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@)
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2000
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Version 3.0 2019 2 Version 3.1
Version 3.1 20
( ) multiple tumor Version 3
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) Version 2.7 Version 3.0
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Microsoft Excel®
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EPA BMDL

Version 3.0 Version 3.1

® 2007 Microsoft Excel®
[ ]

[ ]

Version 2.7 Version 3.0

Version 3.0  Version 3.1 Version 3.1

BMDS 3.1

)
(2)-1
4
- Continuous - summarized ( ( )
- Continuous - individual ( ( )
- Dichotomous ( )

- Dichotomous - nested ( )

(2)-2
BMDS 3.1 3.1-1
Version 2.7

Version 2.7

- Rai and Van Ryzin model
- ToxicoDiffusion model

- Ten Berge model

NCTR (National Center for Toxicological Research) nested dichotomous
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3.1-1 BMDS3.1

Continuous

(

Exponential Model | exp M2, u(dose) = a x e~bxdess a = background response (
M3, u(dose) = a x e~ (Bxdose)? ) (> 0)
M4, u(dose) = a x (c — (c — 1) x e~ bxdose b = slope ( ) (> 0)
M5, u(dose) = a X (c — (c — 1) x e~(bxdose)? ¢ = asymptote term ( )
increasing data ( ):c
>1
decreasing data ( ):
0<c<l1
d = power ( )= 1)
Hill Model hil i(dose) = y = ;:f:n y = control ( ) (intercept ()
k= (half-maximal change)
n = power ( )
v = maximum change ( )
Linear Model lin p(dose) = By + Pydose + pdose? + -+ + Bo...Ln:
fndose™ n: (
Polynomial Model | ply Linear model n=1 polynomial model ( 21))
Power Model pow u(dose) = y + § x (dose) 5 y = control ( ) (intercept ( )
B=slope( )
6 = power ( )
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Dichotomous

(

)

Gamma Model gam (d) =y + ;—y foﬁd a1 exp(—t) dt y = background ( )(>0,<1)
(@) a = power ( ) ( (restriction)
1< 18,>1)

B = slope ( ) (restriction >1)

Logistic Model log p(d) = 1 a = intercept ( )
0 Vrexpla—fd] B = slope ( ) (restriction :>1)

Log-Logistic Model | Inl n(d) =y + 1+exp[_1‘:31c,g(d]] y = background ( )(>0,<1)

a = power ( ) (restriction :<18,>

1)

B = slope ( ) ( restriction :>1)
Probit Model pro p(d) = @(a+ pd), where ¢(x) = a =intercept ()

2, #(t)dt and ¢(r) = ‘;%9% f =slope () (restriction :<18,>1)

Log Probit Model Inp p(d) = y + (1 — y)®[a + Blog(d)] ¥ = background ( )(>0,<1)

a = intercept ( )

B =slope ( ) (restriction :<18,>1)
Multistage Model mst p(d) =y +(1—7) (1 ~exp [_ S, Bydose j]) ¥ = background ( )(>0,<1)

B = dose coefficients ( )
Weibull Model wel o _ o ¥ = background ( )(>0,<1)

p(d) =y +(1—y)(1—exp[-fd*]) .

a = power ( ) (restriction :<18,>

)

B =slope ( ) (restriction :>1)
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Quantal Linear qln p(dose) = By + Pydose + frdose? + -+ Bo...Bn:
fndose™
Model n n (
Linear model n=1 polynomial model ( 21))
Dichotomous Hill dhl (dase) = g+ (v—uvg) g = background ( )=0,<1)
Model P " 1+ exp(—a — Blog(dose)) V= ©
<v<l)
a = intercept ( )
B = slope ( ) (restriction :<18,>21)
Dichotomous- NCTR (National nctr p(d) =1—e (= (@48, (rijrim)— (=05 (4 ~rim) Xdos6?) a = intercept ( ) (=0)
Nested Center for p = power ( ) (> 0, restriction 1>
( Toxicological 1)
) Research) Model* B = slope ( ) (=0)
6, = first coefficient for the litter specific covariate
( 1 )
6, = second coefficient** for the litter specific
covariate ( 2 )
¢b1,...,¢g = inter-litter correlation coefficients (
)
Nested Logistic nln p(d) = a + Oir; + (1 —a —61135) a = intercept ( ) (=0)
Model N (1 + e[F-Bzry—pxin@dose)]y p = power ( ) (> 0, restriction D>
if dose = 0, and & + 6 1;; if dose = 0 1)
B= slope ( ) (=0)
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6, = first coefficient for the litter specific covariate
( 1 )

6, = second coefficient** for the litter specific
covariate ( 2 )

¢b1,...,¢g = inter-litter correlation coefficients (

)
Dich?tomous— Multi-Tumor multi P(d)=1- o l~(Bo+Brd+Brd? s )} fo = Zﬁ*“ 5 = Zﬁn 5 = Zﬁ'za
Multi-tumor (MS_Combo) ) )
Model i=1,....,t
t
Bxj: j X
B restriction:
adverse direction
(Non-negative)
(Non-positive)
* BMDS 3.1
woE first coefficient second coefficient
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(2)-3

(Restriction) (Restricted/Unrestricted)
) ( 313.4)2) 3.1.-4
(2)-4 (Modeling Options)
(BMR
(Confidence Level)
) ) ( 3.13.4)3) 3.1.-5 )
BMDS 3.1 (
1
(2)-5
Benchmark Dose Technical Guidance (EPA (2012))
(recommendation logic)
decision logic)
BMDL
(
)
BMDS 3.1 3
- Viable:
- Questionable: decision logic
- Unusable: BMD BMDL
"Logic" ( 3.1-1)
( )

89

)

(BMR Type)
(

(BMRF)

(user-defined

(

decision logic

On/Off



O 0 3 & »n B~ W N =

W W NN N N N N N N N N = = om e = = = = =
—_— O O 0 NN N B WD = O O 0NN N R WD RO

1y

1)-1

2)-2 ( )

i) p
EPA
Multistage model

i1) BMD scaled residual value®
2) AIC*

2)-1

AIC
AIC
2)-2
AIC
3

3)

3)-1

3)-2

(
( /
45 ( _ )
AIC=-2log(L) + 2p ( log(L)
)
Version 2.7 BMDS

90

0.1
0.05

<2

AIC

BMDS 3.1

AIC



O 0 9 N U b~ WD =

e e e e e e
o N N A W NN —= O

19
20

21
22
23
24
25

- p >0.05
- p >0.05
4) BMD/BMDL
BMD/BMDL
BMD/BMDL 20 5
( )
5) BMD BMDL
BMD BMDL 10 1
BMD BMDL
3001 (
)
6) (degree of freedom)
(degree of freedom)
(saturated model)

MDS 3.1

ey -
Test
— e et Homw s
= [ [
On o On
o ot of
On 0l On
On
On
On [ On
On
On On on 2
On On On
On On On
On [ o
o on o8
On On On
On On On [
On On On i [ED 210 kowor than kwwst non-zeto dose
On on On 1
On On On
Gn 15
[ on o0
3.1-1 Logic
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[ N S

O o0 9 N

v Viable 3 AIC BMDL

v Viable 3 BMDL
BMDL

Viable bin
1. Assume models are viable
2, Assume EPA default logic criteria settings
3. Begin testing

l

All dataset types
« Invalid BMD If ANY are true

* Irvalid BMDL t_-'l nusa !J. e tJH'
= Invalid AIC

if MONE are true

All dataset types

= BMD/BMODL ratic > 20

* |Scaled residual of Interest| > 2

* BMD 10x lower than lowest non-rero dose

» BMDL 10x lower than lowest non-zero dose If ANY are true

* Degrees of freedom = 0, saturated model i
Continuous datasets only

* Test 2 p-value < 0.05 for Constant variance

* Test 3 p-value < 0,05 for Mon-constant variance
Cantinuous/Dichotomous datasets

* Goodness of fit p-test < 0.05 (Multistage cancer)

* Goodness of fit p-test < 0.1 (All other models)

If NONE are true

All dataset types
* BMD/BMDL ratla >5
* BMDS output file included warning Warnin g(s),
* BMD ar BMOL higher than highest dose ITANY are true =
+ BMD or BMDL 3x lower than lowest non-zero dose no bin
+ BMDU not estimated

Continuous datasets only
+ Modeled response standard deviation > 1.5x

actual response standard deviation at control

IT NONE are true

No Warning(s)

no bin change (Viable)

3.1-2 (recommendation logic)

(BMDS Version 3.1 )
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O 0 3 & »n B~ W NN =

_
- O

12

13
14

15

16

17
18
19
20

21
22
23

24
25

26
27
28
29

(2)-6

BMDS 3.1
BMD BMDL
BMDU
(prior information)
3.1-2
M
M f(M)
f(6) (M)
n(M) = f(M)f(81M)

fM)=1 D M

g(M|D) x £(D|M)m(M)
M fiM) 1(0)
(M) 0<fM) <1 Yik=1fieMi) =1

D M « (MAP) M
0« BMD g« (BMD| M D)

BMD

9
Ima(BMD| D) = ) m(My| D)gy(BMD| M,,D)

k=1
% D Mk
Tk
BMD
Tk
a 100(1 — a)
Tk
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3.1-2

Restriction

1)

Quantal linear

pi(dose) = g + (1 — g)(1 — exp[—fdose])

p>0

log(B) ~ Normal(0, 1)

Quantal linear model Multistage

0<g<l logit(y) ~ Normal(0, 2) model
Multistage p.(dose) = g + (1 — g)(1 —exp[— E; Bidose’]) | Bi>0 log(B1) ~ Normal(0, 0.25) Bi
0<g<l log(Bi) ~ Normal(0, 1) i>2 two-hit model
logit(g) ~ Normal(0, 2)
Multistage model Quantal linear
model
Weibull paldose) = g + (1 — g)(1 — exp[—Bdose®]) B>0 log(B) ~ Normal(0, 1) a
a>0 log(a) ~ Normal(log(2),0.18) 0.01 power
0<g<l logit(g) ~ Normal(0, 2) 1
supra-linear model
power 1
Gamma p,(dose) = g +% Dﬂd £5-1 oxp(—t) doset B>0 log(B) ~ Normal(0, 1) o
a>0.2 log(a)) ~ Normal(log(2), 0.18)
0<g<li logit(g) ~ Normal(0, 2) power 1
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1

Restriction

1)

model

supra-linear

power

0.2
Dichotomous ps(dose) = g + j_-|-e"{p[—1: :F;grduge - 0<g<li a~ Normal(3, 3.3)
Hill ’ o 0<v<i log(b) ~ Normal(log(2), 0.5)
-o<a<o | logit(g) ~ Normal(-1, 2)
b>0 logit(v) ~ Normal(0, 3)
Logistic . -0 <a< ~N 10, 2
s pe(dose) = ———t——— w<a<oo | Po~Normal(0, 2)
L PR ose B1>0 log(Be) ~ Normal(0, 1)
LogLogistic | (qgose) = g+ 2t | == <0< | fu=Nomal(0, )
A B1>0 log(Be) ~ Normal(log(2), 0.25)
logit(g) ~ Normal(0, 2)
e _ _ -0 <Bp<oo | Bo~ Normal(0, 2)
pz(dose) = ®(f, + f,dose)
B1>0 log(B1) ~ Normal(0, 1)
: : -00 <fp < ~N 1(0, 1
© pgldose) = g + (1 — g)®[f, + 5, log(dose)] @ <Po<eo | o~ Normal(0, 1)
B1>0 log(B1) ~ Normal(log(2), 0.25)

logit(g) ~ Normal(0, 2)

1) logit(y) = log [I%?]I
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3.1.3

M)

2

Microsoft Excel® 2010 2013 2016 (32-bit 64-bit)*’

https://www.epa.gov/bmds/benchmark-dose-software-bmds-version-3 1-download .Zip

"bmds3.xsIm."

