &S HE LT
/Hfg}ﬁ_ ©

4.1.2 AREURIEE ALK (Non-Constant RPF model)

# Chen et al. (2001) 890 PAHALE W H 2405 L4 M H b,
AR BTk T E{{2},{1,3,4}} » ¥aysEsinemi LA AR &
MR EDH > RS T eAAR » ZEHAER m AR § R
A48 B AT RAREIRFH1F o

SUBF AL H 2 BIARCEMH » Mzl T 8 RARIR B2

FRBERA

P(dl, d2,d3, d4) =c+ (1 . C)

exp(ozg . 62 log(dg . p21d7f} e pggdg} + ,024d§f))
1 + exp(ag + G2 log(da + pardy + pasdy + pasdy))

EVMCR T L AIACENH - L R A& RBRAA

P(dl, dg,dg, d4) =c+ (1 — C)

o exp(an + B1log(ds + prads + piads + prads))
1+ eXp(Oq + 061 log(d2 + p12d§” + p13d3 + p14d4))

W & 4.6 fnill L A8 B TS AR R G AR B4R w TRg AR
ROIRFAACEYE 2FC2YE 1(K3 0 4) 898HFLE w = 1.15 =
1/0.90° AT H d = 150> dy = 1.50> d3 = 0.75~ dy =
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%4.6:  ($#]— Non-constant RPF) #H#FR Bl 4#HE E T 48 Rk &%
F AR THE RS R BRERS S (IRE2) EARAE

s ¢ a E Pa Py pe W EDyy  EDy.

1 006 268 1.92 1.09 367 034 115 13329 0.1143
(0.06) (0.57) (0.26) (0.31) (0.41) (0.03) (0.22)

2 006 -257 220 095 294 038 090 1.2224 0.1433
(0.06) (0.70) (0.45) (0.25) (0.31) (0.16) (0.18)

3 006 -020 192 028 030 009 1.15 0.3663 0.0314
(0.06) (0.25) (0.25) (0.03) (0.09) (0.01) (0.22)

4 006 -476 192 298 324 108 1.15 3.9382 0.3376
(0.06) (0.77) (0.25) (0.30) (0.90) (1.17) (0.22)
lda —H
12 4 B
10 4 |

P — |

;o5 —

_—

t
4_

2_

o T T T T T T T T T T

0.658 0.68 0.704 0.728 0.752 0.776 0.8 0.824 0.848 0.872

p_hat
B4.14:  ($£4]— Non-constant RPF) p #93biko-fe ki 7 B (L2440 H 1)

5.00 B » TTIAF BRI AETHA (p) » B REIEE RAT °
Bl4.14%|E4.175 AR 69tz o BB > k™5 p 694 F 5

e B 3 AT AR 0 RS £3H p BFR A B RS B B B AT

B Eg ST o
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[ =Ty I o B -

L= T T o B I -}

1z

10

1 T T T T T T T T
0.615 0.66 0.705 0.75 0.795 0.44 0.8685 0.93 0.975

n_hat

Bl4.15:  (#%]— Non-constant RPF) p 894 5-Eeh 7 B (L2498 2)

14

12

10

I T T T T T T T T T
0.658 0.68 0.704 0.728 0.752 0.776 0.8 0.gz4 0.8548 0.872

p_hat

B4.16: ($a%— Non-constant RPF) p 694dtk 9Bl 7 B (1L 'H 3)
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14 A
1z ]
10 [ ]
P
L AT
a6 ]
t
1 4
5
o T T T T T T T T T T
0.656 0.68 0.704 0.728 0.752 0.776 0.8 0.824 0.848 0.872
p_hat
Bl4.17:  ($]— Non-constant RPF) p 894 5Bl 7 B (k24 'H 4)
£4.7:  (#uhl— Non-constant RPF) EAEK (p) BfE+tLE M4E3t
s P sd(p) p (25%) p (97.5%)
1 0.785 0.028 0.7292  0.8382
2 0.833 0.058 0.7101  0.9390
3 0.785 0.028 0.7292  0.8378
4 0.786 0.028 0.7288  0.8394

AT 5B EFT—F BT #ITHL

S
ARV

IR EFNHERKRT 52

FLEE o R LA RS o AIH ED #9Es R E A AL

SBeAER s §E4.183|B4.25 T2 LA % Bt L IF AR - |

SLAESAR B S RUE B RAMUR IR S A2 R 2 69 L RAEHA -
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15.0

l1z2.5

10.0

o B om0 H ™Y
-1
n

B4.18:

