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Pharmacokinetic Case Study Nonlinear Elimination with Priors

Nonlinear Elimination with
Bayesian Priors

Prerequisites

The prerequisite for this case study is having worked through the SAAM 11
introductory tutorial, “Getting Started with SAAM Il Compartmental.”

What you will learn in this case study

e |dentifying nonlinear elimination.
e Modeling nonlinear elimination.
e How to add prior information about parameters.

Data Required

The data file for this case study is

NLM

This data file is a text file. The contents of this file are included at the end of this
case study.

Introduction

The drug in this case study will be seen to exhibit nonlinear elimination kinetics of the
Michelis-Menten type. As an example, Phenytoin, a commonly used antiepileptic drug,
shows this kind of pharmacokinetic behavior. The parameters considered in this case
study are similar to those of Phenytoin. This case study uses prior available information
about the pharmacokinetics of the drug to permit a more constrained estimation of one or
more of the involved parameters. In this case, it is assumed information is available
about both Km (population mean of 6.0 mg/L, SD = 2.0) and Vmax (population mean of
27.1 mg/h, SD =5.0).

You will begin by modeling the data using the single-compartment model with
absorption, and see that using first-order rate constants only, you cannot describe the
data. With this knowledge, and the prior information from the literature, you will create a
non-linear loss from the body compartment that exhibits Michaelis-Menten kinetics. The
addition of the two new parameters will prohibit you from obtaining accurate parameter
estimates, so you will use the Bayesian parameter feature in SAAM I1 to incorporate
knowledge from the literature.
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The dosing regimen is 300mg/day for 15 days (360 hours), and then 400 mg/day for an
additional 15 days. Plasma concentrations are in mg/L.

Part 1. Create the model for with first-order kinetics.

The first step will be to create the model for the drug kinetics, and to analyze the data for
the first 360 hours using first-order Kinetics.

1. Start the SAAM Il Compartmental application. The SAAM 11 Compartmental
main window will open. In the SAAM 11 Toolbox, be sure the Model tools are

available.

2. Create the following system model on the Drawing canvas:

ki2,1) \
Eody

k(0,2)

3. Inthe SAAM II Toolbox, click Experiment. Notice that the Model tools are
unavailable and the Experiment tools are available. The Experiment Attributes

dialog box will open.
a. Change the entry in the Units box to “hours”.

b. Enter “360” in the End at box. The Experiment Attributes dialog box will
appear as follows:

Experiment Attributes

Independent VW aniable: It

[ it Ih-:uurs

Start ak: ||:|_|:|

End at: |35|:|

Done I [Cancel | Help

c. Click Done.
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The Create Experiment dialog box will appear on the Drawing Canvas. Type
“Drug” in the New Name box. The Create Experiment dialog box will appear as
follows:

Create Experiment El

Mew Mame: IDrug

Type: E:-:perimentl System |
Create I Cancel | Help |

d. Click Create. Notice “Drug” appears as the name under “Experiment” in the
SAAM |1 Toolbox.

4. Create a sample.
a. Inthe SAAM Il Toolbox, click Sample.

b. Click Compartment g2, then click on the Drawing Canvas. The sample s1
will appear.

c. Double-click sl to open the Sample Attributes dialog box.
d. Type “mg/L” in the Units box.
e. Type “Cpl” in the Associate with Data Name box.

f. Edit the sample equation “s1 = 2" to read “s1 = q2/Vdrug”. The Sample
Attributes dialog box will appear as follows:

Sample Attributes x|

Mame: =1
L ik Imgﬂ_
Azzociate with Data Mame: ||:p1

E quationsz;
z1 = g2 dug

1l

Done I Cancel Help |

©2004 Dr. Ron Sawchuk Nonlinear Elim - 3 Rev. 04/05/27



Pharmacokinetic Case Study Nonlinear Elimination with Priors

g.

SAAM II Compartmental x|

L] "_n,, WBRMIMNG--= That data element does niok yek exist, It must be available befaore Fikking.,
L

Click Done. The following Warning message will appear:

h.

Remember the Warning message appears because you have not entered your
data yet.

Click OK.

5. Create an input.

Oral doses of 300 mg of the drug were given every 24 hours for 15 days (360
hours). Thus 15 doses were given. Starting on day 15, the dose was changed to
400mg; this will be examined later in the case study.

a.

b.

