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Figure 1. BMDSS3 folder contents, with bmds3.xlsm workbook file.
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Figure 5. Model Recommendation Decision Logic

BMDS 3.2

Model Recommendation Decision Logic

[Decision-Logic

Riecommend moded in Viable Bin? TRUE

Rnonrrrrsrd rr\oﬁdn Cruestionabie Bon’ FALSE Reset To Default Logic

BLIDL range doemed "sufficiently close” 1o use lwest AIC instead of lowest

BMDL in viable madels: 8

|Madel RecommendationBin Placement Logic

= st Bin Pacemant if
T ol _QM
st Description Pic {mm Tost is Fallsd Hotes to Show

BMD calculated On On On Unusable Bin |F|I.'!') not estimated

BUDL calculated On On On Unusabie Bin

BMDU calculated o off o Mo Bin Change {Waming) | BMOU not estmatzd

P o - = e LS nOL RSN

Constant Vanance on 005 st Bin

Han-Constant Variance On [ Bin

Goodness of fit EM On On On 0.1 Cuestionable Bin

Goodness of fit plest [cancer) Oy 003 (Questionable Bin_ Goodness of fit p-vahe < 0,05

Ratio of BMO/BMOL (senous) On Lt On X Cuestonsble Bin___ JBMIVEMOL rate » 20

Rao of {caution) an On On 3 Na B Change (Warning) Bl a0 > 3

PAbsResdual of nberest) foo large On On 2 (= i Bin JResidual far Dose Group Near BMD| > 2

BMD higher than highest dose 2] L o 3 _jrta Bin Change (Waming)_|RAD higher than menimcim dose_
On_ On On 1 Cl
On On On 3
on on on 3 [BMOL 35 tower Wi lowest nor 210 058
On Cn Cn [ [BHD 10x kower than lowest nen-zer dose
On On on 10 BUDL 10 lower than lowest non.Zero dose
On

Report Options [IEETE ModelParms

Help | Main | Data

BMDS 39] ?eﬂi}oﬂ—}f 2012 EPA Benchmark Dose Technical Guidance
(U.S. EPA, 2012)0] ¥gtel= md M=o st 25 3 Algdo] LgtEch

o83t 7|&L BMDS 3 Analysis Workbook?] Logic BjolA ¥HAT

tt. 27 E2|(Decision logic)Z AAY & 5= 310 o3t HolH *ﬂE
ol disll &4 7= BHTHAY BE-std o+ ok 242 4 F
glolE F(d<, old, S0l wet v=n AARE 82 “10. BMDS
Y AT 4 24 =478 xR

r° :lo %9,

10



4
Ju
_

(6) ModelParm E(Model Parameters)

Figure 6. Model Parameters tab.
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Figure 12. Fields for Analysis metadata.
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Figure 15. Confirmation dialog box for changing default output options.
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Summarized continuous(29F ¥49), 9 B ¥ SD
Individual continuous(N8 €43), o fAXE &5F 9 ¥-3

Dichotomous(°]&3), d: HH WAy

T

Nested dichotomous(EA] °|&% ®kg), of: A4 g A

;é[_]“]_ /\]-_Q_X]-__. Data %0”/\‘1 q,O]:(‘)_]_- E_Ej:-]_ %‘%(ﬂ‘{’—;\"; , o]%‘__‘c“g E‘i %XD‘OJ

of2] glolg NEE YT 4= Utk 12y Main HollA At 2d fFo=
e 4= glis HolHAIE: M oR HAEL AHT £ gtk & =9
A< 9 oY HolH ME+&= BE9 E4 Aggox EA5foF gt ZpARE
W82 3. B4 AY 2 B4 AR 24-3) 3a0A! BEY F49 A=
A& 2
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(1) .dax HIO|E{ME 7tM27|(importing)
o] A} v &2 BMDS 3 E3t HloJH NEE .dax FAl22 A%
gt 71E .dax HOHAEE 7PALHW

1. Data 9o A Import Dataset HES A €SI}

Figure 16. Data tab buttons for specifying datasets.

Data

Insert New Dataset <-- Click here to insert a new dataset manually
Import Dataset <-- Click here to import an existing BMDS dataset (*.dax file)

2. Import Dax File W3} AX7F A H L,

Figure 17. Import Dataset dialog

Import Dax File X |
Dataset Type
® [Continuous - summarized| (" Dichotomous

" Continuous - individual ™ Nested

Select Dax File

3. HlojJH AE 53 AT tS Select Dax File HES A=3IT
Dax otd A9 tfa} Axp7F ZA|E S

4. dlojg HEQ] A= o]sst] .dax TIZ st V& FE

5. Map Data Columns 3} AA7F HEA|HT. A8 EF0)4 BMDS7t
Adst= My FFol sidst= A& Dataset Headers AT

Figure 18. Continuous-summarized dataset import dialog

Map Data Columns x r

BMDS Header Dataset Header

Dose Dose E
N n 5
Mean Mean !
std. Dev. ET 5
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Figure 19. Continuous-individual dataset import dialog

Map Data Columns X
BMDS Header Dataset Header
Dose Dose v
Response Response E

Import Data

Figure 20. Dichotomous dataset import dialog

Map Data Columns X
BMDS Header Dataset Header
Dose Dose -
u -
Incidence ffect -

Figure 22. A .dax dataset imported into BMDS 3

Insert New Dataset <-- Click here to insert a new dataset manually
Import Dataset <-- Click here to import an existing BMDS dataset (*.dax file)

Edit DataSet Name1 ]
[Add user notes here] |
Dose N Mean Std. Dev.

Dose N Mean std

0 20 3 1.2

25 20 5.2 1.1

50 19 2.4 0.81

100 20 11 0.74

200 20 0.75 0.66

7HA. 2t

] 163t dole AE 0|82 elshy] et o=l et £t
B A% 9 B AR 24-2) 29 dolHAE(dataser) £7H-(7) 314
A} sk o] Aol sl At vy Ao HolH'S FEIT
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HIO|E{ME &Ql(inserting)
AEgitt, Add Dataset T3} A7
5 A3l

2) M2
1. Data $8°lA] Insert New DatasetS
HA|ETTH dlolE AE &9 49 5
Figure 23. Add Dataset dialog

Add Dataset
Dataset Type
(" Continuous - summarized
™ Col - individual
Cancel
o] "] 3 ] o] ] ]H
"] 1_]_ BO| xR E-] Ole=

~ MNested

Agsich BMDSE A A=

2. Create Datasets
AQJ e,
Figure 24. Example of empty dataset table created for dichotomous data
_Edit | DataSet Namel
[Add user notes here]
Dose N Incidence
[Custom] [Custom] [Custom]
2511 "DataSet Namel'S 9u] Q= Aoz H7Y
YA Hlg £k,
=42 918l BMDS7}

ok Als T
" AL
Aot HH3 14
[Custom]'C.2 TA|E u}eb Ao

3.
Sttt
4. "[Add user notes here]
5. dMo g HAIE A2 HYS
5]-&5t= dloly f3= YEhd " '
| ]EV\ﬂEﬂ' 7—| 7] ol&°] "dEotH AR HH7E5IH. ARAIS
A 9 B4 AF 274-2)294: Ho]ElA| E(dataset)
| o] Z}o]"E ZrRTIth

= 3. &
%—7}—(7)§4*—H *éliﬂr sheha A

YA Ao dloleE YEiitt. e e HolS
w2 7(e]: o] BMDS HA)A 7H4L HlojES EAlSlo] 2of Yot}
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7. Main ®& Z3g5}to] EAJ3I} Dataset H|o[Eol= Y28t Dataset 0]&°]
FAE AgE &35t 92 BMDS7E AEist glolE AlEo] tigh £4&
A== Z|AISH

Figure 25. The Main tab after a dataset has been specified.
Save Analysis

Load Analysis Run Analysis

DataSets

Dich dataset

(3) T+&(multiple) HIOIHME &

Data 9ol o @2 Hlo|HA|EE F7}5}# ¥ Import Dataset T+ Insert
New Dataset HES AESIIL flojA A t& HolHAEE A 47ttt
BMDS= AH52.2 7|E Ho|EHAIEY] ofjd] HolE NEZ F7ieitH.

T2 HolEANES 4T if 7|22 o2 BMDSE He| Ad HES "1
stof Holg AE 714 Q7] B A HEC] T4 HAHEE S

(4) HIO|E{ME MZE(editing)

HlolBAIES =5t Ho[HAIE Hofl 22 Edit HE°] YeRdth(Figure 20).

Figure 26. Example dataset with Edit button.

Edit Dich dataset
[Add user notes here]
Dose N Incidence

[Custom] [Custom] [Custom]
0 50 0
1000 50 2
3000 50 6
8000 50 25

Edit ¥E2 S¢sto] dole] e WX §d Y =S BAT. o] YHL
Aelgt wole AEolARt A5t
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Figure 27. Edit Dataset commands

Edit Dataset X

Add Row

Delete Last Row

Delete Empty Rows

Delete Dataset

Save Dataset

L

—

- Add Row - Ho|l& &9l upAe} 9o EAEZ 4ttt

- Delete Last Row - H|o|&2] upx|a}t 3PS AA|gh

- Delete Empty Row - H= ¥l & ARt (85 to] §l= 4% BMDS+=
¥y A9HH)

- Delete Dataset - A H|o|g AEE AHAgi.

- Save Dataset - H|°|E] AIEE .dax FAo 2 A} HES o1
HolHAIEE AT YA = ol5dt v Ad= St

- Cancel — Y E 2 E=rf.

==

(5) 2t HIO|EMES 1R0|2 2y

7t HlolHAIES] ALfRt o]F& ATtk

BMDSE ©] o]5& AREsto] 712 H(ARAE HEle E4]0] ket lofE

AT = l)ollA HolHAIES RS Ho|HAE EEFofA]
= 27 53 E4 9 Word Report Q9] o]&L& A A3}
(2] mgt 715(Q), 2 go]x(]) 53 22 Windows S4wEARE AR

Sto] gloj8 AIES] o]F2 A 4= ot Hfjof & S A= ofjet Et

< (less than)

> (greater than)
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. (colon)

“ (double quote)

/ (forward slash)

\ (backslash)

| (vertical bar or pipe)
? (question mark)
* (asterisk)

(6) HIOIHME= Hl H(rows)2 7H £ UGt

glolEAIEl: ¥ o] 9
BE g AvH

% 9Ich. BMDS 24 A% 8 Flo] retel

O
=

(7) 2| dap D2t Ho| Xi0|

Figure 28. Explanatory text on the Data tab for the gray and blue cells

Gray cells of the data tables that will appear below define data that must be in this
sequence in the dataset

Blue cells can be edited to reflect your dataset's labels for these data types.

1o
ol
—‘—4
UU
U
()]
>
ﬂ
[>
1o -
ko
FN
()
n)
i)
i
Jo
ok
o,
L
i

3) 3avhAl: B 49 Az A%
S42 Main ol A A=
Aokl T RS 4 e,
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} i 2F H|UE 2|8 Benchmark dose T2
ok 4= YT

g 3 S ARGl Zo] =

<t Hl 7H 2 #

4% (continuous)

o]2%(dichotomous)
%F(multi-tumor)

olEF - UFY
ol 2y - FAl(nested)
o]0 AFF=Ol Analysis 5 wAoli= Data HO| X Hlolg #F°]
=] 2gd & At IEY @Y EAA= T 7HA] |39 dlojERt
AP 4= Qltt. A& E°1, Analysis Workbook Data §§°] 42]H Continuous,
Dichotomous % Nested Tlo|8] AEE Ztd o= AT 42 AP o
AMEARE 2 HlolE F-3ol dis] Eko E4= AdYsfof qtth
2 A B B4 &8 A4 F A&EES I oY A4S
AgEA AR 5 Ao, 42 FH o= tE oy |39 4%
TEL 5 ATh
FeA= ofd] AREAF A9 2dF "Options Set” ¥ of&] H|ojg AEQ]
sl Aeist nelS Agsk 4~ Qi
BMDS Main Holli= Data Holl 8% Ho|HA|EZ} YdE o] AREAL
Mgt 2 9 54 NEE ARESHo] £4T Attt Bd /39 Hlo|HAES
A 4= ik
7t Y g2 ottt 2 d/ks 2dY 34 AEE AlSSt
A% B4 2d FA00 gt AR W2 6. A5 HolH Y FEH-3)
&4 (options)'s FxgHc}
ol Amo] FTEHA e FAof tigt AT W& 7.0l 3 A=
TTH-2)A"S FERTH
- SAE olEF TEAH 1Y FA tie Ye2 & wlwdolAs HFEA
gotor E9] WiwdS HASHEE St
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4) 3b27A: E227(load), A (save), 443 (run)

[Z199e171] 24 &% EACl= HlelE7F Ag=o] 9] ¢ttt bmds3. xsImefl
Wk 7] HAe] $AGL AgATL B3 B4 AA HoleE A
ohq.__ Aot} I8y RE fHlolgAE, RYYy, Txg 84, 2F AF

2 Yo ALgslr] 98 AR oA 25T 4 ek

Figure 29. Analysis function buttons.

Load Analysis Save Analysis

Save Analysis: 42 AZHASR] L)sict, A AHEA| L2 A2

Run Analysis

- - o
1. E4L& 2% &4, HlolgAE 5& ATt} Analysis Name 2E+=
I o]Fo® AREHM.
Agisttt BMDSE Output Directory©]l Settings

2. Save Analysis HES
Workbook T¥-g& ATt o}US P11 Setting Workbook T 9]
Summary ®ol 2] HAIXE HAISHH(Figure 34).

Figure 30. BMDS displays the following message on the Settings Workbook’s Summary tab.

This analysis was saved without running. Please open the BMDS analysis workbook (BMDS3.xlsm) then click the 'Load Analysis'
button to load this analysis.