15.0

12.5

10.0

A B ma R T
-
o

B4.19:

(24— Non-constant RPF) EDo894btes B i 7 B (1L24H 1)

j

[ T T I T T T T T T I T T I
0.36 0.6 0.841.0861.321.56 1.8 2.04 2.28 2.52 2.76 3 3.24 3.48

ED_p

($4]— Non-constant RPF) ED 83k ofed 7 B (1L24'H 2)
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15.0

l1z2.5

10.0

[ = R T o Y T~
-1
n

B4.20:

15.0

12,5

la.n

o B oma R oo
-1
o

B4.21:

i

o.15 0,21 0.27 0.33 0.3% 0.45 0.51 0.57 0.63 0.69 0,75 0.81 0.87

EL_p

(#a]— Non-constant RPF) ED, 89 dbizs B E s B (1L

E

¥

bivig

El

Fa)

3)
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25

20

15 +

10

AE oD a R T

0.025 0.1 0.175 0.25 0.325 0.4 0.475 0.55 0.625

ED_p

B4.22: ($#4]— Non-constant RPF) ED 8940ty A a7 B (IL249H 1)

30

25

15 -

P = T T o B T

10 -

0 0.18 0.36 0.54 .72 0.9 l1.08 l.26 1.44 l.62

B4.23:  ($£4]— Non-constant RPF) ED, 83wt 5 Bl 7 B (1LEHmE 2)
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25

20

o4E T O R Do

0 T T T T T T T T T
0.005 0.03:2 0.058 0.03 0.104 0.12s 0.152 0.17%76 0.2

ED_p

B4.24: ($#4]— Non-constant RPF) ED 8944ty f b 7 B (1L24H 3)

20.0 o

17.5 A % |

15.0

l1Z2.5 -

0.0 o

A E DT a R D .

0.0a n.z4 0.4z 0.6 0.78 0.98 1.14 1.32 1.5 l.68

ED_p

B4.25:  ($£4]— Non-constant RPF) ED, #3uti 5Bl 7 B (1LEHmE 4)
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&4.8:  (3ufl— Non-constant RPF) R&4)A A€
ED sd(ED) ED+1.96sd(ED) ED 95%

S

EDyj, 1 1351 0.377 2.090 2.052
2 1.224  0.381 1.971 1.946
30370  0.102 0.570 0.559
4 3992  1.093 6.133 5.980

EDo; 1 0.125 0.077 0.276 0.273
2 0162  0.128 0.414 0.404
30034 0.021 0.076 0.075
4 0370 0.225 0.810 0.792

By & 4.8 13 2] /2 R B KA 69384 A 20 B & 2 Bkt sl fd
PRS0 LR R 1AL E B EREAE 10% T
RAEMAREELESR EDy)y = 2.0520 #2Z » £ RZHREKR T TRK

w0 RA T LR B 2.052 °

£4.9:  (#%]— Non-constant RPF) &+ FI#HREA4 T &5l LS
dy ds ds dy
ED1g9 0.1919 0.7155 0.0961  1.1999
EDg.1 0.2734 0.4044 0.0748 0.7916

RA9BRIZ3 IR 77 ik PIAF &S\ RE LS #1635t
VAL R B IGAR) B 10% 693k K 7T B 24 2B £ B 2.0528F » AR5 LE:
W ORKT 52 HE2 7 50.1919 ~ 0.7155 ~ 0.0961421.1999 » &

&R B EABBPT AT 9488 BT 48RS A 20 H AR B AT 46 0 1L

) R AR EABE o
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4.2 Fpfp—

RAUE R SE P MR =69 B HHIR % — BB T 6997 o dizt B AT
SUBREE Y AR T BAR IR 69 48 Mok A8 » B sb e sb ) TR 89 E AT &
B AT o SR AA WAL LA A0 Bl S0 ILE M H o B
ZWH 1 24232 B R R S B B4R —1% o LEMH 48
KRS BHAT = T AR o BAABHEREETRIEMAE (B4.26) 52
AR EEETE (R4.10) 0 TOAWABA RALLHT 469 Bk g =
HARARF e

2 — — chemical 1 — che 11
o hemical 2 - chel |2
hemical 3 chel |3
- = chemical 4 chel 4
o '
]
2 - !
- s Lc: .
s i
5 C /
= =4 .
= =
=
| =
[
-_— e
= |
=
T T T T T T T T
2 0 3 4 3 Q 2 4
log{dose) log{dose)
= K — EAR-R EAR-A > =
B4.26: (fbl=) RlEHLAEREHAE