In the SAAM |1 Toolbox, click Input

Click Compartment g1, and then click on the Drawing Canvas. The input ex1
will appear.

Double-click ex1 to open the Exogenous Input dialog box.
Leave Bolus as the Input Type.

Enter “300” in the Initial Amount box.

Enter “0” in the Event Start box.

Enter “24” in the Repeat Every box.

Enter “14” in the Nr. of Repeats box (remember 14 repeats will give a total of
15 doses.)

Click Add. The Exogenous Input dialog box will appear as follows:
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Exogenous Inpuk

Mame: IEH'l Feference Name:l I ik I

Tvpe Initial Constant Start Stop Bepeat Ewery

Zd 000

Nr. Bepeats

— Input Type:
" Boluz

£ Infuzion

" Primed Infusian

£ Equation

Initial Armount: |3nn

[Earztant Fate: I

Equation: [ex1 =

Split [nput...

Ewert Start: ||:|
Event Sham I
Repeat Eveny: |24 Delete %
Mr. of Repeats: |14
Done Cancel Help

J.  Click Done. The model will appear as follows:

ki{2,1)

e

exl

6. Add the data to your model.

sl

q2
Eody

k{0,2)

a. Inthe Show menu, click Data, or alternatively, on the SAAM 11 Toolbar,
click Data H The Data window will open.

b. In the File menu, click Open. The file NLM should appear in the list (if it
does not, find the folder where you put this data file).

c. Double-click NLM. The Data window should appear as follows:
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il x|
P —

DATA —
(FED O_1)
¥

Do=sing is 300mgsday for first 15 days

¥
¥
. Cpl
n]
1
E

4
10.1
13.4
24
43
TE
95
1&g
336
#
# Dose is increased to 400mgsday for last 15 days
#
430
00
TED

4 o

Lata Format is okay Edited

W W

]

11
1
1
E
2
Z.
Z
e
2
4
4
e

LY RN v ]
L

d. Since the first part of the experiment up to 360 hours is being analyzed, the
data following 360 hours need to be unweighted for purposes of fitting.

After the datum (“8”) at 480 hours, type “(-+)”. This will unweight this datum
and all subsequent data. The Data window should appear as follows:
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_ioix]
Y
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e. Close the Data window.

woin oo
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.3
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7. Rename the parameters, obtain initial estimates and enter the estimates.
a. Rename the parameter values from k(2,1) and k(0,2) to ka and ke.
(1) Double-click k(2,1) to open the Transfer Attributes dialog box.

(2) In the Equations pane, type “k(2,1) = ka”. The Transfer Attributes
dialog box will appear as follows:
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Transfer Attributes

k[2.1]

Tranzfer Coefficient;
Reference Mame:

Flaw Rate: fusl2.1] = k[2.1] % g1

X

Flow Fiate Lnits: |mass£time

Equations :

ki21)=ka

— Parameter Data

k(2.1

Thpe: Current Parameter "v"alue:l
" Fixed Loy Limit:l
@ Adiustable High Limit

Cancel |

Help |

(3) Click Done.

(4) Double-click k(0,2) to open the Loss Attributes dialog box. In the
Equations pane, type “k(0,2) = ke”. The Loss Attributes dialog box will

appear as follows:

Loss Attributes

k[0.2]

Transfer Coefficient:
Reference Mame:

Flaw Rate: flu=(0.2] = k[0.2] * g2

x|

Flow Fate L nits: |mass.-’time

Equations :

k(0.2)=kel

— Parameter Data

k[0.2)

Tupe: Current Parameter "v"alue:l
" Fixed Loy Limit:l
' Adjustable High Limit]

Cancel |

Help |
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(5) Click Done.
b. Obtain initial parameter estimates.

To obtain initial parameter estimates, you will investigate the drug data during
the first 24 hours.

(1) In the Show menu, click Plot, or alternatively, on the SAAM 11 Toolbar,

click Plot @ The Plot and Table Variables dialog box will open. Be
sure the List All Variables check box is not selected.