©)
BMDS 3.1

- Help
- Main
- Data

BMDS 3.1

- Report Options

- Logic

BMDS 3.1

(Administrator )

Analysis Workbook 5

bashgnis Hawn

‘Dofine Analysis

7

1

el 8- WA s AR LT

et oupmtcbetert |||} - og 2 b2 L M) beitnam:

-

il

Gamlwnin Bewnrishion l

Zalect Nodal Tyen

{thchatemans =]

3.1-3 Main

e Datafals
ﬂ; "
| B Outatat Hums?
47 Version 3.0 Microsoft Excel® 2016 (
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Gy B B - - R
L L4 | - -
T e
Log-Fromil o & = 2 E: L
Multistage ‘| (5] (5] ] 2] .
Probin [ B [ & ] (AT
Quantal Linear [ ] [Z] E jci] [NNNES
hnihnll | [Z] 5 ] 5] [N
Total Woight| Too.noo% |
UFTTT
n Set Cont idence
L] i BUR Loval L1 hr--.hg‘_
1 |ecmiise  |e] 0.1 0.45 Estmated ] |
) (32-bit) Version 3.1



\S)

10
11

12

(4)

BMDS 3.1
Main Analysis name (Result
Workbook) (Word Report file)
Data
Main
- Continuous
- Dichotomous

Dichotomous — Multi-tumor

Dichotomous — Nested

-

Main

””Run Analysis””

Result Workbook
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| Y S

10

1)

( ) 3.1-3
( ) 3.14
3.1-3
Continuous - summarized - Dose ( )
( «C ) -N( )
- Mean ( )
- Std. Dev. ( )
Continuous - individual - Dose ( )
( ) - Response ( )
Dichotomous - Dose ( )
( ) -N( )
- Incidence ( )
Dichotomous - nested - Dose ( )
( ) - Litter Size ( )
- Incidence ( )
- Litter Specific Covariate (LSC) (
)

Insert New DataSet

|Ce||s in dark gray are not editah|e|

Edit DataSet Hame?
[4dd user notes here]
Dose N Mean otd. Dev.
[Dose] [N] [Mean] [5td. Dev.]
0 33 704 124.7
[.5 35 739 140.5
3.0 40 747 87.7
25 41 646 119.4
50 44 512 g7
3.1-4 ( )
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0 N N R WD

2)

2)-1
Restriction
Restriction
Restriction Restricted/Unrestricted
Restriction 3.14
3.1-4 Restriction
Frequentist Frequentist Restriction
Restricted Unrestricted
Continuous Exponential - a = background response (> 0)
( b = slope (> 0)
) ¢ = asymptote term: (> 1 for increasing
data, 0 <c <1 for decreasing data)
d=power (> 1)
Hill n= power (restriction >1)
Linear - -
Polynominal B = polynomial coefficients (restriction
: "non-positive"
"non-negative")
Power & = power (restriction >1)
Dichotomous | Dichotomous a = power (restriction <
( ) | Hill 18,>1)
B = slope (restriction >1)
Gamma a = power (restriction <
18,>1)
B = slope (restriction >1)
Logistic - -
Log-Logistic a = power (restriction 1<
18,>1)
B = slope (restriction >1)
Log-Probit B = slope (restriction 1<
18,>1)
Mutistage B = dose coefficients (restriction
:>1)
Probit - -
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O 0 3 &N W kB~ W N =

—_— = =
N = O

Frequentist Frequentist Restriction
Restricted Unrestricted

Quantal -

Linear

Weibull a = power (restriction <

18,>1)
B = slope (restriction :>1)

Multi-tumor Multi-Tumor - B: adverse

(MS_Combo) direction

Model (Non-negative)

(Non-positive)
Dichotomous- | Nested p = power (= 0, restriction
Nested Logistic >1)
(
)
48
( 3.1-5)
2)-2
49
Model Weight (0-100%) (

Y( 3.1-5)

49
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[u—

O 0 93 N Nk~ W

MLE

i

Alternativas

Enable [¥] Model Waight

Model Name Enab(] Enable [v]
[ = ] I RETEVITT)
Gamma O = ] 11.1111%
Logistic [ ] = [ || 11.1111%
Log-Logistic ] O = [ 11.1111%
Log-Probit O ] = = 11.1111%
Multistage = a = = 11.1111%
Probit | [« = + 11.1111%
Quantallinser | W = = o L ilec
Weibull O [+ = 11.1111%
Tolal Weight 100.000%
3.1-5 MLE/Bayesian/Bayesian Model Average
3)
3.1-5
3.1-5
«C )
Continuous BMR Type Relative Deviation / Relative Deviation
( Absolute Deviation /
) Standard Deviation /
Point /
Hybrid
BMRF BMR
0 1
Tail Probability BMR Type Hybrid
0.01
Confidence Level | 0 1 EPA :0.95
Distribution Normal /
Log-normal
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Variance Constant /
Non-constant
Polynomial Automatic / B
Restrictions Non-negative /
Non-positive
Dichotomous BMR Type Extra Risk /
( ) Added Risk
BMR 0 1 EPA :0.1
Confidence Level | 0 1 EPA :0.95
Background Estimated /
Zero /
Estimated
Multi-Tumor BMR Type Extra Risk /
(MS_Combo) Added Risk
BMR 0 1 EPA :0.1
Confidence Level | 0 1 EPA :0.95
Background Estimated /
Zero /
Estimated
Dichotomous- | BMR Type Extra Risk /
Nested Added Risk
( BMR 0 1 EPA 0.1
) Confidence Level | 0 1 EPA :0.95
Litter Specific Overall Mean /
Covariate Control Group Mean
Background Estimated /
Zero /
Estimated
Bootstrap 1000 ( )
Iterations

Bootstrap Seed

Automatic /

User specified
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AW N =

O 0 9 N W

10

12
13
14
15
16

4)

Result Workbook

Result Workbook

4)-1 « )
- 1) Summary
- ii) Summary
- ii1)) Recommended Model (Linear Model)
- iv) Recommended Model (Linear Model)

4)-2
- 1) Summary

- ii) Summary

- ii1) Recommended Model (Log-Logistic Model )

- iv) Recommended Model (Log-Logistic Model )

-v)
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4)-1 ¢ )

i) Summary

BMD3 3.1
DytyiatiNunnl | [LIE L] —~
|&dd user nofes hare] _Color Her
Licmp [ m _Eld; Diy. knalvels Descripilion
IBenan] [l [iran] TETTRIITTYY | | Sedel averanlng
i - MR "7 M NN 7 1) |
0.5 o] k] 1a0.4
0.5 L] 43 7.7
Fi) a1 BB 1184
E2) Lol T 1
Urnorast laed fGealed Healed
Mods| Amalvsl® fosoieiion| RiakTyRe wune | mwo | omuoe | omou |5 AP ape | e Pestarige | Mefduat for  Rustidual for | e g nnpnndat jon | DS Mecomssndst iom Mates
Tepn Walun Frobabi il [y Maae Groue | Canfral Mosa
Esgecdnl ia ¥l Fraquand (41 whrid - #sbea cigkl D05 [25.01707 33333554 |0.2032052 | JL4E  FEOSET - -0, 01735404 | -1.401048637 Wiahla - &liarnale
Expgeanl ial 3 10V) fraguani izl rid - sutra riek 0.03 ??.w!!? AT FEENZ |0.1 ﬂﬁﬂa P EC ] - =0 &30 TE TSN -I.4Iﬂ?-ln.1ﬂl Viah|e - digrnale
jbzeameniial A ICVI__ Lergquentisl Lnesiricied thorid - exire righ 0.09 Lah.RIfR1 I3 (3. 9 0. ZH3IHAT |44t . SE0RE : 0 DISURTeS 1=l A9IRGE 160 L Yighle - Allgrnale
~fapgeamlin 3 _(CV). = =0 EN0TTEY |1 adiyy - Qusylioneble b Gonodna:od- ¥t werylug 0 403
HLIL C¥} L4435 s 4 g e fode 1o |4 (el ot Yinkle - Allerpasle
Foleroaial Gegres & 01 r 3715 g TR - BRI LT bl = &l omale
Palengmial Dpgre 3 [0V | fraquanlisl |Reshrictod Mibrid - exkra eigld 0.05 |27.2705] [22.34013 (3. 0.3004958 | JL46. SOGEES + -0 THI2EET | -1 .42448511) shlg - Altarnale
Polynomla!l Bepres T (CV) raquand (sl | Reglricied Hvbrild = axkra rlsk 0.05 | 27.7844 | 99,9402 R 5 |0.1003473 F &80 0T IES - =0.31FEAIASE | -1.47449968395 ahle = arnals
Fomar Ml fragiant izl | Heatricisd Hvnrid Bxtra risld 005 J2H.HT1RD (20, 40 F2H R %6 T304 1. 15A VIR | JAAR 0T TH = L BINHENET A 1336 FETHE Wighle = Altarnals
Llnear (V) Ifreaventistneesteictevbrid — wxtra rid 0.0% [47 2848 [22. 9407 |94, 90455 0. 300498 [2ae8 . 00008] [ 0. 900150079 |1 . 424420407 Viable - Recommended|  Lowesl AIG_ |
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1 41 « )
2 ii) Summary

Standard Excel tools can be used to expand or modify graphs

Model Summary with BMR of 5% for the BMD and 0.95 Lower
Confidence Limit for the BMDL

Frequentist Exponential Degree 2 E

Frequentist Exponential Degree 3 Esti
s g U EMtist Exponential Degree 4 Estim
s g QU EMtist Exponential Degree 5 Esti

