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Bayesian Benchmark Dose Method
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1. FERSH & L TBMDAE SN D

Bayesian BML Help  About  Admn
Example
Dataset MCWMC settings Model settings Execute model fit Mode! fit results BMD estimates
ENN
Add new BMD
BMD estimates
Model average: Added risk Model average: Extra risk
2 *® @ 50 E » a0 8
Logistic: Added risk Logistic: Extra risk
Correlation matrix:
a b ¢
a 1 0312 0181
b 0312 1 0416
c 0.181 0416 1
Parameter charts:
Parameter a Parameter a

Parameter b

2 I 0153
15
014
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03 - 24
0 095 0t 015

2000 400 6000 10000 12000 56000

Parameter b
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Table 1. Comparison of BMD estimation for dichotomous data.

(2ET —

SIAYEY L
)

*+

Dichotomous
Quantities measured Quantal-linear Logistic Probit Weibull Multistage 2 Loglogistic LogProbit Hill
BMDS
iD 0 0 0 12 I 0 A 2238
Number of failed BMDL 0 8 0 12 1 0 8 833¢
T30 130 1 170 1.2 150 g 100
(at BMR=0.1) (1.21-2.69) (1,13-319) _(1.15-303) _(1.20-841) (118 573) (1.21-10.5) (120-475) _(1.11-103)
BMD/BMDL ratio 151 1.50 151 251 2.14 3.22 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 12410
linear linear LogLotistic
BBMD
Number of failed BMD 0 0 0 0 0 0 0 0
Number of failed BMDL 0 0 0 0 0 0 0 0
ratio T3 129 129 1.9 T.00 77 Y 231
IR=01) d.21-251 (1.00-220) _(110206) _(112-430) (124259 (1135 40) QO 38D (1 19-190 70
BMD/BMDL ratio 153 151 1.50 3.38 223 3.56 2.00 423
(at BMR =0.01) (1.21-2.50) (1.22-430) (1.20-392) (1.42-17.5) (1.31-3.49) (1.51-19.36) (1.28-7.01)  (1.35-593)*
Comparison
Correlation coefficient 0.991 0.998 0.997 0.842 0.969 0.830 0.857 0.837
for BMD
Correlation coefficient 1.000 0.985 0978 0.945 0.988 0.898 0955 0.855
for BMDL
Ratio of BMDs 1.00 1.02 1.02 1.57 0.929 1.54 1.58 1.26
(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)
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) (0.942-2.71) (1.02-9.63) (0.530-1.29)

(1.05-18.0)

(1.06-6.10)  (0.079-21.5)

Note: BBMD, Bayesian benchmark dose method: BMD, benchmark dose: BMDL, lower bound of BMD; BMR, benchmark response; BMDS, US. Environmental Protection

Agency's Benchmark Dose Software: NA, not available.

“The BMDS directly 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
data scts, 186 have only three dose groups: therefore, 744 ( = 186 x4) in these failed BMDs or BMDLs arc due to insufficient dose groups.
“For the BMIVBMDL ratios calculated using the Dichotomous Hill model in the BBMD system, all results from the 518 data sets (including those having only three dose groups) are

included.

SI8D2NMET — %ty b (BFHENTPT — %)
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1 BT WX T A—FD434R (Shao K, et al. Environ Health Perspect 2018)

Correlation matrix:

a b <
a 1 0312 0181
b 0312 1 0416
c 0181 0416 1
Parameter charts:
Parameter a Parameter a

o1

r ST\ TR I SR SR I, S e ) - P — -

Parameter b Parameter b

Parameter c Parameter ¢

@ Hide parasneter charts
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2. FTINT 4T 47 DOfER (Shao K, et al. Environ Health Perspect 2018)

Inference for Stan model: anon_model 20bb8bfS69f4822af7976eed54022d1e.

1 chains, each with iter=30000; warmup=15000; thinel;
post-warmup draws per chaine15800, total post-warmup draws=15800.

mean se_mean

a .03 2.2e-4
3.26 e.01
C e.e4 3.le-32

lp_ -83.56 0.02

sd 2.5% 25%
0.02 4.6e-3 9.02
.91 1.85 2.67
.28 -0.51 -0.14
1.33 -87.0 -84.13

50% 75% 97.5%

.03 ©.2e4 @.e8
3.16 3.74 5.19
e.e4 0.23 2.6
-83.2 -82.61 -82.07

Samples were drawn using NUTS at Wed Nov 29 13:19:02 2017.

For each parameter, n_eff is a crude measure of effective sample size,

n_eff
9375
4238
8435
4489

and Rhat is the potential scale reduction factor on split chains (at

convergence, Rhat=1).