(2) Click s1:Cp1 to move these to the Current Selection pane.
(3) Click Done.
(4) Reset the X — Axis minimum and maximum to 0 and 25; reset the Y —

Axis minimum and maximum to 0 and 5. Your plot should appear as
follows:

=101 x]

5 [ T T T T T T T T I T T T T i
- o Cp1l i

4 a
L o ]

I o §

2k . ]
- [u] 4

1 Lo .

|:I i L 1 1 1 I 1 1 1 1 I L 1 1 1 ]
f 10 20 a0

1 (hoursh

(5) In obtaining initial estimates for ka and ke, it will be assumed that the drug
exhibits rapid absorption and slow elimination, hence ka will be larger
than ke. It will also be assumed that bioavailability, F, equals 1.

Estimates for ka and ke will be obtained by examining the half-time of
absorption and elimination, and remembering the formulas
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ka = In(2)/half time of absorption
ke = In(2)/half time of elimination

You can “guess” that the maximal concentration is around 4mg/L, and that
this occurs around 8 hours. Half the maximal concentration, 2mg/L occurs
at just after 2 hours, say 2.5 hours. An estimate for ka can be obtained:

ka =0.693/2.5=0.28

For elimination, on the decreasing portion of the curve, 2mg/L (half the
maximum) occurs at about 24 hours. The half-time is thus 24 — 2.5 = 21.5,
and an estimate for ke can be obtained:

ke =0.693/21.5 =0.03
An estimate for Vdrug can be obtained by extrapolating the decaying
portion of the data to time zero, and pretending the dose was administered
as a bolus. The back extrapolation is approximately 5mg/L, so Vdrug can
be estimated:

Vdrug = 300/5 = 60

While this will usually give a reasonable initial estimate for the volume,
some hand fitting may be necessary depending upon the situation.

These values will be entered as the initial parameter estimates.

The half-time method for parameter estimation. The half-time method for
parameter estimation if discussed in the case studies on Cadralazine and
Hydromorphone. For the one-compartment model with absorption, it is
discussed in the case study on Oral Theophylline.

c. Inthe Show menu, click Parameters, or alternatively, on the SAAM I

Toolbar, click Parameters H The Parameters dialog box will open will
open as shown below:

©2004 Dr. Ron Sawchuk Nonlinear Elim - 10 Rev. 04/05/27



Pharmacokinetic Case Study Nonlinear Elimination with Priors

_ix
Name Tvpe Current Low Limit High Limit
ka dj
ke &dj
Mame:
A Y Walue: ||
Type: ( Fised Lo Limit: I
f* Adjustable
High Limnit; I
Dane Cancel | Help

d. Enter the following initial values for each of the model parameters:
Vdrug = 60 (low limit 25, high limit 150)
ka = .28 (low limit .028, high limit 2.8)
ke =.03 (low limit .003, high limit .3)
When you have finished, your Parameters dialog box should appear as

follows (which parameter is highlighted will depend upon which one you
entered last):
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i

Name Type Current Low Liwmit High Limit

Tdrug Ad3j &0. 0000 250000 1L0. 0000
ka Ad3j 0. 2500 0. 0230 Z.8000

Mame: |e "W alue: I_EIS

Type: { Fixed

Laww Limit |n_nu3nnnnn
+ Adjustable

High Limnit: II]. 30000000

Done Cancel | Help

e. Click Done.
8. Solve your model and view the solution.

Before Solving the model, you will want to increase the minimum number of
calculation intervals; this will increase the resolution of your plots.

a. Inthe Compute menu, click Settings. The Computational Settings dialog
box will open.

b. Enter “500” in the Min. Nr. of Calculation Intervals box. Remember this

will improve the resolution of your plots. The Computational Settings dialog
box will appear as follows:
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Computational Settings

Mir. Mr. of Calculations Intervals: (500

X

+| [1 ta 500

— Integrator

¥ Usze Relative Emor:

{0.001

Fade
Runge-kutta

[~ Compute 5ample AJC's

[1.0e-
[T Usze Abzalute Ermar;

[greater than 0.0]

00400
10ta 1.0

— O ptimizer
b a=. Mr. af Fit [terations:

20

Yariance Maodel

" Abzolute
¥ Felative

' Data
" Model

| [0to50]

Deriveative

' Forward
i~ Certral

[™ Include Bayesian Tem
Lamtrda: 10 00000000

Convergence Criterion: ||:|_|:||:||:|‘| Qoon
IM.0e-7 to 1.0]

[T e e e

[ Save Results to Text File
[Lewvel

| Basic
" [Detaied
|

Fle——
() Benlace
) Add

| Daone I

Cancel |

Help

Click Done.

