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Drug Model: Modeling & Simulation
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Outline

 Introduction to the SBPOP platform

 RAS Model

 Illustration of use

 Simulation
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Terminology
SBPOP

System Biology (SB) Aims at understanding biology and physiology at
the system level, by taking an engineering-like
approach

Population PK/PD 
Modeling (Pop-PKPD)

Population pharmacokinetic (PK) and 
pharmacodynamic (PD) modeling aims at  
describing the time course of drug exposure and 
clinical response to a treatment in a framework 
taking into account patient variability and 
experimental uncertainties
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SBPOP

 Goal: Modeling, Simulation, and Analysis of biochemical systems.

 Powerful: Capabilities for population modeling, early biologics antibody 
modeling and trial simulation.

 User friendly: Easily customizable and extensible (by the user!).

 Provides the means to focus on the biology and physiology behind a 
given project, rather than on re-implementing models, code, data, etc. 
for each task again. 

 OS independent since based on MATLAB.

 Allows users to produce results with scripts that can easily be peer-
reviewed.
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SBPOP

 Platform built on three nested components

SBTOOLBOX 2

SBPD

SBPOP Functionality for trial simulations, dosing schedules, antibody modeling, 

interfaces to nonlinear mixed effects modeling tools (NONMEM, Monolix, 

Winbugs)

Project representation, high speed simulation of 

SBTOOLBOX2 models (50-200 times faster than MATLAB 

integration), parameter determination and associated tools

Model, experiment, measurement representation, 

simulation, basic analysis functions, optimization, 

signal processing , statistical functions, etc
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SBPOP
Main Features SBTOOLBOX2

 Representation of models (ODE and biochemical reaction 
representation) - SBModel, measurement data, experiment 
descriptions.

Parameter Estimation

Bifurcation analysis

Identifiability analysis

Sensitivity analysis

Global and local

optimization 

Steady-state and 

stability analysis
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SBPOP
Main Features SBPD

 Provide important functionality that is needed for parameter 
determination applications.

 Automatic conversion of SBmodels to compiled C-code MEX simulation 
functions, using the SUNDIALS CVODE ODE solver for simulation.

 Simulations are sped up by a factor roughly between 50 and 200. 

Sundials CVODE

Simulator library

MEX interface

C-code model

Object code 

model

SBmodel

Executable MEX

Simulation model
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SBPOP
Main Features SBPOP

 Handling of physiological PK/PD type of models for the feasibility 
analysis of antibody therapies, including affinity and dose prediction.

 Formal representation of dosing schemes, merging of dosing 
schemes with SBmodels to obtain simulation models, and simulation of 
dosing schemes on models.

 Simulation of clinical trials.

 Interface with NONMEM/ MONOLIX

• Import and export of clinical data files, handling and transformation of data 
(SBPOPdata object).

• Automatic generation of models from SBmodels, SBPOPdosing schemes, 
and information from SBPOPdata objects.
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SBPOP

 The first two packages (SBTOOLBOX2 and SBPD) are publicly 
available

 SBTOOLBOX2: GNU License

 SBPD: Creative Commons License 

 Matlab (>= R2006a)

 Matlab style help

 http://www.sbtoolbox2.org

http://www.sbtoolbox2.org/
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Outline

 Introduction to the SBPOP platform

 RAS Model

 Illustration of use

 Simulation
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Application to the Renin-Angiotensin System 

 The renin-angiotensin system (RAS) is a hormone system 
that regulates blood pressure and water (fluid) balance. 

 Due to the high complexity of the physiological 
mechanisms involved in the regulation of blood pressure a 
model based approach has been employed in order to 
better understand the inner workings of the blood pressure 
regulation system. 

 Simple SBPOP example model of the Renin-Angiotensin 
System (RAS), targeted by compounds under development

 Model given by:

• Pharmacokinetic/Pharmacodynamic Modeling of Renin Biomarkers in Subjects Treated With the Renin Inhibitor Aliskiren

Y Hong, J Dingemanse and DE Mager. Clinical Pharmacology & Therapeutics (2008); 84, 1, 136–143

 Mean PK/PD Data are extracted from study conducted by Nussberger et al.:

• Angiotensin II suppression in humans by the orally active renin inhibitor aliskiren (SPP100).