Run Analysis: #4& A3ttt &4
BMDS+ Results Workboo

AQGe & o] HES A=t
k @ 2] e .
Directory®] Word Report Td-& A-50 *o*oﬁ_}l’/}.
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L= Analysis Workbook AF¥S Setting Workbook = Results Workbook

ool A= 2R g Analysis Workbooks tA] S 4 QItt. Load
E9 A=lslH BMDS7F Analysis Workbook< tA] AJAdstct.

Analysis HES AH
ey 7t A= Y Analysis Workbook®] REAE =2 22834

2y, B A9 =g 2 21 342 EE LE Uo[EAEYL Analysis
£ 45 AHgsto]

Workbook2 2 TA| 2EHET I8 o3 AMEA=

== 2
UZol 245 Al dPstAd o2 w2t Ee St HolHE 242
dgst=d

1. bmds3.xslm TS At

2. Main ®°|A Load AnalysisE& AlE3it},

3. Open file manager s} AR} #AJECE AA= BMDS Results Workbook
Y Ei= o)o] A 24 s o]Esto] Agstal 7S ARttt

4. BMDS= AEg & 419 A%E dolHA|EL mtu|8E bmds3.
xlsmO = E22th A7|oA Al ZEu|gE A4staL, "ol Ex HlolH

112, 371822 Model-Option Set2 Tte+= 59 2

NEZE F7ts
SR kcin=

[}21] Analysis Workbooko| THA] A/d=H Fe U= Analysis Workbook2]
TE 343 folHANEES Hojth BMDSE AHAE @8 9l Analysis

Workbook TS s AL Hol& £ Qe E ATZ FAS)
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5) 497 443

r°l'

Main 99 Dataset Tl BA1S A3 HolEAES sht o4 ezt
of 2EE BE folg AEQ| A8/
S Aud wd $9o) sgshs

hu

3| oAl Enable checkboxE &35}
Ael 242 ARSHFigure 31). 0=
glojg AEQF AeHg 4= i}

<

Figure 31. With Continuous as the selected Model Type, selecting the Enable checkbox
selects the continuous dataset(s) that can be run in the current analysis.

uuuuuuuuuu

Select Model Type

,
i <) [ |8 (<
[

Analysis Workbook®] Main $§oll4] Run Analysis HE<& AlEislo] Rd g
AL AAsitt ndg AHE HolF= w7t UeRdth ExcelolA] Results
Workbooks HAY o fAZE o] AHo|ET} LA FHEL.

A= Yot tiE2 0 9] o] vHE &= Qlth. BMDS 23 5% &4
od HY 22 “2.BMDS39] 71 HH-3) Y5 A"g7o] AgEo] tt

Z} glo|ElA| E= AFAQ] Result Workbookol] A=), 49 AFR= A=
2E 2d 34T A Results Workbookof AA=}.

6) 59A4: 23 AH
AREAF7F Run Analysis HHE-S AEi5hH BMDSE= A A% EX40f tfgt Results
Workbookg A§Aoly TAS At

Results Workbook % stdoll= 2% £49] th3t Summary 2 model/
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option A7/} w3k o] 9}, Exceld] 9 Ag 42HYS ulox o=
WEog Zgsio] mele] BE ¥ 229 Rrk(Figure 36).

Figure 32. Viewing the list of Results Workbook tabs in Excel by right-clicking the
tab-selection triangle.

‘ Option set #1 (Hover for details) 1 Scroll right te

Activate ? X

triction

tricted
tricted
tricted
tricted

tricted
tricted
tricted
estricted
estricted

/ gstricted |
ance

NMEINNRENRET [ | [ = =
Lo N|e || s jw e =S © (e || @« =

ELLEIVE Abbreviations | freq-dhl-rest-opt1 | fr

7+ 2dlo] A1} Hofl= thE A1} Fof|A 7|58 FHBMD, benchmark dose),
T d g2Zhu|E(model parameters), 2 E(goodness of fit) W o|g &4
(analysis of deviance)¥t THHE Xt} AAITH BHA e} A A4 BMD
Tzt 29kEo] QlHt

(1) 22 2t0{HE(Model Abbreviations Table)

Results Workbook®] 7t €42 W 112& wet 24 2ikg J-RopA| AEsith,
Abbreviation ol #4100 AME 2E F-Ff gt Al 7 =A== H fol7t
B 29FE0] 3t dE &0, o3 ZEo] 8= £42 Abbreviation

ol oly welo] dfat oojut ¥gHr)
ohe B BMDS 3014 ARSE 4 Ol BE W, g ofol(Z3t F o]
0 2273 YA Jle Aol A9 B0 AgE) 9 BA WsE et

W AcHTable 1-4).
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Hd HH Wee BMDS 2.7°] AREE WA WHZoM AEAEHAT
BMDS 3 o|¥ol= 2do] I3t M M5V} Qles EEo AY wds

AR A AL Arte] 2AE w7 95 FuE) ¥ WeE Agalun)

Table 1. Frequentist Continuous Models: Abbreviations & Versions.

Name Abbreviation Version (Date)
Exponential exp 1.1 (07/19/2019)
Hill hil 1.1 (07/19/2019)
Linear lin 1.1 (07/19/2019)
Polynomial ply 1.1 (07/19/2019)
Power pow 1.1 (07/19/2019)

Table 2. Frequentist Dichofomous Models: Abbreviations & Versions.

Name Abbreviation Version (Date)
Gamma gam 1.1 (07/19/2019)
Logistic log 1.1 (07/19/2019)
Log-Logistic Inl 1.1 (07/19/2019)
Log-Probit Inp 1.1 (07/19/2019)
Multistage mst 1.1 (07/19/2019)
Probit pro 1.1 (07/19/2019)
Weibull wei 1.1 (07/19/2019)
Quantal Linear aln 1.1 (07/19/2019)
Dichotomous Hill dhl 1.1 (07/19/2019)

Table 3. Frequentist Nested Dichotomous Models: Abbreviations & Versions.

Name Abbreviation Version (Date)
Nested Logistic nin 2.20 (04/27/2015)

Table 4. Other Models: Abbreviations & Versions.

Name Abbreviation Version (Date)

Bayesian model averaging bma 1.1 (07/19/2019)
(dichotomous)

Multi-tumor (MS Combo) msc 1.8 (04/27/2015)
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( SU=MAIY A ERE HIE St Benchmark dose E&! ¢
(2) HOIAMS 1 2 35 240
QsrAel ofolis ket 2k

23 5 A ¥ o]5o AMEEE &
Frequentist('freq") E+= Bayesian("bayes")
g woto] Ay -9 Dichotomous Model Averaging (“DichoMA”)

unrestricted A3 AT = ot

if Model Averaging was selected
Restricted (“rest”), Unrestricted (“unrest”). AF&AR= Analysis Workbook?]
Main ®HollA] restricted 2 g ii=g
datasetl, dataset2,
= AAsks o ARSE
sl }o

35 2

“dsetn’
" = o§¥ Option Sets°] A|AH
Analysis Workbook®] Main Bo]lA] Option Set& AH3tc}. wiok sjito]

“optn
34 "optl'o] Hrt.
Analysis Workbooko]

=4 AERE AEH
[¢]] "freq-gam-rest-optl"c]gt= AT} o
geld 3 WA Option Set& A3, AjHe A3, frequentist H0F o

dat vt EEo] k.

Dichotomous-Multi-tumor(MS_Combo) 2Fo]
Figure 33. Multi-tumor Results Workbook tabs

freq-mst1-rest-dset1-opt1

freq-mst2-rest-dset1-opt1

freq-mst3-rest-dset1-opt1

PLIENETCII frequentist-msc-option1

the ofolt thEek Aol At AMSEC
QR 7hzEn

“msc” = MS_Combo.
multistage (“mst”) 23 ®-2 MS_Combo Z3}9]

» 7H]g

‘mstn’ =

Dichotomous-Nested 2Fo]

Figure 34. Nested Results Workbook tabs
freq-nin-rest_lsc-ilc+_opt1

freq-nin-rest_lsc-ilc-_opt1

freq-nin-rest_lsc+ilc-_opt1

I freq-nin-rest_lsc+ilc+_opt1
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the ofolt FA|g Aol At AHT

Nested Logistic model. ©] F$= @d TAE Zdofat .

“nln”

»

“‘Isc” = Litter Specific Covariate. “+"& LSC7} Z&E QS-S oJu|sic}. “-"&= LSC7}+
Z}EA] A omgi

ilc” = Intralitter Correlation. “+’= ILC B77} £ ASS 9u|stc}t. “-"= ILC7}

zero kil FA s

7) 584A4: 89 Word FZE JA

BMDS 39| Analysis Workbook's Report B4 AREA= ZF Il 59

2|2 EsH] 5] "Export Options" & "Word Report Options'o|A] &ZH
ndg Ay 9 23E A9T 5 U

m&" mlo

Figure 35. Analysis Workbook’s Report Options tab.

- A"3t Export Options= £4A] A EH Result Workbook @ Word
Report ot RFof 2 =

- Export Options("User Input" & "Analysis Results")& A2 tfE 1 g/
B4 7% 4o di&s Exz A" webd  "Continuous’,

E7F At

Model/Analysis §8 E&the HWiwolA 2 3 A=ttt
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- Word Report Options< Microsoft Wordol|A @& ZAxto] ¥ 4]

A5 BT W AHE&doh

[&F1] Word EAAE HYsH= H 2 & A= 249 & AoHE £4
A SRIgt & Word Report Optionse Adst= Zo] ot £4 237}
TrEAEH "Create Word Report” 43 AHg A=oA ohA] A3
=

[%F31] Word Report &4 AR o AREA= Main ®HolA @Y
Model-Option A|E £t X[A5k= Zo] St A% Hlol AES} Aol
W2+ BMDS7F BIAE ABAdot= o o 2 A7t Word Report
A A AFES 5 BMDS WAOA AT oA o|tt,

fijre

ol
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4. BMDSe| 2did

ol

BMDS7}F HE T 4= Q= Al 7H4] S8 % (endpoint) 732 A<, O]
4 52| o]&Fo|t}. o]& ol9of M2 IE == 3 7HX] 7} Aol =T

o= "MS_Combo" 4ot} 1184t o] 34 thF 8 (multiple endpoint)2]
ol &% EH]E]QI SRS 4%Y #olth. MS_Combo HEE 4o gt
IS W& ‘8. tF $F £4-1) o|&Y A= multi-tumor modelsZ}
A4 sttt of7]of AAE AL Be 2E {30l 3530 IRl
HEsy 18 Aol

rlr Hm

1) Frequentist and Bayesian

o]#] BMDSE &3] AM&A+= Bayesian -+ non-Bayesian 4 % 3}t
(= & tHE &9 4

BMDS+ non-Bayesian A< ¥4l "Frequentist" T+ "maximum-
likelihood estimation(MLE), Ztf & F7"o]gtal dit} o] HL ¥l
7Ved A4S 7INEe & 2ttt o] g o

o2 A3l=El "dl(models fit)<
2 7hsA A WAlel o8 28H A 7hed FHA " HE AAE
Bsttt, p-# 59 EA@: A¥E(goodness-of-fit) H7H+= A5 Al
frequentist?} YA|3tct.

Y ZA 07 Bayesian 42 24 F4X|(parameter estimates)s QU|O|E
gttt B4 Fh(parameter value)?] A¥A EHGE AYste EX(4

AFA BXZ(prior distributions)= AR EIE AkE517] 8l 118 21 dlojgE
Argsto] ddo|EHY. o| 52 B Y AN 7FsAd(posteriori distribution)S
Fslol= BMD FHA(AY FHAH A E(maximum a posteriori
probabilitt MAP) % A])7F BMDE AET 4 Q&= 7102 HIlHTY
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( SYUSMAE At Z22E HUE st Benchmark dose =9 A7
[(%r31] @A EPA= HIoIX|QF BEE E= H|o]X|Qt BEl Hslo] gt
71& AR A5otA] Y=tk

2) 29 uj7jH(parameters)
Figure 36. Model Parameters tab

ModelParms §oll= Z+ 2E9] ufj7fH4(parameter) 2 AFR¥H(specifications)d}t
374 BMDS7F Ad¥st= ZE Zdlo] FAET. ModelParms ®oll 4EE 4=

m2 o] et AA Yegolth. B A% wdolA ¢ Agath ghe

Yoz HoEm AR HAE/H8T = gioh
At (specification)> HEE T Ao wet Bl=F9(Frequentist)2t

A&tz H AREE= Z) mi7RHS gholl tHek AleREagt 9 Hdighe=
&2 Fefj(unrestricted

H|o] X Qt(Bayesian) 2.2 FLEET}
Aoy HT A9 A A2 7] #($E(likelyhood) A=
A=t Aete FHi(restricted form)et A|THEA] L2
form)Q] Edo| Sl= A%, F FHEiol thet o] HiE=F0]4 ApeFo] glom,
boundF gt £ FaghHets th=ot

AR 07T,
[o1AIQE H WA Q] AF ArF 2 Bl Hieh AR
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BE §9): AFRDH Y AL Ao hhEsE): B2 L B
HxH7} AlZ=t prior® 7 HHAS 98] AlStE T bound: "HAa" &

"FH" F oo YdHT
F7F AEE Ao 34 58/ EAH AR AR dEdste] vl so) 9
Hlo]z] et Bl vPg Ao gt A2 tha Ao 7|&=
6. A& dolE 9 2WA-4) Simple designolAl A&4AQ 244 95t
E—’_Eﬂ‘,] o]—X—] /\c]-/\ﬂ

[©)

