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Bayesian Benchmark Dose Method

BMDEICRA Xk (NA XHEEZER L -3 F1
%&E) %L_/

- ERWNE (BhElTo) ?EE%J A RE
- BIF D152 Mk L 7-H#EE HVRIEE

1R AERICEHMEAS - NOAEL= >BMD

5
FE2RAERIGFHEES | BMDEIET = > HERHH
BMD (i.e., BMDDZE é—’z/\% C X EHETE)

B% (ZBayesian BMD (BBMD)#EE & X T A hE B EHLA



VAN

2= (frequentist) vs

i
A

N :\E/—\ .
N A X 5@ (Bayesian)
BEmE
IRT A= (8) ERMOEE S h7-1E

- BERT—X%E-o-TEEEZHEEL -V

- BERDZIYUYVTINVEBERIHEEEEXEZD (BEDH
L1 B)

NA X
IRTA—=% (8) |ZFEERZE (random variable) T#H %
- ﬁ?ﬁ:?ﬁ] LT T:E TR Gk L-un

— {52 0DIREE (stateo ellef) "85 L BRT — X %&F]
ALTES0REET vy 7F— LT 5

5



HEY

1. RAXfREHRICE MM FEZEAL-RAE
RISETIT DFIE. HIFEELGZEDRETERE

i O

HEBFED
_&

F1-. ’\'fZ?EE?ﬁ\EaJ\é*LT'BMD fl BE9
VIO T7DERFIEZEE -IEET S

2. BNV DEELGY R EHEEI<HTEHIA(X
HEEDERNRZRET S L



HIFSNSBR - BIR

(ZERBE)

1. R AHEFEEBMDEISERT AL TOEERFIE, TI4ILRERE. H5E
MESOHERER(REM . BERITOVWTEEL,. BETS

2. ES D) R EHEICH I TAINA XMEEDERIZEET Y A4k R
ESBOAHIZCEALTIRIET S

3. BMDEIZEAL TRA XHEENEASINI=VY IO 7. FFIZBMDSE LU
BBMDICBE I A EAFIEEZEBE -IRET S

4. FEFETANDERAEBEL INM A G RAREESRESEEERL., &
AR TOEERFZRAT S

(Fon-BEDLFEK)

1. SMERMT O —F 0T IL—TELO  ERBHOAERRERS
CFMEEAT O —F 0T I —7 BB EIR OB YIED SRR IR 4
. BMDSE KUBBMDDFERAFIE: v =27 )L DEBRIERK

Food SafetyFE DB MEEICET 5F S CHRiaE

> W N



1. R XHEEZBMDEIC
ERT 5 FIE & IR EEL
EDIRFTLIRE

7 INA(G
(1) BERERM RBROERS L Vst BEFEDIBIE
" (2) _R{AIETZBVDEI BRI 2 =N EREEATIR

(3) BRIICARE T 31EHEEHIBAFREZDT 7V IFREDTEY S

(4) HROBFLER, FIC, BERBICEOI(RKDET YV IFERLL
B L7158 0%

(5) RAXEEZEAT S LTHOEER

(6) BET—%2. B, EHTr—ZRIcB I 3RM X EEEEERESE
DR

2. ENDYRIEE
ICHTEIRMA XEEDER
KR DIBHE

(1) XL RILTHY RIS DE Y AR R D IBIE

(2) FBZBELETAETRBEEDY 7 M2 PHREREETY VI DE
FBIc52 7 7-8Y) $H A IR0 D IBE

(3) BB Y R FHETOEREFOER

3. RAXHEZEALT
BMD;:AICET 53V 7 U
TERAWRIEEOFIENDE
3. ER

(1) BXFD Y 7 b 77 = 7BMDS & BBMD online estimation systemD{ER ¥ &
= a7 D

(2) Sz 7 7 ZHHL TRS XHEEZBMDEIS;ER L -8 D

FIEFICEHAT HEE LR



M O
Q
I
-

T
Sl
=
-

-
I AL

E NDEBE R
O <] S1E = 15X,
2. B0 U X 7 HlEE| (1) XBL~ATO X5 FlBEOR Y BAaRKROEE
KBTS ZEEDER(2) FRZBLCLAA RV ABEBPY 7 NIz TRRGEET U Y T D&
RRDIEHE FIC %1} 720 Y A RIR OEIE

