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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 II 
introductory tutorial, “Getting Started with SAAM II Compartmental.” 

 
What you will learn in this case study 
 

• Identifying nonlinear elimination. 
• Modeling nonlinear elimination. 
• 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 II 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 II Compartmental application. The SAAM II Compartmental 
main window will open. In the SAAM II Toolbox, be sure the Model tools are 
available. 

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

 
 

3. In the 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: 
 

 
 

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: 

 

 
 

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

 
4. Create a sample. 

 
a. In the SAAM II Toolbox, click Sample. 
 
b. Click Compartment q2, then click on the Drawing Canvas. The sample s1 

will appear. 
 
c. Double-click s1 to open the Sample Attributes dialog box. 
 
d. Type “mg/L” in the Units box. 
 
e. Type “Cp1” in the Associate with Data Name box. 
 
f. Edit the sample equation “s1 = q2” to read “s1 = q2/Vdrug”. The Sample 

Attributes dialog box will appear as follows: 
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g. Click Done. The following Warning message will appear: 
 

 
 

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

 
h. 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. In the SAAM II Toolbox, click Input 
 
b. Click Compartment q1, and then click on the Drawing Canvas. The input ex1 

will appear. 
 
c. Double-click ex1 to open the Exogenous Input dialog box. 
 
d. Leave Bolus as the Input Type. 
 
e. Enter “300” in the Initial Amount box. 
 
f. Enter “0” in the Event Start box. 
 
g. Enter “24” in the Repeat Every box. 
 
h. Enter “14” in the Nr. of Repeats box (remember 14 repeats will give a total of 

15 doses.) 
 
i. Click Add. The Exogenous Input dialog box will appear as follows: 
 

©2004 Dr. Ron Sawchuk Nonlinear Elim - 4 Rev. 04/05/27 



Pharmacokinetic Case Study Nonlinear Elimination with Priors 

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

 

 
 
6. Add the data to your model. 
 

a. In the Show menu, click Data, or alternatively, on the SAAM II Toolbar, 

click Data . 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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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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e. Close the Data window. 

 
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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(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: 

 

 

©2004 Dr. Ron Sawchuk Nonlinear Elim - 8 Rev. 04/05/27 



Pharmacokinetic Case Study Nonlinear Elimination with Priors 

(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 II 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: 

 

 
 

(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 = ln(2)/half time of absorption 
  ke = ln(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. In the Show menu, click Parameters, or alternatively, on the SAAM II 

Toolbar, click Parameters . The Parameters dialog box will open will 
open as shown below: 
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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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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. In the 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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c.  Click Done. 
 
d. In the Compute menu, click Solve, or alternatively, on the SAAM II 

Toolbar, click Solve . 

 
e. In the Show menu, click Plot, or alternatively, on the SAAM II Toolbar, 

click Plot . Because you have plotted s1:Cp1 previously to 24 hours, this 
plot will open as shown below: 
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 You can see that the initial parameter estimates are quite reasonable. 
 
f. 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 
follows: 
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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. In the Compute menu, click Fit, or alternatively, on the SAAM II Toolbar, 

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

 

 
 

The Fit actually appears quite reasonable. The statistics associated with the fit 
are shown below: 
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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: 
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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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 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 s1 is the model predicted concentration of the drug. 
 

1. Create a nonlinear ke. 
 

a. In the Show menu, click Equations, or alternatively, on the SAAM II 

Toolbar, click Equations . 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: 

 

©2004 Dr. Ron Sawchuk Nonlinear Elim - 18 Rev. 04/05/27 



Pharmacokinetic Case Study Nonlinear Elimination with Priors 

 
 
 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. In the Show menu, click Parameters, or alternatively, on the SAAM II 

Toolbar, click Parameters . The Parameters dialog box will open as 
shown below: 
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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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b. Click Done. 

 
3. Solve your model and view the solution. 

 
a. In the Compute menu, click Solve, or alternatively, on the SAAM II 

Toolbar, click Solve . 

 
b. In the Show menu, click Plot, or alternatively, on the SAAM II 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. In the Compute menu, click Fit, or alternatively, on the SAAM II Toolbar, 

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

 
 

The random scatter around zero has improved from the previous fit. 
 
Return to a plot of s1 and Cp1. 
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b. In the Show menu, click Statistics, or alternatively, on the SAAM II 

Toolbar, click Statistics . The Statistics window will appear as follows: 
 

 
 

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. Return to a plot of Cp1 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 II’s Bayesian feature. 

 
1. In the 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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3. Click Done. 
 
4. In the Show menu, click Parameters, or alternatively, on the SAAM II Toolbar, 

click Parameters . The Parameters dialog box will open as shown below: 
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 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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7. Click Done. 
 
8. Solve your model, and view s1 and Cp1; the plot will appear as follows (semi-log 

with Y – Axis minimum and maximum are respectively 0 and 8): 
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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: 
 

 

 
 
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 II Compartmental 
application. You may save the study file for future reference if you wish. 
 

1. Change the time of the experiment. 
 

a. In the 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: 
 

 
 
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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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 Cp1 
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: 
 

 
 

Open the Statistics window. It will appear as follows: 
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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: 
 

 
 
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 II Compartmental application. You may save the study 
file for future reference if you wish. 
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Essential Points to Remember 
 

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

 
•  The contribution of this information results in a balance between the 

information content in the data themselves, and the priors. 
 

• 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 Cp1 
0 n 
1 1 
2 1.8 
4 2.9 
10.1 3.5 
18.4 2.9 
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 9.4 
720 9.3 
END 
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