In the Compute menu, click Solve, or alternatively, on the SAAM 11

Toolbar, click Solve ==,

In the Show menu, click Plot, or alternatively, on the SAAM Il Toolbar,

click Plot = . Because you have plotted s1:Cp1 previously to 24 hours, this

plot will open as shown below:
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f.
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You can see that the initial parameter estimates are quite reasonable.

View all data by setting the X — Axis scale maximum to 360, and the Y — Axis
minimum and maximum to 0 and 10 respectively. Your plot will appear as

=10l x|

follows:
1|:| T T T T T T T T T T I
=1
o Cp1l
R

|:| 1 1 1 1 | 1 1 1 1 | 1 1

0 100 200
1 (haursy
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You can see that, while the initial estimates are reasonable, there is a constant
over prediction of the data. The extent to which this over prediction occurs is
an initial indication that there may not be enough “movement” in the two
parameters ka and ke to permit a description of the data, and that another
strategy will have to be employed. First, however, you can Fit the model to
the data.

Leave the Plot window open.
9. Fit the model to the data and view the solution.

a. Inthe Compute menu, click Fit, or alternatively, on the SAAM |1 Toolbar,

click Fit M When you have “Fitted” your model to your data, your plot will
be updated as follows:

=100 ]

10

] 100 200 300
1 (hoursh

The Fit actually appears quite reasonable. The statistics associated with the fit
are shown below:
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438 Statistics

=10 %]

sl : Cpl

Total objective

ATIC
EIC

Kl

_E74531e4+000

. E745391e4+000

CTENSESe-003
. TE2407e-00Z

4_S06265e-001

Parameter Wariable Walue 2td_Dew. Coef. of War. 25% Confidence Interwval
Vg E&.32763 4.E5384ZF=4+000 £&.93Z83=+000 EL.7Z372 ?6.93166_:J

ka O_Z6783 Z.7846%e-00Z 1.03371e+001 0.Z036Z 0.33205

ke 0.034423 2. 76677e-003 &S.02372=+000 O.0z810 O.04028

————————————————————————————————— Deriwved Wariables —-—----—-—-————-—————————————————

ki0,2) 0.03448 Z.76677e-003 §.0237Ze+000 0.0z810 0.04086

EiZ,1) EETE3  2.7846%e-00Z 1.03971e4+001 O.Z036E 0.3320E
5

. Correlation Matrix - Cowariance Matrix

Objective Scaled Data Wariance ;I

-

Close the Statistics window; leave the Plot window open.

b. View the model predictions to 24 hours.

While the Fit of all data appears reasonable, you should examine the data

during the first 24 hours. Other data are collected infrequently meaning there
IS not much transient information about the drug kinetics; this information is
available only when samples are frequent.

A plot of the data to 24 hours (X — Axis maximum is 24 hours, Y — AXis
minimum and maximum are 0 and 5 respectively) is shown below:

©2004 Dr. Ron Sawchuk
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_ioix
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You can see that the model, while predicting nicely the first two data, under
predict the next three, and then over predict the data.

c. View the weighted residuals.
The best way to visualize the potential problems with this model fit are to
examined the weighted residuals (s1_wres). If you plot these (X — Axis

maximum of 360, Y — Axis minimum and maximum of -2 and 2 respectively),
you will obtain the following plot:
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=101.]

31-wrasg

—_ :f 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1

0 100 200 30
1 (houors?

Here the systematic deviations around zero are obvious, and as a result, you
must modify your model by incorporating a new strategy.

Close all open windows.
Part 2. Introduce a nonlinear loss from Compartment 2.
In this part of the Case Study, you will create a non-linear elimination with Michaelis-
Menten characteristics; you are doing this because literature information indicates this
type of elimination for the drug under study. The equation will be:
ke = Vmax/(Vdrug*(Km + s1))
where sl is the model predicted concentration of the drug.