Rhat
1.0
1.0
1.0
1.0

15



3 A& LR (Shao K, et al. Environ Health Perspect 2018)
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Posterior predictive p-value for model fit: 0.599
Model weight: 37 3%
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4 BMDHEEME D 77 7 (Shao K, et al. Environ Health Perspect 2018)

Bayesian BMD Mep About Admin  Log Out
Example Z Eaz rare O Finish updating
e |

Dataset MCMC sefings Mode! settngs Execute model 14 Model 1t resutts EMD estmates

B .
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BMD estimates
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5. F /10 DE2EE (Shao K, et al. SRA 2017 Poster)

Prior in BBMD A Very Specific Prior

Log(b) ~N( 0, 1)

oo 02 04 06

ouer s 2P ECIfiC Prior

"BMD = 570.62

a ~ Unif (-50, 50) b ~ Unif (0, 100) a~N(0,1)
: : 3
g g .
= =40 o i N 40 = 20 40 &0 1| 108 4 2 i 2
Uniform Prior ...
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N AHEEEZHNDGEITBERETNEDONT —~< A X2 D8 L5
VT R T TR AHEEDORIEI BT, 22— OFHEREDOREALEE L
T 7T RAEPHONLGE1H D CKEBMDSE)

[F7E8E] AFZEE OBLE N BITH L T Ty a 7T T ok s R4
HZ EDIFE LW

#2 2. “fi5—# (dichotomous data) (Z%}9 2BMDS & BBMD® gt

Quantal-linear Logistic  Probit Weibull Multistage 2 LogLogistic LogProbit Dichotomous Hill
BMDS
BMDOD &% I B 0 0 0 12 0 0 4 773
BMDLOD S B 8 0 8 0 12 1 0 8 833
BMD/BMDLH,
(BMR=0.1) 1.51 1.30 1.31 1.70 1.62 1.89 1.49 1.69
EEMD
BMD®) & B8 0 0 0 0 0 0 0 0
BMDLOD 4% B 8% 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 (— B Fr)
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Systolic blood pressure (mmHg)
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(Dakeishi M, et al. Risk
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BMR®D E %
BMR P(BMD) — P, = BMR,

Pt
lw > . :. a > j' S = \ J\ N7 A =
ARIR ] 1 PO NZYx (ERENH) . FTHORER
Ll b s (747 L)

o .':""".': 5 " . ' curvt
f_‘;_";.?;?-."?":-__;;';f..“‘;,:3)&!;8-‘}.“.".“““"‘ Flx;0(d),a] = ®{[x — wd))o},
e s oot B

= e R A P(d) =1 — (1 — Py exp[—(Bd)]

e ‘ . * - . .
-.’ 'WU‘. ..'.'~.. o .

180 | -

Systolic blood pressure (mmHg)

{BMD FrRIGE

0 80 120 160 200 md) = w0) + o[®@(1 — Py)
Daily ethanol intake (g/day) — @71 — Py) exp[—(Bd)]}]

x
=
Ll
c v _‘\~<r:.o

INAT)yRiE: EIZCrump (1995) LA

Crump KS. Risk Analysis, 1995; 15(1):79-89.
M EBSII A . ERBIEFHEES 2011;53:67-77 26
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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 Envir land O ional Health
Indiana University School of Public Health

Time: Wednesday, November 18, 2020, Noon to 1PM (Eastern Time) Free

L& Sales Ended Details

The webinar will give a general introduction on the Bayesian Date And Time
Benchmark Dose (BBMD) 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

~ & m o) 1532

A 2020/12/09 EZ



}Q»%ﬁ&%utﬁ4§>x§ﬂ§:7h%:7ﬁ%m£
TS mHISEEL ]
=6 BGOE X5 G AR R AhE

EHC24 0DF5FE (2 0 2 0FIZKET)
RS ET U o 71051 %A R OFI 73 e

EFSAT &BMDIZBIT % WA # > ADUGTIEEN TN TR Y | WEROTT
AR T 7 0 —F 5 b R T 1 — T~ B NI

EFSAD K A H v ZADBETZIZB W TEERIC, RO XL IHIITE K :

ARSI T 7 u —F Tl RED/RT A —2\ZHT A R redEth:iL. (SR &
EKEIZ K > THIE S, (2B IR LD FTHIRS, #lkshdo
IZxF L. A X5mi T 7 0 —F TIERIND /N T A —Z\THERGH DT B,
WER O, FR O RNHEENEZ T 5 K OIS b, A AHEE TR
FTHEEDPLIR E B3 2 LR TE, SN FESMITIROBITOFFI DA &
LTHERTAZENTEDL, ZOL IS, AHEITIHEROZFE L2 Kk S8 5
LN TELED, BMDETY L OT7 Fu—F L LTRSS TWS, XA
AHEEIZ IS T NV FHLIL, BMDEHEXEZHAE T 572000 F LW HiE
ELTHERE S N D, HERNT 7 a—F I8\, SHEEME & EHEIXN & s
TH7-OIZIX, BT VEA OBMDHEEE & b3 o EEHE & b S v E
TNEMH L TCBMDH#ECIE 21 D BHED 2 SO HEND 5, A Xdmi 7T 7
0—FTl, EREEE MEEEZXBT 2 03T <, kS F%BMDYy

