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"?iEPA Models Covered in This Course

*  Currently there are two models included in BMDS that can
incorporate time in the modeling scheme

* The toxicodiffusion model is used for time-course or repeated response data
where a particular effect has been measured at multiple time-points

* The ten Berge concentration ¥ time (C ¥ T) model is primarily used in the
context of acute inhalation studies where groups of animals are exposed to multiple
concentrations of a chemical for varying durations of exposure.

*  Currently, there is a cancer model that incorporates time that is
covered in the Cancer Training Module

* This model, the Multistage-Weibull time-to-tumor model, is run outside of BMDS
program but is available from the BMDS website:
http://epa.gov/ncea/bmds/dwnldu.html#msw



http://epa.gov/ncea/bmds/dwnldu.html

SEPA

Repeated Response Data - The
Toxicodiffusion Model



Repeated Response Data

Repeated response measures, or time-course data, can be used to
characterize toxicity responses that vary according to dose and time

Neurotoxicity tests, such as functional observational batteries (FOBs),
often generate repeated response data

Repeated response data is different from concentration x time (C x t)
data

» C x t data involves animals exposed to a chemical at a particular dose for a certain
duration of time

* Repeated measure data involves animals exposed to a chemical once and where
responses are measured at multiple time points before, during, or following that
exposure



o FDA Traditional Analysis of Time-
NZLErrA Course Data

Historically, analysis of FOB or other repeated-response data has been
conducted using Analysis of Variance (ANOVA) methods

*  ANOVA is effective at detecting dose- and time-related changes in responses

* However, they cannot describe the magnitude or underlying shape of the dose-
response curve along the recorded time-course

In order to describe the dose-response characteristics, one option
would be to model independent time points separately, but this type
of analysis is unsatisfactory for 3 reason:

* It would be limited to the experimental time points
* The time trend of the dose-effects would not be fully utilized

* It might not reflect the magnitude of toxic effects at the most sensitive time point

For these reasons Zhu et al. (2005a,b) developed the toxicodiffusion
model



("}EPA Toxicodiffusion Model Form

The equation for the toxicodiffusion model is given as:

(B*t*d*exp(—k*t))
(1+C*t*d*exp(—k*t))

n(d,t) = A(t) + f(d, t),where f(d, t) =

*  When first order kinetics are applicable, the parameter k can be interpreted as the
elimination coefficient
« A(t) represents the time-course that is predicted in the absence of exposure
« Constant: A(t) = A
* Linear: A(t) = Ay + Ayt
2" degree polynomial: A(t) = Ay + At + A,t?
* The toxicodiffusion model is particularly well-suited for describing dose-time-
response relationships of transient dose effects

* f(d,t) starts at a value of 0 when t = 0, increases with time and reaches peak effect

Bd 1 : , ,
( ) at t = —,and eventually returns to 0 with sufficiently large time
Cd+kxe K



EPA Repeated Response Data

*  For the purposes of modeling repeated response data in BMDS, the
data must be structured as follows:

The response variable measured on a continuous scale
A single exposure (or exposure interval) and several (4-5) doses

The time component is coded between 0 (beginning) and the maximum
positive value (last time point for which data is available).

The outcome is measured repeatedly over time on each study subject, and
the time of observation is given. It is not necessary for each subject to have
the same time points

Individual animal data and multiple subjects per dose group are required

Dose effects are observed at more than one dose level, and differences in
dose effect are seen at some time points



2. Repeated Response Datafile
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S EPA Toxicodiffusion Model in BMDS

Unlike other models in BMDS, the toxicodiffusion model requires that
users install the R Statistical software package (version 2.6.2 or
higher)

The toxicodiffusion model also is the only model in BMDS currently
that uses the ‘“hybrid approach” to calculate a BMD for continuous
data based on dichotomized risk, requiring two user-selected
parameters:

*  The benchmark response (BMR) — expressed as either added or extra risk (e.g., |0%
extra risk)

* The background rate (i.e., probability) of an adverse response in the control group



£ The Hybrid Approach -
SEPA Selecting the BMR

* As with dichotomous models, EPA recommends the use of extra risk
as this accounts for the presence of background responses

*  10% extra risk would be expressed as:

0.10 = [P(BMD,, t) — P(0,t)|/(1 — P(0,t)]

If P(0,t) = 0.01 (i.e., there is a 1% probability of adversity in the control group at
time t), then

P(BMD,,t) = (0.10 * [1 — P(0,8)]) + P(0,t) = (0.1 * 0.99) + 0.01 = 0.109

* Therefore, we are interested in the dose that results in 10.9% of
subjects exhibiting an adverse response



S EPA The Hybrid Approach -
E Selecting the Background Rate

*  Next, the background rate of adverse response in the control group
must be selected, in this example, we’ve chosen 1%

AT EACHTESTINGTIME POINT, the model calculates the cut-off
values in the control group distribution that correspond to the
background rate

0.3 -
0.25 -
0.2 A
0.15 -
0.1 A

0.05 -




S EPA The Hybrid Approach -
s Selecting the Background Rate

* Given a BMR of 10% extra risk AND a background rate of |% for
adverse responses in the control group the model will calculate the
dose that corresponds to a shift in the mean that results in 10.9% of
the animals falling beyond the control group cut-off values

0.3 -
<

0.25 -
0.2 -
0.15 A

0.1 -

0.05 ~




n Toxicodiffusion Model -
SEPA Calculating the BMD

* In order to profile the BMD (i.e., BMD, (t)) with respect to time,a
sequence of points {t} is chosen and the corresponding {BMD, (t)}
values are calculated

* Given that response rates may vary over time, there may be multiple
values of {BMD, (t)} that yield responses equal to the BMR at multiple

time points {t}

*  Therefore, the reported BMD is the minimum of these multiple doses,
i.e., BMD, (t*) = min, {BMD, (t)}



SEPA '\

Toxicodiffusion Model -
Calculating the BMD

Mean Response




Toxicodiffusion Model -
Calculating the BMD
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Toxicodiffusion Model -
Calculating the BMDL

The toxicodiffusion model uses bootstrap resampling of residuals and
random effect coefficients to calculate the BMDL

* The residuals and random effect coefficients were originally estimated during
the original fitting of the model to the data

* The model repeats the sampling procedure a user-specified number of times,
with each re-sampled residual resulting in a new estimate of model
parameters, and thus,a new BMD

This procedure produces a number of BMDs equal to the
number of sampling repeats

* The percentiles across this sampling of bootstrapped BMDs can be used to calculate
the BMDL

* The 5% percentile of a sampled set of BMDs would be reported as the 95% lower
bound on the BMD, i.e., the BMDL



o Toxicodiffusion Model -
SEPA Calculating the BMDL

Because the BMDL calculation uses random re-sampling, the BMDLs
calculated from repeated modeling runs will differ slightly for the
same dataset.

One way to control this difference is to increase the number of
bootstrap iterations, this will decrease the range of calculated BMDLs

0.8 4 r 80
0.7 4 - 70
0.6 - - 60
0.5 4 - 50
0.4 4 - 40
0.3 4 - 30
0.2 4 - 20

0.1 4 - 10

0 - . T 0




SEPA

Running The Toxicodiffusion Model in
BMDS



EPA . Datafile Structure
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\e,EPA \ Select Model Type
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Y

Toxicodiffusion Model
Automatically Selected

-
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fore.grip

L T = = - - = - = - - O = - = - - O = O = - = - = R = I = =
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n

46 columns(s) added.
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Toxicodiffusion Model -
Column Assignments
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<<Plotting Assignmenis>: Adverse Definition | Background Rate - |
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# of Time Points 100 High Cut-off

<<Parameter Assignmenis=>.
Options
AQ m
BO m
co m
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Toxicodiffusion Model -
Plotting Assignments
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Toxicodiffusion Model - Other
Assighments

&EMDSE.-’J [Build: 04,/01/2013] - [New] [= ===
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Toxicodiffusion Model - Other
Assighments
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Toxicodiffusion Model - Other
Assighments
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Toxicodiffusion Model - Other
Assighments
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Toxicodiffusion Model - Other
Assighments
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wEPA \; Toxicodiffusion Model - Results
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& BMDS 2.4 [Build: 04/01/2013] - [C:/Users/adavis10/BMDS240/Data/ TETacForeGrip.out]
[F1 File Edit View Tools Windows Help

SN LS

[=l=]=]