Frequentist Hill Estimated P robabili

"
z
=]
W

Frequentist Polynomial Degree 4 Estin r bility
Frequentist Polynomial Degree 3 Estimated Probability
Frequentist Polynomial Degree 2 Estimated Prob
Frequentist Power Estimated Pro

Frequentist Linear Estimated Py

DOSE
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4)-1

¢ )

iii) Recommended Model (Linear Model)

Return to Summary

User Input Model Results
| Info Benchmark Dose
[Wode] frequentist Linear vi1.0 EMD 27.2644043
Dataset Name DataBet Namel EMDL 22.34019554
BMDU 34.96435931
User notes [Add user notes here] Ao A5 302161
Dose-Response Wodel Pldose] = & + blxdose Test 4 P-value 0.300496022
Variance Model Yar[i] = alpha 0.0.F. 3
Hodel Options Hodel Parameters
EMR Twpe Hybrid - extra risk # of Parameters 3
BMRF 0.05 Yariable Estimate
Tail Probability 0.01 g 732.4729686
Conf idence Level 0.95 betal -3.231704272
Distribution Type Normal alpha 13185.67616
Yariance Type Constant
Goodness of Fit
Dose Size Estimated Observed | Estimated | Observed chled
Hodel Data Hean Hean Std Dev Std Dev Residual
Dependent Yariable [Dose] 0 33 732.4729686 704 114.8289 124.7 -1.472442149
Independent Yariable [Wean] 0.5 35 730.8571164 734 114.8289 140.5 0.419528089
Total # of Obserwatio 5 3.5 40 721.1620038 742 114.8289 97.7 1147716832
hdverse Direction dutomat ic 25 4 B51.6803618 B4k 114.8289 119.4  [-0.31675007
50 43 570.887755 572 114.8289 37 0.067802748
Likelihoods of Interest
# of
Hode| Log Likelihoods| Parameters AIC
i -1218.320673 4 2448.64135
a2 -1214.272956 10 2448.54591
i3 -1218.320673 4 2448.64135
fitted -1220.15108 3 2446.30216
R -1248.240273 2 2500. 48055
# Includes additive constant of -181.94983. This constant was not included in the LL derivat
Tests of Interest
2xLogiLikelihoo
Test d Ratiol Test df p-value
1 57.93463476 i <0.0001
2 5.095434113 4 0.08514422
3 5.095434113 4 0.08514422
4 3.BB0815156 3 0.30043602
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1 41 ()
2 iv) Recommended Model (Linear Model)

Frequentist Linear Model with BMR of 5% for the BMD and 0.95
Lower Confidence Limit for the BMDL

Data

BMD

]
E F
Wi
&

e BWACIL
Estimated Probability

mm—— Recponse at BMD
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i) Summary

EMDS 3.1

DataZul Hamel E _Samrla
[Add wews wyulud harw Ewlur Eey
L] lasidinas Ainalva e Beeer iplion Bacsamdndad  tr
1n1 [in &
20
13
1mn
ET [
LE] 1 12
Gpliom sui ®Y »ight to see svessry »
i | Traled Toalud
s .
Bada Al RE e tviatian| Bisktues |WaRE | Rl (L R At Eag PR far | NATISRE TaE ]| RaXIUAL For LMD Battmmindition DMUG Nt cmmentat i4n Hatas
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Hulllslags Dagres 8 Feaguantiod | Beatriciod | Exfve Kiak | 8.8 |7 350877 {4 340481 |27 363367 | 0. OEBSE1 | 54 293378 = 1. p42zaT023 | -t 3ETHETEE] Buwi b funabla Houdnmaa wf Pil e-ualue £ 0.1
Mulfictage [ an Y traquantist | Bestr iated | Entrs Biok | 0.0 |7 732303 |8 S02588 ) 36, 064547 |0, OGS0l | 84 40340749 = TATATAAGS =1, 3E0|4FFE Buesh lanabla fingdness ef Fit wewmive € 0.
Multistage Degree 2| frequentist |Restricted | Extra Risk | 0.1 |E. 229516 [2. 249629 |20 722041 | 0. 94 E05ET A4 - 1.E91E8452E -1.3117548948 Buestionable Goodness of fit p-walue € 0.1
Multistage Degree 1|frequentist |Restricted |Extra Risk | 0.1 [5 911483 |3 2481823 |10. 282415 |0. 1240347 |92, 60935974 - 1.670812011 -1.292415393 VMiable - Alternate
Weibull frequentist |Restricted | Extra Risk [ 0.1 |5.911484 (3. 8481287 )28.909142 | 0. 1240547 [ 92. 60935974 - 1.670817845 -1.292416094 Yiable - Alternate
Goodness of fit p-walue < 0.1
EMD/EMOL ratio » 20
EMD/BMOL ratio > 5
EMOL 3x lower than lowest nen-zero
Dichotomous Hill |frequentist Unrestricted Extra Risk | 0.1 0.4E3E4 |0.0107523 (2. 02EE7YE [0. 0761914 | 93. 0434066 - 0. 10EED2351 -0.00055211%8 Buestionable dose
Logistic frequentist Unrestricted Extra Risk [ 0.1 |12 723385 |9. 552159 | 17. 155962 [0. 1221402 (929302333872 - 1.771605129 -1.551023655 Miable - Alternate
EMD computation failed; lower limit
includes zero
EMOL not estimated
Goodness of fit p-walue < 0.1
Log-Probit frequentist Unrestricted Extra Risk [ 0.1 |19.02073 0 33. 041797 |0.0428374 )95, 81083601 - -0.002435556 | -1.672912347 Unusable Goodness of fit p-walue < 005
Probit frequentist Unrestricted| Extra Risk [ 0.1 11.81238 |8 976948 (16059809 [0. 12315969 |92, BYEEE272 - 1.778819221 -1.527764143 Miable - Alternate
Huantal Linear freque_ntist nre_st‘r icted Extra Risk | 0.1 [5.9114282 |3 248186[10. 287918 |0. 1240345 |92. 60935374 - 1670813047 -1.2923415248 Via_ble - Alternate
Dichotomous Hill bayesian - Extra Risk | 0.1 3. 14327 0.3351 [22.826033 - - -43. 306E9TIT 1. 117252353 -1. 151930878
Gamma bavesian - Ewtra Risk | 0.1 [2.319187 |2 056247 )18. 625049 - - 4370681117 1.545086876 —-1.539227235
Logistic bavesian - Extra Risk | 0.1 1299548 [9 654102 | 18 EATI8E - - -48 7006834 1. 296701704 -1.721449275
Log-Logistic bavesian - Ewtra Risk | 0.1 [2. 157944 | 0.651239 |24. 102417 - - -48. 40188032 1. T -1.541085852
Log-Probit bavesian - Ewtra Risk | 0.1 [19.01864 |6 EE3315)29. 304245 - - -49.81002833 | -0.038021924 | -1. 738624836
Multistage Degree 4 bavesian - Ewtra Risk | 0.1 [2 769319 |5 451532 ) 13. 96862 - - -52.86908935 1.6727531E7 -1.489922205
Multistage Degree 3| bavesian - Ewtra Risk | 0.1 [2.201883 |5 146077 )13. 085326 - - -43. T 1.635674325 -1. 465244715
Multistage Degree 2 bayesian - Extra Risk [ 0.1 |7.3353%39 |4 742635 11. 765215 - - -43. 2236973 1.59753778407 -1. 456103421
Multistage Degree 1| bavesian - Ewtra Risk | 0.1 [6.311989 |4 25346 |10. 054209 - - 4717483787 1.46239372 -1. 436983612
Probit bavesian - Ewtra Risk | 0.1 [12.103533 [9 1177123 ]17. 080155 - - -48. 72158876 1.572568325 -1.622611077
Buantal Linear bavesian - Ewtra Risk | 0.1 [6.3234361 |4 122462)10.951145 - - -47.92491982 1.461997028 -1.4328782914
Weibull bavesﬁ - Extra Risk | 0.1 [13.52067 |2 EE3826)25. 629422 - - -43. 13431986 1.EE184E572 -1.6719235357
Mode | Average bavesian MA - Ewtra Risk | 0.1 [9.372649 |1_706954)21. 579366 = = = = =




1 4)-2
2 ii) Summary

Standard Excel ftools can be wsed to expand or modify graphs

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

Frequentist Gamma Estimated Probability
Frequentist Log-Logistic Estimated Probability
s Frequee ntist Multistage Degree 4 Estimated Proba bility
s Frequie ntist Multistage Degree 3 Estimated Proba bility
Frequentist Multistage Degres 2 Estimated Proba bility
Frequentist Multistage Degree 1 Estimated Proba bility
Frequentist Weibull Estimated Proba bility
Frequentist Dichotomous Hill Estimated Probability
Frequentist Logistic Estim ated P roba bil ity
Frequentist Log-Probit Estimated Probability

Frequentist Probit Estimated Proba bility

>
o
=
=

Frequentist Cuantal Linear Estimated Probability
ia n Dichotomouws Hill Estimated Probability
sianGamma Estimated Probability
P, opesia n Logistic Estimated Probability
s P, ope-sia ni Log-Log istic Estimated Proba bility
s B sz i Logg-Probit Estimated Proba bil ity
esian Multistage Degree 4 Estimated Probability
sian Multistage Degree 3 Estimated Probabil
Bayesian Multistage Degree 2 Estimated Probability
Bayesian Multistage Degree 1 Estimated Probability
Bayesian Probit Estimated Probability

sianCluanta | Linear Estimated Proba bility
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Return to Summary

iii) Recommended Model (Log-Logistic Model)

User Input

Mode| Results

Info

Hode |

frequentist Log-lozistic v1.0

Dataset Name

DataSet Name?

User notes

[Add user notes herel

Dose-Response Model

Pldose] = g+{1-g)/[1+expli-a-h*lng(dnose])]

Hodel Options

Risk Twpe Extra Risk
BHR 0.1
Confidence Level 0.495
Background Estinated
Hodel Data

Dependent Wariahble [Dose]
Independent Yariable [Incidence]
Total # of Observati 1]

Benchmark Dose
BMD 4.09014385
BMDL 2. 168674346
BMDU 28.10301546
AIc 92.52906186
P-value 0.121338576
b.0.F. B
Chit 5.807920693
Model| Parameters
# of Paraneters 3
Variahle Estinate
g 0.062324255
a -3.605804718
b 1
Goodness of Fit
Dose PE?E;E?E?& Expected Observed Size Rgz?c‘j:l
a 0.062324255 1.246485107 a 20 -1.152968
0.5 0.07488983 1.348016947 2 18 0.5838374
3.5 0.143737297 2.731008641 i 19 1. 4887741
25 0.44157361 8.831472203 i 20 -1.275008
50 0.602389776 10.64301601 17 18 0.5572159
Analysis of Deviance
#oof Test
Wodel Log Likelihood Parameters Deviance d.f P Yalue
Full Wodel -40. 90386726 a - - -
Fitted Hodel -44.26453082 i 6.72132732 3 0.0813309
Reduced Wodel -B4.76174214 1 27.6857487 4 <0.0001




1 4)-2
2 iv) Recommended Model (Log-Logistic Model)

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

Data

EMD

')
i)
=
1=
=™
)
L
B

e B DL
Estimated Probability

s esponse at BMD
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Return to Summary

User Input

Info

Mode |

Bavesian Model Averaging w1.0

Dataset Name

Datafet Name?