- 7. o]&F AR FUH-3) Simple designoA o]EF FUHS T
o] 5 A4A

E3F E3] priors € BE AQF X7Ho] BA|EH+= o3 BE XIS

- Table 7: The individual Bayesian continuous models(preview)

and their parameter priors

- Table 12: Bayesian dichotomous models and their respective

parameter priors

wd 7S 322 7F BMDS Ao B s WA

(o]
= 5
Fo| & &8E-3) L4 w7 (parameter) 'S I

3) BMDSOA AHEEE At dXEE
(Optimization Algorithms used in BMDS)

He 24 3 AR wo]A|F Al4te] 79 NLopt #2{3} 2to]E.2{2]7} BMDS
3.000] AREET golH oA AREE o= e R 7HA] FASE daEE
49 A=gdE HAS7] s AMEETH

- | E(maximum likelyhood) & Fo Al =4S EZgol=

Z|Z|5te] 39 L-BFGS1 Wio] A Alsrt. ~3Hof Aufistd 1y
] A EE "subplex” ¥ "BOBYQA"2 €iEj&o] A-Hrh.

rQ
[m 18
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- mEndYel 9 udg $54 At 24T WA B9 COBYLA3

o
9 MMA4 A2 A4S ARgstel Hlmach Wo] T HAghe WSk

- 54 Ak 2 H5te] 7§ 57 Lagrangian ¥alE]Eo] AREEH L-BFGS,

BOBYQA E+ "subplex" &alg]&o] A& &

s A oA AL,
T 7b A2 PAe] AR THE AUE Y B 2 AHGLS YA

Ztol A8,
NLopt 2.4.1 BMDS 3 Z &=
GitHub A}o|EO|A ThEZE=3F

= Mg O AR, ©] HA2 NLopt
At darEEe] btk AAE We=

4) Model averaging< X33t H]o]X|et £4

(Bayesian analysis, including Model averaging)

BMDS X9 averaging< HIO|HA|EE Ar&sto] @O uf7fH4=7} 7JAl
H& Ho]X|Qt B4 7|vto 2 g,

2 A& (g H7|oA) L o]lEY &5 ¥

ndof disf 2z A4 “6. A&Hel"He L™ -4) Simple designolA

A At 29| =8k AA-(7) Bayesian A& (v]2]E 7))

ALl TELH
Arg” 9 7. o]&g A7 o] $UH-3) Simple designsolA] o|EF FTLHE
At o] 4284 AA|-(7) Bayesian °]&E3d L@ Awo] HoJx|o] Qi

BMDS 3.2014% o]2% &d averaging®t AR 4= Ut

7 2 pel sl dole B4 HAUE(CIEY ST A5 ol MEH,
A< dolEl9 AL A T 21 A EX)S 7btoz st= glolE
ADIM)2S] 7Fs7do] Ut

St ojAto] mdof Alo] 9 wf el Ae filo] 2dl averagingS
KA SHA e siEolok ol "best'® 7FHREE 3 mdo] 7|ulgE 22),
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oj et Aol K B, =1, ..., K& &5kl el 7Hgsttt. 7}
Zdo] s BMDSE Laplacian TAFAIE ARESHe BMDE| At
(posterior density)E ZAISSItE o] W& 2d K9 gi(BMD| M, D)Eral
gttt 2dl kofl thgh viriHs: WE 7L 0kE HEAISHAE b= AR S5 TS}
sk HE 9] gt AATHAN AR +4 E= MAP #%4). 24 g+ BMDS]
W U o2 g

K
gma(BMD|D) = Z (Ml D) gie(BMD| My D),

=1
A7|A = FO1X oA BE ML ARF EEolt
o] A WA 1EEHE 7 do oitt A% 59 42 U] E itk
o] averaging Y39 7FEAoltt. BhE XA AREE H AT 2
A H (information)-715(criteria)-71%Hbased) 7FX|(]: H|o]X]|Qt FH 7]&
E= Akaike AH 7] 7|¥hHY] AREE Hetth. 2358 BMDSE ElolH Y
A Do tigt Laplace ZARAIE /\}30}04 7NSAE A &, =Y
MO 3% 1<k<Ko|i Zo|7} QI wiZj¥ds #E §, oA FH YW
(marginal density)x= T3 Zo] LAMXE ettt

f e L a
I = (2m)"2|Z; | "2 8(D|My. 8 ) 965 | Ms)

8,{ is the MAP estimate,
Iy is the negafive inverse Hessian matrix evaluated at E',,
#(D|M;. 8, ) is the likelihood of the data, for model k evaluated at the MAP, and

g(8x| M) is the value of the prior density for M; evaluated at the MAP parameter
estimates.

Mol NG A B9 SRS AXISH] 915 MAPS AN The: 9ol WA
Agstel 2 AMIt ZdY A% FES

wilp

m (M| D) = T wl,
=1
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ot Benchmark dose =@ A+

= =
=

I8 21 8= X
1A wet 29 M2 APA 7hs/dolet. BMDSOA AREAR=
1282 24 2o Fde 7HAlE

At 7
I}
BMDY9| sHA
ARgEL mdd J
E o] A~

AR
1 H}AlY
) o 1

F*|+= Fletcher®} Turek(2012)9] MAPL(Model Averaged Profile
GAFSIEE. 18y MAPLS 7RsAolet o&31A| gt
2ud AL g AL of ARA

a O

T Z2ad

O Z(asymptotically)

o]
Likelihood) &
BMDSoll A9} T 4=
AHEE F3t} &, =8 prior7t EF
i ZAE B4 izl digh oA AR Bo] E9E A Este] H 9
=, @A g A MAPL A A7) A= A4
g3t
o] AW 7 T2 7hsAgel Hiet AT TS HiAlete] MAPL Za| =2}
HAE 5 AUk o] WYL A MAP 4% 21 A¥(log-posterion)9]
Hessian ¥EZ AREsto] BHA 7hsAde ARG
[(al] 29 gt Jd 1§49 B9 o2 HIoIRIRE RE( 7)ol e A=
FTEH-()ol2d 1 ZEoM d9)e L HoololA AT = St
olEH Hd HH3o] AL thdA nE2 v} 2& A g ofo] thgh
22 Nitcheva 59 2o &t 2d FH#3 230 & 1d
(d: dichotomous Hill)e] 71 Z+&E(curvature)S A& 5 Uth=
Ao] WRSHA] Faa HoiEH

1Y W 1% ot

]\]_}\ S
= Z
=4
]

JX]+= 7 EEe] BMD MAP F4X%|2
2 09 diEFHel A% U= 5
5%

L

w4l

Ina= 7(-],,] O]'

BMDS Zd B3 BMD ZQIE
7 WatolH AR 7HEA] M(MAD)%
#t 2t BMDL T+ BMDU #7392 4%
+7% E& 1001 -

gt 100(e)% BMDU &

BMDe #tolth
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EMDy
a = f Gma(BMD|D) dBMD,

E BMDy
= Z Hrc(i‘ffklﬂlf g1 (BMD|M;, D) dBMD.
=1 —=a
The quantity fff P g%(BMD|M;, D) dBMD is approximated by,
BMD,
f gx(BMD|M;, D) dBMD

H%Pr{—2103@;{[3_}:1-]:]|1'-fk,ﬂ}] 2log[§i(BMDg |[My. D)] < xZa).

_,_.-—-_._

O7|1M Gk(z|m, D= xOIM A2 SFE Z|HZ{0|Ct. BMDE BMDY)
MAP Z=XZI0|1, Xi«= X

R/t 121 F10|ME &EH,2 oHP]
(quantile)O|C}. o ZAIEt2 BMD, < BMDE JPHSICY

BMD < BMD, Q! [{ 0| Ht&Alo| QExO

1 IV -~
~1- EPr( —2 log[§x(BMD|M,,D)] — 2 log[§,(BMD, |M,,D)] < x%,)

Oz A=

o] TAMEES: =S ARgstol BMDLY} BMDUE #3E o AR8sh=
profile-likelihood®} H]Z8A|qk o] AL Jk(x|M, D)7} A WE
(posterior density)°]il, X2} priorg 25 ZEFSH}
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BMDS 3 Analysis Workbookoll 2Jsff AJ/d% Hlolg AE® 3 Results
Workbookoll= X 9] #o] A3} Model-Option Set &go] E3StE|o] Q).
7 2 2dyg g 9 Ay ¥ 9 Iy gofog AH

o] Azlo] BAL AL&Ao|A Aty 7|21} mEl ATE A3l BVMD £
Ao Adet 2d 2 4 MEZE 2H5k= H Ev2 F1A o= Aolth

524Ql BMDS 29 &2 tfsf A4
g Z1L nd %"’—é?—i %eﬂoﬂ ‘:Hi AARE W82 o2 xR

- 6. A&Holel] FUH-S)HEFY A%Y o] Tt Sol

&
=

i)
O,

-

o
i)

© 6. G&H|olEY] FLH-OM|o|AIRt A& H(m]=|E)of| Hieh Sol&l &
7. 0lEF AR FTH-HUEFO| o]EF R Higt Eold &
- 7. ol A= FLH-5H|CIAIRL o] EF HHof gt EolZQl &Y

D) 29 49 ZACGHEA 99 )

Figure 37. User Input table

User Input
Infa
Model frequentist Dichotomous Hill v1.1
Dataset Name Inflammation, Chronic Active
User notes [Add user nates here]
Dose-Response Model Pldose] = g +{v-v*gl/|1+expl-a-b* Logidose))]
Model Options
Risk Type Extra Risk
BMR 0.1
Confidence Level 0.95
Backgrouwnd Estimated
Model Data
Depandent Variable Dose
Indepandent Variable Effect
Total # of Observations 5
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Z} Model-Options Seto] thsll A4 E Results Workbook ®ofl&= User
Input ¥7} 23t= o] Qlt}. User Input HOll+= 33 Model-Option Seto]
s Ad=iE s4o] ydH

A& &0, F T ARAPT AE Bt e g 92 A4S 449
User Input & E5to] d4o] 5UIMA] = Y
HA9 RS A=A &I 4 Ut

Z} Model-Options Set2] Results Wrkbook ¥°fl 21+ User Input o=
g o]53 ¥ ¥Z, HIo|HAE olF, HolEAE AREAL HIEE H|ESH
Analysis Workbook®] Main @ Data oA AFEA7E dHstal X A3t
ndlg] wAo] =] Sl

2) BMD %718} key fit SAl(benchmark dose table)

Figure 38. Benchmark Dose table

Benchmark Dose

BMD 2295.279512
BMDL 1487.825333
BMDU 3108.76178
AIC 129.5361884
P-value 0.38149439
D.O.F. 1

Chi’ 0.765880782

A3} ¥9] Benchmark Dose o= Model-Option AIE] T3t BMD,
BMDL ¥ BMDU $4#], AIC ¥ AA A% A (goodness-of-fit test) p-Zk,
X (degrees of freedom, D.O.F) & 7}o]A|H(chi-square)°| ZE3HH T}

(1) AIC

BMDS Results Workbook 9] Akaike Information Criterion(AIC)
P2 o3 o] AALE A
AIC = -2xLL + 2p
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( SYUSMAE At Z22E HUE st Benchmark dose =9 A7

oJ7]1A LL2 &Zof digh Hg) L& 2HR]oA 9] 21 9= (log-likelihood)
olal pr FAH g AR AA (restriction boundary)”} oFd)S] 40|t}
AICE &Y% HlolH NE tis] A= thE 24 (Tt A HH,
o: & AF Ee I = AMH)= Bl o AHEE 5 Ut AIC ol
A25E AAdEr ¥ £32 UEdTh AIC Blus FEshA gARHAIC
ZolE sfiAstr] sl A HAlo| o) Hd Ao &3 A& Al

AICY] =t 2 R AR JHEE offo] AdoA A5ttt
‘6. 949 HolHY FT-4)Simple designolA A%
AHA-(4) AICS 2d v W S ZHREH}

- Ol FTHHY F= 7. ol&F A=Y FEH-3)Simple designolA]

[
ol2d FTTHS fet | 5ok AA-(2)AICSF model®| " E ettt

(2) P-value

p-#S A{E(D.0.F) @ Chi2 & 7|¥to g AAETHChi2e D.O.FY
22 AREE 2= 7oAl B2 ExEYA 7P, p-#i2 I HlolE
et Bd 59 "FHA(closeness)'& St AA| p-ghol mg] AHH
WA p-#ET 2 AR Edo] ¥EE &3-S s &8s A
il 29 4= Itk EPAOIA ARESH= A p- %1\‘8‘ ARFA o= 0.10]A|%F
o dlolg ol -85t thtA Rdle] F5 fujE 0.05% gofsto] 483t
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Figure 39. Model Parameters Table, with hover tip explaining the Bounded estimate.

Model Parameters
# of Parameters 4
Variable Estimate
g 1.65207E-08
bl 3.70531E-05
b2 Bounded The value of this parameter, 0,

b3 7.721E-13 is within the tolerance of the bound
(see user guide for tolerance limits)

Model Parameter ¥oll&= 23 A 3Hmodel fit)S "%ZSHoptimize)' o=
mf 7S gholl ek S=84ko] =g

/i X mf7/iH4s FA(parameter boundary)?] FolZ &
9 ZHtolerance)(1.0e™®) Woll &sh=x] ¥7] s SRl 58 A
&5t= 499+ "Bounded'Z2 HEA|EH o] g2 HE ufjrfjHdof X-ZHE}

4) ¥2& B3I d4(cumulative distributive function, CDF) &

o] £22 BMDS 3°]& ¥Ae] M2 7|50o|th. CDFE "4 X 'S
olu]stw BMD F4A& Uttt +4 == BMDO] diet CDFeF &3
W2 E Uit

0.59] CDF %3 #A= BMD Fte] BMD2] MLE°C|th(Benchmark dose
oA BMDOl thsl EiE gt d=9h.