1. Create a nonlinear ke.

a. Inthe Show menu, click Equations, or alternatively, on the SAAM 11

Toolbar, click Equations E. The Equations dialog box will open.

b. In the Equations Defined Here pane, type “ke = Vmax/(Vdrug*(Km + s1))”.
The Equations dialog box will appear as follows:
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Wequations_____ B

Equations Defined Elsewhere (read-only):

=101 %]

exl_bhaolus = 0.0

=1 = of Wdrug

Kl

flux(Z,1) = kE(2,1) * gl
kiz,l) = ka

fluxi0,2) = k(0,2) * o=F
ki0,2)=ke

exl_infusion = 0.

Erquations Defined Here:

Kl

ke = Vmax/ {(Vdruag*{(Fm + =s1))

This introduces two new parameters in your model, Vmax and Km.

c. Close the Equations dialog box.

2. Enter the parameter values.

From the literature, you can use 25 and 6 as initial estimates for Vmax and Km

respectively.

a. Inthe Show menu, click Parameters, or alternatively, on the SAAM 11
Toolbar, click Parameters H The Parameters dialog box will open as

shown below:
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i
Name Type Current Low Limit High Limit
Tdruag ad3j BE_3EZT7 Z&5_0ooo 1500000
Tmazx ad]
ka Ad] 0.Z&78 0.0z20 Z.800a0

M ame:
Ken "W alue: ||
Tupe:  Fixed -
¥ - Lo Linnit: I
{* Adjustable -
High Lirnit: I
Dane Cancel | Help

Initial estimates for Vdrug and ka can be those from the previous best fit.
Enter the following values for the remaining parameters:

Vmax = 25 (low limit 5, high limit 200)
Km =6 (low limit 1, high limit 20)

The Parameters dialog box will appear as follows:
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i x]

Name Type Current Low Limit High Limit
Em Adj &.0o00o 1.0000 E0_000o0
Wdrug Adj Ge.2E7T Z&_000o LE0_ 0000

ka Ady 0.ze78 0o.o0za0 Z.8000

Mame: “max W alue: |25
Type: O Fived Law Limit: [5.00000000
f+ Adjuztable -
High Limit |1 00. 00000000

Done Cancel | Help

b. Click Done.
3. Solve your model and view the solution.
a. Inthe Compute menu, click Solve, or alternatively, on the SAAM 11
Toolbar, click Solve ﬂ

b. In the Show menu, click Plot, or alternatively, on the SAAM 11 Toolbar,

click Plot = . Depending upon your previous plot, you will probably need to
change the variables in the Current Selection pane in the Plot and Table
Variables dialog box to s1 and Cp1, and change the Y — Axis minimum and
maximum to 0 and 10 respectively. Your plot should appear as follows:
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You can see that the initial parameter estimates are quite reasonable.
Leave the Plot window open.
4. Fit the model to the data and view the solution.

a. Inthe Compute menu, click Fit, or alternatively, on the SAAM 11 Toolbar,

click Fit M When you have “Fitted” your model to your data, your plot
should be updated as follow:
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=101 x|
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If you view the weighted residuals, you will obtain:

~=10] ]

—_ i} 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1

0 100 200 300
1 (hauorsh

The random scatter around zero has improved from the previous fit.

Return to a plot of s1 and Cpl1.
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b. Inthe Show menu, click Statistics, or alternatively, on the SAAM 11
Toolbar, click Statistics g The Statistics window will appear as follows:

Bistatistics =10l x|
Parameter Wariakhle Talue scd.Dew. Coef. of War. 2L5% Confidence Interwval
Fm 6_88373 3.186593e+000 4_g256Ze+001 -0.64615 14_425605
Wdrag 51.23430 &_ 416474000 1.25838=4+001 3G.05178 S . 40682
Wmasx 27.308E0 7.19920%9=+000 Z.836E4=2+001 l0.z8509 4433131
ka O0.13867 EZ.9361%=-00Z 1.47720=+001 O.129F4 0.Z6810
————————————————————————————————— Darived Wariables ---—-----—-————--—-———————-————————
k(Z,1) 0.13867 EZ.9361%=-00Z 1.47730=+001 0.1Z3:4 0.Z6810

4]
e Correlation Matrix . Cowvariance Matrix
Objective Scaled Data Wariance d
sl : Cpl —3.293331e+4000 2.73273%9=-001
Total ocbjectiwve —-3.E293331e+000
ATC —Z.73181l4e-001
EIC -1.827507e-001

. By

All parameters are estimated with good precision. The negative value for the
95% confidence interval for Km, however, is troubling. To deal with this, you
will include the population information from the literature for Vmax and Km.

c. Close the Statistics window. Leave the Plot window open.
5. View ke.