User notes

[hdd user notes here]

Model Options

Risk Tvpe Extra Risk

BIR 0.1

Confidence Level 0.95

Background Estimated
Model Data

Dependent Yariahble [Dosel

Independent Yariahle

[Incidence]

Tatal # of Ohservatid

5

Model Results
Benchmark Dose
EHD 9.372649307
BHDL 1. 706854464
BHDU ?1.57996595
WA - Individual Hedels
Model szz;zf;?[y BHD BHDL BHDU
Dichotonous Hill | 0.043073552 | 3.143970314 |0.33809959(22.482603
Ganna 0.047596345 | 8.319187164 |2.05629691 |18.62505
Lozistic 0.[1804467 17.99547651 |9.65410173|(6.64739
Loz-Logistic D.175543492 | 8.157943934 |0.65188967 |24.10342
LozProbit 0.0479206%4 | 19.01864111 | B.663315 |79.30435
Hultistaze 0.077159125 | 7.395938784 |4.74763765 |11.76621
Probit 0.12740741 1210353151 |9.11771263 |[17.08016
Quantzl Linear 0.267796795 | 6.334196776 |4.1274751610.95(17
Meibull 0.0643729687 | 13.57066994 | 7.66I6267 |25.62047
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3.2 PROAST (RIVM)

3.21

PROAST version 65.5 (2019 2 )%

3.2.2 PROAST

1)
PROAST

PROAST R web

Menu GUI (

(RIVM)

51 R

Web PROAST 65.2 web

PROAST

PROAST MANUAL WebApp

GUI version 38.9

Menu

@)
(2)-1
PROAST

PROAST (Menu GUI

PROAST

30 https://www.rivm.nl/documenten/proast655
51

Web
RIVM

GUI

BMD

GUI
) Menu

3.2-1

Web https://proastweb.rivm.nl/
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AN L AW =

(Exp) Hill Logistic Probit
Log-logistic Log-Probit Weibull Gammma Two-stage

Latent variable models (LVMs ) Menu
3.2-1 PROAST
Null y=a
Full y = group mean
Logistic 1
Y =1+ exp(—a - bx)
Probit y = pnorm((x — a) - b)
Log-logistic 1—a
y=a-+ b
1+ exp (c -log (E))
Log-probit
op y=a+(1—a)-pnorm<c-log(£)>
b
Weibull X\ €
y=a+(1-a) 1—exp<—(g) )
Gamma y = pgamma(bx; c)
Two-stage x X\ 2
y=a+(1—-a) 1—exp<—5—c(g) )
Exp model 3 y = a - exp(bx?)
Exp model 5 y=a-(c—(c—1exp(—bx?))
Hill model 3 x4
y=a e 4 xd
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20
21
22
23
24
25
26
27
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30
31

Hill model 5 x4
y=a- 1+(C—1)bd+—xd
(2-2 BMR
BMR Menu GUI
BMR 5% (
0.05)
5%
BMR
extra risk ( ) 10% ( 0.1) Menu additional
risk ( )
(2)-3
AIC AIC 2
( ) Menu AIC
(Menu
)
(Menu 200
)
(2)-4 Menu GUI
Menu
AIC
( )

115




O© 0 3 & »n B~ W NN =

W W W W W LW W N N NN DD NN NN = = = = = = e =
A L A WD = O 0O 0NN R W=, O VU NN RAWN = O

RPF (

®)
PROAST

(4) BMDS
PROAST

BMD

(

EFSA PROAST

PROAST

AIC

PROAST
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Menu

EPA

Hill

AIC
AIC 2
( 3
BMD
BMDS
PROAST  BMDS
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BMDS

2. PROAST

PROAST

52 BMDS2.7

Exponential model
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3.2.3

1)

PROAST R RIVM 53
(2

PROAST R

R( S-Plus) R
54
Menu
GUI
PROAST
( / ) BMR

(2)-1 Gul

GUI PROAST GUI

)
Hill
EFSA 7 2 Latent
variable models (LVMs) ( )
1)
( 3.2-1)
( )
( )
(SD) ( (SEM))

3 https://www.rivm.nl/documenten/proast655 (2019 1 )

54 .
WWwWWw.cran.r-project.org
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10

11
12
13
14
15
16

| sample data_Continuous - A

271ILF) #IWE(E) BF(0) F=RNV) ~JLIT(H)

dose

(0
0.5
3.5
25
5]
(
0.5
3.5
25
3l

3.2-

2) PROAST GUI

PROAST GUI

R

Sex mean. bw sd. bw
] 04 1247
| 139 140.5
| 142 977
] 646 1149.4
] hiZ 97
Z 496 105.7
7 477 132.6
7 430 106.8
Z 402 106.8
7 361 61.1

1 (

R Console

PROAST
> g proast() PROAST GUI

PROAST GUI

119

. bw
33
35
40
41
49
a7
33
37
27
20

(

3.2-2) Console
( 3.2-3)



File Edit View Misc Packages Windows Help

EESEEEE

iR R Console &= |z

WELCCME to PROAST
version &5.5
For report problems or bugs, email proast@rivm.nl
DISCLATMER: RIVM, Bilthoven, The Hetherlands, will not be liable for any direct,
indirect, special, incidental, or conseguential damages arising out of the use
aof or inability to use this software or documentation. In particular, RIVM is
not responsible for any costs including, but not limited to, those incurred as a
result of lost profits or revenue, loss of the use of software, loss of data,
the costs of recovery of such software or data, the costs of substitute software
or data, claims by third parties or for other similar costs.
Copyright RIVM

To start the GUI type g.proast() in this console window
¥ g.proast()

Loading required package: assertive

Loading required package: gWidgetsteltk

Loading required package: gWidgets

Loading required package: tcltk

Loading required package: digest

Loading required package: hwriter

Loading required package: knitr

Loading required package: stringr

Warning messages:

: package ‘assertive’ was built under R wersion 3.5.2
package ‘gWidgetstcltk' was built under R wersiom 3.5.2
package ‘gWidgets’ was built under R wersionm 3.5.2
package ‘digest’” was built under R version 3.5.2
package ‘hwriter’ was built under R wversionm 3.5.2
package ‘knitr’ was built under R version 3.5.2
package ‘stringr’ was built under R versionm 3.5.2

Weomd motn b L RS

3.2-2 PROAST

120

m




11
12

13
14
15
16
17
18
19
20
21
22

23
24
25

§ PROAST: Step 1 : Upload Data =& ®

|'\

) & X
Restore Save Arrange plots|| Close plots (| Create report

Welcome to PROAST. Either uplead your dataset in tab
delimited format or select a data frame.

Upload data from file |[T] Use comma for decimal place (7)

- @:Sﬁ |:':?:|

Show data Edit data Filter data

Frst || Previous | Next || Run

3.2-3 PROAST GUI

3)
upload data from file 1)
show data PROAST GUI
( / /
( (SDy (SEM) (
( ) )
10% 5%)
run
Advanced plotting options
4)
2 (Exponential model, Hill model)
3.2-2

121
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=

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

BMR

4)-1
-i)
- i)
- ii1) Console

- 1v)

4)-2
- 1)
- i)
- iii) Console

- 1v)

4)-3
-i)
- i)
- ii1) Console

- 1v)

(

)

Create report

BMD
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3.2-2 )
version PROAST
loglik
var )
a a (background response ( )
CED (Critical Effect Dose)
BMD

c ¢ (maximum response)
d d (steepness)
CES (Critical Effect Size)

BMR
CEDL CED
CEDU CED
b b (background response ( )
conv 1 Yes O No
scaling factoronx | GUI 1 (Menu )
dtype
covariate

123




10

11

12

13

14

15

16

17

18

19

20
21

4)-1

i)

R sample data_Continuous.bxt

)

dose sex mean.bw (sd.bw |n.bw
1|0 1 704 124.7 |33
2 |0.5 1 739 140.5 |35
3 [3.5 1 742 7.7 40
4 |25 1 646 119.4 (41
5 |50 1 572 97 49
a6 |0 2 496 105.7 |37
T |0.5 2 477 132.6 (33
g [3.5 2 480 106.8 |32
9 |25 2 402 10e6.8 |27
10 |50 2 36l 81.1 20
9
ii)
‘R 1 PROAST: (ACTIVE) (===
Exponential model Hill model
- Expon. m3-av Hill m3-aw
o version: 65.5 version: §5.5
logiik  72.84 loghk 73,58
AIC -13568 AIC  -13652
wvar-1  0.02Z8T3 var-1 0002871
war-2  0.0555T var-2 005554
= =1 TIT4 = 1 TIT1
X1 a2 4608 tal 32 4888
= CED- 983 = CED- 9.905
@ d- 0.9565 @ d  1.078
E CES .05 E CES 0.05
'C'_ CEDL 4.08 ‘C'_ CEDL 435
m CEDU 188 =1} CEDL 17
L, b: -D.00EIET = b: 1517
conv @ 1 cony 1
scaling factoronx: 1 =caling factoronx: 1
dtype @ 10 dtype @ 10
covariste: sex covaniste: sex
T T T T T T T T T T

=14 05 aag (3] 10 15 140 a5 aa as 140 15
log10-dose log10-dose
iii) Console
——————————— CES5 = 0,05 —————mmmmmmmmmme e

The lowest BMDL and highest BMDU from exponential and Hill models are:
covar.txt bmdl.lowest bmdu.highest

1 all 4.08 i7

calculations started at: Wed Mar 13 13:47:10 2018

and ended at: Wed Mar 13 13:47:12 2015

The analysis is complete.

124




iv)
Benchmark dose analysis for continuous summary data0313.ixi

This report was generated by hayashi-tae on 2015-03-13 using PROAST version é5_.5and B wersion 3.5.1 [2018-07-02).

Dose

The dose variable was 'dose”.
Response

The response variable was "mean _bw'.
Covariate

The covariate was 'sex’ with levels '1°, 2.