CDF €52 BMDL ¥ BMDU %9 #fA Benchmark Dose 32}
& o vk FA0A AREAE AT AlF] a2 TS AlF fEolth
w2ta] g 41F] 0] CDF £59 2 Wi 5 stuet #d" 3¢
BMD #to] dX[gttt. A& S0 AR A't 412 4=E0] 0.95(95% ©=
A= 34 834)91 AS- Benchmark Dose 2] BMDU+- CDF £&9] 0.959]
O3] 4g® BMD @ 49Xttt 182 BMDLL CDF £&9] 0.059
i3] U4dE BMD # A|gict

47



A=A Zat 82 HOE I8t Benchmark dose =2 ¢17
5) 199 29
I3 Y &8(plots) Summary ¥ Results Workbook®] &% Model-
Option Yol EA|E . Summary Holl= 2= 2@ tigt ploto] HA|
| 248 Attt 7 el Z3k= ofd Model-Option
Figure 40. Results plot for an individual model

Lower Confidence Limit for the BMDL

Seto] sigste Hol EAHT

Option Sets
=]
L.
Frequentist Exponential Degree 5 Model with BMR of 1 Std. Dev. for the BMD and 0.95

p—

1
o] SMAL A}8A}-

A A48 2127 BMD 9 BMDLO|H
(Benchmark Response, BMR)= WEHHATE
Al
A 5

5E
i

¢

2

7]

Nl

Excel HZ 7]

Elacy
mdo o5 24y LF-uhe THMLo med Hog ¥
5= Ar&3to
2] #7Kconfidence intervals)¥} 3| =544

a9y EA 7]
W] et ok chzch
gloleo] Furd-5)uEF

JolE ZRIE= 71 11

glo
Aoz A HTH
Q2 gfj(error bar) AAIS &
a. 959 LAY ¢ 6. 453
o] gt So]&Ql &Y-(4)Plot?} error bar ALS A&
b. ol £3 T BF 7. olEF AmY TEA-
ol EF TTHZ flt Bdlo] 5k AJA|-(3)Plotdt error bar AF S
Zhz 3
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6. G553 O0|E2] ZZLM(Continuous Endpoints)
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A. B4 HRSS YEY = W3 Wk (adverse direction)
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AL AFRSE = Qe 342 olHet e Agat #Ho] it
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Figure 41. Default selection of BMDS 3 continuous models, as they appear in the Analysis
Workbook. Note that model averaging is disabled for continuous models in BMDS 3.2.

MLE Alternatives Model Averaging Variance Models

Frequentist | Frequentist | Bayesian
Restricted | Unrestricted (Beta)

Model Name Enable[v] Enable[ ] Enable [] (2]
Exponential B O i)
Hill o) a O ]
Linear, B O ]
Polynomial O O &
Powe O O ]

B AMEANE He A459 R4 tisf stolHHt A&y HEdy W
(Hybrid continuous modeling method)® A&+ ¥
(lognormal response distribution assumption, °J]&o&= A4 X
(Exponential mode)olATr ARE- 7Fs)S AR 5= Ut

o]A WA 9] BMDSo|A2} o] ARgA}= Hill, Polynomial ¥ Power H &<
At B Ao Qo] AdsleE Aeist 2 9lck A¥ BY(Linear model)S
ARt R] ko X4 R Ao =vt AP 4 Ut

BMDS 3.29] ME& 762 5
preview HZJUTE H|o]Z|Qt A&y Hdlo]
Ag = o] QA

(23] @A EPAL Hlo|xIet maleo] gt 74 AWe ATsHA ghert,

(43 Preview(d]e]7]) BRE A2 Aolth. Pt HAES AXA
crorom 9194 W7k 2ozt EpAdH BAHoR AE 9 £slA
okt
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1 S|

H
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%

tﬂo]EVﬂE 219l = 71 Q7o) tigt AN 8L 3.2 A
AFZ2-2HCIHAE F71E =t

2oFd A& ¥k dlolE Y] 3% € W2l "Dose’, 'N', "Mean" %
"Std.Dev'7t 712&¢k 22 5017k AU

I AE5Y B dlolE el d HEZ9 71242 "Dose"? "Response'®
A=} Ut

P

(1) adverse direction

Figure 42. Adverse Direction picklist for the selected dataset.

Adverse
DataSets ) )
Enable Direction
Continuous ds1
Continuous ds2 omatlc
| down

Adverse Direction &40°] thet A8 AR "automatic' (71845, "up’,
"down"o|T}.
IS Aol 912 A5(up)stAY sPd(down)tel weE
H28-0] 7} o 5 Yepdity, F2h8-9] Wigko] gzl ¢ FAEe] g2
A egt

"automatic'e] AEEH BMDSE #E §5-2Hg A1) FEHIE 7|ve 2
B89 vigFS Al

o = QIS

AREAE A7 BMRO| BMDE 7] sl 2 23t oA AR
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SUSMAE Z1t 25 HUE ISt Benchmark dose =2 417

3) ¥X(options)

BMDS 3 Analysis Workbook®] Main oA AR&AR= 51U "batch(YE
Ae))" TEAAA of ARERZF et BEat of 2] ARSA7} A= Ho]E
A E] A& o8] 34 AEE FA 4 At Add Option Set HES A

sfo] A &4 WY THL Hec

Figure 43. Continuous Model options.

Option Tail Confidence Applies Only to Individual
Set # BMR Type BMRF Probability Level Polynomial Restriction Distribution | Variance
1 |Std. Dev. h 1 0.95 ‘Use dataset adverse direction |+ |Ncrma\ " " Constant b
Add Option Set
(1) BMDZ2|(defining)
Figure 44. BMD defining
Option Tail Confidence
Set # BMR Type BMRF Probability Level
1 Std. Dev. v 1 0.95
Rel. Dev. — Add Option Set ’—
Abs. Dev.
Paint
Hybrid - extra risk

e 4 BMD 2 S 479l Heoje B,

- BMR(Benchmark Response) Type: BMDE Z=&3l= 9 AMEH& HRS
FE= 2457 ftt Ad S ot AT W2 £ 58 H=E

=g

- BMRF(Benchmark Response factor)= BMR -F3g°f w2t o2t # 59
BMR 3% ¥ BMRFe} #HHE F4HS Qosto] eyt

- Tail Probability= $2H&2 A oJst7] Y3 AL Z(cut-off)E FEA|ISHH
"Hybrid extra risk(3le]E8]= F7} 93)" BMR Type©llqt &85} A&
=0] 7]EZo 2 0.01S A3 o]= o] gl o] F28o=F oA
A= Hkgo] yeld &0l 0.010]8k 1 AF PSS UERAT. o]AL HRS-
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Hhey} 228 Alo]9o] AQIE Aot}

A $2L2 V1B 0= 0.952 HAAF) o] AF] &2
Sgsich =, A8 $F0] 0.952 AAE A< BMDLS
BMD9 ©@= 95% AFsto|tt.

o= Al Al
BMD9 @ 95% st3toltt. BMDU+=
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of ele] A A

l
g

L ggolr=

o] 4% BMDLO|A BMDU7ZA 9 F#3k2 90% Al¥ 3] Hr.

Table 5. Options related to Continuous BMR Type and BMRF.

Analysis File, Main
Tab Option Name

Verbal Definition: The BMD is
the dose yielding ...

Mathematical Definition

BMRF Notes

Rel. Dev.

Relative Deviation:

... the specified change in median
response relative to the background
median

Im(BMD) - m(0)|

= BMRF
m(0)

BMREF is the “specified change”

Default value = 0.1 [10% change in
median]

... the specified extra risk, defined
by the estimated distribution and
background rate

Abs. Dev. Absolute Deviation: |m(BMD) - m(0)] = BMRF | BMRF is the "specified change”
... the specified change in median There is no default because it is very
response endpoint specific

Point Fixed Value: m(BMD) = BMRF BMRF is the "specified point value”
... amedian equal to the specified There is no default because it is very
point value endpoint specific

Std. Dev. Standard Deviation: Normal Responses: BMRF is the multiple of the standard
... the specified change in median |m(BMD) - m(0)| _ BMRF deviation _ .
relative to the control standard a(0) - Default value = 1 [change in median (or
deviation . log-median) equal to 1 standard

Lognormal Responses: deviation (or log-scale standard
In{m(BMD)) - In(m(0))| deviation)]
a.(0)
= BMRF
Hybrid Increased Extra Risk: If high responses are adverse: BMRF is the extra risk. {Default 0.5)

BMRF
~ Pr(X > X,|BMD) — Pr(X > X,|0)

1 — Pr(X = X,|0)
If low responses are adverse:
BMRF
 Pr(X < X, |BMD) — Pr(X < X,|0)
B 1 = Pr(X < X,|0)
where X, is a response value and
Pr(X < Xy|d) is the probability that
the response, X, is less than X, at
dose d. For d=0, the latter equals
the user-specified “tail probability”
and X, is then a function of that tail
probability and the estimated
control-group response-
distribution.

This option also requires specifying a
“tail probability” which is the probability
of extreme (“adverse”) response at
dose=0

m(x= &% x2 FYwelth. 53], m(BMD)= §F=BMDOIA FFF°|2E BMD+= A 7419

Soltk. o(0) HRAd=0)0] et EERAo|T 5,(0) 22 gt 21-H% BEHAE,
o

2247 $E2 714E o 48"

Jh3-o]
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( EUSHAIR 2t 8 MIUE @[t Benchmark dose =2 &7

(2) CHeA Hgh(polynomial restriction)

Figure 45. polynomial Restriction

ice
Polynomial Restriction

Use dataset adverse direction hd

Use dataset adverse direction

Mon-negative
Non-positive

£ 71719 Alg(coefficients)ol] gt AlSk "Use dataset adverse direction”
123, FAEAY AFE 228 1o et thF), "Non-negative'(00),
E+= "Non-positive'(0)Fo]] A8 4 Qi

(3) X (distribution) & £4Ak(variance)

Figure 46. Distribution and Variance

Applies Only to Individual Models Applies Only to Individual Models
Distribution Variance Distribution Variance
Normal > | Constant v | | Normal ¥ | | Constant =
Log-normal | Non-Constant

7|2 Hlolg £xe 37 £x9] 'S4 FH ¥Mede 92" Aot

% Al 7HX) Zgo) slgHh

c. 21 A+ Bx, A3 H5 AF(CV, coefficient of variation): &
E o 7 &7 AFS 59 CVE 7HHER 21
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49wl dolEs Rue o BMDS U4 wHlo] gt BE 1YL
8-0h8 mdo] o) Foldl Waw AR} AWY BARS EE B
B1g-0) @4)0] i AT BE(Z 85 1F) e shpH)eis ol e
H4L whgo] 2T BES wEck: Aot

BMDS 304 RE 59 2 ARSAPE At H 2O WS 2
7Hg SollA A"d 4= Qlthk. BMDSY oA A2 A4 X (Exponential
model)o]l ATt o] A8Z 583t

AREAZE 7 HEE dlolE o FIRtttH S| HlolE= £4 Ao 211
Hekeh o= UA|TE oo A AHste AAE dAFEHE AL AL ofyth
8ol B4 2 UEs 2R 4EHe 4 dAdEHe J2 P42
712 EE7F NS ol s AolH SR CVASTY F4 whEr
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( SYUSMAE At Z22E HUE st Benchmark dose =9 A7

A BRI GFHA MLE 24
dol8g 2y BER /PYstE doldE 188 ¥F L EE #AE

EASE JG MLE €24 22 4 gtk o] 49 2
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A7 =o] ot m(dose)S A8H

Table 6. The individual continuous models and their respective parameters.

Model

Parameters

Notes

Linear and Polynomial models
m(dose) = g + B, % dose + f3, X dose? + -
+ By % dose™
n is the degree of the polynomial, specified by
user and must be a positive integer
(maximum value = 21)

g = control response (intercept)
By ... B polynomial coefficients

Parameter Constraints: none

User parameter restriction options: can restrict the value of the polynomial
coefficients. Restricting them to be either “non-positive” or “non-negative”
guarantees that the resulting function will be strictly decreasing, strictly increasing,
or perfectly flat (when all the coefficients are zero). If the coefficients are
unrestricted (i.e., an unrestricted form of the model is run), more complicated
shapes are possible, and, particularly as the degree of the polynomial approaches
the number of dose groups minus one, the polynomial will often be quite “wavy'.!

km+dose®

Linear g = control (intercept) Parameter Constraints: none

m(dose) =g + f x dose £ = slope User parameter restriction options: none

Power g = control response (intercept) | Parameter Constraints: 0 < & < 18.

m(dose) = g + B x (dose)® B = slope User parameter restriction options: § may be further restricted to values > 1. Note: If

&= power & <1, then the slope of the dose-response curve becomes infinite at the control

dose. This is biologically unrealistic and can lead to numerical problems when
computing confidence limits, so several authors have recommended restricting § =
1.

Hill* g = control response (intercept) Parameter Constraints: k > 0.

m(dose) = g + Xdose” k = dose with half-maximal 0<nz18.

change
n= power
v= maximum change

User parameter restriction options: n may be further restricted to values = 1.

Exponential'2
Exp2: m(dose) = a x etb*dose
Exp3: m(dose) = a x e(oxdose)*

Exp4: m(dose) = a X (c — (c — 1) x e=bxdose)

Exp5:m(dose) =ax (¢ =(c=1) x (*(bxdusg)ﬂ)

= control response (intercept)
b = slope
c= asymptote term
d= power

Parameter Constraints: a > 0

b>0

¢ > 1 for responses increasing with dose

0 < ¢ < 1 for responses decreasing with dose
1=n<18.

Note: The sign in “ + b" (Exp2 and Exp3 models) will change depending on the
user-designated or auto-detected direction of change: + for responses increasing
with dose, - for responses decreasing with dose.

