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Number of people with cancer

2020

2040

19.3 million

30.2 million

= 1 million people = demographic change
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PERSONALIZED AND OPTIMIZED THERAPY

Smaller risk of drug resistance.
Fewer side effects.

smaller doses unique parametersmathematical model



Dynamics of the drug in the blood

Dynamics of the drug in the tissues

Dynamics of the living tumor

Dynamics of the dead tumor

Mathematical model
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Cyber-Medical Competence Center (KiKoK)



Animal experiments

Genetically engineered mouse model of breast
cancer. 
Brca1, a DNA repair gene knocked out breast
epithelial cells
p53, a regulator of cell cycle and genome
stability knocked out breast epithelial cells
breast epithelial cells. 
The resulting mammary tumors highly
resemble the Brca1-linked, triple-negative,
hereditary breast cancer in humans



Chemotherapy: Doxil



 O3: Control methods: LPV control Chemotherapy Optimization: results

CONTROL
 GROUP

MPC
GROUP

PDPK
GROUP

12 mice
Longest survival: 290 days
Cummulated dose: 100%
(ground truth)

21 mice
Longest survival: 513 days
Cummulated dose: 89.14%

21 mice
1 mouse healed
Cummulated dose: 68.79%



 O3: Control methods: LPV control Chemotherapy Optimization: control group



 O3: Control methods: LPV control Chemotherapy Optimization: control group



 O3: Control methods: LPV control Chemotherapy Optimization: PDPK



D. A. Drexler, I. Nagy, V. G. Romanovski, Stability analysis of the singular points and Hopf
bifurcations of a tumor growth model, Mathematical Methods in the Applied Sciences, 2024



Mathematical model



Wearable injection device control law



Nontrivial singular point

The immune system can
not handle the tumor

The drug is effective
against the tumor

The immune system can
not handle the tumor

The singular
points are all

positive



The Jacobian at the singular point and its characteristic
polynomial



The characteristic polynomial

Does not depend on k!



Looking for pure imaginary eigenvalues

We look for model parameter values such that  the
characteristic polynomial can be writen in the form 

with W>0.

Using realistic parameter values,
we get a two dimensional center
manifold

Lyapunov method
showed it is a
stable focus: 

The system admits
a supercritical

Hopf bifurcation



Starting from the outer part of the cycle



Starting from the inner part of the cycle



Conclusion

Qualitative theory can be applied to understand several phenomena in
chemotherapy. 

Can the same theory be applied for impulsive systems?

What is the class of functions used in the feedback such that the
qualitative properties do not depend on the function parameters? 
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