Fitted Models
Exponential model Hill model
Expon. m3-av Hill m3-av
version: 65.5 QS version: 65.5
loglik 73.84 loglik  73.96
MG 13588 AL 13592
var-1  0.02873 var-1  0.028M
wvar-2 0.05597 2 var-2 0.05594
a1 7274 a1 7271
z a2 4868 = a2 4666
= CED- 883 = CED- 5305
E d 09955 E ~ d 1079
= CEs 005 E o CES -0.05
2 CEDL 408 2 CEDL 4.35
2 CcEDU 1869 Z CEDU 17
- b -0.005381 T g b: 151.7
conv - 1 a conv - 1
scaling factoronx: 1 scaling factor or
diype - 10 diype - 10
covarate: sex - covarate: sex
N
I I 1 | I I I I 1 1
A0 05 00 085 10 158 10 0% 00 085 10 18
log10-dose log10-dose
Exponential model
The chosen exponential model was Expon. m3-aw.
Hill model
The chosen Hill model was Hill m3-av.
Benchmark dose
Covariate Lowest BMDL Highest BMDU
1 All subgroups 408 17
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18
19

20

21

22

23

24

25

26

27

28

4)-2 « )

) C )

W sarnplecatn . [ [ [

Dome | Responae
IEENTED
2| 0.0 [13.19
3| 0.0 |14.11
4| 0.0 |14.12
5 5.0 | 33,50
# 0.0 13,59
e 1 .'l.:.hh
it 0.0 [14.21
& 6.0 |13.40
10 | 0.0 [13.31
11 | 37.5 |15.22
12 | 37.5 |14.07
13 | 37.5 |i6.28
34 | 37.5 |25,%2
15 | 37.5 15,81
16 | 37.5 |14.38
17 | 37.5 |14.20
| 37.5 [1a.:
19 | 37.5 |14.00
20 | 37.5 |13.60
21 | 75.0 |14.03
22 | 75.0 |12.75
23 | 15.0 |23,%4
24 | T5.0 |17.%1
25 | 5.0 13,38
26 | 5.0 |16.33
37 | 5.0 |14.80

17

- e - =
-1 H
2 =
-4 &
[ =
(- o
H 2
i [
&
- B
2 2
= E =2
g ™ =
.
T - - T T T - -
13 LE ] pd: | 29 1% 15 1. i3
leg1k-Dase g i0-Thasd

iii) Console

——————————— Ces = 0.0 --—-»——-ri—————————————
The lowest BMDL and highest BMDU from exponential and Hill models are:
covar.txt bmdl.lowest bmdu.highest
1 all 11s 188
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26
27

iv)
Benchmark dose analysis for sample.data_Continu_indiv.txt

This repporf was generated by havashi-tae on 2015-03-13 using FROAST version €5.5 and B version 3.5.1 (2018-07-0Z).

Dose

The dose variable wos "Dase’.
Response

The responss variable was "Response’.
Covariate

Thers was no covariate.

Fitted Models
Exponential model Hill model
- Expon. m5- Hill m5-
- version: 65.5 version: 65.5
loglik  80.56 loglik  60.55
AL 11112 AL 1111
< var- 0.007777 var- 0.007781
- a- 1382 a- 1391
- CED- 176 CED- 169.4
E o 1848 = ¢ 20T
2 m d- 4 g d- 4
2 - CES 005 2 CES 0.05
w CEDL 116 @ CEDL 117
e ceDU 188 2 CEDU 184
o o b 58Se-11 b 360.1
= - conv - 1 = cony - 1
sealing factor an x sealing factor ar
dtype: 1 diype: 1
1 Ll 1 L] 1 Ll 1 T
1.0 1.8 20 28 1.0 1.5 20 28
log10-Dose log10-Dose
Exponential model
The chosen exponential model was Expon. mS-.
Hill model
The chosen Hill modelwas Hill m5-.
Benchmark dose
Covariate Lowest BMDL Highest BMDU
1 All data 114 188
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4)-3

AW N =

i) ii)

[ 7 il Bk g
R sample data_Dichotomous0313.txt [ = | = |[ &2 | B | PROAST! muamital mooels [ACTIVE) fSrare
e g - - L9 Lapan. =3
dose = response | group.size - 2 3
1| 0.0 |2 0 20 ] 1
2| 0.5 |1 2 18 | 3
3| 3.5 |1 5 13 T @ ]
4 |25.0 |1 & 20 ] 3
s |s0.0 |2 12 18 1 H]
& | 0.0 |2 1 20 g
7| 0.5 |2 0 19 - 2
g8 | 3.5 |2 3 20 ] ]
3 |25.0 |2 7 13 ] ]
10 |50.0 |2 10 13 i a
F] 3
- ]

ORI B &

iii) Console

11

response

model Ho.par loglik ATC accepted BMDL BMDUO BMD conv
1 null 1 -105.72 213.44 J2r:y Jor:y Jar:y
2 full & -82.05 174.10 J2r:y Jar:y Jar:y
3 twWo.stage 3 -84.20 174.40 no HR HR 6.3 vyes
4 log.logist 3 -83.14 172.28 ves 0.438 .72 1.9 vwyes
5 Weibull 3 -83.03 172.086 yes 0.401 7.21 1.9 yes
[ log.prob 3 -83.15 172.30 yes 0.484 5.92 1.8 vyes
7 gamma 3 -82.98 171.86 yes 0.352 7.00 1.9 yes
8 logistic 2 -85.66 175.32 no Jur:y NA 14.0 wes
9 probitc 2 -85.45 174.80 no Jury NA 13.0 wyes
10 LWVM: Expon. m3- 3 -83.01 172.02 yves 0.670 8.34 2.0 vwyes
11 LVM: Hill m3- 3 -83.05 172.10 yes 0.491 8.16 2.0 yes

BMR: 0.1 extra risk
constraint: no

no litter effects
critical RAIC wvalue: 2
PROAST wersion: &5.5

lowest BMDL highest BMDU nr. of models
response 0.352 8.34 &

calculations started at: Wed Mar 13 14:30:53 2018
and ended at: Wed Mar 13 14:30:57 2018
- —— The analysis is complete. -——=
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iv)

Benchmark dose analysis for sample data_Dichotomous0313.1xt

This report was gensrared oy hayashi-ta= o0 2015-03-13 using PROAST version €5.5 and B version 2.5.1 (2018-07-0Z).

Dose

The doss varioble wos "doze’.
Response

The responis varionle Waos "res=pon=s".
Covariate

The cowanate was sex with kevels 17, "2

Fitted Models

model Nopar loglk  AIC gocepled BMDL BMDU BMD senssubgr conv
nut 1 -105.72 213.84
ful 10 -FEFE 177.96
two stage 3 -B4Z0 174.40 no £3 —  yes
log.logist 3 8304 172.28 yer 0438 672 1§ - yes
Wisibul 3 -B303 17ZO0E yer 0.401 721 1% —  yes
log.prob 3 -83.15 172.30 yer 0484 592 1.8 - yes
gammo 3 -B2FE 17156 yer 0352 7FOoO 1% —  yes
logistic 2 -B5.6& 175.32 no 140 - yes
LV
Expon. 3 -53.01 17202 yer 0470 B.34 20 1 yes
ma-
"VM;_HH;' 3 -83.05 17210 yer 0491 B.I& 20 1 yes

EMR: 0.1 extra risk
constraint: oo
P-valoe GoF: 0.05
no litter effects

a
log.prob .- LVM: Expon. m3.

a _J a _J
= =
-+ _| -+ _|
a a
a | a |
= T T T T T =

-0 05 00 05 10 15 -0 -05 00 05 10 15 -0 05 00 05 10 1§

log.logist — gamma — LVM: Hill m3-

@ |
a
=
=
o 4
=

-0 05 00 05 10 15 -0 05 00 05 10 45

Weibull — logistic --

T T sample datn_Dichotomous0213]
=R =R x-atia:

N N =i
=+ _| =
= =
a a Jk—4 PROAST varaion 65.5
@ T T T T T @ T T T T T T T T T T

-0 05 00 05 10 15 -0 05 00 05 10 45 1.0 15 20 25 30

Benchmark dose
Lowest BMDL
0352
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10

11
12
13

14
15
16
17

(2)-2 Menu
Menu PROAST
Menu
Change Setting (data specification)

(Main menu)

Start PROAST+

3.2-4 Menu
(PROAST (Menu

1)

GUI
2)

R Console

PROAST (
Menu Console

130

(Menu )
3.2-4

GUI )



o I e Y I Y S

11
12
13

14

15

Console getwd()
File Change dir ...
Console 1«
( 325
1s()
( f.proast (,“
‘R R Console

)

)

55

getwd()
” txt)

Console

f.proast()

[=&][=]

WELCCME to PROAST
version &3.5

For report problems or bugs, email proast@rivm.nl

DISCLATMER: RIVM, Bilthoven, The Netherlands,
incidental,

any direct, indirect, sSpecial,

Will not be liable for
or consequential damages

arizing out of the use of or inability to use this software or

documentation. In particular,
including, but not limited toa,

RIVM i= not responsible for any costs

those incurred as a result of lostc

profits or revenue, loas of ‘the use of software,

costs of recovery of such software or data,
software or data, claims by third parties or for other similar

casts.
Copyright RIVM

To start the GUI type g.proast()
D:S”

> f.proast(sample data Continu

4

55

3.2-5
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in this console window

los=s of daca, the i
the costs of substitute

m
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3)

What type of response data do you want to consider?

1: continuous, individual data

O 0 I O Whn B~ W N

: binary
: ordinal

: quantal

: clustered quantal

: quantal, CxT

10: other

Settings

( 3.2-6)
3.2-3

Menu

Main menu

: continuous, summary data

3.2-4

(

: clustered continuous, individual data

: clustered continuous, summary data

PROAST

3.2-7

3.2-5

(Main menu)

132

Console

3.2-6) Change Settings

3.2-8

3.2-7

Change



0 N N L AW

11
12
13
14
15
16
17
18
19

20

21

22

23

24

25

26

27

28

29
30

R R Cormole

¥ f.proant samplie.dats Contincous.LEL)

Enat Type of response dATA 490 YOU WART To Sonselderd

1r conzimucus, individusl dats

2t Binary

3: ordinal

4 guantal

i clustered CoOTIBUSUS, IBdlviSusl
#3 clustersd guasntal

Ti OORLIAUGEE, FoEEATY AATA

3ats

i clurtered CoRTinUOUS, FEERATY dATa

%i guaztal, CuT
30 other

Slwction Y

Do you want to fit & single model ar

11 single model

selest & madel from a nested family of

2i select model 3 of ¥ from Rested (exponential /Mill) family of mcdels

3i change settings first

41 select model 3 [rom nested (expomential/Mill) family of models
%1 select model & from nested (expomential/Nill) family of models

Sslectiony 3

Qi Enlch varlable S0 you wWanl o comsider s independent variable?

in.q. dose, agwl

11 dors
a2 1 R
3 i mean.b
4 i #d.bv
5 i 6.0
sssesses D |
Il - i
3.2-6
R R Console

Do you want to fit a set of models, or choose a single model?