- 3 X

File  Edit  Preferences

alysis of ToxicoDiffusion Bootstrap BMDS MODEL RUN
TUDY DESCRIPTICN
o3e Lewvels: 0 0.75 1.5 3 &
est Times: 02 24 1&s
gsure Time: 0
ample Size: 198

DOSE-RESPONSE MODELING
L+Br*dose*cime*exp (-K*time) / (1+C*dose*cime*exp (-K*time) )

RIC BIC logLik
-99.76988 -80.04027 55.88494

Random effects:
Formala: A ~ 1 | ID

il Residual
StdDew: 0.08384292 0.16723250

ﬁxﬁd effects:
Value S5td.Error DF t-value p-value
B 1.02558328 §.021766397 145 47.117732 5.499645e-90
.dose -0.01373109 ¢.008012917 145 -2.283599 2.384794e-02
.dose 0.02673254 @.017756512 145 1.505507 1.343692e-01
0.01991699 #.002467258 145 8.072523 2.409297e-13

Correlation:

il B.dose C.dose K
S 1.0000000 -0.4872524 0.3598873 0.0548482
B.dose -0.4672524 1.0000000 -0.9504070 -0.5524777
C.dose 0.3598873 -0.9504070 1.0000000 0.4633031
I 0.0548682 -0.5524777 0.4633031 1.0000000

Standardized Within-Group Residuals:
Min o) Med Q3 Max
-2.66913962 -0.50714699 -0.03634028 0.72898913 2.44610785

»

Image file successfully drawn!

I MNum Lock e
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\e,EPA . Toxicodiffusion Model - Results
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& BMDS 2.4 [Build: 04/01/2013] - [C:/Users/adavis10/BMDS240/Data/ TETacForeGrip.out]
[F1 File Edit View Tools Windows Help
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- 3 X

File  Edit  Preferences

Correlation:

A E.dose C.dose K
B 1.0000000 -0.4872524 0.3598873 0.0548482
B.doge -0.4672524 1.0000000 -0.9504070 -0.5524777
C.dose 0.3598873 -0.9504070 1.0000000 0O.46833031
I 0.0548682 -0.5524777 0.4633031 1.0000000

Standardized Within-Group Residuals:
Min Q1 Med Q3 Max
-2.66913962 -0.50714699 -0.03634028 0.72698913 2.44610785

Initial Values: 1.018812 -0.03783458 0.0835662 0.01713337

Posszible Initial Values

RO BO co KO
1.018812 -0.0375834581 0.08356620 0.01713397
1.012812 -0.02129%153%9 O0.06687200 0.02608923
1.012812 -0.0035879280 0.01375962 0.01725628
1.018812 -0.006326717 -0.06284446 0.02115212
1.018812 -0.013809128 0.04031584 0.01921520
1.012812 -0.017260204 0.025332835 0.02041540

(=0T S RN S LI R

CHMARK DOSE ESTIMATICN \
Risk Type: extra
Spontanecus Risk Lewvel: 5%

Lrea of Rdverse Effects: Lowertail

EME Lewvel: 5%

BOOTSTRAF ESTIMATION OF BMDL

Bootstrap Replications: 100
Minimum BMD: 0.259562

At Test Time: 50.4

Conf. Lewvel: 95 %

L: 0.172158 y,

4

4

Image file successfully drawn!

I MNum Lock e
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o Toxicodiffusion Model - Plots
SEPA and Assessing Fit

Observed trajectory — displays each subject’s responses by connecting
the observed responses across time

* Useful for determining the trajectory of the control group and how exposure
changes the trajectory over time

fore.grip vs. time by dose

o 2 24 168 o 2 249 168
I I I I I I I I I I I I I I

1
o 0.75 1.5 3 S
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Toxicodiffusion Model - Plots
wEPA

and Assessing Fit

Fitted trajectory — displays each subject’s fitted responses by
connecting the observed responses across time

* Useful for determining whether the predicted responses show trajectories
resembling the observed trends

Fitted Values of fore.grip vs. time by dose

o 2 24 168 o 2 24 168
1
(O] .75 1.5 3 S
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o Toxicodiffusion Model - Plots
SEPA and Assessing Fit

Pooled residuals across all dose groups

* Allows the user to check for randomness with respect to the level of response

* The presence of any trend (decreasing, increasing, curved) indicates the
inappropriateness of the model

Standardized Residuals vs. Fitted values of fore.grip
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o Toxicodiffusion Model - Plots
SEPA and Assessing Fit

* Pooled residuals within dose groups

* Allows the user to check for randomness with respect to the level of response

* The presence of any trend (decreasing, increasing, curved) indicates the
inappropriateness of the model

Standardized Residuals vs. Fitted VValues of fore.grip by dose
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n Toxicodiffusion Model - Plots
SEPA and Assessing Fit

* Bootstrap graph — shows the time-profile of the resampled BMDs

* Dark black line — original fit to the data
* Light grey lines — resampled BMDs
* Dark dashed black line — chosen percentile of the resampled BMDs (i.e., BMDL)

BMD Time-Profile Based on fore.grip
(extra Risk at 5 26 BMR Level)

=
o

25

2

Benchmark Doses

10

05

00
|

time
Dashed lines(s) is 95 26 Confidence Band(s)



<EPA

Toxicodiffusion Model -
Assessing Fit Across Models

In this example, the observed trajectory in the control group appears

to decrease over time.

* Therefore, a constant background rate (i.e., A(t) = Ay) may not be suitable, and the

linear background rate (i.e., A(t) = Ay, + A;t) may be more appropriate

The AIC and BIC values to assess whether the addition of an extra

parameter improves model fit.

-& BMDS 2.2 [Build: 12/08/2011] - [C:/BMDS5220/Data/TETacForeGrip.out]
3 File Edit View Tools Windows Help
=" === 00 N

File  Edit  Preferences

Analysis of ToxicoDiffusion Bootstrap BMDS MODEL RUN
5TUDY DESCRIFTION

Doge Lewvels: 0 0.75 1.5 3 6

Test Times: 0 2 24 1&g

Exposure Time: a

Sample Size: 198

DOSE-RESPONSE MODELING
A+B*dose*time*exp (-K*time) / {(1+C*dose*time*exp (-K*time) )

LIC BIC loglik
-99.76988 -80.04027 55.88494

A(t) :_AO_+A1t

& BMDS 2.2 [Build: 12/08/2011] - [C/BMDS220/Data/TETacForeGrip.out] M
3 File Edit View Tools Windows Help

=N ==L N T

File  Edit  Preferences

Analysis of ToxicoDiffusion Bootstrap BMDS MODEL RUN
5TUDY DESCRIFTION

Doge Lewvels: 0 0.75 1.5 3 6

Test Times: 0 2 24 1&g

Exposure Time: a

Sample Size: 198

DOSE-RESPONSE MODELING
A0+al*timet+B*dose*time*exp (-K*time) / (1+C*dose*time*exp (-K*time) )

LIC BIC logLik

-95.80104 -75.78317 546.40052
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SEPA

Toxicodiffusion Modeling Exercise
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Toxicodiffusion Modelin
wEPA 8

Exercise

Open hind_grip_A0.dax

Model Type: Rptd_Resp_Measures
Model Name: Toxicodiffusion_beta

Parameterize the option files as follows and run model:

Fill in Column Assignments as appropriate
Time Scale Axis = Log

Exposure time = 0

Background degree = 0

BMR = 5% Extra risk

Adverse Direction = Lowertail

Adverse Definition = Background Rate
Adverse Level = 5%

Bootstrap Iterations = 1000
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Toxicodiffusion Modeling
Exercise — Results

<EPA

p vs. Time by Dose

Fitted Values of Hind_Gri

p vs. Time by Dose

Hind_Gri
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24 168
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pr—

Toxicodiffusion Modeling
Exercise — Results

Fitted values

—
Standardized Residuals vs. Fitted Values of Hind_Grip by Dose
Standardized Residuals vs. Fitted values of Hind_Giri
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Benchmark Doses

Toxicodiffusion Modeling
Exercise — Results

(e

vEPA

)

BMDS Summary Table

BMD Time-Profile Based on Hind_Grip
(extraRisk at 5% BMR Level)

o Toxicodiffusion | Toxicodiffusion
(A=0) (A=1)
AlC -120.495
C.dose 0.5935487

T T T
0 2 ) - - _ _
Time

Dashed lines(s) is 95 % Confidence Band(s)
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Toxicodiffusion Modelin
wEPA 8