(3) BEFEMAY X 7HETOERSHORSR

3. "M XWMEAEEALT| (1) BEFDY 7 F 7 = 7BMDS & BBMD online estimation systemD{ER 3 &
BMDi:EICET 3V 7 bz (U= a7 LDiks

TZHVWIEEDOFIEDE
H - EE

(2) BFEOV 7 bz 72¥HLTRSM XEEZBMDEISERH L5850
FIELEICEHTA2EBLIRE




1-(1). HERENA XEROERB X UHEFEDILIE

AR L NCNFETIDIEREEN /¢ 7 £ — % (0) THXRZERK
7-1E (random variable)

BRT—2%E-> TEAEMEZ T Bkl N $ 58 E ]
L7 (&) L7zu

(ES2DIREE (state of belief) %15
5 R —2EHFABALTEZD
Rgx=7 v 75—+ 9 %

B3V TIVIELIEFEE
5EZX3 (EXoHmehs)

NA XEERTIE/NG A= Z R L B (random variable) ELTELZ H1-8 . £
BT M LHHIESDIKEE (state of belief) EFHIEMNTEDS
BMDEDBERICH LV TBMDLEW R R REHEE LZ T EEo7Ei &
QYRFHED G REICEWNNTT RN\ T—D
INGI—FADTRRETDLOET —ID LML, A OEHLEALHTEE

1THOC &N EE
FERiEL. IR REE. 2022 1



RAZXHEEZBMDIZERT AL

TOHRERA

=

IS T IVICH AT EE
CBEAT—RERLTWIHISHEEE, M LT 3

- EREZRELGSCTRVLWOT, K YEMEEEZIEREICERTE S
- AMEfFEZGEIC (BERMIIC) BhETES

- MCMCE i 9 NITEM A ET L EBRIBEICET Y v/ TE S

R

- BRSHREEDL S IT/RAITVLOHERL BV

- HEBEAIAEWL, I 21— 42 ET S

- OEWGEEIE. BERIHASUPERL AW

- EEECPEIIEEREED O THRRICBEN L BEEAET S
VT THBEEINTWS

11



N A ZHEE % BMD)E

1. HEXR5

D ERDEDL DD

WMEFRE
—4)