1: single model
2: set of models
3: change settings first

Selection: 3

Which setting(=s) do you want ta change?

£ 2
= 4
o @
T4 8:
9: distinct plotting i0n:
11: =zelect subgroup 12:
B i 14:
157 la:
B 1 ig:
19: constraints on shape parameter 20:
21: 2iu
23: relax fit conditions 24:

25: continue

3.2-7

outliers

scaling for =

set critical difference in AIC ‘

time variable ‘

Change Settings
)
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3.2-3

(What type of response data do you want to consider?)

1: continuous, individual data ~ 2: binary ~ 3: ordinal

4: quantal  5: clustered continuous, individual data
6: clustered quantal ~ 7: continuous, summary data
8: clustered continuous, summary data

other

9: quantal, CxT 10:

(Do you want to fit a single model or select a model from a
nested family of models?)

1( ) 2 4

3 3.2-5

1: single model 2: select model 3 or 5 from nested

(exponential/Hill) family of models 3: change settings first
select model 3 from nested (exponential/Hill) family of models

select model 5 from nested (exponential/Hill) family of models

4.

5:

(Which variable do you want to consider as independent

variable?) X

(Give number(s) of the response(s) you want to analyse)

(Sb SE) ( ) (Give number(s) of the ( )
variation statistic associated to these endpoints)
( ) (Give number(s) of the groups size ( )
associated to these endpoints)
(Give number of factor serving as potential covariate (e.g. sex)) ( )
BMR (Give value for CES (always positive)) 5% 0.05
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3.2-4

/
(What type of response data do you want to consider?) 1: continuous, individual data 2: binary 3: ordinal 4: quantal
5: clustered continuous, individual data  6: clustered quantal 7:
continuous, summary data  8: clustered continuous, summary
data 9: quantal, CxT 10: other
(Do you want to fit a set of models, or choose a single 1: single model 2: set of models 3: change settings first
model?)
1( ) 2 45
3
3.2-6
(Which variable do you want to consider as independent
variable?)
X
(Which response(s) you want to analyse)
(Enter column number(s) with the associated sample sizes)
(Give number of factor serving as potential covariate (e.g. sex)) | ( )
BMR (What type of Benchmark response do you want to 1: ED50 2: Additional risk, i.e. P[BMD] - P[0] 3: Extra risk, i.e.
consider?) (P[BMD]-P[0])/(1-P[0]) 4: CED for latent variable
3
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BMR (Give value for the BMR) (10% 0.1)
9 / (Do you want to calculate the BMD I:no 2:yes
confidence interval by model averaging?)
10 9
I:no 2:yes
(Do you want to include the latent variable models in model averaging?)
11 9

(give number of bootstrap runs for calculating BMD confidence

interval (e.g. 200 or more))

200
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3.2-5

Change Settings

1 independent variable X
2 response variable
4 outliers
5 denominator
6 detection limit
7 small value
9 distinct plotting
10 scaling factor on X ( (scaling factor)
5,000 (mg/kg) scaling factor1,000 5 (g/kg)

11 subgroup subgroup
13 covariate with respect a

to parameter a
14 covariate with respect b

to parameter b
15 covariate with respect ver
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to parameter var
var
16 covariate with respect
to parameter d*
17 covariate with respect
to parameter ¢
18 pairwise comparison | yes
of dose groups
19 other transformation )
20 critical difference in EFSA AIC 2 )
AlCs
21 value for right
censoring
22 type of regression X 'y
23 relax fit conditions
(R nlminb)
24 time variable 2 (CxT)
1 *PROAST (Menu )
2
3
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3.2-6 Change Settings

15 covariate with respect theta
to parameter theta

19 finite slope at zero BMDS

20 critical difference in AIC 2 AIC
AICs among models ( )

3.2-5
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‘R R Console

What do you want to do ?

SelecEicn:

3.2-8 Main menu

3.2-7 Main menu

1: Change settings

2: Choose [(another) model

3: Choose other startvalues

4: Fit model

5: Plot results

6&: Calculate CED: point estimate or confidence interval
T7: Generate bootstrap runs based on fitted model

8: Calculate CED distribution for the animal

8z
i0:
11: Calculate withdrawal period for weterinary medicines
12: Calculate confidence interval for model parameter(s)
13: End sess=ion

Option 1: Change settings ( 325

3.2-6

Option 2: Choose (another)

model

38 39

(classical models)

1: classical models
2: latent variable models

4: set of models

31

Option 3: Choose other

startvalues
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Option 4: Fit model

Option 5: Plot results

1:x-y 2:log(x)-y 3:x-log(y) 4:log(x)-log(y) 5:sqrt(x)-y
6: sqrt(x)-log(y) 7: x-sqrt(y)

8: log(x)-sqrt(y) 9: qq-plot of residuals  10: residuals against
dose 11: residuals against model prediction 12: change plot
limits  13: shift datapoints at same dose 14: use current plot for

identifying points 15: back to main menu

I:yvs.x 2:yvs. log(x) 3:log(y)vs.x 4:log(y) vs. log(x)

5: arcsin.sqrt(y) vs. X 6: arcsin.sqrt(y) vs. log(x) 7: latent
variable vs. x  8: latent variable vs. log-x  9: log(latent variable)
vs. x 10: log(latent variable) vs. log-x 11: qqplot for betadistr

12: change plot limits  13: back to main menu

Option 6: Calculate
BMDY/CED point estimate

or confidence interval

BMD/CED
CED CES (critical effect size)

f(CED) - f(0) _ f(CED)

T (0)
Option 7: Generate
bootstrap runs based on CED
fitted model CED Option 6 (
)
CED
Option 8: Calculate CED CED
distribution for the animal
CED

Option 11: Calculate

withdrawal period for
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*

veterinary medicines 95

95%

Option 12: Calculate

confidence interval for

model parameter(s)

* Option 9: Calculate CED distribution for sens. Option 10: Calculate ES distribution for sens. human
population
4)
3.2-8 3.2-9
4-1 C ) ( )
- 1)
i)

- ii1) Console

4)-2 C )
- i)
- if)

- ii1) Console

4)-3
- 1)
- i)
- iii) Console

- 1v)
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4)-1

)

SeX

Pl Pl Pl Pl Pl bt

JPIF) $EEE) SH(0) FER(V)

mean. bw

R 6 PROAST: [ACTIVE)

log10-mean. b

2a

Exponential modsel
Expon. m3-3v

T T T T
o9 as 10 15

log10-dose

(V) ~JLF
A M
133
h 35

40
A4
49
g3

B33

B 32

B2

20
version: &5.5
loglik 7384
AIC  -135.58
var-1 002873
var2 (UDEEST
a1 7274
a2 4668
CED- 963
d 0.9855
CES 0.5
CEDL 4.08
CEDU 189
b -c.lcoyf.z.a:

scaling factoronzx: 1

dtype : 10

selectad : all
removed: none
covariate: sex

Expitilintisdeiode|
Hill m3-av

log1 0-mean . bw

T T T T T
-10 15 a0 as 10 15

log10-dose

= =@ ]=]

version: 85.5
loglik  73.56
AIC 13582
var-1  0.028T1
var-2  (.05E04
a1 7271

a2 4686
CED- 9905
4 1.073

CES -0.05
CEDL 435
CEDU 17

b: 154.7
conv ;1
scaling factoronx ;. 1
dtype @ 10
selected : all
removed: none
covariate: sex
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iii) Console

response: mean.bw
BNALYSIS WITH EXPONENTIAL MODELS

model converged npar loglik aic

full 1 11 67.63 -113.28
full-wv 1 iz T77.28 -130.56
null-v 1 3 -56.45 1is8.9
null-av 1 4 29.21 —50.42

Expon. m3-v 1 5 -32.07 T74.14
Expon. m3-awv 1 &8 73.8 -135.68
Expon. m3-abwv 1 T T74.46 —-134.92
Expon. mS5-awv 1 T 74.79 —-135.58
Expon. mS-abwv 1 g T5.42 —-134.584

Best model with covariates is: Expon. m3-av
However Expon. mb-av is a reasonable model as well
and so is Expon. m3-abv

and =so is Expon. mE-abwv

selected model: Expon. m3-av

estimate for war-1 : O0.02873
estimate for wvar-2 : 0.05537
estimate for a-1 : 7T27.4
estimate for a-2 : 466.8
estimate for CED- : 9.63

estimate for d- : 0.83855

calculating confidence interwals ....

the CED (in orig. units) and the 90 % confidence interval is:
9.6

4.08
16.9

response: mean.bw

ANALYSIS WITH HILL MCDELS

model converged npar loglik aic
Hill m3-av 1 & 73.96 -135.92
Hill m3-abv 1 7 74.61 -135.22
Hill m5-av 1 7 74.78 -135.56
Hill m5-abv 1 8 75.54 -135.08

Best model with covariates is: Hill m3-av
However Hill mS-av is a reasonable model as well
and so is Hill m3-abv

and so is Hill mS-abwv

selected model: Hill m3-av

estimate for war-1 : 0.02871
estimate for war-2 : 0.05594
estimate for a-1 : 727.1
estimate for a-2 : 466.6
estimate for CED- : 9.305
estimate for d- : 1.079

calculating confidence intervals

the CED (in orig. units) and the 90 % confidence interwval is:
9.9

4.35

17

——————————— CES = 0.05

The lowest BMDL and highest BMDU from exponential and Hill models are:
covar.txt bmdl.lowest bmdu.highest

1 all 4.08 17

end of analysis for

response:

mean.bw
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iii) Console

response: Response

AMRLYSIS WITH EXPCHMENTIAL MCDELS

model converged npar loglik aic
full 1 7 62.22 -110.44
null- 1 2 -5.03 14.06
Expon. m3- 1 4 56.94 -105.88
Expon. m5-— 1 5 60.56 -111.12

gelected model: Expon. mS-—

estimate for war- : 0.007777
estimate for a- @ 13.92
estimate for CED- : 17&
estimate for c- : 1.946
estimate for d- : 4

The Grubkk outlier for this =ample =size is: 3.199&66

No outliers detected

calculating confidence intervals

the CED (in orig. units) and the 90 % confidence interval is:
180

116
s
response: Response
AMRLYSIS WITH HILL MCDELS
model converged npar loglik aic
Hill m3- 1 4 56.07 -104.14
Hill m5- 1 5 60.55 -111.1

selected model: Hill m5-

estimate for wvar- : 0.007781
estimate for a- : 13.91
estimate for CED- : 1&9.4
estimate for c- ¢ 2.071
estimate for d- : 4