Exercise — Results

Open hind_grip_Al.dax

Model Type: Rptd_Resp_Measures
Model Name: Toxicodiffusion_beta

Parameterize the option files as follows and run model:

Fill in Column Assignments as appropriate

Time Scale Axis = Log

Exposure time = 0

Background degree = | (must change from default)
BMR = 5% Extra risk

Adverse Direction = Lowertail

Adverse Definition = Background Rate

Adverse Level = 5%

Bootstrap Iterations = 1000
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Toxicodiffusion Modeling
Exercise — Results

<EPA

p vs. Time by Dose

Fitted Values of Hind_Gri

p vs. Time by Dose

Hind_Gri
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SEPA

Toxicodiffusion Modeling
Exercise — Results

Fitted values

—
Standardized Residuals vs. Fitted Values of Hind_Grip by Dose
Standardized Residuals vs. Fitted values of Hind_Giri
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Benchmark Doses

15

1.0

0.5

0.0

(e

vEPA

)

BMD Time-Profile Based on Hind_Grip
(extraRisk at 5% BMR Level)

0 2 24 168

Time
Dashed lines(s) is 95 % Confidence Band(s)

Toxicodiffusion Modeling
Exercise — Results

BMDS Summary Table

Toxicodiffusion | Toxicodiffusion

(A=0) (A=1)
AIC -120.495 -118.6422
C.dose 0.5935487 0.6153080
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SEPA

Concentration X Time (C X T) Data -
The ten Berge Model
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n Concentration X Time (C XT)
EPA Modeling — Haber’s Law

€ xT modeling has primarily been done in the context of acute
inhalation exposures

* In these instances, both exposure concentration and duration of
exposure are important for estimating responses

* Haber’s Law

c CxXt=k
* Oiriginally formulated in the early 1900s by Fritz Haber in the context of researching
the effects of exposure to chemical warfare agents

* Assumes equivalency any two combinations of exposure concentration and duration
that have equal products (C,t, = C,t,)
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Concentration X Time (C XT)
Modeling — Haber’s Law

* Haber himself recognized that the simplified form of his equation was
an approximation and only useful under certain conditions

* Haber’s law does not take into account rates of detoxification, fractional absorption,
differences in physiological parameters (e.g., ventilation rate, body weight) of exposed
subjects

* In certain cases, (e.g., when duration of exposure approaches the half-life of the
chemical in the body) more sophisticated mathematical models are necessary

* However, due to its simplicity, Haber’s Law extensively used toxicological dose-
response research

*  However, multiple, alternative approaches have been recommended
to more accurately describe the relationship between concentration,
duration, and response
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o Concentration X Time (C XT)
EPA Modeling - ten Berge Equation

ten Berge et al. (1986) investigated the ability of Haber’s Law to
describe mortality due to acute inhalation exposures

* Haber’s Law was expressed as Y = by + byIn(c) + b,In(t)

* Assuming Haber’s Law adequately describes the mortality response, the values of by
and b, should be roughly equivalent
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<EPA

Concentration X Time (C xT)
Modeling — ten Berge Equation

TABLE 1

Regtession coefficients of the concentration—time mortality response relationships of
several irritant chemicals for different species according to eqn. (1)

TABLE 2

Regression coefficients of the concentration—time mortality response relationship of
several systemically acting chemicals for different species according to eqn. (1)

Chemical Species, sex Regression Chemical Species, sex Regression
coefficients coefficients
bo by by bo by ba

Ammonia [2] male + female rats —47.9 4.66 2.30 Hydrogen cyanide [14] goat —27.3 450 2.02
Ammonia [2] male rats —-76.2 1717 3.71 Hydrogen cyanide [14] maonkey —6.87 1.67 0.835
Ammonia [2] female rats —626 591 2.76 Hydrogen cyanide [14] rabbit —1586  3.22 0.744
Ammonia [3, 4] mouse —545 5.95 2.89 Hydrogen cyanide [14] rat —3.27 115 0.701

Hydrogen cyanide {14] cat —B.26 2.09 0.741
HClgas [5] rat —47.7 4.06 4.90 Hydrogen cyanide {14] dog —1.30 102 0.827
HCI aerosol (5] rat —20.1  2.77 2.68 . )
HCl gas {5] mouse —10.5 1.40 1.16 Hydrogen sulphide [15} cat + rabbit —42.6 3.13 2.36
HC] aerosol [5} mouse —22.8 2.1 2.21

Methyl t-butyl ether {16] mouse —26.1 3.98 2.02
Chlorine pentafluoride [6] rat —293 38z 210 Methylenechlorobromide {17) male rats 45.0 3656  2.26
Chliorine pentafluoride [6] mouse —155 2,42 1.57 —45. E :
Chlorine pentafluoride [6] dog —20.8 279 1.95 Methylenechlorobromide [17] female rats —49.1 3,86 2,34
Chlorine pentafluoride [6] monkey —17.6 2.87 0.696 Ethylenedibromide [18] at —325 312 2.69
Nitrogen dioxide [7] rat —-15.2 3.09 0.885 _
Nitrogen dioxide [7] guinea pig —105 263 0.537 Tetrachloroethylene [19] rat 391 3.34 1.65
Nitrogen dioxide [T} rabhit —5.43 1,52 0.352 . _
Nitrogen dioxide [7] dog —388.7 6.48 197 Trichloroethylene [20] rat 8.36 0.768 0.909
Nitrogen dioxide [7) mouse —856 643 176 Carbon tetrachloride [21] rat —39.4 346  1.22
Chlorine (8] mouse —232 382 110 Acrylonitrile [22] rat —421 383 374

Acrylonitrile [23 t —165 15.2 11.4
Perfluoroisobutylene [9] rat —149 287 236 o 23] i
Crotonaldehyde [10] rat —15.6 2.00 172
Hydrogen fluoride [11] rabbits + guinea pigs —7.35 1.38 0.71
Ethylene imine [12] rat —385 0969 0714
Ethylene imine [12] guinea pig —19.5 225  2.58
Bromine [8] mouse. —24.7 313 1.44
Dibutylh thylenediamine [13]  rat —117 1.38 129
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Concentration X Time (C X T)
Modeling - ten Berge Equation

Given the failure of Haber’s Law to adequately describe the mortality
responses, ten Berge suggested an mathematical re-formulation of the
relationship between concentration and duration

* ten Berge’s equation: C" Xt =k

* Formulated by rearranging Y = by + byIn(c) + b,In(t) to Y = by + b,In(c™t),
where n = b /b,

* ten Berge demonstrated that ¢t predicted mortality response quite well

The value of n indicates which variable influences responses to a
greater degree

* m > 1, response is concentration-dependent

* n < 1, response is time-dependent

ten Berge further extended Haber’s Law to situations where

concentration varies during the exposure period: [[c(t)]"dt g,



o Concentration X Time (C XT)
EPA Modeling - ten Berge Equation

TABLE 4

Value of the exponent n for several gases and vapours, of which the probit Y of the
mortality response in relation to exposure concentration ¢ and exposure period { can be

predicted by egn. (3).

Gas or vapouy Exponent n 95% confidence limits

Local irritants
NH; 2.0 (1.6, 2.4)
HCI 1.0 (0.7, 1.8)
CiF; 2.0 (1.4,2.6)
NO, 3.5 {(2.7,4.3)
Cl, 3.5 (2.5,4.4)
Perfluoroisobutylene 1.2 (1.1, 1.4)
Crotonaldehyde 1.2 (1.1, 1.3)
HF 2.0 (1.2, 2.8)
Ethylene imine 1.1 (0.8, 1.3)
Br, 2,2 (2.0,2.4)
Dibutylhexamethylenediamine 1.0 (0.6, 1.4)

Systemic action
HCN 2.7 (1.8, 3.7)
H,;S8 2.2 (1.6, 2,7)
Methyl t-buty! ether 2.0 (1.0, 2.9)
CH, CIBr 1.6 (1.4, 1.8)
C2,H4Br, 1.2 (1.1, 1.2)
C,Cly 2.0 (1.4, 2.6)
C;HCl, 0.8 (0.3,1.4)
CCl, 2.8 (1.9, 3.7}
Acrylonitrile 1.1 (1.0, 1.2)
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ten Berge Modeling in BMDS

The ten Berge model was originally coded in Visual Basic by the study
authors, and has been implemented in BMDS in the C language

The general form of the equation is:

z = by + by fc(c) + byf (t) + b3 fy(x) + bary(c, t,x) + -

* by, by ... are model parameters estimated via maximum likelihood methods

° ¢ = concentration,t = time, x = some other explanatory variable

*  f;(u) =some transformation on the explanatory variable: identity, u;
logarithmic, In(u); or reciprocal,%

* 13(c, t,x) =interactions (products) of the f.(c), f;(¢), f (x) terms

*  Number of product terms is limited to 2 currently
* Inclusion of product terms may lead to difficulties in model interpretability
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wEPA ten Berge Modeling in BMDS

For most modeling applications, the model formulation of most
interest only incorporates c and t parameters that have been
logarithmically transformed:

z = by + byIn(c) + byln(t)

Rearrangement by log rules leads to the model form

zZ = by + byIn(c™t), where n = b, /b,
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Formatting Data for ten Berge
EPA Model = .