Borgel 4= 9irt. 1 AEY EA F s
Hojdth=
A=7HA 2 sfiof
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€3 159 Ni o IdA: Aol 7Pttt Eot vy 1R &8 180
A dhel gk F7golekar 7Rt 211 9k o] P42 §hgol A4t
I s 2 E2E 7PEEEA oFo w2t t=ch

A AHERE ¥ 71

Faor the assumption of Normally distributed responses, the log-likelihood function is:

[J'Ilrl: - 1.:].5'[: J'Ilrl:{?_i - fﬂ'::dDSE:'}:I:
z T 7
2a;° 2t

= -Ye S N i o:?
_—zn(n’]—z 5 n{ o)+

where

Iy :
i :%1” (the sample mean for the ith dose group),
N, =
2 _ Lpayso?
5= Ni—-1
N= E?:l Jlllrl:.

The parameters defining m(dose;) and &;* (see previous two subsections) are optimized
to maximize the LL equation value.

(the sample variance for the ith dose group),

N; — Dsy?  Ni(Zy; — In(m(dose;)))?
?..G'LEZ ZJLI'Z

G
N Ni
LL = _EIH(ZH) - Z [N!'Z-'L[ + ?lin( JLEZ) + (
i=1

o171 A,
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Z;; = log-scale sample mean for ith dose group, and
s5,;© = log-scale sample variance for ith dose group.

329 AL o] m(dose) E o1°E FYsHE Wi M=
e Hrjsrstn] HAspc

At 2
Al
A

(4) AIC2t 2 Hw

Akaike Information Criterion(AIC)= 2% HolE AES] gt A=
e 2Y AYEE Hu(Eed dYYH AR, =8 Hdishste Hl A
& 4 o AICE LL gheld A4 dx)3 +74d wizids po s wt
b= S0l

AIC = =2XLL + 2Xp

AICE &2 LL S 245k o ZQsh v/ 4 &
9] flo]g Z(parsimonious) 7Fs3 7P =2 LL #S & &
SR} AICO] Tigt WAL LLo) tigt 29 44(d IA st AL A)e}

=
E‘[J__

©
)
| T
_0‘1'4
2
n

L1
g
= 10

pol diet Fof S0t o FobA 3] g2 H'S
7B o 22 gS 7 B o2 g AICE 7IHe
EEHG AIC7F § Y2 Bd2 F4HEn ot W2 A4
=g AdEo 783 AME AT & A

A Hde] BMDSAIA "FAE misfEe'e] sole AAIRK(bounding
value)¥t §LHA] ¢k Zlor FAd v/fHant 2ohdi(id 73 A|oF
= ARAR 73 Al2i(Table 6)).
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Table 7. The individual Bayesian continuous models (preview) and their

parameter priors.

Jpu

Model Constraints Priors
Polynomial 0 < g < leb g ~ Lognormal(0,1)
—le—4 < f <« 1led f; ~ Normal(0,2
pidose) = g + f,dose + f,dose® +
+ fi,dosa”™

Linear 0 < g <leb g~ Logrnormal(0,1)

pldose) = g + Fdose —lg—4 <f, <led By ~ Normal(0,2)
Power 0« g <1eé g ~ Lognormal(0,1)
pldose) = g+ f % (dose)¥ —le—4 <8 < 14 B ~ Normal(0,1)

0 < d<40 § ~ Lognormal(0.405465,0.5)
Hill 0« g <18 g ~ Lognormal(0,1)
pldose) = g+ prdoss® 18 <v <18 v~ Normal(1,2)
N kr+dpsen 0« k<18
= k ~ Lognormal(—0.69315, 1)
U<n<ig n ~ Lognormal(0.405465, 0.2501)

Exponential 0 < 6 < leé a ~ Lognermal(0,1)
pldose) = g x gibwdose 0 <b<18 b ~ Lognermal(0,1)
pldose) = a x E,J.l.l:l-:'.:u;e-._‘,ﬂ =20 < Inie) = 20 In{g) ~ .“-'IJF'I‘J’JRTEU.J.J
pldose) = a X (¢ — (¢ — 1) x e~b=dose) b<a<ie d ~ Lognermal(0,0.2501)
pldose) =ax(e—(c—1) x g~ (bedase)®y

e BN o E o= BAREO] wj7jzoltt, o = exp{in(a) + p * In[m(dose,)]}
2E rdoA In(e)o W3t priores Normak0,1)°]1l -18°4 18 Afo]9] Fto=z
ARtetet Wi o= BARO] YASHA] 82 Ao ® AojH - olut flollA A8k
prior7} @EET. o] H$ In(0)= Normal0, 0.2501)°]1 o= 03 18At0]9]
oz AEAY. Normalx, y= B x, E2HR} vE 7K & AFEEES Yehdc
Lognormalw, z)& 271 HALX H4o] wolil 271 AL BF WA/} 29 271 A4f
BEILE ofu|eit.
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5) Frequentist 949 2do] sl o]z &<

Figure 47. Sample Results Workbook tab for a frequentist continuous model run.

o e lF e [ oW |0 ] w | e | e | ow | M | o | F | @ |[R|S]|
BMDS 3.2rc2
Beturnko Summars Scrallriqht tareo BMD Gumalative Distribution Function (E0F) tablo
e,
User Input Model Results CDE
E ] wno

Hagl v : 5 St tettis vor_ | eesarsint
Contimeur iz P T
Urarnarar [add urarnator hora] 203 wilutinte
o [earizems
Do Pk PR = oo ) wis | asiste
FartaneeHelel FarT-clohe P 7Y
w1 sssines
ViadtOpuina o5 [esassnos
MR Y w5 | asnageans
Sher P o1 [essssuse
TaitFeatari, B 5 Teseatzos DT T
] o s wvizzests o [zeamzns
DicvisnTpe Hormal eaihe | s ezstest o6 |zecosese
i et ot |ainosaer
(e (A o |2Toozzate

= cn | Bt | cue [ ohrerued [ Enmensd] Gared [omroresd] Seated
Hedian | o o ot | aruavrsea
D ] s W [usoims| 16t | e epes| o | o | -t o | emrmee
Waan 1 55 1 Lartsteons ] ts | ues Tateraoss] o | otz [banmar o [arssuen
| s 1o [swsnon| s | s Torereoes| o | o | rasestaar oe | ariamiec
Rtvaree Dire s R ] a6 m etz | st | am1 [wsereoss] s | o5 [otuasaer uz [oreseszeq
s 1 Tsmessms] e |t Torerzoss] om | ote [ovsmses 031 Jasostont
o 2
Cibatikents aflaveress oz emarnes

o

badsl | tostitotinad | Paramorarr | 10 PRVR Frerre
a1 searmids ETTrT wis | csrmstis
o sesastsnes |10 [ onowses wsessromd
m seormzetz | ewaesss o emssa
Feeed ] sssetits s Tossss PYTI TS
® wsassetees | & earmes w3 | asa.tsants
e prree L 20, vz | ssassmee
031 [esesats
T R A
Rt JetLastUiotos| Tt | preate sz | aswssses
1 aroawszss | ¢ oowoos vz sotnrros
B toesraszs |4 oswenn wis [oeions
s tossrarszs |4 ossseos st soabised
4 sitzase 3 Lozamsane w1 [ausszeer
w5 Taunatesna

“« » | Summary | Abbreviations 7freq-exp2-rest-opt1

68

wat | szastane
e P a9 | szs.araies
L 05 | seetams

e for the BMD and 0.95

freq-exp3-rest-opt1

freq-exp4-rest-opt1

03 | 30nmasTie

na | st0zrasss

0t | tzetont

b4z | 3irt0738

a3 | 5tseze

a4 | 362055

g5 | sirassant

.46 | s19suzsen

war | searsese

051 | szs.enasr

w52 | 3e73seata

w5z | zevasion

054 | 3e0.305425

55| arasrsaee

w56 | 330azidse

w57 | rrvotrar

fre ...




4
Ju
_

(1) Fit table? £2 H

Figure 48. Sample Goodness of Fit table, with Normal assumption.

Goodness of Fit
- Size Estimi.ated CB|Ei'd Observed | Estimated RIS Observed Sca?led
Median Median Mean sD sD Residual
0 10 1.658313705 1.61 1.61 0.12720687 0.12 0.12 -1.201046387
25 10 1.671519003 1.66 1.66 0.12720687 0.13 0.13 -0.286354713
105 10 1.698245901 1.75 1.75 0.12720687 0.11 0.11 1.286572266
316 10 1.781421802 1.81 1.81 0.12720687 0.15 0.15 0.710434871
625 10 1.910635799 1.89 1.89 0.12720687 0.13 0.13 -0.512992166

Figure 49. Sample Goodness of Fit table, with Lognormal assumption.

Goodness of Fit
) Estimated Calc'd Observed Estimated Observed Scaled
Dose Size i i Calc'd GSD i
Median Median Mean GSD 5D Residual
0 10 1.648797808 1.6055465 1.61 1.12433068 | 1.077271 0.12 -0.109122205
35 10 1.663398431 | 1.65493293 1.66 1.12433068 | 1.081332 0.13 -0.009558383
105 10 1.692599677 | 1.74655307 1.75 1.12433068 | 1.064809 0.11 0.161443391
316 10 1.780620575 | 1.80381636 1.81 1.12433068 | 1.08625 0.15 0.082632182
625 10 1.909523218 1.8855449 1.89 1.12433068 | 1.071117 0.13 -0.054910745
At = (Goodness of Fit) F+= YHH T2

HE= "AAF) dloleet BAH
52 4 & 150 Hol o P2 HARRI AFHHoE AlRES
o]
=

- 77 SY%k(estimated median) = G S FFg(model predicted
median, F7+ & HoIH ¢ HoI &)

- AFE SYFHCalc'd) = T dlolgolA Alrkd S3L Bt 22 Hlolg 9
B9 ol E2 Wapah Pt 27 4 RE g0 B9 FULS exp(Z)R
AAEY, o714 75 O FAE HHoly, “6)ALF fgolg 9 FTH-(’)
SH-THREE 9 B4 EAE B2 ke w3 glojelo) A Bag 49
=

wEE g = 22 Gt
744 [GISD = 24 o3 =4€ E£& WA E= =1 A+ B2 HlolHY
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= A5 w0l A thg 2t
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1
S
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ZHE SD = B2 #
Scaled Residual
1 At 9hg9] A9 HE3E IAHresidual)s 3 Eoh
(In(Calc'd Median) — In(Estimated Median))/(In(Estimated G5D)/,/N;)
HA g2 59 2 95 7] "EA H(calibrated)” AHo]olth
o sigshs A=e ALtdd. E3
LeEZe] BE 09l AES

1:1"‘
'1"_.‘

A= 22} 2k Foj ZE4AFoF

oll gt 7153t Aol At
A3 WA g Aolo] YA =

274
Hhg- B3 2
AALS 95t ERE 1Y d=of gt 58
7%t} wEbA], AdigholA oF 28T £ |
g 22 Jd42 Ued 5 = 454
[Si=gul=g
(2) Interest table?| 2r=(likelihood)
Likelihoods of Interest ¥ojl&= 118 &9 & ‘?l 2d("fitted") S TG
sto] 57 Hdof thgt 211 &, wiZi¥s = 9 AIC7 EA|HH. BMDS+=
md RS F6ka FFH0R AR B tﬂom—g 7Nt 2 £2317]
Aol = o] ARSI A f= BY WSS Y5 TEA
oty &k = 11y F0 REo] FHQ} HlolH 7t FojAH Thsrt vHE
AZIHE D}, &, 7S 2 A4 29 034 E= AFA)e] ZE9
7S 20 Alof 2710 FoA|H Holg o 7MY At Agde A=s
"AE
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Figure 50. Likelihoods of Interest

Likelihoods of Interest
#of
Model Log Likelihood* Parameters AIC
Al 58.01792343 6 -104.03585
A2 58.54979609 10 -97.099592
A3 58.01792343 b -104.03585
fitted 55.9618136 3 -105.92363
R 45.03881466 2 -86.077629

* Includes additive constant of -45.94693. This constant was not included in the LL derivation prior to BMDS 3.0.

ool AFF=ol 7 Hdof EHO} 7iRe] = g A8 28E AA
S shHoll grol = i A AHAREAE A% BA e EE
A" IF3 Aek, table 6 %5)

S92 9% Bde AP AP Ttel ARHOE o] AT
71 2ol A48T % Uk o] 7 2L S gh ALGRL dlofe] EAolA

AT & Qe B gttt 57HA] RE2 oS ®O| 89FF 0] U

Table 8. Likelihood values and models for continuous endpoints.

Model Description

A1: *Full” Constant Variance Model Yij = + ey,

Var{e;} = a?