EAN10ZEZ B BEHE A4 10T UE RIS EY my =
0.325 SEM = FAZEWE (my = mo = my = 0.999) AHTRFE
B B 4.267 T 454t B 4 E 1 ~ 240 3481540 Bl R K5 Ra4E AAS A5

RAREFIEE  — 4 AR A FARR IR E 1~ 203 F—m
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£4.10:  (#h=) 1& ARHEE S SRR 69 B E RS (R4 £)
BT E
Chemical 1 2 3 4
¢ 0.032 0.044 0.034  0.203
(0.100) (0.040) (0.112) (0.035)
& -2.280 -2.258 -0.161 -7.806
(4.436) (0.082) (1.800) (2.842)
¢ 1.686  2.009  2.007  2.322
(1.145) (0.921) (0.549) (0.616)
m 0.999  0.999 0.999  0.325
(2.174) (1.658) (1.371) (0.175)
EDqo 1.077  1.056  0.369  1.844
EDo, 0.066  0.101  0.035  0.004

LEWH 4 o R4 10TR4LENE |~ 283694240 %F > FILT L
1% Rl Az A1 B 2 (constant relative potency) 8977 X7 o &
AALEE 4 PUE A power-EEIAR X GBS RAET KT RTA ¢

exp(a + B logd)

P(dy) =c+ (1= C)(l + exp(a+ [logd)

)m

A4l (bl=) AR RAHE A R A AR R H T e 3T R A S
chemical 1 2 3 4
é 0.06 0.06 0.06 ¢ 020
(0.03) (0.03) (0.03) (0.04)
é 285 -236 -0.19 & -10.40
(0.29) (0.26) (0.14) (11.94)
3 2.07 207 207 A 299
(0.16) (0.16) (0.16) (2.88)
fa 127 079 028 m  0.54
(0.08) (0.05) (0.02) (3.03)
b 3.64 287  0.35
(0.23) (0.18) (0.02)
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RANVFALEYH 1 28 3PTF R 5 B R C AR B A =80
W T AR RUBAE R, P 8 S B o AL E 4 BI& AT power-
WS AT E R\ T RIEAEN F 89 58 A 3t ©
KT EFNBERBAENE L 0 T—F TR0 AR
AP o R4 IITAF R LB Rl 2 KB N1 A A B4R
AR BRI E 1 ~ 240 30F » L= Feh4tE g AMREH m i
B ET S 22 EAABLEW T A BAERT AR R © TRAFS
— B EFHMEZE ) FLT 4l sl LR H 2 Bs B = fo =

B3 =08+ By B my =ma=myg=m#my°

14 +

12 7

10

o4E oD R .

0 T T T T T T T T
0.z2025 0.2175 0.2325 0.z475 0.2625 . 2775 0.2925 0,3075%

p_hat

Bl4.27: (861 =) p ko Bl y B (ILE4E 1)

W p AR SEE 7 B T fe Bt 3EEHE 0 Rk ER R ESE
REa Lz R o
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=R B A L ]

P = T T o s T

14

1z

10

14

1z

10

D.z025 0.2175 0.2325 0.2475 0.2625 0.2775 0.2925 0.3075
p_hat
B4.28 (fh1=) p g EE 5 B (1LEWHE2)
T T T T T T T I
0.z20z5 0.2175 0.2325 0.2475 D.2625 0.2775 0.29z25 0.3075
p_hat
Bl4.29: (%8Bl =) p dhiisBe .l oy B (ILEHH 3)
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40

35

30

25 7 7

20

=T T o s -

15 H
10 4
A

0 T T T [ | T T T T T T

0 0.12 0.z24 0.3a 0.48 0.8 0.72 0.84 0.96

p_hat
4300 (Fbl=) p Wikp Bl B (LS H 4)

2412 (Jbl2) RAURR (D) SRR M4k
p sd®) P (25)% p(975)%

0.249 0.016 0.2185  0.2806

0.249 0.016 0.2186  0.2808

0.249 0.016 0.2186  0.2809

0.195 0.048 0.0949 0.2595

= W N = »