It is useful to see how nonlinear elimination is characterized by viewing the
function ke (remember this is now a function with Michaelis-Menten
characteristics, and not a constant as was the case in Part 1.)

a. With the Plot window active (click in the Plot window), in the Set menu,
click Plot and Table Variables. The Plot and Table Variables dialog box
will open.

b. Select the List All Variables check box. A list of all variables that can be
plotted will appear. Scroll through the list until you find ke. Click ke to move
it to the Current Selection pane. Click Done. The following plot will appear
(the Y — Axis minimum and maximum have been set to 0 and 0.08
respectively):
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You can clearly see how elimination changes with changing drug
concentration.

c. Returnto a plot of Cpl and s1. Close the Plot window.
Part 3. Add prior information on Vmax and Km.
In this part of the case study, you will take advantage of the fact that from the literature,
values for Vmax and Km are known to be 27.1 mg/hr (SD = 5.0) and 6.0 mg/L (SD 2.0).

These are incorporated into your model using SAAM I1’s Bayesian feature.

1. Inthe Compute menu, click Computational Settings. The Computational
Settings dialog box will open.

2. Select the Include Bayesian Term check box. The Computational Settings
dialog box will appear as follows:
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Computational Settings El

tir. Mr. of Calculations [ntervalz: |500 | [1 to&O0)
— Integrator

¥ Usze Felative Emor:
|0.00100000

Pade
Runge-kutta [1.0e-10 ko 1.0]

[ Use Abzalute Emar;

[T Compute Sample AUC's [greater than 0.0]

— Optimizer
bz, Mr. of Fit [berations: |20 | [OtoB0]

Yanance Model Derivative
i+ Data i~ Abzolute i+ Fomward
" Model * Felative " Central

Convergence Crkernion: ||:|.|:||:||:|1 Qoo

M.0e-7 to 1.0
V¥ Include Bayesian Tem

Lambda: |10, 00000000 [1.0e-7 to 1.0e7]

[ Save Results to Text File

[level———— o
rh Hasic i HED'EIDE
) [etaied ) fidd
|

Daone I Cancel | Help |

3. Click Done.

4. Inthe Show menu, click Parameters, or alternatively, on the SAAM |1 Toolbar,

click Parameters ﬂ The Parameters dialog box will open as shown below:
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_iixi
Name Tipe Current Low Limit High Limit Pop. Mean 5D
Wdruag Ady E1_E2343 £&5._0000 150._ 0000
Tmax adj Z7.308E E.0ooo lao.aooo
ka Adj 0.1987 0.0Z20 Z.2000

Marme:  KEm
Walue: |F.83972757 Mean: [6.88972757
st @ Efied Low Limit: [1.00000000 5D: 19000000000
f* Adjustable ot Lir
igh Limnat: | 20.00000000
"~ Bayesian . I
Dane I LCancel | Help |

Notice there is now a third option for each parameter, “Bayesian”. For those
parameters whose Type is Bayesian, you can enter a population mean and
standard deviation.

5. Be sure Km is the active parameter. Click on the Bayesian radio button, and type
“6” and “2” in the Mean and SD boxes respectively. Click Save.

6. Click Vmax to make it the active parameter. Click on the Bayesian radio button,

and type “27.1” and “5” in the Mean and SD boxes respectively. Click Save. The
Parameters dialog box will appear as follows:
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=10 x|

Pop. Mean B

Pharmacokinetic Case Study

| d Parameters

Low Limit High Limit

Name Tvpe Current
Wrae Ady Z5_00a0 l50_0000
Tmax Eawy 27 _32082 E_oQooo loa_0oan 27_1000 E_0Qoan
ka ady a.1927 o.oza0 Z.8000
Mame:  Km
Yalue: |E.889?2?9? Mear: |E.nnuunnun
Type:  Fived Low Limit: [1.00000000 5: [200000000 s
" Adjustable LT E
_ High Limnit; |2n_nunnnunn
{+ Bayesian
LDione I Cancel | Help
7. Click Done.