The Grubkk outlier for this =zample =ize is: 3.19966

Ho outliers detected
calculating confidence intervals

the CED (in orig. units) and the 90 % confidence interval is:
170

117
184

——————————— CES = 0.05 —mmmm— oo

The lowest BMDL and highest BMDU from exponential and Hill mnodels

covar.txt bmdl.lowest bmdu.highest
1 all 118 gs

——————————————————————————————————————————————————— end of analysis for response:

are:

Response
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3.2-8

version PROAST
loglik
AIC
var /
a-fand a-m a (MLEs)
CED (Critical Effect Dose)
d d (steepness)
CES (Critical Effect Size)
CEDL and CEDU CED
CEDL.bt

CEDU.bt
b b (background response ( )
conv 1 Yes 0 No

scaling factor on x

change settings

dtype

selected

(Factor plus levels that were selected)

removed

(Factor plus levels that were removed)

covariate

factl

fact2

o | &

fact3

(¢}

fact4

fact5
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— e D T L L T T T
[~

e el e s ) e e
L

S5.(0)

responze

=5(V)

— [T = -2
o D D D o D T D D0 T

JR 1 PROAST: first plot of quantal medels (inactive)

LVM_Exp: Expon. m3-

log.logist

AILF(H)
Eroup.size

(= =@ ][=]

gamma

oo 02 04 08 08 10

0o 02 04+ 06 08 10

oo 02 04 08 08 10

0 05 00

LVH: Hill m3-

Weibull

-0 05 0 03

logistic

Oo o2 04 08 08 10

o0 o2 04 O 08 10

Oo o2 04 08 08 10

g 05 00

two.stage

log.prob

oo 02 o4 08 08 10

oo 02 o4 08 08 10

=10 -as
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(8 3 PRDAST: hostsirap cufves bessd on mode! averngng (ACT1. | o

booblrap curves
based on model averaging

1.0

08

1]

iv) Console

Console

Calculating BMD confidence intervals for all models

=

model No.par loglik AIC accepted EMDL EMDU BMD sens.subgr cConv
1 null 1 -105.72 213.44 =%
2 fuil 10 -78.98 177.96 NR wA wA
3 two.stage 3 -24.20 174.40 no 2% WA 6.3 ves
e log.logist 3 -83.14 172.28 ves 0.432 6.72 1.9 ves
s Weibull 3 -23.03 172.06 ves 0.401 7.21 1.9 ves
& log.prob 3 -83.15 172.30 ves 0.484 5.82 1.8 ves
7 amma 3 -z2.%8 171.%6 yes 0.352 7.00 1.9 ves
8 logistic 2 -85.66 175.32 no 2% WA 14.0 ves
9 LVM: Expon. m3-— 3 -83.01 172.02 yes 0.670 8.34 2.0 1 yes
10 LVM: Hill m3— 3 -83.05 172.10 yes 0.491 8.16 2.0 1 yes
BMR: 0.1 extra risk
constraint: no
no litter effects
critical AIC wvalue: 2
PROAST wersion: 65.5
lowest BMDL highest BMDU nr. of models
0.352 8.34 5
The weights used in model averaging are:
model weight

1 twe.stage 0.0488
2 log.logist 0.1413
3 Weibull 0.1577
e log.prob 0.1398
s gamma 0.1658
& logistic 0.0308
7 EXF 0.1608
8 HILL 0.1546
Calculating model-average BMD confidence interval, this may take Some time ...
run 1 2 3 4 5 7 8 10 11 12 13 14 15 16 17 18 19 20 21§
ATTENTION: no was hed for the following models:

two.stage

65 6s 70 71 72 73 74 75 76 77 T8 T9 S0 81 82 83 84 85 86 &S
ATTENTION: no convergence was reached for the following models:

two.stage

123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 13§
ATTENTION: no convergence was reached for the following models:

Two.stags

157 158 153 160 161 162 163 164 165 166 167 168 163 170 171 17§

duration of bootstrap calcoulations:
[1] "Wed Mar 13 17:01:5% 2012~
[1] "Wed Mar 13 17:12:01 20137
The medel-average BMD confidence intexzval
subgroup Vlower.ma Vupper.ma
EY 0.476 e.36
o.4a86 a.o0s

2 z

m

1

49




3.2-9

version PROAST
model A: (classical models)
B:
dtype
ces.ans BMR (50% (ED50) (additional risk)

(extra risk))

dose scaling

BMD

CI
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3.3 Benchmark Dose Modelling (Efsa)

3.3.1
BMD EFSA Web
( R-package PROAST ver. 66.24 (2019 3 12 )

3.3.2 Benchmark Dose Modelling

)
Benchmark Dose Modelling EFSA RIVM  OpenAnalytics

2017 web (https://shiny-

efsa.openanalytics.eu/app/bmd) EFSA
EFSA ShinyProxy
)
(2-1
( ) 2
BMDL BMDU BMD BMDL
PROAST (3.2 PROAST ) ver.65.7
MADr-BMD (Wheeler & Bailer (2007))
(2019 3 )  ver. 66.24 2
( )
3.3-1
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3.3-1 Benchmark Dose Modelling

Null 1 y=a
Full no. of y = group mean
group
S
Logistic 2 1
Y=1 + exp(—a — bx)
Probit 2 y =pnorm((x —a) - b)
Log-logistic 3 1-a
y=a+ H
1+ exp <c -log (})>
Log-probit 3
P y=a+(1—a)-pn0rm<c-log(%)>
Weibull 3 X\ ¢
y=a+(1-a) 1—exp<—(5) )
Gamma 3 y = pgamma(bx; c)
Two-stage 3 x X\ 2
y=a+(1-a) 1—exp(—E— (E> )
Exp model 3 3 y = a-exp(bx?%)
Exp model 5 4 y=a-(c— (c—1exp(—bx?))
Hill model 3 3

xd
F“'(“W)
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2
Hill model 5 4 x4
Inverse 4 y=a-(1+ (c—Dexp(—bx~%))
(@] (@]
Exponential
Log-Normal 4 y=a-(1+ (c—1)®(nb + dlnx))
(@] (@]
Family
(2-2 BMR
( ) BMD AIC
AIC 2 AIC 2 AIC
(AIC £ AICMin + 2 ) AIC
BMDL BMDU
AIC
3.3.3
@
( ) EFSA
Manual for BMD Modeling web
About

56

36 https://shiny-efsa.openanalytics.eu/app/bmd
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)

1)

( )( 3.3-1)

Ed

L16G -

.k ok ks .
m_b_mm_.ocomwmm.hmr\)

2) Web

eData ( )

*Fit Models (

Advanced Plotting:

dose

154

CSv
B A= LATFI &= T4
2
B C E
response M stuchy
0 8] 12
78 a] 12
854 g 12
1134 12 12
1385 10 12
17112 12 12
0 1 10
73 2 10
144 5 10
252 7 10
Fl] a 10
1221 a ]
3.3-1
) PROAST

Fa 3 o [ R B — — s s

(

Eati|

3.3-2)



: efsam ﬂ; : Benchmark Dose Modelling

© Dt Tormat
Subaet of the data according to

‘Which response(s) do you want to consider?

List of non-responses: <nones

Type of rasponss

continuous

individual data

Litter effect

3.3-2 Web

3)

Data Browse

3.3-3)
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. S

* " "
iy 1t i : = e e
EfSEI B Red 0 @ 7o O-RTET7LOER " LTS
European Food Safety Autharity etz e 5 o
QO |1, « 2018 » EFSA ) v|<;,,|| EFSADIEE ol
Data  FitModels  Adval| ZE~  FHLLIANT— - 0 @
4l BEEAD 8 et &8
B Fo0-F 3 . Benchmark Dose Modelling 2019/01/09 13:31 7L
_— AT 1. practice (Wheeler & Bailer) 2019/01/09 14:05  T7AIL
Browse.. | Nofile selected = BEERUIIEF W Workshop confirms BMD approach a...  2018/12/07 15:11  J7 -l
|=| Practice (Slob 2018)2 2018/12/27 13:23 FFA b
T 1] Practice (Slob 2018)csv 2019/01/08 15:31  Microsoff
P
© Data format B:,- . o
© Conirol data loading P E FFXz bk
Subset of the data according|| & E9F 7
o B EFA
P Ta—Tus
Which response(s) do you wi
oM O —5—
» &, Windows (C:)
b s HP_RECOVERY _ | T ] .
List of non-responses: <nong
J7IL&(N): Practice (Slob 2018)csv  » [j];w,:; Tl (et s v]
Type of response
EChIE=
continuous
LN o

pfsim "____ ~  Banchmark Dosa Modelling

A R TN s L

g e

o

3.3-3

Data ( 3.3-4
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Subset of the data according to ( )

)  Which
response(s) do you want to consider? ( )
Response Variable ( ) () Type of response
Response ( ( )/ /2 /

)

Litter effect

Ehow | 18 V_ml

B trage Praetes (ol 205K LW

[ Jul TR S L |

) Comnino chift iy
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3. Data Description
The endpoint to be analyzed is: mean.bw.

Subset of the data is taken for dose, retaining value(s) 0, 0.5, 3.5, 25, 50.

Data used for analysis:

dose | mean.bw | sd.bw | n.bw | sex

0.0 704 124.7 33 1

0.5 739 140.5 35 1

3.5 742 97.7 40 1

25.0 646 119.4 41 1

50.0 572 97.0 49 1

0.0 496 105.7 | 37

0.5 477 132.6 33

3.5 480 106.8 | 32

25.0 402 106.8 27

NN |INIDNDN

50.0 361 81.1 20

Information pertaining to this enapoint.

4. Selection of the BMR

The BMR (benchmark response) used is a 5% change in mean response compared to the controls. The
BMD (benchmark dose) is the dose corresponding with the BMR of interest.

A 90% confidence interval around the BMD will be estimated, the lower bound is reported by BMDL
and the upper bound by BMDU.

5. Software Used
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Results are obtained using the EFSA web-tool for BMD analysis, which uses the R-package PROAST,

version 66.24, for the underlying calculations.
6. Specification of Deviations from Default Assumptions

General assumptions
Please motivate in detail assumptions made when deviating from the recommended defaults
(e.g. gamma distributional assumption instead of log-normal, heteroscedasticity instead of

homoscedasticity).

Dose-response models
Other models than the recommended ones that were fitted should be listed, with the respective

description of reasons to include them.

Default set of fitted models:

Model Number of parameters | Formula
Null 1 y=a
Full no. of groups Yy = group mean
Exp model 3 3 y = a - exp(bx?)
Exp model 5 4 y=a-(c— (c—1Dexp(—bx?))
Hill model 3 3 x4
y=a (1 - m)

Hill model 5 4 x¢

y=a-<1+(c—1)m>
Inverse Exponential 4 y=a-(1+(c—1exp(—bx~%))
Log-Normal Family 4 y=a-(1+ (c—1)®(nb + dinx))

As a covariate is included in the analysis, these models will also be fitted assuming that some of the
parameters [background response parameter (a), potency parameter (BMD) and/or variance (var)]
depend on the subgroup defined by the covariate. Therefore the number of parameters in each model

might be larger than indicated in the table above.