* Can create datasets within BMDS, or import them from other
spreadsheet applications

* Data needs to be in the following format:

* The first columns must be the main effect columns (i.e., concentration and time), in
any order BUT they must appear first

* The final columns in the dataset should # Subjects and Incidence IN THAT ORDER

* Other explanatory variables (e.g., body weight, age) can appear in any order between
the main effect columns and the # Subjects/Incidence columns

* Datasets needs at a minimum:

* Total number of exposed subjects
*  Number of affected subjects

* 2 explanatory variables
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SEPA

Running The ten Berge Model in BMDS
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Dataset Structure

SEPA \

——
p
2 BMDS 2.4 [Build: 04/01,/2013] - [C:\Users\adavis10\BMDS240%\ Data\clu_in\tenBerge_demo.dax] [= === ]
A File Edit Wwiew Tools Windows Help -8 x
P SIS ‘
File Edit Data Grid
Model Type: [ - Model Name: - H H |
Exposure_ppm Time_min BodyWeight Exposed Dead Col6 Col7 e

1 50 5 222 10 0

2 50 10 217 10 1

3 50 20 235 10 0

4 50 30 226 10 2 E

5 50 40 225 10 1

5 50 50 227 10 1

7 50 60 238 10 2

8 300 5 240 10 0

9 300 10 234 10 1

10 300 20 239 10 1

11 300 30 238 10 3

12 300 40 233 10 2

13 300 50 238 10 2

14 300 60 214 10 4

15 600 5 221 10 1

16 600 10 232 10 1

17 600 20 233 10 2

18 600 30 223 10 4

19 600 40 229 10 2

20 600 50 229 10 2

21 600 60 219 10 4

22 1200 5 220 10 2

23 1200 10 214 10 2

24 1200 20 214 10 3

25 1200 30 220 10 5

26 1200 40 214 10 6

27 1200 50 228 10 5

T o T - - 3

Ready i
58 row(s) added. [Num Lock .
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n \\ Select “Conc X Time” for
EPA .. Model Type

N
e —
<2 BMDS 2.4 [Build: 04/01/2013] - [C:\Users\adavis10\BMDS240\Data'\.clu_in\tenBerge_demo.dax] [ = [
A File Edit Wwiew Tools Windows Help -8 x
CEEEE NS ]
File Edit Data Grid
Maodel Type: [ ~| Madel Name: - H H [
m— (_pntinuous
_E D!chotomous ) BodyWeight Exposed Dead Col6 Col7 e
1| nehotomour ptematve ' 222 0 0
= | REtd_ResE_Measures 10 217 10 1
3 20 235 10 ]
4 N 50 30 226 10 2 £
5 50 40 225 10 1
(5] 50 50 227 10 1
7 50 60 238 10 2
2 300 5 240 o ]
300 10 234 10 1
300 20 239 10 1
300 30 238 10 3
300 40 233 o 2
300 50 238 10 2
300 60 214 10 4
G600 5 221 10 1
600 10 232 1o 1
600 20 233 10 2
600 30 223 10 4
500 40 229 10 3
600 50 229 1o 2
600 60 219 10 4
1200 5 229 10 2
1200 10 214 10 3
1200 20 214 10 3
1200 30 220 10 5
1200 40 214 10 ]
1200 50 228 10 5
T o T - - >
Ready .
58 row(s) added. [Num Lock .




SEPA \

\

N

\

ten Berge Model is
Automatically Selected

-

P
2 BMDS 2.4 [Build: 04/01,/2013] - [C:\Users\adavis10\BMDS240%\ Data\clu_in\tenBerge_demo.dax] [= === ]
A File Edit Wwiew Tools Windows Help -8 x
BR=NERERE-- NN 2
File Edit Data Grid
Model Type: | Cenc_x_Time - Model Name: | tenBerge -| H H [
Exposure_ppm Time_min | BodyWeight Exposed Dead Col6 Col7 e
1 50 5 222 10 ]
2 50 10 217 10 1
3 50 20 235 10 o
4 50 30 226 10 2 E
5 50 40 225 10 1
6 50 50 227 10 1
7 50 60 238 10 2
3 300 5 240 10 o
g 300 10 234 10 1
10 300 20 239 10 1
11 300 30 238 10 3
12 300 40 233 10 2
12 300 50 238 10 2
14 300 &0 214 10 4
15 600 5 221 10 1
16 600 10 232 10 1
17 600 20 233 10 2
18 G600 30 223 10 4
19 G600 40 229 10 3
20 600 50 229 10 2
21 600 60 219 10 4
22 1200 5 229 10 2
23 1200 10 214 10 3
24 1200 20 214 10 3
25 1200 30 220 10 5
26 1200 40 214 10 6
27 1200 50 228 10 5
T o T - - (3
Ready i
58 row(s) added. [Num Lock .
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ten Berge Model Option
Screen

2 BMDS 2.4 [Build: 04/01/2013] - [TenBerge Model ] o || = £

o5 File Edit Wiew Tools Windows Help - = X
) ===k N

File

== Colenmn Assignmenits 2.

Description
# Subjects
fncidence

Explanatory Var?
Explanatory Var?
Explanatory Var3?

Modet

Description
Cailcuistions Desired?
Compufe Confidernce Infena/?
Sid. Dewation for Confidence infenal

% Aespornse of fnferest

=< Calculated Dose >

must appear first.
The final columns in

58 row(s) added.

<< Dataset CrlUsersladavis TOIBMDS24MDaialclu _inltenBPerge  demo_dax >

Background Correction

<< Product Terms >

Calculate Dose For Calc'd Response For Hatio of Parameters For
Given Response Given Exp. Vars Two Exp. Vars
7 7 7 r
1.96 1.96 1.96
95

<< Calculated RHesponse =

s to this
ct calumn: . ime). columns can be in any order but they

DER.
fore the # Subjects and Incidence.

Mum Lock
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Assighments

ten Berge Model - Column

ﬁ._ EMDS 2.4 [Build: 04,/01/2013] - [TenBerge Model ] IEI@
o5 File Edit Wiew Tools Windows Help - = X
= === I
File

<< Dataset CrlUsersladavis TOIBMDS24MDaialclu _inltenBPerge  demo_dax >

<< Column Assignmenits >. << Product Terms >

Description T
# Subjects =
Incidence | Exposure_ppm 3

Time_min
Explanatory Var? Elodi.!-Wg iht none
Explanatory Var? Dead none 4
Explanatory Var3? none o

Modet

m

Background Correction

Calcufate Dose For

Calc'd Response For Hatio of Parameters For

Description Given Response Given Exp. Vars Two Exp. Vars
Cailcuistions Desired?
Compufe Confidernce Infena/? 4 7 ] 3
Sid. Dewviation for Conffdence lnfenal 1.86 1.96 1.96
% Response of Inferest 95

=< Calculated Dose =. << Calfculated Response >

s to this
ct calumn: . ime). columns can be in any order but they

must appear first.
The final columns in DER.
fore the # Subjects and Incidence.

58 row(s) added. Mum Lock
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Assighments

ten Berge Model - Column

2 BMDS 2.4 [Build: 04/01/2013] - [TenBerge Model ] o || = £

o5 File Edit Wiew Tools Windows Help - = X
) ===k N

File

<< Dataset CrlUsersladavis TOIBMDS24MDaialclu _inltenBPerge  demo_dax >

<< Column Assignmenits >. << Product Terms >

Description Colurmn Transformm. Main Effect T 4
# Subjects | Exposed =
fncidence | Dead 3

Explanatory Var?