8. Solve your model, and view s1 and Cp1l; the plot will appear as follows (semi-log
with Y — Axis minimum and maximum are respectively 0 and 8):

=101

1 DU 1 1 1 1
100 200 30
1 (hoursh
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The solution is the same as the best fit from Part 1; this is because the initial
parameter values in the Parameters dialog box are those following the best fit.
Leave the Plot window open.

9. Fit the model, and view the solution. The plot will be updated, but does not
change from above. Open the Statistics window; it will appear as follows:

O Correlation Matrix

8 Covariance Matrix

b Statistics - |0l x|

Parameter Variahle Talue Scd_Dew. Coef. of War. 9L% Confidence Interwal
Ea 6500581 1.E50365=+000 E.3130%=4+001 309391z S_90E10 =~
Wdrag E0.49447 4. 2479Ze+000 8. 4176424000 40_883E500 &0. 10394
Tmax 26.43345 3.39408e+000 1.25401e4+001 158_7EEEL 34.11140
ka 0.13E544 Z_027E5%e-00Z 1.03745e+001 0.143957 0.z24131
————————————————————————————————— Deriwved Warishles ---———-—-——-—-—-———-——————————————————
E(E,1) 0.13E544 Z.0Z7E%=-00F 1.03745=+001 0.14357 0.zZ4131

=

Objective

Scaled Data Variance

=1 : Cpl -E.784358=+4000 E_Elé93le-001

Bayesian 3.604303e-001

Total objective :;_;;;;;;;;;;;

ALTC 9. 1z91432e-002 e

ii: 1._593328Ee-001 —I;I
| F
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You can see there are some small changes in the values for the parameters. The
big changes come in the error estimates. Notice in particular that the 95%
confidence interval for Km is much improved.

The Vmax and Km parameter estimates here are obtained by means of Bayesian
estimation. Where the data from the individual are “sparse” (few in number),
many individual-specific parameters approximate the estimates for the typical
individual given by the population model (determined by “prior” information,
usually expressed as the mean and SD of the parameter in the same population).
This is because as the amount of information (data) decreases, individual-specific
parameter Bayesian estimates become increasingly constrained by the "Bayes
penalty term" in the Bayes objective function to be “close to" the typical
individual parameter estimates. As the amount of data per individual increases
(approaching a “rich data” scenario), the Bayesian term becomes less influential
in the objective function, and the individual’s parameter estimate is less
constrained, and therefore allowed to “drift” further from the typical value in the
population.

Close the Statistics and Plot windows.
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Part 4 (Optional). Include all data.

In this part of the case study, you will add the data following the dose increase to
400mg/day. The length of the study will now run to 30 days, or 720 hours. If you do not
wish to do this part of the case study, you may now Quit the SAAM Il Compartmental
application. You may save the study file for future reference if you wish.

1. Change the time of the experiment.

a. Inthe Set window, click Experimental Attributes. The Experimental
Attributes box will open.

b. Change the “End At” time from “360” to “720”. The Experimental
Attributes dialog box will appear as follows:

Experiment Attributes

|ndependent Y ariable; It

[ itz Ihu:uurs

Start at: ||:|_|:|
End at: I?gq

Done I Cancel | Help

c. Click Done.
2. Add the new dosing schedule.
a. Double-click ex1 to open the Exogenous Input dialog box.
b. Type “400” in the Initial Amount box.
c. Type “360” in the Event Start box.

d. Click Add. The Exogenous Input dialog box will appear as follows:
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Exogenous Input El
M ame: IEH'I Reference Name:l TS I
Tvype Initial Constant Start Stop Bepeat Ewery MNr. Repeats
Bolus=s F00._ 000 - o_aoo - Z4 000 14

EBolus=s 4 000

—lnput Type:——————————— Iriitial Asmount: |4un_nnnnnnnn
{* Baluz Conztant Fate: |III.III
" Infuzsion

Ewvent Start: |20
" Primed Infusion I

" Equation Event Stom |III.III

Repeat Eveny: |24.00000000 Delete %
Mr. of Repeats: |14

Equation: fex1 =

Split [nput... Dione Cancel Help

e. Click Done.