Juerg Nussberger; Grégoire Wuerzner; Chris Jensen; Hans R. Brunner.  Hypertension. 2002;39:e1.
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Application to the Renin-Angiotensin System 
PK/PD Model

 PK Model:

 PD Model (AR: active renin)
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Model representation in SBPOP
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********** MODEL STATES

d/dt(Ap) = - R1              % ODE system 

d/dt(Ac) = R1-R2+R3-R4       

d/dt(At) = R4-R3 

Ap(0) = 40                   % Initial condition for Ap (if 0, IC definition can be left out)

********** MODEL PARAMETERS  

ka  = 0.0748         % /h    % Settings for the PK parameters  

Vc  = 176000         % ml

Vm1 = 812000         % ng/h

Km1 = 0.516          % ng/ml 

Vm2 = 87480000       % ng/h

Km2 = 135            % ng/ml         

k21 = 0.00248        %^h-1

********** MODEL VARIABLES

Cp = Ac/Vc                   % Aliskiren concentration is the output of the simulation

********** MODEL REACTIONS

R1 = -ka*Ap                  % Definition of the reaction kinetic expressions

R2 = Vm1/(Km1*Vc+Ac)*Ac

R3 = k21*At

R4 = Vm2/(Km2*Vc+Ac)*Ac
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Measurement Representation in SBPOP
[Name] % Measurement name

Measurement Aliskiren

[Notes] % Notes about the measurement

[Components]

time,Cp,Cp+,Cp- % Names of the measured components:

% time of measurement (time), aliskiren concentration (Cp), 

% upper (Cp+) and lower bound (Cp-) of the concentration

[Componentnotes]

Cp: component Ac/Vc   % Aliskiren concentration

[Values] % Measurement data

0,0,0,0

0.5,4,4.6,3.4

1,4.1,4.77,3.43

3,2.3,2.75,1.85

6,1.7,2.4,1

10,0.6,0.78,0.42

24,0.26,0.31,0.21

>> data = SBmeasurement(‘measurement.csv’)

>> SBvisualizedata(data)
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Experiments Representation in SBPOP

 The dosing schedule is a dose of drug given every 24 hours for 8 days

********** EXPERIMENT NAME

Aliskiren PK Model 

********** EXPERIMENT INITIAL PARAMETER AND STATE SETTINGS

********** EXPERIMENT PARAMETER CHANGES

********** EXPERIMENT STATE CHANGES

time=24, Ap=Ap+40 % At time =24, a new dose of aliskiren is given to the patient

% and added to the current value of the amount of drug at 

% absorption site

time=48, Ap=Ap+40

…
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Implementation of dosing scheme

 Alternative to represent the dosing scheme in terms of 
experiments. Allows the definition of clinical trials including 
cross-over studies.

 ODE in SBmodel has to be replaced by

********** INPUT1

type: ABSORBTION1

time: 0 % (hr) time for first application

deltaT: 24 % (hr) time in-between applications

nr_repetitions: 8 % number of applications 

D: 40 % (unit) dose

ka: 0.0748 % (1/hr) absorption rate coefficient

********** MODEL STATES

d/dt(Ac) = INPUT1-R2+R3-R4  % INPUT1 is a placeholder for the dosing input

d/dt(At) = R4-R3

********** MODEL STATES

d/dt(Ap) = - R1              % ODE sytem (model reaction are written below)

d/dt(Ac) = R1-R2+R3-R4       

d/dt(At) = R4-R3
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Simulation

>> model = SBmodel(‘Pkmodel.txt’)                     % Import model

>> dosing = SBPOPdosing('dosing.dos');                % Import dosing scheme

>> measurement = SBmeasurement(‘Measurement.csv’);    % Import Measurement

>> modeldosing = SBPOPmergemoddos(model,dosing);      % Merge model and dosing description 

>> simdata = SBsimulate(modeldosing,[0:1:216]);        % Simulation

>> [time,name,data] = SBmeasurementdata(measurement); % Import time, name and data measurement

>> plot(time, data(:,1), Simdata.time,Simdata.statevalues(:,1)); % Plot
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Simulation and Parameter Estimation
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Comparison
PK Model

 Hong et al. SBPOP
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Comparison
PD Model

 Hong et al. SBPOP
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Conclusions

 SBPOP is well suited for modeling and simulation of kinetics (Systems 
Biology / Pharmacometrics)

 Systems biology can impact Pharma Development if tools exist (!they 
do!)

 Allows to focus on the biology / physiology rather than challenges on 
software implementation

 Experiment, dosing scheme settings enable clear description and 
auditability of the model

 Usefulness of user-friendly, intuitive, and extensible software

 http://www.sbtoolbox2.org

http://www.sbtoolbox2.org/
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 Backup slides
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Design of SBPOP
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Application to the Renin-Angiotensin System 

 Model given by:
• Pharmacokinetic/Pharmacodynamic Modeling of Renin Biomarkers in Subjects 

Treated With the Renin Inhibitor Aliskiren

Y Hong, J Dingemanse and DE Mager

Clinical Pharmacology & Therapeutics (2008); 84, 1, 136–143

 Mean PK/PD Data are extracted from study conducted by Nussberger 
et al.:

• Angiotensin II suppression in humans by the orally active renin inhibitor aliskiren 
(SPP100).

Juerg Nussberger; Grégoire Wuerzner; Chris Jensen; Hans R. Brunner 

Hypertension. 2002;39:e1.