A2: *Fullest” Model Y= +ey,

Var{e;} = a;*

A3: “Full” Model with variance structure Vy=m+e
specified by the user

i
Var{e;} = a x ;"

R: “Reduced” Model Yi=u+e,

Var{e} = o2

Fitted Model The user-specified model

v Al TEE 8% 150 et AEHel S BS FAHFA
(o] AA "full" EL "saturated"d) G 1=0] thsl] LA BARS 7S}
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the oA "fullest(Hg $ASH" mdolt}, W ol B 8% 1F 719
B4 ol A5 AV APgHA gk o] BEe £ "xa} mdolety
STHET TEUE B WP 2 Bk et 9l2). of mele] fha) e

21 = 2y FA Holge] s de & Qe Hdgteolt

29 A32 2@ A29 RARRLY] BA viAps] oAt the 5 gt
28 A2 BEE §F I8 ADO) s A Eol 1 FYH HEe F3

=
St AREAPL g e Zdof T A3 BARS Aot EEl A3E o]&
7]';‘4 st 2El Al FAsHA Erot *]"QX]J]' gd o) il LAH5HA]
2 B4R 7HEstd BE A3k Ao i) SU3 7s FAS 7Yt
Reduced 2 (R) &5 Fof tist H+ &
of= Hdlo|t}, &, BE &5 oA ofd

4o W g 22 AP

l‘=lJJI

L
= 4

rsﬁ

SRR @9l fited BUS AEA A4 3
$)olth. A8 54 mdlo] Ho|HE & HEF 4 glrky L Uk o7t
; %

LS &= 9Jomz o]E A}Lsto] BMD ¥ BMDLE ARt
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(3) Interest table9| test(tests of Fit)

Figure 51. Tests of Interest

Tests of Interest
-2*Log|(Likelihood
Test Ratio) Test df p-value
1 27.02196286 8 0.00070084
2 1.063745329 4 0.89998092
3 1.063745329 4 0.89998092
4 4.112219646 3 0.24959863

Interest test = interest $& HQ 271 £ &5 7|¥t0 2 St= 4 79
HAE 235 HojEo #AA3 #98d" p-#2 $& H[&9 Jd34 542
7l¥to g Shct

& 7[&2o]7] ko & Hl&2 BMDS &80l W2 glo] AZ==
= 419l vl #olth SACIES REAVI7F AALL §Fe 47t Wot
AL32E —2¥n(%H], likelihood ratio)7} 7lo|AlE SEHSE 5 =
St} o]get g2 AR e A3 (model fit)oll th3t 2 FP517] A3t
e 5S AL g AR 2 9t} Flo]-AE B A9 RE EF
FaAoA 2Z 5 Stk

AHEAZE = EE A9t Bel AT L E HAESHHI Stohal 7HgsHA o]
HAEES 9o 22 A7} 29 Boj| " E]|of(nested within)" JTHal 33t}
= taslE o] By AV} Hi wpAloE pd BE thaslet 2 grh(nd
Bol A& wiZi¥s AlRtE S9l). ol 2Y AV ¥ A2 7H wWiESsE
Zt=tt= AZ 9ugtt}t. A& E°], linear(ddg) ZE2 T wj7fH<
(power parameter)’t 12 AgtE o] Q17| wjFof g Edo] =g A3
o] "tedH(simpler)’ B "SHH(nested)" ZEo|FIL 7HESIC
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I(X)7F 2 Xo] o2 yehilcky 7bakat. o] o]2L o]fato], —2x it
7holAlE FEHsol FIe o= HE&Y E(log of ratio)7t 271 7+
Zpo] Ei= ofgfAla Aot AMAE o]&sto] @t 4= Qo

—2xIn {—} = —2 x (In{L(A)} — In{L(B)}) = 2 x In{L(B)} — 2 x In{L(A)}

Likelihoods of Interest H|o]&E2] #2 AAZ oA =23t v} Zo|
In{Z(B} E In{Z(A)} 21 $Lo]B=E o] &k H|& A4k ©A] wj7] £A|7}
Heh I9 o2 o] g2 ARBEH o AREE 7K 7oAl &E w4
Hlg 4 At

Likelihoods of Interest &} TSt AF3h%ol ZF 211 & gloll=
AdE o wiZfESIE Ao Frol-AlF AF SATY Ak = e
T 24 uj7fEESs TS 749 Zpolo|oh 919] mY dfAlo|A d Ao] 5719
A%tE mi7iES7E 9lal 2d Bojl 8719 wiZHarE ivkal Z7HESHA, o] A%
Al Fhol-AlE g2 8 - 5 = 39 AREE 2= Ftol-AEe] A

A%} B9] dAlofA= Ags] FO1Z HIAES=7}? 7HdS Alethd thaat 2

Ho: A= BZIZ HIO|HE ZHZSHY.

Hi: B&= AZCH HIO|HE O & 2.

0| G50 £ AR 38 7|&EC=
ZXlog{L(B)}—ZXlog{L(A)}=4.89 2t 7F3%ith S 7]1ZF 71 (rejection
criteria)o] .05 ©]ute] 7lolA|E oty s}AJI}. Flo]-AE FOA

4.89+= 0. 1001W 25 Atol9] p-3FE ZH=tt o] A% Hoe 714 EA] o
Model AE AFg35to] HlolgE Rdyst= o] AT A o|tt. BMDS+
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:JA
19 oL

o] HAEE XY R(simpler @)¥ Xd A2E v|wdltt, ¥d RS IE
o HSE AR LA Agtetal BE A iESE AR SUsHA
ﬂ oHFo 24 A2004] RE ¥ & 7] Wiol o TFeet A2(FE+= A2 Wi
FE)olt. o] HAEZ AR 7HdE 71Z46tA] &otd ded ZER)]

ol

iQJ{saturated) ndych N H ] Qi =2o0] 97| wio] £aF-5120|
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0.050]cF. 0.05 HI¥He] p-ghe ¥he E §7F $FW ko] Fol7} Utk
efploled dolel LS| S5t BEE REPT, 00585 2 p-ghe

Test 2(A1 vs A2): E4lo] Zdstt= AR 7HEE AR} o] AAo] AR
7HdE 71Z461A] Eobd o 7idd e &4 2dol AEY 4 9tk
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(4) Plotd} error bar At

Figure 52. Frequentist results plot for continuous data.

Frequentist Exponential Degree 5 Model with BMR of 1 Std. Dev. for the BMD and 0.95
Lower Confidence Limit for the BMDL

4 e Estimated Probability

Response at BMD

Data

Response

——BMD

BMDL

AF37] 2ol o7|oA= d&5F Lo 543
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Figure 53. Bayesian results plot for continuous data.

Bayesian Exponential Degree 2 Model with BMR of 1 Std. Dev. for the BMD and 0.95
Lower Confidence Limit for the BMDL
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T #ojx|ot Yl 71| zlolE H|wdly] & FHSEA e 2 ARS
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o] gt ot dlo] tE Ykt 1 HSstal wo|x|Qt 7 HA ol ARG
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Table 9. Bayes factors for continuous models.

Bayes Factor | Strength of Evidence for Ha
<1 negative (supports Hs)

Tto 3.2 not warth mentioning

3.21t0 10 substantial

10to 31.6 strong

31.6 to 100 very strong

100 decisive

BMDS 3.09] 3% Z= LPP ¥ g AFF 29 &E2 Laplace ZANS
o]gslo] Akt o] Zh2 UHtAH o7 ARE-E|= BIC(Bayesian Information
Criterion)?} Bt 21 BICE H14 08 ARESte the Y B3} i S
IRt g2 T S E5oA= QF "ot BICOA FAHH AHS &89 o7+
(1) $%7](estimators)°|th. Laplace TAXE AHEot] 4 H ALY SH&
(posterior probability)?] @F+= On-1)°|t}. =, H|o|g 7} ZF7}stof wat
SR} FARR| = AA| A ndl 52 713 AAR= BICE ARSote] AA gho|

9] e 4 Utk
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Figure 54. BMDS 3 dichotomous models, as they appear in the Analysis Workbook.

MLE Alternatives
Frequ?ntlst Freque.ntlst e Bayesian
Restricted Unrestricted Model Average
Model Name Enable [ Enable [ ] Enable[ ] Enable [_ | Prior Weights
Dichotomous Hill L] L] L] 0.0000%
Gamma [] L] U 0.0000%
Logistic L] O 0.0000%
Log-Logistic O L] U 0.0000%
Log-Probit ] L] U] 0.0000%
Multistage O L] U 0.0000%
Probit L] O 0.0000%
Quantal Linear L] L] L] 0.0000%
Weibull O L] O 0.0000%
Total Weight 0.000%

FE2o] NS0 HE2 RS ARISEAY ARtgle] AT 4~ v 27]
Ago]| tfgt EPA 71E #% AR Dichotomous Hill, Gamma, Log-Logistic,
Multistage ¥ Weibull 2932 A2tstal Log-Probit Z&Z& A|gt sfAoh=
Zolt}. Logistic, Probit @ Quantal Linear EEo&= A3t &40o] gith

AREAZE ARt A9 RdlS AT wfjo] A= table 105 RS
Al ol Al

A]
1o},

("User parameter restriction options'). @5H& 02 Ak -gaFo] 02
SF-1g FA49] 7127171 Fedivt He A HA . ol A=
HlEAZRl Aog ofAXH A= $Al(confidence limit)E AXFE T

A2 olojd £ flenz H-s| WS AT AS dFOkAL

5

)
d

st
o I
L

o
ol
b

2) ¥4

BMDS 3 Analysis Workbook®] Main ®o|A AREAR= & "batch(¥Z
A])" ZEA| A o] ARBAE AEigh Bdly of2] AR AEgE Hlo]E
MNEo] A8 2] Option SetsE FAE 4= ltt. Add Option Set HES
A5kl A= Option Set 7442 sttt
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Figure 55. Dichotomous Model options.
Option Confidence
Set# Risk Type BMR Level Background
1 | Extra Risk i | 0.1 0.95 Estimated ~
Add Option Set

S3(risk type)
Figure 56. Risk type

(1) ¢
Option
Set # Risk Type
|
= &5 d
o
= 1=

1
(6]

Extra Risk
Added Risk
"Extra Risk"(7]%3%)) E= "Added Risk"o]t}.

A3 9919 27} ulg

l

‘I’ZIU ‘ITooﬂ EH% ]\ 8
|%°] = W vkgohe & A
g g0l A o] 9g w9 o4 WS o8 P<o>— bl

Added risk=
Ra)ollA A==
Aot
Added risk at dose d = Kad) - F0)
added riskE =& ¢lo] ¥r-3oHA] &S 5
Ad - R0)
1 — RO

Extra risk—
U&= goldtl — R0))
Extra risk at dose d =
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(2) BMR

Figure 57. BMR

BMR
0.1

BMRZ BMD7} 4=+ A8 #HAREAT A3 extra E+= added)o]tt.
BMR= 0974 1 Ate]€] gholofof qheh(12 ZghstA| ¢h=). A0) » 021 A+
BMR #°] 1— AO)ETH 2¥ 9 53| added riskd = 77} @Agsict
S8 & U= F9 added risk7t 1— H0)°]7] HZolth AARE AFRFES
HE 0.01914 2F 0.10 AFo]2] BMR gtoll #4lo] 171 wi&o] dRtdog=
A7 HA =

BMR 9 ¥z

Ty 2d 2o #AE= BMRY #HH -2 A0) = 0¥ ©iwt BMRY}
Yot

AR B FE o oA =93t added E+= extra risko] Hgh
HA Ao Adel tsl EojoF 5t7] wj&oltt.
nd %o FAHE BMDE E&3E H AMREHE S 23S
9 gjs WIaskes 939l A0), 03 2t
R0)°] 03} ZA] o QoA Hdrggt Extra Risk ¥ 41S AR&sto] A4

O X Z O S 2
vhe S AR 5+ o

(3) AlZ|=Z(confidence level)

Figure 58. Confidence level

Confidence
Level
0.95
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Figure 59. Background
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Table 10. The individual dichotomous models and their respective

parameters.

Model Parameters Notes

Multistage g = background

Parameter Constraints: 0 < g <1
p(dose) = g + (1 — g)(1 — exp[— X7, B;dose’]) f; = dose coefficients

n < 23

User parameter restriction aptions: can restrict all B coefficients to > 0. Doing so
will guarantee that the multistage model will be either perfectly flat or always
increasing

Per EPA Guidance, when the Multistage model is used for cancer analyses (.q.,
in Multi-tumor analyses) all B coefficients are restricted to be non-negative.

Weibull (and Quantal Linear) g = background Parameter Constraints: 0 < g < 1
p(dose) = g + (1 — g)(1 — exp[—Bdose”]) a = power 0<a= 18
B = slope 0<p
User parameter restriction options: 1 < a
The Quantal Linear model results from setting @ = 1.
Gamma g = background Parameter Constraints: 0 < g < 1
p(dose) = g +% Oﬁd £ exp(—t)dt @ = power 02 < a < 18
B = slope 0< g
User parameter restriction options: 1 < a
Note that for the unrestricted Gamma model, a > 0.2 for numerical reasons.
Logistic a = intercept Parameter Constraints: 0 < f
p(dose) = E B = slope

1+exp[-a—B(dose)]
User parameter restriction options: none.

(1) 2= gt=(Likelyhood function)

BlEFold mdd g WA A4S o8y Tde Ao SEHe ALgsI]
fittingBh}. o] MAoIAL o By WS fittingshe Y] AMREIS L& Fo]
s drgetet.

G &Fzol e HeIHAEZ AT 7Hgstal oA WER .

dose,, dose,, ..., dose,
2 879 & B+ L WS S 247 g3 Zo| vehdie,
Ny, Ny, ooy Ng 2 Nyg, Ny, ., Ng
n% Ex = 8Eo] Q= ol binomia)oE FAHL}.

p; = p(dose;; 8),i =1,2,..G
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ol7]4] 9= BF-NFS wd uj7jseo] WEo|tk(zt mdlo)] ujAse] B
IE HR). 13 27 9% 3k [ olefjet go] AY = 9t}

LL = Z LLI’:(NP:’ n;, doseﬁ 9)

i=1

o171 A
LL;(N;,n;, dose;; 68) = n;In(p;)) + (N; —ny)In(1 —p;),i = 1,2,...,G

o] A2 vi7HS Wy gl TRt A5 FAISHER sfig wi7iHS
F0 ¥F= AA F=Th

9] HoA IF mdlof uhe] i) A5k o 4R 2Ee] Ve
/i H~(slope parameter)= 182 AAEJtt. o] g2 W = IE
(curvature)}& YEW7] dizof] A=l om, A-GfoflA NS drfjFo=)
FAS TS EQl OF L&A WS 7HE &R UEHl=
glolg NEE Z3tsto] A B Hlolg AEE £&T 4 3lojof qith

oj2{gt w7 H= Fho] 183t Fral FEEEAL A9 37437 "Bounded &
YEEE= 39 (7. ol2d A= ET7-4Frequentist o[ &F HEo] thgt
o]l £5-Q)Lg R EA oA olEY =Y A9 o digt 49
Z), WiHS 82 ZAIY vzl gho] SFE ]l tE wiviH
SgE ol tist 245 MLEER= Algke oJu]|=29t 7hs3t Zf & ZFGXV}
Hot olzet Yl A¥t= AIC SHoA o Ely AZ4sHA ]JJ-°L Ut
ojZ|gt 3% BMD % BMDLZ uh¢| wiZfH=o] A= wet gebd o Qloh
utekAd B31E BMD ¥+ BMDLO| Q&5+ A9 Ud = —"‘,i_—@.(sensuwmy
analysis)o| FA|EH T

(2) AIC2F model H|w

Akaike Information Criterion(AIC) 5Y3t HoJEMEo] tist A=
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SES Y
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(3) Plotd} error bar AHAt

Figure 60. Dichotomous endpoint plot.