3. You will want to start this part of the exercise not using the Bayesian priors to see
if the additional information will help in your parameter estimates, i.e. will any of
the 95% confidence intervals go negative.

In the Computational Settings dialog box, click the Include Bayesian Term
check box to deactivate this option.

4. You need to reweight all data. In the Data window, and remove “(-+)” from the
datum at 480 hours.

5. You can check if you wish the Parameters dialog box; you can use these values
as a starting point. Solve the model, and view the solution. The plot of s1 and Cpl
will appear as follows (linear with Y — Axis minimum and maximum equal to 0
and 15 respectively):
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6. Fit the model to the data. The plot will be updated as follows:

_loix
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L =1 4
L o Cp1l i
10— —
= _
L 0 i
|.l|I =
|::| . 1 1 1 I 1 1 1 I 1 1 1 I 1 1
] 200 400 GO
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Open the Statistics window. It will appear as follows:
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Pfstatistes o [=Tf

Paramneter /Variahle Talue Std_Dew. Coef. aof War. 95% Confidence Interwal
Fan 5.8380& 4.Z5E585=-001 7.Z8282%=+4000 4. 38376 6.?8628_:]
Wdrug 43 14028 3.16495e+4+000 6&.44064e+000 47 08832 E&.139EE23
Tmasx £4.93731 7T_.99628e-001 3. E0&L5Le4000 23.15562 2&.71839
ka 0.18964 1.E56768=2-002 8.2Z66472+4000 0.15471 O.Zz4E7
————————————————————————————————— Derived Wariables ----—--—----—————--————————————————
E(Z, 1) 0.158364 1.56768e-002 8.Z6647e+000 0.15471 0.2z457

r'Cngrelstinn Matrix r'Cngariance Matrix
Objective Scaled Data Variance _:J
=1l : Cpl —E_346833=+000 Z.100460e-001
Total ocbjectiwve —£.9458932+000
ATC -1_373653=-001
EIC -8.324795e-002

i o

Notice the addition of the three additional data resulted in excellent parameter
estimates with acceptable 95% confidence intervals.

Suppose you now re-introduce the Bayesian option and include the prior

information on Vmax and Km. The plot will not change appreciably; the statistics
will appear as follows:

Bstowstes i x|

Darameter/Wariable Talue scd.Dew. Coef. of War. 9L% Confidence Interwval
Fm L5.86664 4.09F67e-001 &.37618=+000 4_2743ZF 6.?5835_:]
Wdruag 439 24302 3.07031e+000 &.234Z5=+000 47 _ 55340 EE_.93864
Wmnas 24_.939200 7.59664e-001 3.07964=+000 Z23.31E05 Z6.66895
ka 0.1201&5 1.52384e-00Z 8.01327=+000 O.15535 0.Ez3358
————————————————————————————————— Derived Variables -—--—----———————-—-———————-————\————
E(Z,1) 0.1301&5 1.5Z384e-00Z &.01327=+000 O_.15638 0.EZ335

r'CDErelation Matrix r'CDEariance Matrix
Objective Scaled Data Wariance -
=1l : Cpl —Z_E78E58=+000 Z.001064=-001
Bayesian Z.9%E1l0ze-001
Total ocbjectiwve —Z.E279042=+000
ATC 3_131465e-00Z

EIC Z_126316=-001 -
< :

This illustrates that, in this case, there is enough information in the data to
estimate all parameters with precision, and the inclusion of the prior information
does not contribute very much to the overall results.
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You may now Quit the SAAM Il Compartmental application. You may save the study
file for future reference if you wish.
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Essential Points to Remember

e The introduction of prior information about parameters in your model can
increase the accuracy of the estimates, and their errors.

e The contribution of this information results in a balance between the
information content in the data themselves, and the priors.

e When there is enough information in the data to estimate the parameters and
their precision, the priors contribute less information.
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Data for this case study

DATA
(FSD 0.1)
#

# Dosing is 300mg/day for first 15 days
#

t Cpl
0 n

1 1

2 1.8
4 2.9
10.1 35
184 29
24 2
48 3.2
72 3.6
96 4
168 4.4
336 3.9
#

# Dose is increased to 400mg/day for last 15 days
#

480 8
600 94
720 9.3
END
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