Exposure_ppm
Explanatory Var2 | Time_min

Explanatory Var? | BodyWeight

Modet

Background Correction

Calculate Dose For Calc'd Response For Hatio of Parameters For

Description Given Response Given Exp. Vars Two Exp. Vars
Cailcuistions Desired?
Compufe Confidernce Infena/? 4 7 ] 3
Sid. Dewviation for Conffdence lnfenal 1.86 1.96 1.96
% Response of Inferest 95

=< Calculated Dose =. << Calfculated Response >

s to this
ct calumn: . ime). columns can be in any order but they

must appear first.
The final columns in DER.
fore the # Subjects and Incidence.

58 row(s) added. Mum Lock
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Transformations

ten Berge Model —Variable

ﬁ._ EMDS 2.4 [Build: 04,/01/2013] - [TenBerge Model ] IEI@
o5 File Edit Wiew Tools Windows Help - = X
= === I
File

<< Dataset CrlUsersladavis TOIBMDS24MDaialclu _inltenBPerge  demo_dax >

== Colenmn Assignmenits 2. <= Prodiuct Terms >
Description Colurmn Transformm. Main Effect T 4
# Subjects | Exposed = - 2
fncidence | Dead - L 3
Explanatory Var? | Exposure_ppm - | none 4 r
Explanatory Var2 | Time_min = m
reciprocal

Explanatorny Var? | BodyWeight ~ |none

Modet

Background Correction

D iption Galla_::u!ate Dose For Ga!c_'d HResponse For Hatio of Parameters For
Given Response Given Exp. Vars Two Exp. Vars
Cailcuistions Desired?
Compufe Confidernce Infena/? 4 7 ] 3
Sid. Dewviation for Conffdence lnfenal 1.86 1.96 1.96

% Response of Inferest 95

=< Calculated Dose =. << Calfculated Response >

s to this
ct calumn: . ime). columns can be in any order but they

must appear first.
The final columns in DER.
fore the # Subjects and Incidence.

58 row(s) added. Mum Lock

64



ten Berge Model - Including
Variables as Main Effects

2 BMDS 2.4 [Build: 04/01/2013] - [TenBerge Model ] o || = £

o5 File Edit Wiew Tools Windows Help - = X
= = gy W

File

<< Dataset CrlUsersladavis TOIBMDS24MDaialclu _inltenBPerge  demo_dax >

<< Column Assignmenits >. << Product Terms >
Description Colurmn Transformm. Main Effect T 4
# Subjects | Exposed 7 1 =
fncidence | Dead - | 3
Explanatory Var? | Exposure_ppm ~ | logarithmic 4 7 1
Explanatory Var2 | Time_min = | logarithmic 4
Explanatory Var? | BodyWeight ~ | none o

Background Correction

Modet

D iption Galla_::u!ate Dose For Ga!c_'d HResponse For Hatio of Parameters For
Given Response Given Exp. Vars Two Exp. Vars
Cailcuistions Desired?
Compufe Confidernce Infena/? 4 7 ] 3
Sid. Dewviation for Conffdence lnfenal 1.86 1.96 1.96

% Response of Inferest 95

=< Calculated Dose =. << Calfculated Response >

58 row(s) added. Mum Lock




ten Berge Model - Product
Terms

5_9,,.1 EMDS 2.4 [Build: 04,/01/2013] - [TenBerge Model ] EI@
o5 File Edit Wiew Tools Windows Help - = X
i H Sy
File

<< Dataset CrlUsersladavis TOIBMDS24MDaialclu _inltenBPerge  demo_dax >

== Colenmn Assignmenits 2. <= Prodiuct Terms >
Description Colurmn Transformm. Main Effect

# Subjects | Exposed

Time_min
F | BodyWeight

fncidence | Dead

Explanatory Var? | Exposure_ppm logarithmic

Explanatory Var2 | Time_min logarithmic

Explanatory Var? | BodyWeight ~ | none o

Modet

Background Correction

Calculate Dose For Calc'd Response For Hatio of Parameters For

Description Given Response Given Exp. Vars Two Exp. Vars
Cailcuistions Desired?
Compufe Confidernce Infena/? 4 7 ] 3
Sid. Dewviation for Conffdence lnfenal 1.86 1.96 1.96
% Response of Inferest 95

=< Calculated Dose =. << Calfculated Response >

s to this
ct calumn: . ime). columns can be in any order but they

must appear first.
The final columns in DER.
fore the # Subjects and Incidence.

58 row(s) added. Mum Lock




ten Berge Model - Select
Specific Model

ﬁ._ EMDS 2.4 [Build: 04,/01/2013] - [TenBerge Model ] IEI@
o5 File Edit Wiew Tools Windows Help - = X
= === I
File

<< Dataset CrlUsersladavis TOIBMDS24MDaialclu _inltenBPerge  demo_dax >

<< Column Assignmenits >. << Product Terms >

Description Colurmn Transformm. Main Effect T 4
# Subjects | Exposed =
fncidence | Dead 3
Explanatory Var? | Exposure_ppm logarithmic
Explanatory Var2 | Time_min logarithmic
Explanatory Var? | BodyWeight ~ | none o i
Model Background Correction o Fire [
Probit
Calculate Dose For Calc'd Response For Hatio of Parameters For *
r Given Response Given Exp. Vars Two Exp. Vars
Cailcuistions Desired?
Compufe Confidernce Infena/? 4 7 ] 3
Sid. Dewviation for Conffdence lnfenal 1.86 1.96 1.96
% Response of Inferest 95
I

=< Calculated Dose =. << Calfculated Response >

s to this
ct calumn: . ime). columns can be in any order but they

must appear first.
The final columns in DER.
fore the # Subjects and Incidence.

58 row(s) added. Mum Lock




Choose Model Calculations of
wEPA

Interest

The ten Berge model is able to perform the following three

calculations, providing the user with estimates and confidence
intervals:

A value for one explanatory variable, given a percent response and specified values
for the other explanatory variables

The percent response given specified values for all of the explanatory variables

The ratio between the regression coefficients of two explanatory variables (i.e., the
value of n, when concentration and time are included as main effects and
logarithmically transformed)
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of Interest

ten Berge Model - Calculations

;,_'?,.f EMDS 2.4 [Build: 04/01,/2013] - [TenBerge Model ]
o5 File Edit Wiew Tools Windows Help

= = gy W

File

<< Dataset CrlUsersladavis TOIBMDS24MDaialclu _inltenBPerge  demo_dax >

<< Column Assignmenits >. << Product Terms >
Description Colurmn T 4
# Subjects | Exposed =
fncidence | Dead 3
Explanatory Var? | Exposure_ppm logarithmic
Explanatory Var2 | Time_min logarithmic

Explanatory Var? | BodyWeight none

o P — ou e I B

r D iption Galla_::u!ate Dose For Ga!c_'d HResponse For Hatio of Parameters For *
Given Response Given Exp. Vars Two Exp. Vars
Cailcuistions Desired? W W o
Compufe Confidernce Infena/? 4 7 ] 3
Sid. Dewviation for Conffdence lnfenal 1.86 1.96 1.96
|\ % Response of Interest 50 -

I aramelers

Exposure_ppm ~ WG Time_min

=< Calculated Dose =. << Calfculated Response >

Find Corr. Value For | Exposure_ppm Exposure_ppm

When | Time_min Time_min

When

columns can be in any order but they

and Incidence columns. IN THAT ORDER.
llowing the Main Bfect columns ore the # Subjects and Incidence.

58 row(s) added. Mum Lock
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of Interest

ten Berge Model - Calculations

2 BMDS 2.4 [Build: 04/01/2013] - [TenBerge Model ] o || = £
o5 File Edit Wiew Tools Windows Help - = X
=" ===k N

<< Column Assignmenits >. << Product Terms >
Description Colurmn
# Subjects | Exposed
fncidence | Dead
Explanatory Var? | Exposure_ppm logarithmic
Explanatory Var2 | Time_min logarithmic

Explanatory Var? | BodyWeight none

Modet

D iption Galla_::u!ate Dose For Ga!c_'d HResponse For Hatio of Parameters For *
Given Response Given Exp. Vars Two Exp. Vars
Cailcuistions Desired? W W o
Compufe Confidernce Infena/? 4 7 ] 3
Sid. Dewviation for Conffdence lnfenal 1.86 1.96 1.96
% Response of Interest 50 -

clebls SIEll Exposure_ppm Ll Time_min

=< Calculated Dose =. << Calfculated Response >
Find Corr. Value For | Exposure_ppm Exposure_ppm
When | Time_min Time_min

When

columns can be in any order but they

and Incidence columns. IN THAT ORDER.
llowing the Main Bfect columns ore the # Subjects and Incidence.