Frequentist Gamma Model with BMR of 10% Extra Risk for the BMD and 0.95 Lower
Confidence Limit for the BMDL
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ol th=2 sttt W ARt gt WALz o]oji.

(2Tlp+22—l)—ZJZZ —(2+ ?—11:) + 4p(ng+1)

2(n+z?)

UB (2np+zz+1)+z_Jzz+(:2— %) +4p(ng-1)

2(n+z2)
o714 ¢q = 1—polth
BMDS Z%0] A" 22} 9= ¢ = 0.055 AMESIEZ 3 H|89
i3t 95% A1 & YEpdcHEdy 23,
(4) BMD At
BMDE 118 &9l 29| uj7fH4 g2 AlARH(table 10). Table 11
=

TE o]y ndoj st BMDO]

Table 11. Calculation of the BMD for the individual dichotomous modelss.

Model BMD Calculation

Multistage There is no general analytic form for the BMD in terms of the BMR and the estimated
model parameters for the multistage model. Instead, the BMD is the root of the equation

BBMD + -+ + 8, BMD" +In(1 — A) = 0, where
BMR extra risk
A=

BMR

added risk
1-g

i 1
Weibull —In(1 — BMR)j= .
[ﬁ] extra risk
1
BMD = BMR .«
“m(-1—5
3 added risk
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Model BMD Calculation
Gamma Let G(x; @) = %ﬂ}f: ta-1e-tdt be the incomplete Gamma function and G—1(+ a) be its
inverse function. Then
6-!(BMR: ) ,
————— extrarisk
BMD =1 ., (BMR '“]
1=9"") .ddedrisk
8
Logistic e BMR extra risk
-n.—_“
BMD = &= where Z = -
F BMR x X2~ added risk
Log-Logistic n(_BMR
(7 = ?S’MR) extrarisk
In(BMD) =
In [ EMR ) -
L ;BI R/ addedrisk
Probit é"I\BMR[J.—?[cl]:—é(cll)—u extra risk
BMD =
7“’"[““;*‘“”‘“ added risk
Log-Probit &~1(BMR) —
9 %}a extra risk
In(BMD) = puBVR
% added risk
Dichotomous Hill Added risk:
BMR — v+ gv
—a—log(——5——
BMD = ¢ g B )
B
Extra risk:
o BMR — v + gv — BMRgv
VD — o 1°g( BMR(—L+ gv) )
[

(5) BMDLZ} BMDU At
BMDS= @4 BMD #3jol] whe} @5 Al=] 72hs Aottt BMD(A71A41=
BMDL % BMDU=L &hofl it 415 SHAIS Aikehs durall A ¥4

distribution)Z 7|40 & it} o] HdojA=
wET,
oA Bd(multistage model)2] F-$- BMD7F WA|A w72 yepd

90



4T
Ju

T U=E FF-HEe B2 V)52 FARCE tA] rfEssele A2 vaEd
olct. ol ] F-¢- BMR Wg4jo] vl Al 2102 AMEH BMD2)

ﬂl

HAE Y = FHANA A Sxot FUoHA 2FHt
Xf.l—Za
2
Uz rdlo] F2 BMDe} &%-vh-g Ed(table 9) SHO|A B

Aolshe WgAe B9 R B shue] dhel slast. A AL BMD7}
uRsR GAdo R Jees B9 th uiEsssi aaet g
29 4oz o thAE 18 thg YA aEsTt SEE Hos)
s 9ol WAE o 23t 27 7Rs Aol Hh /i 24X\t Hatks e
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X%.l—zq
2
RE Ao 27} A2 24L& BMDLe] BMDXEt} 217 BMDU~”} BMDX.t}
AL E 23t

ME

(6) Bayesian O|2& D Ao

[(K32] FA EPAE oAt EEd E Hojx[]t E jFtstof ot

7l A-E ASHA Y=

Wlo]A\ete] P 2L md M8 T ARSI U A dolg
AR AAYEL Aejsto] AEn ML e BES A table 109]
U 29 Z shuolck. lole] 44 tlAUZL Bio] o BEYoIH 2L
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A% ZHAl= Laplacian TARS ARESo] ZARETE o] A= ARSAL
A& 2o figots oid 29 W24l BMDL ¥ BMDU #<=
St Hlo= ARE-ET.

BMDS o]&¥ wdlof st 2A4L9E o Ho AFolE o] Qi

S~
T

S
o, %

ol

-

=
T

Table 12. Bayesian dichotomous models and their respective parameter priors.

Model Constraints Priors Notes
Multistage 0=g<1 logit(g)~ Normal(0,2) The prior over the B1 parameter reflects the belief that the
p(dose) = g + (1 — H)(Il _ E_Xp[7 E?’:l.ﬁ.dﬂse'n B =0 By~ Lognormal(0, 0.25) linear term should be strictly positive if the quadratic term

is positive in the two-hit model of carcinogenesis.

N =2 B~ Lognormal(0,1),i = 2)
The difference in priors between Multistage and Quantal
Linear madels is by design. The abjective is fo emphasize
the higher-order terms in each model.
For model averaging purposes, N= 2
Weibull 0sg<1 logit(g)~ Normal(0,2) The prior for a entails that there is only a 0.05 prior
p(dose) = g + (1 — g)(1 — exp[—fdose?]) a0 a~ Lognormal(In(2), \fm) probability the power parameter will be less than 1. This

] allows for models that are supra-linear; however, it
=0 fi~ Lognormal(0,1) requires a large amount of data for the a parameter to go
much below 1

Quantal linear 0<g<1 logit(g)~ Normal(0,2) The difference in priors between Quantal Linear and the

— _ _ _ - following Multistage model is by design. The objective is
d =g+(1 1 s =0 ~ L al(0.1
pldose) =g+ ( 9 exp[—fdose]) £ f~ Lognormal(0.1) to emphasize the higher-order terms in each model.

Quantal Linear is not the same as Multistage-1. This is
important for madel averaging purposes.

Gamma 0<g<1 logit(g)~ Normal(0,2) The prior for a entails that there is only a 0.05 prior
_ M- Bdose n g, . «>02 - — probability the power parameter will be less than 1. This
p(dose) = g + rado e Thenp( t)de a~ Lognormal(In(2),V0.18) allows for models that are supra linear; however, it

B0 B~ Lognormal(0,1) requires a large amount of data for the a parameter to go
much below 1

The a parameter is also constrained to be greater than
0.2, for numerical reasons.

Logistic —20<a <20 a ~ Normal(0,2)
-t >0 ~ Lognormal(0.1,1
p(dose) 1+exp[-a —fdose] f b 8 ( )
Log-Logistic 0<g<1 logit(g)~ Normal(0,2)
= e —40 < a < 40 ~ N al(0,1
p(ddose) = g + S — T Ep— a@ a ormal(0,1)
B=0 B~ Lognermal(In(2),0.5)
Probit —8<a<8 a ~ Normal(0,2)
@(-) 1s the standard normal cumulative density function
p(dose) = ®(a + fdose) g =0 B~ Lognormal(0.1,1)
Model Constraints Priors Notes
Log-Probit 0=g<l1 logit(g)~ Normal(0,2)
p(dose) = g + (1 — g)@[a + §In(dose)] —-8<a<8 a ~ Normal(0,1) :
B0 B~ Lognormal(in(2) ,0.5) @(-) 15 the standard normal cumulative density function
Dichotomous Hill 0=g<1 logit(g)~ Normal(—1,2)
V(- - << ~ (—.
pldose) = g + m 40 < @ < 40 a ~ Normal(—3,3.3)
b=>0 b ~ Lognormal(In(2), 0.5)
o<v<s1 logit(v)~ Normal(0,3)

Notes: logit(g) = In (%g) Normal(x, y) denotes a Normal distribution with mean x and standard deviation y. Lognormal(w, z) denotes a lognormal distribution with log-scale mean w

and log-scale standard deviation z.
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Figure 61. Samp/e Results Workbook tab for a dichotomous model run.
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(1) Fit table? £2H

Figure 62. Goodness of Fit
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Goodnaess of Fit
- Estimated e ted ob p 5i Scaled
os€ Probability aies Senve “® | Residual
0 1.5235E-08 7.61752E-07 0 50 -0.000873
1000 0.026132825 1.306641266 2 50 0.6146529
3000 0.149391857 7.469592837 5] 50 -0.58302
8000 0.484482049 24.22410243 25 50 0.2195627
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Blo]E("7.01 23 A=Y TEH-4Frequentist °4+3 HEo] thgt Eo]Z<l
Z2-()Fit table®] 224" Z2)0] B8 A7 A= EA9 A w9
AL wastr]of ot Hdo| & drethd =Y AE= SEHA 7
Ao ueof et
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ZEEL
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(2) L=t H(deviance table)?| 24

Figure 63. Analysis of Deviance

Analysis of Deviance
Madel Log Likelihood | # of Parameters | Deviance | Testd.f. P Value
Full Model -61.40081599 4 - -

Fitted Model -61.76809418 3 0.73455639 1 0.3914103
Reduced Model -89.57375711 1 56.3458822 3 <(0.0001
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Zte] Zpole] = wjolt}, o] WA= E thE A3 W EZ(goodness-of-fit
metric)?|th. Hx}7F 2O "smaller(d 22)" XH(Z, fitted = reduced
H3)o] AA| ZPT} A u7IR 2 HolgE ettt WA= "HAE df'E
AFE AREE 2= U= 7lolAls &8 #golth ol ik &+ HEd
gt w7 9] Apojo|nt. "P-g'2 AYE Zolo FRAHE H7I6H]
A8l o] ZholAlF ALY A wtgRtty. HAPF 245 o A2 p-3to
H8stE= A2 p-gt2 o 2 Hdo] AA| mdo] HgsiR] gt A
Uebdlith, AREAR= BE Atert AR Bl AESH ] Qi) 717 4=(0.0571
et A8 4 AUtk

Fitted 22| A% ol it B9 fittingo] et E oHE S5 0|t}
Reduced 239 ¢ dF B 7125k ZotARMAE A9t 717 &
Hot & p-gb) AREARE WS el &9 T I3o] gttt =2 4 ok
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(3) MIgtel CHHA 2R It

Figure 64. Slope Factor (last row in table) appears only on Restricted Multistage Model

results.
Benchmark Dose

BMD 2512.859821
BMDL 1492.16541
BMDU 3755.154706
AIC 128.8193162
P-value 0.893543819
D.O.F. 1

Chi’ 0.017908162
Slope Factor 6.70167E-05

17 el wdo] tiekA mlo|n ARE’ AP A @ 1A 7} 97t
=771 ABE oA & dlole) RUPS 9fat EPA E2 47

o] ojefat W02 A v ol FYe] ] oleigt 27t Fapt
#A L,

97



( SUSMAE Z1t 25 HUE ISt Benchmark dose =2 417

Agte oA 2do] digk BMD o= BMDL(10)°1A4 extra risk (0.1)2
R SISl

AquFA 0 2 () 8FHoJ|A extra risk(0) AFe]9] Ad 7|-27|= EPACJA]
Folgt 71&7] Al F4%ko] ZtHE.
ARk oA 2E EXo= o] A3 71271E UEe FA% 29kE o] gtk

Figure 65. The dashed line for the Multistage model plot representing linear slope

Frequentist Multistage Degree 3 Model with BMR of 10% Extra Risk f

or the BMD and
0.95 Lower Confidence Limit f |th B
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5) Bayesian O]83% ®Zdlo] fj3 Eo]Hel &

Figure 66. Sample Bayesian dichotomous results plot.