A RAN2F AT 2| RS BESR BB & A0 R » 55
BT dy = 0.50~ dy = 0.50 A& d3 = 0.25 FT A b = /12
R Z IR e TR TR T A A 69 R AR 55 0.249 © sk E—2 R A
L2 YR APTAT R0 - R © £HFIEE P A~ A R
Tk LR RATR S BR— R T B LB R ERR
thA o A — RARR - EABIT PR BRaMIRARTR - B

SRS A AR E NPT & A 0 AR IR B 0.24940.195=0.444 ©

o1



= TR T T

[ = T T o s =

12

10

lz

10

—_—

0.65 0.76 0.84 0.92 1 1.0 1.16 1.24 1.32 1.4 1.4 1.56 1l.64

ED_p

B4.32: (866 =) ED ot ie i B (LMWK 2)
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Do oS oo

¢ B or o BT

1z
10 T I—
8 —
. -
4 -
2 —
o T T T T T T T T
0.2325 0.277%5 0,3225% 0.3675 0.4125% 0.4575 0.5025 0.5475
EDl_p
B4.33:  ($a6]l=) ED i a5 B (1L2HmE 3)
20.0
17.5
15.0
12.5
10.0
7.5
5.0
2.5
0 T T T T T T ﬁ—'ﬁ T T T T
0.3 0.9 1.5 21 2.7 3.9 45 5.1 6.3 6.9 7.5 8.1 8.7
ED_p
B4.34: (6 =) ED o MiEs B a7 B (ILEWH 4)
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o B mao /s s

P =T T o T -

1z

10

12

10

T T
0.048 0.084

B4.35:

o012z 0.158

]

L1922 0.E228 0.264 0.3 0.336 0.372

EDl_p

3

(#5]=) EDg Mtk s-Bl 7 B (1b2HE 1)

0.04 0.0 0.08

B 4.36:

0.1 0.l12 0.14 0.16 0.18 0.2 0.22 0.24 0.26 0,28

ED_n

($et]=) EDg 4tk B b 7 B ({bFHH 2)
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15.0 -

12.5 A

10.0 o

E M O R oMo
-
on
1

2.57!_17
0

0.012 0.0&2 0.028 0.036 0.044 0,052 0,06 0,063 0.0760.0840.0582 0.1

ED_p

B4.37:  ($6l=) ED #iE o i 7 B (IL$HmE 3)

B4.38: (#4]=) EDo o BCh 7 B (1LEHH 4)

FAN3BERA WAL EET

» LA PR AT EIREGIR S

AL RIS BLEg 7 e AE ST & R Bt L2 o RAVPI R A 2R 2 6915 #

ERRME RN EFME > BARITH LR

95

B BR o By
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AANEDE 4 AR ERLEITENR S 0GR > L H AR =42

£4.13:  (bl=) REUAHEE
ED sd(ED) ED +1.96sd(ED) ED 95%

S

EDyy 1 142 0.8 1.773 1.73
2 112  0.14 1.394 1.36
3 039  0.05 0.488 0.49
4 206  1.26 4.530 4.34

EDy; 1 015  0.04 0.228 0.23
2 0.2  0.03 0.179 0.18
3 004 001 0.060 0.06
4 007 029 0.638 0.36

£4.14:  (dhl=) EREE LS
d; do ds

ED;p 0.4085 0.3212 0.1394

EDg; 0.0372 0.0100 0.0245

RA14T OG5 E TR R BB T BB EHRA TR E

S 750.4085 ~ 0.32123520.1394 o AT ATA2 JH 64 7 RAAF TR 58
FR g4 > FH—mAAa ) B @ i AT 465 > mp—m R —%
CEWE 4 A7 X B power-TREITAE X AR EATRST o AR
RS BR B AR B FEE TR 5oy — At L R 7 X 0 R
TR Fl Ay R 2 Amba PP B R AR E o (2 L nh — kB RA atk  1

FH BB E BB KA 0 Bk EF T BT
BRARET o
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5 F WAt

5.1 #3%

wer |

SHEAR BT RATIR B A =K B89 @ RARRR 6936 AR RIS B
b 77 E A HRE AR E A & B R E R KT 5 LR E > A RPTR
d A PR B E RUBAR AT R AL B 8 o

L= UREEHE R RIEER - BAISURT 2EA —E ¥
G 0 AR BRI —& R0 RAARIRTE o B ik Fi
FEATAE X BB RE ik 9IS B — R R 6 Rl & RUBAE X, FsLIRE
AR X BAT R —ALEY T G R E e R B E R H 4y
FAHE 3 HFBATBE I RERRX A9 E3T  dsb™T A LS mH
R s SR B RUR S 30 my,; S24HE 0, R FARR > BEAT RATER p 89
flatsiabii R agstshn - LSS HRER o EEBATRE R &
B EIEE 0 B RARRES YA R TR LR KT
AA AR E RS2 T A BRI KT EhE o HeHH
ZAUR B B E REFHE R E R AR B 1PTw ©