58 row(s) added. Mum Lock
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EPA . ten Berge Model - Results

%
Y

-

& EMDS 2.4 [Build: 04,/01,/2013] - [CA\Usershadavis10BMDS2400Datat clu_in\tentenBrg.out]
sl File Edit WView Tools Windows Help

Do WS m | W

File Edit Preferences

Ten Berge Model. (Version: 1.0; Date: 12/26/200&)

Input Data File: C:\Users‘\adawvisl0\BMDSZ240%\Data“clu_ in‘tentenBrg. (d)

Gnuplot Plotting File: C:\Users\adavislO\BMDS5240%\Data'clu in\tentenBrg.plt
Thu Apr 17 14:25:00 2014

m

Dose-Response Analvsis

Method of Maximum Likelihood according to:
D.J. Finney, 1977. Probit Rnalysis. Cambridge Uniwversity Press.

Model: B{vl, w2, ...} = Link(B0O + Bl*vl + B2%v2 + ...) L

Link is either Logit or Probit
vl, v2, ... are the variables (transformations of the input paramsters)

Number of input parameters = 3

Total number of cbservations = 42

Total number of records with missing values = 0

EXposure_ppm Time_min Exposed Dead
50.00 5.00 10. 0.
50.00 10.00 10. 1.
50.00 20.00 10. 0.
50.00 30.00 10. 2.
50.00 40.00 10. 1.
50.00 50.00 10. 1.
50.00 60.00 10. 2.
300.00 5.00 10. 0.
300.00 10.00 10. 1.
300.00 20.00 10. 1.
300.00 30.00 10. 3.
300.00 40.00 10. 2.
300.00 50.00 10. 2.
300.00 a0.00 10. 4.
600.00 5.00 10. 1.
&00.00 10.00 10. 1.
&00.00 20.00 10. 2.
a00.00 30.00 10. 4. 52

58 row(s) added. I Mum Lock o
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. ten Berge Model - Results

ol File  Edit
== =

& EMDS 2.4 [Build: 04,/01,/2013] - [CA\Usershadavis10BMDS2400Datat clu_in\tentenBrg.out]

Wiew Tools Windows Help

===l N T

File Edit Preferences

Selection of cobkserwvations from number 1 through 42 -

Time_min
BodyWeight

Probit link
Variable 1
Variable 2
Chi-Sguare
Degrees of
BO = 1.024e

Bl = 4.4390e
B2 = 4.704e

wvariance
covariance
covariance
variance
covariance
wvariance

Transformation of input parameters
Exposure_ppm iz transformed logaritmically!

is transformed logaritmically!
is not transformed at all!

used without background response correction!

= TIransformed Exposure_ppm
= Transformed Time_min

= 30.53
Freedom = 39
—-001 Student t for BO = 0.20
-001 Student t £for Bl = 8.15
-001 Student t for B2 = 5.35

BOO = 2.640e-001
BOl = —-2.33%e-002
BO2 = -3.022e-002
Bll = 3.039%e-003
Bl2z = 7.458e-004 )
B22 = 7.73%e-003

No correcti

Estimation
Response
Time_min

Probability of correct model {(p-wvalue) is 0.832056
The prediction of the model is sufficient. Use for estimation of the
95% confidence limits the Standard Normal Deviate

Estimated Exposure_ppm 50.000000 percent = 7.486e+002

Deviate Corresponding to Confidence Lewel of Interest = 1.9&60000
Lower limit Exposure ppm 50.000000 percent = 4.72&e+002

Upper limit Exposure_ppm 50.000000 percent = 1.175e+003

Probability of correct model {(p-wvalue) is 0.832056
The prediction of the model is sufficient. Use for estimation of the
95% confidence limits the Standard Normal Deviate

m

on for wvariances reguired!

of Exposure ppm
= 50.000000 percent
= 60.000000

58 row(s) added.

I Num Lock .
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. ten Berge Model - Results

ol File  Edit
== =

& EMDS 2.4 [Build: 04,/01,/2013] - [CA\Usershadavis10BMDS2400Datat clu_in\tentenBrg.out]

Wiew Tools Windows Help

===l N T

File Edit Preferences

Time_min
BodyWeight

Probit link
Variable 1
Variable 2
Chi-Sguare
Degrees of
BO = 1.024e

Bl = 4.4390e
B2 = 4.704e

wvariance
covariance
covariance
variance
covariance
wvariance

Selection of cobkserwvations from number 1 through 42 -

Transformation of input parameters
Exposure_ppm

iz transformed logaritmically!
is transformed logaritmically!
is not transformed at all!

used without background response correction!

= TIransformed Exposure_ppm
= Transformed Time_min

= 30.53
Freedom = 39
—-001 Student t for BO = 0.20
-001 Student t £for Bl = 8.15
-001 Student t for B2 = 5.35

BOO = 2.640e-001
BOl = —-2.33%e-002
BO2 = -3.022e-002
Bll = 3.039%e-003
Bl2z = 7.458e-004 )
B22 = 7.73%e-003

No correcti

Estimation
Response
Time_min

Probability of correct model {(p-wvalue) is 0.832056
The prediction of the model is sufficient. Use for estimation of the
95% confidence limits the Standard Normal Deviate

Estimated Exposure_ppm 50.000000 percent = 7.486e+002

Deviate Corresponding to Confidence Lewel of Interest = 1.9&60000
Lower limit Exposure ppm 50.000000 percent = 4.72&e+002

Upper limit Exposure_ppm 50.000000 percent = 1.175e+003

m

on for wvariances reguired!

of Exposure ppm
= 50.000000 percent
= 60.000000

Probability of correct model {(p-wvalue) is 0.832056
The prediction of the model is sufficient. Use for estimation of the
95% confidence limits the Standard Normal Deviate

58 row(s) added.

I Num Lock .
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. ten Berge Model - Results

& EMDS 2.4 [Build: 04,/01,/2013] - [CA\Usershadavis10BMDS2400Datat clu_in\tentenBrg.out]

ol File  Edit
== =

Wiew Tools Windows Help

===l N T

File Edit Preferences

Estimation
Response
Time _min

95% confidence limits the Standard Normal Deviate -

Mo correction for variances regquired!

Estimated Exposure_ppm 50.000000 percent = 7.48&6e+002

Deviate Corresponding to Confidence Lewel of Interest = 1.9360000
Lower limit Exposure ppm 50.000000 percent = 4.726e+002

Upper limit Exposure ppm 50.000000 percent = 1.175e+003

of Exposure ppm
= 50.000000 percent
= &0.000000

Estimation
Time_min

Response

Probability of correct model (p-wvalue) is 0.832056
The prediction of the model is sufficient. Use for estimation of the
95% confidence limits the Standard Normal Deviate

Ho correction for variances reguired!

Exposure_ppm = 2000.000000

Deviate Corresponding to Confidence Lewvel of Interest = 1.9&0000
LL-response
UL-response

of response

= 30.000000

= 5.46e+001 percent

= 4.83e+001 percent
= 6.08e+001 percent

Estimation

Ratioc

Confidence
0.566673

Prokabkility of correct model {(p-wvalue) is 0.832056
The prediction of the model is sufficient. Use for estimation of the (Tl
95% confidence limits the Standard Normal Deviate

Ho correction for wariances regquired!

Ratioc between regression coefficients
Exposure_ppm and Time min

Deviate Corresponding to Confidence Lewel of Interest = 1.960000

of ratioc between regression coefficients

m

= 0.954602

limits L3
1.342530 S

58 row(s) added.

I Num Lock .
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. ten Berge Model - Results

& EMDS 2.4 [Build: 04,/01,/2013] - [CA\Usershadavis10BMDS2400Datat clu_in\tentenBrg.out]

ol File  Edit
== =

Wiew Tools Windows Help

===l N T

File Edit Preferences

Estimation
Response
Time _min

Response

95% confidence limits the Standard Normal Deviate -

Mo correction for variances regquired!