Bayesian Gamma Model with BMR of 10% Extra Risk for the BMD and 0.95 Lower
Confidence Limit for the BMDL
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(& A)NLPPy AF2)¥ ohetA| 22 2B B, LPPy E¢h)< Wt BFE
Ch3t o] 43

BF = exp(LPP, — LPPy)

o] AARL T Bdo| priorPlA BY5 &S ZH=tha 7S o] e
3t Zdo] o2 ndHt} § sty Ho]R|Qt 7Hd AAo AFREL AT
= (posterior odds)® 4=}, 919 dofA Bayes Factor”} 2.5 3%
Log-logistic ®@o| oA EAE} posterioriZt 2.58) © HoHal s
4 Qltt. o]ggt Fho] AAst R AFfsled Bl Htslol| AlFE posterior
14 53 FUSITHTHA, 54e 2dl e APHol 7HY). E1390= Jeffreys
So] A A3t Bayes Factors® durzel 4L eyt
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Table 13. Bayes factors for dichotomous models
Bayes Factor | Strength of Evidence for Ha
< negative (supports He)
1to03.2 not worth mentioning
32to010 substantial
10to 31.6 strong
31.6 to 100 very strong
decisive
xgEl

100
BMDS 3.09] 39 2= PP W 3 ARE 2l 3F5-2 [aplace approximations
2 ARE-E+= BIC(Bayesian Information

ARE-Sko] A4t o] g dRbE o
Criterion)9} T2 BICS EQH 08 AMgsls Th2 md s} F2 P48
[fle s & g2 E5di4= HEh BICIA 44 A 89 F
Z77](estimators)°]t}. Laplace approximationes ARE-5}o]
= On™) oltt. &, Hlolert S7isto] wet 3249] AR
AR AF 2d SER2 713 A= BICE AR&oto] AA gro] =X &
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8. [IZ &Y 2M(Multiple tumor analysis)

Figure 67. Multi-tumor (MS_Combo) analysis.
BMDS 3.2

Define Analysis
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1) o]¥3 A&: multi-tumor models¥} <A

2493 24 'Dichotomous ~Multi-tumor (MS_Combo)' & ©]& o] =9]
HZ| F2 o]l g Bl E &8 T2 ot} F I o9 sH A o]
5
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HHketet. -9 dlolEAIEZE Tt AAlolA EAeE 4R o dlolE 249
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4. 333 T2 A=t 19 9= vl E(likelihood ratio) AL 7|¥to=z
. BMDLE 43k A2 2gse ¥ ol Aol 2= 1=
%= A gt AS EoEh

5. A% W@ Y F st ol4)dl e BMDLE: ths + £7°] 5%
He 24 &7 DE FoHH

fi

i. DE ARSohs 29 21 $=9t 3T vivids7 B3 fEEG IAY
A= 7 AEZF 9lor,
ii. 3 w7 AES] 73 DolAe] A2 AREAE A7det BMR 2.
Agtd 21 $re IYE peke ARt 22 iE I AHE(fit,
ME 20 9o o) dolnt. wheha] Aghe thetA - o] w7
ot A2 7 21 7t Ashs HAGEE o) ol 2 77
i B NE FF e HAT.

Je AR Ak 242 B3] As) AR FF uiARAe] WA

A% GE W5o] piEsR HAE)S A183to] AkEl BMDL, Do Hhat
9ge Wkt

U3t S AFgSto] nUHY et
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4) Multi-tumor HloJg 4¥

Figure 68. Dataset options for multi-tumor data.

DataSets

Enable Degree Background
tumor 1 | auto-select |+ |__I Estimated < |.
tumor2 | auto-select [~ || Zero Ml
tumor3 [1 v || [Estimated |+

105



( EUSHAIR 2t 8 MIUE @[t Benchmark dose =2 &7

AMEAE HlolE AED (tFd4]) Degree(Rt7) & Background®] + 7H4|

(1) Polynominal degree(CI&A! Xt4:) MIE

Figure 69. Setting Polynomial Degree

Degree

auto-select | r

Jl auto-select

BMDS7F 23t o4
AAE A=t

T

= AR AT A
BMDSE Logic #°l & JAHEH =22 (decision logic) ¥ AF
(setting)Z 7|¥to g mdl X5 RS A W82 “10. BMDS #%

- AR BMDS9] auto-selectES ABSIH Technical Guidance on
choosing the appropriate stage of a multistage model for cancer
modeling(Q 2@ 5t thtA mElo] A4-st GA Adof st 7|&
Aol wet 71 Aeket mdlo] M) sy 7|0 wep RS A
e 4 glo™ MS Combo A4 Edo| A AFC.

- MS_Combo 2% 2Z2 t}2 7|&o tidl Logic §2] AMEAF A9 AA
ol Al gk (user-defined test thresholds)S ARESict,

A. Goodness of fit p-test(cancer)

B. Ratio of BMD/BMDL(Caution)

C. Abs(Residual of Interest) too large
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D. Abs(Residual at control) too large

E. 237} Logic ®2] "Ratio of BMD/BMDL (Caution)"of|4 A73t
"Test Threshold" &< $5oH4 ¥+ 4% BMDSE= "'BMD/BMDL
ration ) [value]'o|Zt= B HAIAE AMEAMA EAIRIH. o] 7
o= AR A= IEstes Aol Erh. 1By 1 Rdd
MS_Combo ZI}oA AAEA] ek=tt.

- AREAPE ol HEof| tfsf] AFeE AAYSHAE i Abpe 2 A
A Qo] AME-E .

o

3l

(2) #2tRE

Figure 70. Background

2e Background

ct |~ ||| Estimated

Zero

A ARFE Estimated(7]83)) E+= Zeroolth. o]= ¥Yvtyog 11y F2l
st B0 Higt k&0 gl W ¥ ] AiF e g oolg= AET
A7t 2484 &= 3t EstimatedS AEsof gt

[(a] "zol ¥so] e BF WAZREE 022 AR et

107



[

fol

N

U=MAIS Zut 2% M1 st Benchmark dose =8 HF

) ¥4
Figure 71. Options
Option Confidence
Set # Risk Type BMR Level
1 Extra Risk |~ 0.1 0.95
—— Add Option Set
TEY SHS olEFo] gAY FUte.

(1) & SS(risk type)

Figure 72. Risk Type

Option
Set # Risk Type
1 Extra Risk v
Added Risk

A AR "Extra Risk'(7183) ¥ "Added Risk'o|t}.

Added risk= &3°] Q= FF B35t & 529 71 e B
li

R0).Le.added risk = Ad) - KO0)
Extra riske= F7F 985 =80 92 1 ¥HSoHA] Y2 5&29] d= vHjE&=

Ui gholt
1 — P(0).l.e.,extrarisk — HD-FO)
1-P(0)
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(2) BMR

Figure 73. BMR

BMR
0.1

BMR2 BMD7} #4== 98 ZHARSAT A3t extra EE added)olt}.
BMRZ 094 1 AFo]9] gholofof gtri(12 uwlZeh). A0) » 01 3% BMR
#ol 1— AO)ETH 3¥ 93 53| added risk¥ W @77} HAYsIct. 949
2= 9= Aol added risk7} 1— A0)°)7] wjEolch AL AGEL Yulzo=a
0.01°14 °F 0.10 AFe]2] BMR ol #4o] 7] Wizl 2417 HA| =t

(3) MZ|=F(confidence level)

Figure 74. Confidence level
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10. BMDS #% % ZAY =X

BMDS Wizard 28 T2 130o] Ql<3t AE-A= BMDS 3°] 2012 EPA
Benchmark Dose Technical Guidance?} YA|sl= gl Ael3} 5o
ndly A3E £A1 A HY AFRRE TtEE RARE JS HHAE ARRSE
U= Ho 5T Aot

ol& 7]—71-_‘—% Figure 752} Zo] BMDS 3 Analysis Workbook® Logic
SHoll A 4 3}, Decision logicE AAY & 4 %loH EX 7|&2
=]y Eﬂo]ﬂf\ﬂ FIEE 40 B Bt 4= Qlt). 242 BASH =
bole §3(¥43, o3, A3)0 "=t =t

Figure 75. BMDS 3 Logic tab with EPA default recommendation decision logic.

BMDS 3.2

Model Recommendation Decision Logic
Decision-Logic
Recommend model in Viable Bin? TRUE
Recommend model in Questionable Bin? FALSE Reset To Default Logic
BMDL range deemed "sufficiently close” to use lowest AIC instead of lowest 3
BMDL in viable models
[Model Recommendation/Bin Placement Logic
Test On/Off Test ) )
Test Description (where Eh Placemgnt & Notes to Show

Continuous | Dichotomous |  Nested appropriate) Test is Failed
BMD calculated On X On On Unusable Bin BMD not estimated
BMDL calculated On On On Unusable Bin BMDL not estimated
BMDU calculated off off off No Bin Change (Warning) _|BMDU not estimated
|AIC calculated On On On Unusable Bin AIC not estimated
Constant Variance On 005 Questionable Bin Constant variance test failed (Test 2 p-value < 0.05)
Non-Constant Variance On 005 Questionable Bin N tant variance test failed (Test 3 p-value < 0.05)
Goodness of fit p-test On On On 0.1 Questionable Bin Goodness of fit p-value < 0.1
Goodness of fit p-test (cancer) On 005 Questionable Bin Goodness of it p-value < 0.05
Ratio of BMD/BMDL (serious) On On On 20 Questionable Bin BMD/BMDL ratio = 20
Ratio of BMD/BMDL (caution) On On On 3 No Bin Change (Warning)  |BMD/BMDL ratio > 3
/Abs(Residual of interest) too large On On On 2 Questionable Bin |Residual for Dose Group Near BMD]| = 2
BMD higher than highest dose: on on on 1 No Bin Change (Warming) _|BMD higher than maximum dose
BMDL higher than highest dose On on on 1 No Bin Change (Warning) _|BMDL higher than maximum dose
BMD lower than lowest dose (warning) On On On 3 No Bin Change (Warning)  [BMD 3x lower than lowest non-zero dose
BMDL lower than lowest dose (warning) On On On 3 No Bin Change (Warning)  [BMDL 3x lower than lowest non-zero dose
BMD lower than lowest dose (serious) On On On 10 Questionable Bin BMD 10x lower than lowest non-zero dose
BMDL lower than lowest dose (serious) On On On 10 Questionable Bin BMDL 10x lower than lowest non-zero dose
/Abs(Residual at control) too large On On On 2 No Bin Change (Warning) _||Residual at control| > 2
Poor control dose std. dev. On 15 No Bin Change (Warning)  [Modeled control response std. dev. >[1.5| actual response std. dev.
D OF equals 0 On On On Questionable Bin d.f =0, saturated model (Goodness of fit test cannot be calculated)

4« Help | Main | Data | Report Options [ ModelParms ©)] H

HollA At = AREARE Y88 Decision logics 7|HHoE BMDS—‘E
"recommended(¥4)" LE-& AHsHIL AL} AREAE =502
ndg Agsfjol sl BMDS A5 ZAof| 5954 &g & Ut
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BMDS 3+ Results Workbook 82F# 9 Word Report File 2] "BMDS
Recommendation” @ "BMDS Recommendation Notes' €of Aot E1=
AEo7 Ay/g3ict.

AL &85l HolE et Edlo] AEE o] tisf] £ 4

BMDS 32 Z+ 2E& o2 3709 Hl(bin, AF4) 5 Shto] Y=t

- Viable(23 7}s) - a1 49 gl ARER}F 9] 22| 7|4to g2 A7l

Zgto] HAFA] LUA|TE Hart xeE = QS
- Questionable(EA| 3J2) - A&+ B 9] decision logics 7|HFOE sf=
Zdo] 2 74X Azket dgo| Q=
- Unusable(AF&3 4= 91-2) - BMD ¥ BMDLY Z-& "4 &go] =4
HA =

Bin HiX]E ZAAot= 8JA(EA) 712 AL EPA Benchmark dose
Technical guidance(U.S. EPA, 2012)2} ¥X|5lH "Reset to Default Logic
& 2Foz2 PHH)'S Agste] HHAHT 4 Q.

AR AE FEote] bin iAo FFE & 5 U= 7= A ot}
Zo] Yefiglen, EPA BMD A|RofA= BAIZLE A|FSHA] P=tt. ol=
AdEA Q1 EPA 3ol wet Hefstl o webA AREAF Aol o 7iRFE ol

- BMDL range default fail: ) 3-fold

(BMDL %9 71&3t A7 A 3u] 23

>~1

- constant and non-constant variance p-value'® default fail: ¢ 0.05

(94 2 RS g B4 p-g” BG4 A 0.059]%)
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- Ratio of BMD/BMDL(serious) default fail: > 20

(BMD/BMDL(HZeh) 7] duff Hl&: ) 20)

- BMD lower than lowest dose(serious) default fail: > 10

FHA E87F Eep W2 (473 BMD 7123 Al 1023

- BMDL lower than lowest dose(serious) default fail: ) 10

FHA B85 B W2 (42 BMDL 7|23k Auf: 1023

Option Set°] SYSHBMR 5%, BMRF 5) 2= 2do] 37]9] bin % 314
A E & 2dL 2012 EPA Benchmark Dose Technical Guidance(U.S.

EPA, 2012)9] A2l=l BMDL Ex AIC criteria®l 2435} “Viable” bin©fA]
FAH}

1) Decision logic®] ¥17(changing)

BMDSE 20128 EPA X (U.S. EPA, 2012)7} o] Al AojA Hdg
Z7} 71&(additional criteria)& AR&slo] 7H AdFsHfitting) BMDS 2
502 FAsle 1 ALt o]#st 7|2 Logic worksheeto| A ®
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s 54 7leS EASsHAY HZAgstE 4= o

AR 2%t decision logicg 7]¥HC. 2 BMDSE 7H st mdl
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Figure 76. Toggling model tests on/off in the Logic table
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Figure 77. Flowchart of BMDS 3 model recommendation logic using EPA default logic
assumptions.

Viable bin

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

v

All dataset types

« Invalid BMD IT ANY are Baf Unusable

* Invalid BMDL v =

* Invalid AIC bin

If NONE are true
A A

All dataset types

* BMD/BMDL ratio > 20

* |Scaled residual of interest| > 2

* BMD 10x lower than lowest non-zero dose

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

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

+ Test 2 p-value < 0.05 for Constant variance

* Test 3 p-value < 0.05 for Non-constant variance
Continuous/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 ratio >5

+ BMDS output file included warning Warning(s),
* BMD or BMDL higher than highest dose If ANY are true no bin

« BMD or BMDL 3x lower than lowest non-zero dose

+ BMDU not estimated change
Continuous datasets only (Viable)

* Modeled response standard deviation > 1.5x
actual response standard deviation at control

If NONE are true

No warning(s),

no bin change
(Viable)

Model Recommendation Criteria
* If range of BMDLs from models remaining in “Viable” bin is
< 3, recommend BMDL from model with lowest AIC.
¢ Otherwise, recommend lowest BMDL from models
remaining in “Viable” bin.
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