N

2. NAZXHEEDIZOHE

i L TBMDAB SN 5 \
N (FEK) »BE (fEs

Bayesian BMD Help  About Admin  Log Out
Example @ Ednrame
Daftaset  MCMCsefings  Modelsefings  Executemodelft  Model fit resuts | BMD estimates
_ 10% Table 1. Comparison of BMD ion for dichc data.
9 Pusd s B Dichotomous
BMD estimates Quantities measured Quantal-liner  Logistic Probit Weibull Multistage2  Loglogistic  LogProbit Hill
ol BMDS
Model average: Added risk Model average: Extra risk Numberofoled BAND ] 0 0 12 ] 0 i 273°
Number of failed BMDL 0 8 0 12 1 (. 8 8337
ratio 151 1.30 1.31 1.70 1.62 1.89 1.49 1.69
at BMR=0.1) (1.21-2.60) (13319 (1.15-303) _(1.20-8.41) (118573) (1.21-10.5) (.20-475) (1.11-103)
BMD/BMDL ratio 151 1.50 1.51 251 2.14 322 1.65 491
(at BMR=0.01) (1.21-2.67) (1.22-155) (1.20-139) (1.24-56.2) (1.24-18.6) (1.42-68.0) (1.24-102) (1.23-93.6)
¢ Number of reduced model NA NA NA 183 to Quantal- 184 to Quantal- 31to Logistic 63 to Probit 124 1t0
» % E » @ = linear linear LogLotistic
Logistic: Added risk Logistic: Extra risk BBMD
81 Number of failed BMD 0 0 0 0 0 0 [1] 0
Number of failed BMDL 0 0 0 0 0 0 0 0
i 153 1.29 120 1.69 1.60 177 1.47 2.31
= (421250 (1002200 (110206) (112 439) (1.24.259) (113.5.40) (O3RN (119100 7)°
BMD/BMDL ratio 1.53 151 1.50 338 223 3.56 200 423
o (at BMR=0.01) (1.21-2.50) (1.22-430)  (1.20-3.92) (1.42-17.5) (1.31-3.49) (1.51-19.36) (128-7.01)  (1.35-593)"
e ® “ “ = = “ Comparison
Correlation coefficient 0.991 0.998 0.997 0.842 0.969 0.830 0.857 0.837
Correlation matrix: for BMD
a b < Correlation coefficient 1.000 0.985 0978 0.945 0.988 0.898 0.955 0.855
a 1 0312 0181 for BMDL
3 0312 A 0.516 Ratio of BMDs 1.00 1.02 1.02 1.57 0.929 1.54 1.58 1.26
© 0181 0418 1 (0.829-1.18)  (0.714-1.25) (0.494-1.32) (0.481-24.7) (0.205-1.67) (0.737-29.8) (0.865-8.98) (0.530-29.8)
Parameter charts Ratio of BMDLs 1.00 1.03 1.02 1.68 1.06 1.93 1.66 1.59
(0.888-1.89) (0.973-2.44) (0942-2.71) (1.02-9.63) (0.530-1.29) (1.05-18.0) (1.06-6.10)  (0.079-21.5)
Parameter a Parameter a Note: BBMD, Bayesian benchmark dose method: BMD, benchmark dose; BMDL., lower bound of BMD; BMR, benchmark response; BMDS, US. Environmental Protection
& Agency's Benchmark Dosc Softwarc: NA, not available.
ey “The BMDS dircetly reports “error” for BMD and BMDL when the number of dose groups is smaller than the number of model parameters in the Dichotomous Hill model. Of the 518
ol il data sets, 186 have only three dose groups; therefore, 744 ( = 186 x4) in these failed BMDs or BMDLs are due to insufficient dose groups.
" *For the BMI¥BMDL ratios calculated using the Dichotomous Hill model in the BBMD system, all results from the SI8 data sets (including those having only three dose groups) are
- ‘ oas included.
, = = 5
k= : - - . . 5 - ’ ;s y 51824 BEFr—42t —
0 L 0 015 2000 w00 00 000 12000 s4000 18025fB7 — 5% v b (BUENTPT — %) Environmental Health Perspectives (EHP1289) 2018
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1. BT WX T A—X D554 (Shao K, et al. Environ Health Perspect 2018)

Correlation matrix:

a 1 0312 OoaEt
b 0,312 1 D16
1S i 181 0416 1
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2. FTIVT 4T 47 DOfER (Shao K, et al. Environ Health Perspect 2018)

Inference for Stan model: anon_model 28bb8bfS569f4822af7976eed54022dle.
1 chains, each with iter=3008@; warmup=15600; thin=1;
post-warmup draws per chain=15888, total post-warmup draws=15808.

mean se_mean sd 2.5% 25% Se% 75% 97.5% n_eff
a 2.83 2.2¢-4 ©9.92 4.6e-3 ©.82 ©.82 €.e4 0.88 9375
b 3.26 .01 .91 1.85 2.67 3.16 3.74 5.19 4238

@.04 3.1e-3 0.28 -8.51 -0.14 0.84 0.23 0.6 8435
lp__ -83.56 ©.82 1.33 -87.0 -84.13 -83.2 -82.61 -82.87 4489

Samples were drawn using NUTS at Wed Nov 29 13:19:82 2017.

For each parameter, n_eff is a crude measure of effective sample size,
and Rhat is the potential scale reduction factor on split chains (at
convergence, Rhat=1).