Procedure for selection of BMDL
Description of any deviation from the procedure described in the flow chart to obtain the final BMD

confidence interval.
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Fit all models (including FULL and NULL), unless prior
information to exclude/include particular models

ALERT
Convergence? It is recommended to consult
a BMD specialist

YES

No Observed Trend

-27
Stop further analysis ALAC> AlChiun =2+

For Nested Families, select the model
with smallest AIC

Establish smallest AIC {AICyyy) of all
fitted models excluding the FULL

ALERT
AlCuy, > AlCry +27 It is recommended to consult
a BMD specialist

Model Averaging software avalilable?

Use all fitted models excluding Select models that comply with
FULL and NULL AIC S AlCyn+2

Final Confidence Interval Report Confidence Intervals
from Madel Average for selected models

Final Confidence Interval using
lowest BMDL and largest BMDU

Flowchart for selection of BMDL

7. Results

Response variable: mean.bw

Fitted Models

model converged | loglik | npar AlC
full model yes 67.63 11 | -113.26
full-v yes 77.28 12 | -130.56
null modelv yes -56.45 3 118.90
null model-a-v yes 29.21 4 -50.42
Expon. m3-v yes -32.07 5 74.14
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Expon. m3-av yes 73.84 -135.68
Expon. m3-abv yes 74.46 -134.92
Expon. m5-av yes 74.78 -135.56
Expon. m5-abv yes 75.44 -134.88
Hill m3-av yes 73.84 -135.68
Hill m3-abv yes 74.46 -134.92
Hill m5-av yes 74.78 -135.56
Hill m5-abv yes 75.54 -135.08
Inv.Expon. m3-av yes 74.23 -136.46
Inv.Expon. m3-abv yes 74.90 -135.80
Inv.Expon. m5-av yes 74.79 -135.58
Inv.Expon. m5-abv yes 75.60 -135.20
LN m3-av yes 74.07 -136.14
LN m3-abv yes 74.72 -135.44
LN m5-av yes 74.79 -135.58
LN m5-abv yes 75.59 -135.18

Estimated Model Parameters

EXP

estimate for var-1: 0.02873
estimate for var-2 : 0.05597
estimate for a-1: 727.4
estimate for a-2 : 466.8
estimate for CED- : 9.637
estimate for d- : 0.9975

HILL

estimate for var-1: 0.02873
estimate for var-2 : 0.05597
estimate for a-1: 727.4
estimate for a-2 : 466.8
estimate for CED- : 9.644
estimate for d- : 0.9994
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INVEXP

estimate for var-1: 0.02864
estimate for var-2 : 0.05592
estimate for a-1: 725.8
estimate for a-2 : 465.8
estimate for CED- : 10.52
estimate for d- : 0.1789

LOGN

estimate for var-1: 0.02868
estimate for var-2 : 0.05594
estimate for a-1: 726.4
estimate for a-2 : 466.2
estimate for CED- : 10.17
estimate for d- : 0.3351

Final BMD Values
model BMDL BMDU BMD
Expon. m3-av =~ 4.08 16.9 9.63
Hill m3-av 4.35 17.0 9.90

Lowest BMDL and highest BMDU Values
subgroup bmdl.lowest bmdu.highest
all 4.08 17
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Advanced Plots

No results available: If needed, please create advanced plots in the application.

Conclusions

The section should discuss the results for the different endpoints ana, if applicable, specific issues

such as:

- Discuss if there were any alerts, and if so, how they well dealt with.

- Discuss any particular circumstances, if relevant for the final outcome of the BMD confidence
interval.

The BMD confidence interval of the critical endpoint (and the BMDL selected as reference point)

should be reported and discussed.

Appendix

References
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3. Data Description

The endpoint to be analyzed is: response.

Subset of the data is taken for dose, retaining value(s) 0, 578, 854, 1134, 1395, 1712, 73, 144, 292, 576,
1221.

Data used for analysis:

dose | response | N | study

0 0 12 1
578 6 12 1
854 8 12 1

1134 12 12 1

1395 10 12 1

1712 12 12 1

0 1 10 2
73 2 10 2
144 5 10 2
292 7 10 2
576 9 10 2
1221 9 9 2
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Information pertaining to this endpoint.

4. Selection of the BMR

The BMR (benchmark response) used is an extra risk of 10% compared to the controls.

When the specified BMR deviates from the default value, the rationale behind the choice made should

be described.
The BMD (benchmark dose) is the dose corresponding with the BMR of interest.

A 90% confidence interval around the BMD will be estimated, the lower bound is reported by BMDL
and the upper bound by BMDU.

5. Software Used
Results are obtained using the EFSA web-tool for BMD analysis, which uses the R-package PROAST,

version 66.24, for the underlying calculations.

6. Specification of Deviations from Default Assumptions

General assumptions

Please motivate in detail assumptions made when deviating from the recommended defaults
(e.g. gamma distributional assumption instead of log-normal, heteroscedasticity instead of

homoscedasticity).
Dose-response models

Other models than the recommended ones that were fitted should be listed, with the respective

description of reasons to include them.

Default set of fitted models:

Number of
Model Formula
parameters
Null 1 y=a
Full no. of Yy = group mean
groups
Logistic 2 1
Y=1 + exp(—a — bx)
Probit 2 y = pnorm((x —a) - b)
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Number of
Model Formula
parameters
Log-logistic 3 1-a
y=a+ b
1+ exp <C -log (E))
Log-probit 3 x
y=a+ (1—a)- pnorm <c -log (E)>
Weibull 3 X\ C
y=a+(1—a)<1—exp(—(5) ))
Gamma 3 y = pgamma(bx; c)
Two-stage 3 x X 2
y=a+(1—-a) 1—exp(—5—c(g) )
Exp model 3 3 y = a - exp(bx?)
Exp model 5 4 y=a-(c— (c—1Dexp(—bx?))
Hill model 3 3 x4
y=a (1 - W)
Hill model 5 4 x4
y=a~<1+(c—1)m>

For the Exp and Hill family, we fit models with 3 and 4 parameters as listed in the table. The 3-

parameter model is selected if the difference in AIC is smaller than 5, otherwise the 4-parameter model

is selected.

As a covariate is included in the analysis, these models will also be fitted assuming that some of the
parameters [background response parameter (a), potency parameter (BMD) and/or variance (var)]

depend on the subgroup defined by the covariate. Therefore the number of parameters in each model

might be larger than indicated in the table above.

Procedure for selection of BMDL

Description of any deviation from the procedure described in the flow chart to obtain the final BMD

confidence interval.
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Fit all models (including FULL and NULL), unless prior
information to exclude/include particular models

NO ALERT
Convergence? It is recommended to consult
a BMD specialist

YES

No Observed Trend b

=27
Stop further analysis ALAEZAICHE 2}

NO

For Nested Families, select the model
with smallest AIC

Establish smallest AIC [AICy;,) of all
fitted models excluding the FULL

ALERT
AlCyy, > AlCry +27 It is recommended to consult
a BMD specialist

NO

Madel Averaging software available?

YES NO

Use all fitted models excluding Select models that comply with
FULL and NULL AICS Al +2

Final Confidence Interval Report Confidence Intervals

from Mode! Average for selected models

Final Confidence Interval using
lowest BMDL and largest BMDU

Flowchart for selection of BMDL

7. Results
Response variable: response

Fitted Models

model No.par | loglik | AIC | accepted | BMDL | BMDU | BMD | sens.subgr | conv

null 1 - 176.20 NA NA NA NA
87.10

full 12 - 115.82 NA NA NA NA
4591
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model No.par | loglik | AIC | accepted | BMDL | BMDU | BMD | sens.subgr | conv

two.stage-b 4 - 108.26 no NA NA 36.7 2 yes
50.13

log.logist-b 4 - 109.14 no NA NA 65.7 2 yes
50.57

Weibull-b 4 - 108.30 no NA NA 45.1 2 yes
50.15

log.prob-ab 5 - 108.84 no NA NA 79.1 2 yes
49.42

gamma-b 4 - 108.36 no NA NA 49.3 2 yes
50.18

logistic-b 3 - 108.68 no NA NA 73.1 2 yes
51.34

LVM: Expon. 4 - 106.46 yes 6.343 52.32 21.4 2 yes
m3-a 49.23

LVM: Hill 4 - 106.22 yes 11.90 74.6 344 2 yes
m3-a 49.11

Estimated Model Parameters

two.stage

estimate for a- : 0.04506

estimate for BMD-1 : 94.14

estimate for BMD-2 : 36.73

estimate for c : 0.4479

log.logist

estimate for a- : 0.04977

estimate for BMD-1 : 200.9
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estimate for BMD-2 : 65.67

estimate for ¢ : 2.239

Weibull

estimate for a- : 0.0459

estimate for BMD-1 : 119.2

estimate for BMD-2 : 45.1

estimate for ¢ : 1.279

log.prob

estimate for a-1 : 1e-06

estimate for a-2 : 0.121

estimate for BMD-1 : 209.7

estimate for BMD-2 : 79.11

estimate for ¢ : 1.389

gamma

estimate for a- : 0.04606

estimate for BMD-1:132.4

estimate for BMD-2 : 49.26

estimate for cc : 1.556

logistic

estimate for a- : -2.035
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estimate for BMD-1 : 195.2

estimate for BMD-2 : 73.13

EXP

estimate for a-1: 2.016

estimate for CED1 : 194.3

estimate for CED2 : 21.37

estimate for d- : 0.5325

estimate forth : 0

estimate for sigma : 0.25

HILL

estimate for a-1 : 2.029

estimate for CED1 : 216.6

estimate for CED2 : 34.44

estimate for d- : 0.7636

estimate forth : 0

estimate for sigma : 0.25

Weights for Model Averaging
two.stage log.logist Weibull log.prob gamma logistic

EXP HILL

0.1 0.06 0.09 0.07 0.09 0.08

Final BMD Values
subgroup BMDL BMDU

0.24

0.27
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46.70  343.0

1

59.9

7.88

Confidence intervals for the BMD are based on 200 bootstrap data sets.Visualization
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8. Advanced Plots

No results available: If needed, please create advanced plots in the application.

9. Conclusions

The section should discuss the results for the different endpoints and, if applicable, specific issues

such as:

- Discuss if there were any alerts, and if so, how they well dealt with.

- Discuss any particular circumstances, if relevant for the final outcome of the BMD confidence

interval.

The BMD confidence interval of the critical endpoint (and the BMDL selected as reference point)

should be reported and discussed.

177