Estimated Exposure_ppm 50.000000 percent = 7.48&6e+002

Deviate Corresponding to Confidence Lewel of Interest = 1.9360000
Lower limit Exposure ppm 50.000000 percent = 4.726e+002

Upper limit Exposure ppm 50.000000 percent = 1.175e+003

Probability of correct model (p-wvalue) is 0.832056
The prediction of the model is sufficient. Use for estimation of the
95% confidence limits the Standard Normal Deviate

Ho correction for variances reguired!

Estimation of response
Exposure_ppm = 2000.000000
Time_min = 30.000000

Deviate Corresponding to Confidence Lewvel of Interest = 1.9&0000
LL-response
UL-response

of Exposure ppm
= 50.000000 percent
= &0.000000

= 5.46e+001 percent

= 4.83e+001 percent
= 6.08e+001 percent

Estimation

Ratioc

Confidence
0.566673

Prokabkility of correct model {(p-wvalue) is 0.832056
The prediction of the model is sufficient. Use for estimation of the (Tl
95% confidence limits the Standard Normal Deviate

Ho correction for wariances regquired!

Ratioc between regression coefficients
Exposure_ppm and Time min

Deviate Corresponding to Confidence Lewel of Interest = 1.960000

of ratioc between regression coefficients

m

= 0.954602

limits L3
1.342530 S

58 row(s) added.

I Num Lock .
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wEPA ten Berge Model - Plots

H - a 0O = tenBergePlotTemplateads [Compatibility Mode] - Bxcel CHART TOOLS ? H - O X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DESIGM FORMAT Davis, Allen ~

Chart 1 | Fe =SERIES({"Cnst Prob of Resp",Sheet1!SAFS10:5AF51009,5heetl! SALS10:5AL51009,1) hd

Al B c D E F G H | Jd K L M N 9] P N

22 TXT CoRtUT PIot
23 Probability of Response for Contour: 05 This can be any probability the user wants a contour for (strictly between 0 and 1).

25: Values for other variables 200 Enterthe fixed value of the variable corresponding to the integer shown (0 if not used) 200
0 Enter the fixed value of the variable corresponding to the integer shown (0 if not used) 0
0 Enter the fixed value of the variable corresponding to the integer shown (0 if not used) 0

28 All these are user-choice

%]
=]
A1 ]

| Contour of Constant Probability

33 1.00E+07

| 1.00E+06 -

1.00E+05

1.00E+04

‘ —Chnst Prob of Resp ‘

1.00E+03 -

Series "Cnst Prob of Resp” Point "59.4"
1.00E+02

(59.4, 7.5TE+02)

R
Concentration

. 1.00E+01

y 1.00E+00 T T T
<2l 0.0 01 1 10 100

ol Time

58 Max far Var1 Typically, want Var1 to be Conc
G0 4800 Controls axis scaling on Prob of Response plot ifvar of interest is Var1)

G2 Max for Var2 Typically, want VarZ to be Time
63 G0 Controls axis scales (both plots, the Hrob of response plot only if Var2 is variable of interest)

“ |w1|qwa!qw! ) i [4 v




&

4

ten Berge Model - Plots

@ O = tenBergePlotTemplatexls [Compatibility Mode] - Excel CHART TOOLS

HOME INSERT

| Fe =SERIES({"Pred Prob of Resp",Sheet1!SARS10:SARS1009,Sheet1!SAPS10:SAPS1009,1)

c D E

LM A RCVIEVY DESIGN FORMAT

F G H | Jd K L

>

H - O X

Ldwis, Aler T

Max far Var Typically, want Var1 to be Conc

4800 Controls axis scaling on Prob of Response plot ifvar of interest is Var1)

Max for Var2 Typically, want Var2 to be Time

60 Controls axis scales (both plots, the Rrob of response plot anly if Var2 is variable of interest)

| [Probability ot Vanable #  valle
Variable of Interest
Values for other variables

Enter the integer corresponding to the variable for which probability should be calcu
30 Enterthe integer corresponding to the fixed variable and then the fixed value of that

Pr of Response

s Gl R =

200 enter the fixed value of Var3 (0 ifthere is no Var 3)

0 Enter the fixed value of Vard (0 ifthere is no Var 4)

0 Enter the fixed value of Vars (0 ifthere is no Var 5)
Allthese are user-chnice

Probability of Response

08 A
0.7 A
06 A
0.5 A
04 4
0.3 A
0.2
01 A

[ =
Series "Pred Prob of Resp” Point "1996.8"
(1996 8, 0.545543399)

df Resp

100 1000 10000

Variable of Interest

Sheetl Sheet2 | Sheet3 |

@ kK
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ten Berge Model - Plots

H - a 0O = tenBergePlotTemplateads [Compatibility Mode] - Bxcel CHART TOOLS ? H - O X

HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DESIGN FORMAT Davis, Allen =

| Fe =SERIES({"Pred Prob of Resp",Sheet1!SARS10:SARS1009,Sheet1!SAPS10:SAPS1009,1) hd

c D E F G H | Jd K L M N 9] P N

Variable of Interest 2 — En
Values for other variables 1 2000 En

| [Frobabi Ihf Flaot Vanable #  valle i

Max far Var Typically, want Var1 to be Conc
4800 Controls axis scaling on Prob of Response plot ifvar of interest is Var1)

Max for Var2 Typically, want Var2 to be Time
60 Controls axis scales (both plots, the Prob of response plot anly if Var2 is variable of interest)

rthe integer corresponding to the variable for which probability should be calcu
rthe integer corresponding to the fixed variable and then the fixed value of that

Pr of Response

200 enter the fixed value of Var3 (0 ifthere is no Var 3)

0 Enter the fixed value of Vard (0 ifthere is no Var 4)

0 Enter the fixed value of Vars (0 ifthere is no Var 5)
Allthese are user-chnice

e G

Probability of Response

08 A
0.7 A
06 A

0.5 A

—h

[ =
Series "Pred Prob of Resp” Point "30.06" Resp

(30,06, 0.546200799)

04 4

0.3
0.2

0.01 o1 1 10 100
Variable of Interest

Sheetl | Sheet2 | Sheet3 | ) P »
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ten Berge Modeling Exercise
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ten Berge Modeling Exercise

Open
tenBerge_exercise.dax

Open option file (Model
Type: Conc_x_Time;
Model Name: tenBerge,
Proceed)

Parameterize the
option file as shown

£ EMDS 2.4 [Build: 04/01/2013] - [TenBerge Model ] == |[==
sl File Edit View Tools Windows Help - 3 X
=) === N

File

<< Dataset- C-lUsersladavis TOIBMDS240\Datalclu inltenBernge exercise dax >

<< Colurnn Assignments = << Product Terms >
Description Column T =
Z Subjects | Exposed 2
Incidence | Dead F
Explfanatory Varil | Exposure_ppm logarithmic

Explanatory Var2 | Time_min logarithmic

Explanatory Var3 none

Moder P p— out ruc I N

o - Calculate Dose For Calc'd Response For Ratio of Parameters For
ption Given Hesponse Givern Exp. Vars Two Exp. Vars
Caloulations Desired? i v i

Compute Confidence intens/7 o v 7 F

Std. Deviation for Canfidence interval 1.96 1.896 1.96
% Response of fnferest B0 B

arameters [ -

<< Calfculated Dose > << Calculated Response >

Find Comr. Value For| Exposure_ppm Vhen | Exposure_ppm

Wferr | Time_min Werr | Time_min

When When

When
For accurate results, taset structure conforms to thi
1. The first columns in the dataset should be the Main Effect columns (e g nd Time). These columns can be in any order but they
must rfirst

D)
fimal colum e the # Subjects and Incidence columns, IN THAT ORDER.
her columns A Jcan 2 rin any order following the Main Effect columns but before the # Subjects and Incidence.

S —
58 row(s) added. Mum Lock
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SEPA \_
_

Response

p-value

Dose for

Given
Response

60%

0.95456

ten Berge Modeling Results -
Dose for a Given Response

& EMDS 2.4 [Build: 04/01/2013] - [C:\Usershadavis10\BMDS5240% Data' clu_in\tentenBrg.out]

FA File Edit Wiew Tools Windows Help

G N=0= = Rl S

File Edit Preferences

wariance BOO = 3.00le-001
covariance BOl = -2.327e-002
covariance BO2 -3.194e-002
variance Bll = 3.993e-003
covariance Bl12 = 9.625e-004
wariance B22 = 7.897e-003

Probkabkility of correct model (p-wvalue) is 0.9545&0
The prediction of the model is sufficient. Use for estimation of the
95% confidence limits the Standard MNormal Deviate

No correction for wvariances regquired!