Rhat
1.9
1.0
1.9
1.8

15



3. H &R (Shao K, et al. Environ Health Perspect 2018)
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Posterior predictive p-value for model fit: 0.55%9
Model weight: 37 3%
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4 BMDH#EENED 277 7 (Shao K, et al. Environ Health Perspect 2018)
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X 5 . Z5Fj54m D2 (Shao K, et al. SRA 2017 Poster)

Prior in BBMD A Very Specific Prior

a ~ Unif (-50, 50) b ~ Unif (0, 100) a~N(0,1) Log(b) ~N( 0, 1)
: : : :
: g : :
= -40 ki) o} 0 40 (=] o] 45 1] 1] 100 4 2 [1} 2 4 1] 2 4 [} a 10
Uniform Prior ... S ousse 0 9PECIfIC Prior
/ 1P
l B ,.-"f N
, IR A § 3-
/ 'BMD=941.77" / : S B
B i — {1 BMD=870.85 |. BMD = 5?0.62
%ﬁﬁﬁc;oTMM@ﬁﬂﬁé ﬁbé%@
%Hﬁﬁﬁﬁﬂ?iﬁf%‘é ERETHHEE, DLOZET VU ANGFETHZ LI > THED

=
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RA AMEE T ANDGEITBRET D ED/INT f—~< A X 2 DL 5
V7 R 2T TR APEEDOEEI BT, 22—V OHEREDORA L ZEE L
T 77 RAEPHONDEERH D CKIEBMDSE)

[AF228E] WFFEE OBLENHIEH L Ty a 7EET T h b niEd FEiET
HZEDFE LW

2. _fH57—# (dichotomous data) [Z%{9 ABMDS & BBMD® kL

Quantal-linear Logistic  Probit Weibull Multistage 2 Loglogistic LogProbit Dichotomous Hill
BMDS
BMD® % L B 0 0 0 12 0 0 4 773
BMDLOD 5% B 3 0 8 0 12 1 0 8 833
BMD/EMDLE:
(BMR=0.1) 1.51 1.30 1.31 1.70 1.62 1.89 1.49 1.69
BEMD
BMD® % B & 0 0 0 0 0 0 0 0
BMDLOD 4% B 84 0 0 0 0 0 0 0 0
BMD/BMDLH,
(BMR=0.1) 1.53 1.29 1.29 1.69 1.6 1.77 1.47 2.31

Shao, Kan, and Andrew J Shapiro. “A Web-Based System for Bayesian
Benchmark Dose Estimation.” Environmental health perspectives vol.
126,1 017002. 11 Jan. 2018, doi:10.1289/EHP1289 (—##k)
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1-(6). FHET—45, B, EHT—2 B4
RA X5 SRR E RS OB

6. =X — )V{EBEELIGEMEDOAERCEHR  (Dakeishi M, et al. Risk
Anal 2006)
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Daily ethanol intake (g/day)

=180 |
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s Bhithfe nr 283 upyjwe.Oe
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B il
-01' ;‘i "™
2 100 + ":_;'r‘,." ,aeE
= e A
; I‘l -
& 80 J | BMD
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INATVykiE: EIZCrump (1995)LLEE

BMR D E £
P(BMD) — P, = BMR,

Ny E (ERSR) . FHORER
& (74 7)

Flx;0(d),a] = @{[x — wd)l/o},
Pd)y =1 — (1 — Py) exp[—(Bd)']

THRIE

md) = w0) + o[P-'(1 — Py)
= ©H(1 — Py) exp[—(Bd)1}]

Crump KS. Risk Analysis, 1995; 15(1):79-89.

FHEBSUED. EXEREFMEE 2011;53:67-77
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TI9ME LR B RSERE 52 2

p(d) = By + Brd

DN 0T ET DL RAI9S%IEREXE LRI
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Wheeler et al. Risk Analysis 2017;37:2107-2117




Bayesian Quantile Impairment Threshold
(NA X R REPEF EE ; BQIT)

TITTERET D

Bayesian Quantile => R/ X HmBEIRERANS]

Impairment Threshold => [ARA XHEFEZEHEIZF|F
L7=i5&OBMDIZHEZ ] (FELELEREXMEvsEARXE)

B LT [ umBEREFRALE-EFRET—FDRAX
HEIZKSBMDE 1 EWLWHEITHS

Wheeler et al. Risk Analysis 2017;37:2107-2117
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Webinar event

@ Webinar on Bayesian Benchm: X

@ @ | Qi LN D& =

< G @ © & https//www.eventbrite.com/e/webinar-on-bayesian-benchmark-dose-bbmd-modeling-tickets- 1288358785814

eventbrite Browse Events Host An Event Help Sign In

This event has ended.