AN R Y =

DR DA RN FEZERXEE 725, L BRI 2007



1. R XHEEZBMDIEIC
ERT A FIEE HITEAEL
EDRFTEIRE

Ut o, N A0

(1) SEEMmERM RER/DERS LUFEFEDIBE

2) N XEFE2BMDEICEBRHT 5 HE5DREE |

(3) FJFICAIE T 51EmMEERATIFREZDT 7+ VI REDEY R

(4) BRORKF LEBIR, KIC, HERICEI(ERDET U IFiELL
B L7758 0RH

(5) RAXEEZ2EAT S LTHOEER

(6) BRET—2., I, EHT—ZICHBITEIRSM A SEREEERESS
DR

2. EINDYRIEF
ICHTBRAM XHEEDER
R DIBE

(1) XERLRILTHY R 7 FFMERIDER V) $H A 1K R D IEIE

(2) 52 BLI=HA L REBEDPY 7 b THRRGEETY VY ITDE
FBIC52 1T = Y) $E A IR0 D182

[ (3) B ) X7 Tl T DEREBIORR




3-(1). R4 X % LT—%%DG')% Tﬁ%? fOTT7 %

‘Ar
REEREAVTYNTONTVRDRE

BEEFEYIrOT
Graphical User Interface (GUI) IRIEZFZEIRL THY L BIHEE D AERE A FLBMDS
WebH—ERELTIRMT A EIZIURS A HEICHELESNSEHREDOVE 21—
2D EEFHZ R FRLT=BBMD online estimation system

BMDSTIEZ{ET — 2B LUV EHRET—RIZHITEIRA AMEDER (ETILEHILE
E)IZRAFIEET =T ILIZHE-TELT

EE GUIRBIZHEITABMDSOEETIETI/ILOEHEETHILOERIZEBIRAMXE
>k7;7-r FMTHhNE 0T TIEEND, "M X HEELFEAMIZELZL-BBMDTI,

B EGET 2B FEARNA X HEFEITODNTE TR L LIEEEEEELDD
RETTAHZEMAIREE SN D,

REEDL. IR ES. 2022 30



2 T3 RE=>CUIERRA

BMDS 2 &) & , ‘

a5 Mew
<< Cofumn Assignmenis>. << (Mher Assignment=>.
P Risk Tye [Bam ~
# Subjects in Dose Group - EMAR 01000

Confidence [ evel 0.95
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.

m

1

Us=ser Notes:-

pata rirc: [

Optimize Initial

Multistage-=Dichotomous

e da Y e e Cusepa BMDS 240 Data\mst_Dax_Setting.out _
"
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K7, W7 — XX HBMDS &£ BBMD O i

Linear Power Hin Exponential2 Exponential3 Exponential4 Exponential5

BMDS
BM D5 B 2 0 34 0 0 2 36
BMOLOD 5 2 2 38 1 1 3 37
BMD/BMDLEE 1.28 1.39 2.16 128 1.34 154 2.16
BMD/BMDLH 128 185 4.49 127 1.63 1.65 4. 64
. 52 to 57 to 24 w 22 to
ETFND NA NA NA
ﬁ?! Linear Exponential 2 Exponential 2 Exponential 3/4
BBMD
BM D5 R 0 0 1 0 0 0 0
BMDLOD 5 B8 0 0 1 0 0 0 0
BMD/BMDLH: 1.27 133 2.05 1.25 1.3 155 1.498
BMD/BMDLH= 1.27 3.07 3951 125 3.29 165 395
Comparison
sMOO IR 0999 0.948 0.822 D585 0919 0.26 0.805
BMDL !IIII = D994 0.96 0.927 0552 0.55 0.861 0.847
BMDO H 0.988 1.22 1.13 0.988 1.34 0.874 1.05
BMDLMD H 0.994 1.43 1.68 0.986 1.41 0.871 13

[F] EEHE TIEBMDSIZ DO W TR BEER VWS TR Y | —J7 TBBMD Tl
A ZHEEDRERDIE R I N 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.

. G162 o -
2018, doi:10.1289/EHP1289 (—#iilft)  spesiws moecimspam 5099
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X 9. ToxicR%&Z A > A F—/L12ICR Tt AT (ToXicR kL —=0 7 a2 — &
SRA Annual Meeting& £} — il Hk #L)

IS, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
WARRANTIES OF MERCHANTABIL , FITNESS FOR A
COPYRIGHT

SOFTWARE IS PROVIDED AS
INCLUDING BUT NOT LIMITED TO THE
PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF
OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE

VA

CONTRACT, TORT
OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

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