2 EIRAET

o7



Beanern

N S

BAgEY

(HAIT LB

R . S

#ERFHE)

l

[%ﬁﬂ&%ﬂﬁﬂ@ﬁ%ﬂ]

l

[%%%ﬁﬂﬁiﬁﬁ]

N\

REhAHAHE &3 B2
£ M E R4

B5.1. AR
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5.2 FsALA AR,

(1) SHEERRFTRADA — e 77 GE5EATR 09583k © ALK B
TP R HE AT RA WA 2B T 09463 128 T WSk 2Mn
T4& ] LR #% (Likelihood Ratio test) #4743t ©

(2) AT A R BB FUBAER, 0 B B ATSUBR A AT
SRR BT » E A TP R AR 5 6T A
KT A LTS SHHE AN LA RTE 0 17T % A
Beday 7 X AR o

(3) AFRFPTIR R 8 Pl B REAE X B — BB ARG N, > £ HEEF
v i LA $E0G 7 X EEAT IR AT 0 BAF RE sh 4 F K
S BIGNE Y H —AeARET 0 ARG BT AR 891LE N H
BBt B Rl s Ran 6 BUR A - A% AF R fEAR e
WA RSy BRI AL g8 B — (B R ARLA AR
HR BRI A AR AtK A91E TABIE 1 o BURMA R Bk R e o Bt
M FAEARE | BIRE IR JEARRFTR 69 7 ) BT 4143k B RE A7

E}‘-[-j'fa o

(4) $HER A BT AR a9 BT M T A2 BAACSHIE AR A5
FHAIL + 5T AR AT TR th R 69 kR AT - A4 BIL R 4p

H G R Z ik GRS ARG RRBERAL (D) o AFLH] =B >
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EVMCEWE A BARARICEWE o L BRI E REAER B

P(dl,dg,dg,d4) =c+ (1 — C)

« ( exp(ay + By log(dy + dy(dy) + dy(dz) + dy(d3))
1+ exp(ay + B log(dy + dy(dy) + dy(da) + dy(ds)))

)m4

L dy(dy) = exp(@ttllee Yy gy 9 3.

(5) AFFRIE 6 MG B 7 ik R ARG & R A A 2l 4k > Hk A
1% AT % JeAe T4kl — B BLeg 7 ik B AR EAT & R R S 0945t o

(6) AEFFVA Prentice(1976) AT4% ik 98 AMUE & FHEc 1l T B i
BIREAER, A2 A % B AR B AR 69 77 KR IR by
X333 (Aranda-Ordaz, 1981; Pregibon, 1980; Stukel,

1985) » A M&gFtastsnT 5% Morgan(1992) M A féatgit o
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4k

k& —  Sbl—B AT H

Chemical 1 Chemical 2 Chemical 3 Chemical 4

1.50 19 103 150 14 60 0.75 31 90 5.00 13 60

3.00 53 120 3.00 54 110 150 54 80 750 27 85

6.00 83 123 6.00 81 100 3.00 80 90 10.0 32 60

150 55 90

20.0 44 60
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k= bl AEH

Chemical 1 Chemical 2 Chemical 3  Chemical 4

d r n d r n d r n d T n
050 4 60 050 4 60 025 5 60 0.08 19 90
1.00 7 60 1.00 8 60 050 12 60 0.16 24 110
1.50 19 103 150 14 60 0.75 31 60 0.32 26 115
200 16 60 2.00 20 60 1.00 29 90 0.63 20 80
250 20 60 250 26 60 1.25 35 60 1.26 18 65
3.00 53 120 3.00 54 110 1.50 54 80 2.48 30 90
3.50 28 60 350 35 60 1.75 44 60 4.91 46 110
4.00 32 60 4.00 39 60 2.00 47 60 9.71 42 80
450 35 60 4.50 42 60 2.25 49 60 19.19 ol 70
5.00 37 60 5.00 44 60 2.50 51 60 37.95 54 60
550 39 60 5.50 46 60 2.75 52 60 75.05 103 105
6.00 83 123 6.00 81 100 3.00 90 90 14841 84 85
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