Online Training Webinar on Bayesian Benchmark Dose Modeling NOV
19

Webinar on Bayesian
Benchmark Dose (BBMD)
Modeling

by Dr. Kan Shao

BAYESIAN BENCHMARK DOSE MODELING SYSTEM

Speaker: Kan Shao, PhD
Associate Professor of Environmental and Occupational Health
Indiana University School of Public Health

Time: Wednesday, November 18, 2020, Noon to 1PM (Eastern Time) Free
L5 Sales Ended Details
The webinar will give a general introduction on the Bayesian Date And Time
Benchmark Dose (BEBMD) Modeling system and its important and new

functionalities Thu, November 19, 2020
2:00 AM - 3:00 AM JST
Add to Calendar

About this Event

The Bayesian benchmark dose modeling system (BBMD) is now Location
capable of probabilistically estimating benchmark dose (and model Online Event
v
15:32
2020/12/09
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BMD Calculation ||
BMDI Curve. Calc.

=

Dose Groups

<<Opifimizer Assignmenis>.

Restrict Betas >=) ||/

Degree of Polynormial 2

<<FParameter Assignmenis>.
Parameters Options Values

Background ||Default -
This may cause the Multistage model run to

Beta? ||Default - ) .
generate a systemn error and terminate with no

Beta? || Default - output especially when the betas are not restricted,
T J |because there may be maore than one valid solution.

+ [ |The number of parameters being estimated by the =
model is greater than the number of obaervations.
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Us=ser Notes:-
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Optimize Initial
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K7, EiT — Z A9 H2BMDS & BBMD D ik

Linear Power Hill Exponential2 Exponentiald Exponentiald  Exponential 5

BMDS
BMDO 5 & 2 0 34 0 0 2 36
BMDL O 5 B3 2 2 3g 1 1 3 37
BMD/BMDLEE 128 139 2.16 128 1.24 154 2.16
BMD/BMDLE: 128 1.85 4.49 127 163 1.65 464
52to 57 to 24 o 22to
ETND NA NA NA
R Linear Exponential 2 Exponential 2 Exponential 3/4
BBMD
BMD® 5 B 0 0 1 (] 0 0 0
BMDL D 5 B3 0 0 1 0 0 0 0
BMD/BMDLH: 127 1.33 205 1.25 13 1.59 198
BMD/BMDLH: 1.27 3.07 391 1.25 3.29 169 395
Comparison
MDD HEEEER 0998 0546 0.822 0.989 0919 0.96 0.805
BMDL m!IH! & 0994 0.96 0.927 0.992 0.95 0.861 0.847
BMDOD HE D.988 1.22 1.13 D.988 1.34 0.874 1.05
BMODLOD H 0.994 143 168 0.886 1.41 0.871 13

AR CIEBMDSIZ O W TR EEN AW LN TEY . —J5 TBBMD Tl
N AHEEDFRERDIR TR IN TN D
Shao, Kan, and Andrew J Shapiro. “A Web-Based System for Bayesian Benchmark
Dose Estimation.” Environmental health perspectives vol. 126,1 017002. 11 Jan.

Ny B s oAl .
2018, doi:10.1289/EHP1289 (—HBHHY)  sposimy pmow e mapsm 5099
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9. ToxicRZ A > A h—/LIRICR CTHtAA T E (ToxicR b L—=2 7 a3 —X
SRA Annual Meeting& £t— 4 )

> library (ToxicR)

SOFTWARE IS PROVIDED AS IS, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
INCLUDING BUT MOT LIMITED TO THE WARFANTIES OF MERCHANTABILITY, FITHESS FOR A
FARTICULAR PURPOSE AND HNONINFRINGEMENT. IN MO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE PFPOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER 1IN AN ACTION OF

TORT OR OTHERWISE, ARISING FROM, OUT QF OR IN CONNECTION WITH THE SOFTWARE
OR OTHER DEALINGS IN THE SOFTWARE.

Warning message:
replacing previous import ‘doBy::order by’ by ‘dplyr::order by’ when loading ‘ToxicR’

>
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