Estimation of Exposure_ppm
Response = @0.000000 percent
Time min = 30.000000

Estimated Exposure_ppm 60.000000 percent = 1.650e+003

Deviate Corresponding to Confidence Lewvel of Interest = 1.360000
Lower limit Exposure_ppm 60.000000 percent = 1.240e+003

Upper limit Exposure_ppm 60.000000 percent = 2.41T7e+003

Probkabkility of correct model (p-wvalue) is 0.9545&0
The prediction of the model is sufficient. Use for estimation of the
95% confidence limits the Standard Normal Deviate

No correction for wvariances regquired!

Estimation of response

Exposure_ppm = 2000.000000

Time min = &0.000000

Besponse = T7.552+001 percent

Deviate Corresponding to Confidence Lewvel of Interest = 1.360000
LL-response = @6.6%9=+001 percent

UL-response = §.2T7e+001 percent

Probkabkility of correct model (p-wvalue) is 0.9545&0
The prediction of the model is sufficient. Use for estimation of the
95% confidence limits the Standard Normal Deviate

No correction for wvariances regquired!

Fatimation nf ratin hetwesn resressinn ~nefficients

m

58 row(s) added.
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ten Berge Modeling Results -
Dose for a Given Response Plot

H ©- @ O = tenBergePlotTemplatexls [Compatibility Mode] - Excel CHART TOOLS
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DESIGN FORMAT Davis, Allen ~
Chart 1 | Je
B C D E F G H J K L M N
— r 2
| CxT Contour Plot

Probability of Response for Contour:

0.6 This can be any probability the user wants a contour for (strictly between 0 and 1).

Walues for other variables 3 200 Enter the fixed value of the variable corresponding to the integer shown (0 if not used)
4 0 Enter the fixed value of the variable corresponding to the integer shown (0 if not used)
5 0 Enter the fixed value of the variable corresponding to the integer shown (0 if not used)
All these are user-chnice
Contour of Constant Probability
1.00E+06
1.00E+05 4
c
.9 1.00E+04
R
©
-
£ 1.00E+03 - —Cnst Prob of Resp
]
g
1.00E+02 4
=]
Q
1.00E+01 4
1.00E+00 -
0.01 01 1 10 100
Time
3 Sheetl | Sheet2 | Sheet3 | ) EE]
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Response for

Given
Variables

Exposure 2000

p-value 0.95456

ten Berge Modeling Results -
Response for Given Variables

& EMDS 2.4 [Build: 04/01/2013] - [C:\Usershadavis10\BMDS5240% Data' clu_in\tentenBrg.out]

FA File Edit Wiew Tools Windows Help

SE=R=RERN- N e

File Edit Preferences

The prediction of the model is sufficient. Use for estimation of the
95% confidence limits the Standard MNormal Deviate

Mo correction for wvariances reguired!

Estimation of Exposure ppm
Response = §0.000000 percent
Time_min = 30.000000

Estimated Exposure_ppm &0.000000 percent = 1.650e+003

Deviate Corresponding to Confidence Lewvel of Interest = 1.960000
Lower limit Exposure ppm 60.000000 percent = 1.240e+003

Upper limit Exposure _ppm 60.000000 percent = 2.417e+003

Probability of correct model (p-wvalue) is 0.954580
The prediction of the model is sufficient. Use for estimation of the
95% confidence limits the Standard MNormal Deviate

Mo correction for wvariances reguired!

Estimation of response

Exposure_ppm = 2000.000000

Time_min = §0.000000

Response = T7.55e+001 percent

Deviate Corresponding to Confidence Lewvel of Interest = 1.960000
LL-response = @§.6%9e+001 percent

UL-response = 8.27e+001 percent

Probability of correct model (p-wvalue) is 0.954580

The prediction of the model is sufficient. Use for estimation of the
95% confidence limits the Standard MNormal Deviate

Mo correction for wvariances reguired!

Estimation of ratic between regression coefficients

Ratioc between regression coefficients

Exposure_ppm and Time_min

Deviate Corresponding to Confidence Lewel of Interest = 1.3960000

Ratio = 1.154502

Confidence limits
0.6991035 1.609898

m

58 row(s) added.

I Mum Lock
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ten Berge Modeling Results -
Response for Given Variables Plot

B H S

HOME

Chart 2 M

INSERT

[k 0O =

F

tenBergePlotTemplatexls [Compatibility Mode] - Excel
PAGE LAYOUT

D

CHART TOOLS

FORMULAS DATA REVIEW VIEW DESIGN FORMAT Davis, Allen =

E [ F G | H | | J | K L M N | [

66| Probability Plat

Variable # Value

6?: Variable of Interest
68 | Values for other variables

Pr of Response

99|  Currently set up only to use Var1 or Var2 as Variable of Interest

0.8
0.2
07
0.6
0.5
0.4
0.3
0.2
0.1

1—

2
3

(L=

Enter the integer corresponding to the variable for which probability should be calculate
60 Enter the integer corresponding to the fixed variable and then the fixed value of that vari
200 Enter the fixed value of Var3 (0 if there is no Var 3)
0 Enter the fixed value of Vard (0 if there is no Var 4)
0 Enter the fixed value of Var5 (0 if there is no Var §)
All these are user-choice

Probability of Response

—Pred Prob of Resp

10

100 1000 10000

Variable of Interest

Sheetl Sheet2 | Sheet3 |

@ L 3
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ten Berge Modeling Results -

Response for Given Variables Plot

H - @ O = tenBergePlots_exercisexls [Compatibility Mode] - Excel CHART TOOLS
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DESIGN FORMAT Davis, Allen =

Chart2 - 5

Al B | c | D | E [ F G | H | | J | K L M N | [

66 Probability Plot Variable # Value

67 | Variable of Interest 2 — Enter the integer corresponding to the variable for which probability should be calculate

68 | Values for other variables 1 2000 Enter the integer corresponding to the fixed variable and then the fixed value of that vari
3 200 Enter the fixed value of Var3 (0 if there is no Var 3)

70 4 0 Enter the fixed value of Vard (0 if there is no Var 4)
5

| 0 Enter the fixed value of Var5 (0 if there is no Var §)
72 | All these are user-choice

4 Probability of Response

05 —Pred Prob of Resp

Pr of Response

92 0.01 01 1 10 100

94| Variable of Interest

99|  Currently set up only to use Var1 or Var2 as Variable of Interest

1 Sheetl | Sheet2 | Sheet3 | ) K] r




Ratio
Between
Regression
Coefficients

ten Berge Modeling Results — Ratio
Between Regression Coefficients

& EMDS 2.4 [Build: 04/01,/2013] - [C:\Users\adavis1WBMDS2404 Datah clu_in\tentenBrg.out]
3 File Edit wview Tools Windows Help

=R RN

File Edit Preferences

The prediction of the model is sufficient. Use for estimation of the
95% confidence limits the Standard Normal Deviate

No correction for wvariances reguired!

Estimation of Exposure_ppm
Reaponse = &0.000000 percent
Time_min = 30.000000

Estimated Exposure ppm €0.000000 percent = 1.650e+003

Dewviate Corresponding to Confidence Lewvel of Interest = 1.%60000
Lower limit Exposure_ppm &0.000000 percent = 1.240e+003

Upper limit Exposure ppm &0.000000 percent = 2.417e+003

Probabkility of correct model (p-wvalue) is 0.954580
The prediction of the model is sufficient. Use for estimation of the
95% confidence limits the Standard Normal Deviate

No correction for variances reguired!

Estimation of response

Exposure_ppm = 2000.000000

Time min = &0.000000

Response = 7.55e+001 percent

Deviate Corresponding toc Confidence Level of Interest = 1.860000
LL-response = §.6%e+001 percent

UL-response = 8.27e+001 percent

Probability of correct model (p-value) is 0.954580

The prediction of the model is sufficient. Use for estimation of the
95% confidence limits the Standard HNormal Deviate

No correction for wvariances regquired!

Estimation of ratioc between regression coefficients

Ratio between regression coefficients

Exposure_ppm and Time_min

Deviate Corresponding to Confidence Lewvel of Interest = 1.960000

Ratio = 1.154502

Confidence limits
0.6899105 1.6809838

m

58 rowi(s) added.
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