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The development of new active ingredients for pharmaceutical purposes is now supported 

by mathematical learning methods. This capability relates to an important question: 

What is the proper dosage? The new remedy should work, but not harm the patient. 

In cooperation with our partner institute, FCC in Gothenburg, we develop and use 

mathematical simulation and learning methods to find an answer to the question being 

tested in clinical trials: What is the distribution of active ingredients throughout the 

body and what effects occur at the targeted sites of action?

dosage, effeCT, risk: MaTheMaTiCs for neW 
drUg developMenT

1  Complex interdependen-

cies of the variables in a 

stochastic pharmaco-kinetic/ 

pharmaco-dynamic model

2  Temporal development 

of two substance concen-

trations (drug and target 

molecule) in blood plasma 

of 24 patients (4 dosis 

groups of 6 patients each; 

simulated data). Dosis 

groups are identifiable 

based on color.
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In trial testing, as many patients as possible are given different doses of the new drug and the 

development of the disease in each individual patient is monitored over a long period of time. 

Monitoring, in this case, means: evaluation of blood samples and body functions. Unfortunately, 

not all processes in the body can be measured directly.

Every patient is different

Patients are distinguished by individual characteristics (male/female, age), disease stages, dosages, 

and method of administration of the active ingredient (infusion, injection, ingestion). Within 

each of these groups, each person has additional random individual divergences. Here, random 

means: not everything can happen, just somethings are more probable. This probability can 

and must be modeled.

The administered drug causes a change in the disease-related condition of each patient over 

time. These time-dependent changes, in turn, affect the probability that other disease-related 

events will occur. To truly assess how a drug works, such complex relationships need to be un-

derstood.

Mathematical models master complexity

Mathematical models are able to capture the complex interrelationships of our bodies, our indi-

vidual differences, temporal changes, and the changing risk of illness-related events occurring. 

Initially, however, these models contain many unknown time-dependent and constant variables. 

We can determine these unknown variables using measured data and the latest computer-aided 

mathematical learning methods (state filtering and parameter estimation in nonlinear dynamic 

models with mixed effects). The results provide information about the best dosage and best 

mode of action of the new drug.
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