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1 PERSONALIZED DIGITAL PHYSIOLOGICAL MODELING 

AND CONTROL SYSTEMS FOR CANCER THERAPY 

OPTIMIZATION AND ARTIFICIAL PANCREAS 
 
Dániel András Drexler PhD, principal investigator of subproject I 
Prof. Levente Kovács PhD, habil, head of subproject I. 
 

1.1 ABSTRACT 

 
The research focuses on two fundamental public health problems: cancer treatment and diabetes. 
 
Personalizing cancer therapy (work packages No. 1 and 2) has several potential 

a. increasing the overall survival of the patients; 

b. increasing the quality of life of the patients; 

c. decreasing the treatment doses; 

d. decreasing the chance of resistance; 

e. decreasing the side effects. 

Our research group has been working on these problems for more than a decade, our work was 
supported by an ERC grant and also a competence center grant. In these projects we proved the 
concept in mouse experiments. 
 
Personalizing treatment requires the knowledge of the mathematical model which describes 
the effect of the drug on the tumor of the patient. We develop algorithms which determine this 
model (work package No. 1). The mathematical structure is already given from previous research, 
the aim of our newly developed algorithms is to determine (identify) the parameters of the model 
for specific patients. 
 
Therapy optimization requires the knowledge of the identified mathematical model. Based on 
this model, we can calculate the optimal treatment (work package No. 2) tailored for the specific 
patient (the model is tailored using the results from work package No. 1). We develop several 
algorithms at the same time for therapy optimization based on different perspectives. In practice, 
different algorithms may be required for different scenario, thus we evaluate them using in silico 
experiments.  
 
Development of physiological control algorithms (work package No. 3) are different from 
the therapy optimization problem in the sense that they can give injections more frequently 
(continuously in some cases), while in the therapy optimization problem discussed in work 
package No. 2 is used for the cases when we have injections with low frequency, e.g., two times a 
week. We develop control algorithms for artificial pancreas applications, focus on the handling 
of external disturbances like meal intake and physical activity. The developed algorithms help 
people living with diabetes have better quality of life. 
  



 

 

 

1.2 PUBLICATIONS 

 
 
Table 1 Published and submitted publications of subproject I.  
 
 

 1. Tumor model personalization and therapy optimization (work packages No.  1 
and 2)  

 Original articles 

1 L. Kovács, T. Ferenci, B. Gombos, A. Füredi, I. Rudas, G. Szakács, and D. A. Drexler. Positive Impulsive 
Control of Tumor Therapy—A Cyber-Medical Approach. IEEE TRANSACTIONS ON SYSTEMS MAN 
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https://ieeexplore.ieee.org/document/10255720  

2 B. Czakó, D. A. Drexler, and L. Kovács. Proof of Concept Control of a T1DM Model Using Robust Fixed-
Point Transformations via Sliding Mode Differentiators, MATHEMATICS, vol. 11, no. 5, 2023. IF: 2.4,  Q1 
(JCR)  
https://doi.org/10.3390/math11051210 

3 D. A. Drexler, I. Nagy, V. Romanovski. Stability analysis of the singular points and Hopf bifurcations of a 
tumor growth control model, MATHEMATICAL METHODS IN THE APPLIED SCIENCES, IF: 3.007, 

Q1, UNDER MINOR REVISION 

4 E. Virágh, B. Kiss, D. A. Drexler. Motion planning methods for consecutive and 
one-step chemical reactions. JOURNAL OF MATHEMATICAL CHEMISTRY. 2023 IF: 2.413, Q1 
SUBMITTED 

5 L. Kovács, B. Czakó, M. Siket, T. Ferenci, A. Füredi, B. Gombos, G. Szakács, and D. A. Drexler. 
Experimental Closed-Loop Control of Breast Cancer in Mice, COMPLEXITY, vol. 2022, 2022. IF: 2.121, 
Q2 
https://doi.org/10.1155/2022/9348166 

 Proceedings 

1 B. Gergics, F. Vajda, A. Ládi, A. Füredi, and D. A. Drexler. Pharmacodynamics modeling based on in vitro 
3D cell culture experiments, in IEEE 17th International Symposium on Applied Computational Intelligence 

and Informatics SACI 2023 : Proceedings, 2023, pp. 499–504.  
https://ieeexplore.ieee.org/document/10158623  

2 B. Gergics, F. Vajda, M. Puskás, A. Füredi, and D. A. Drexler. Mathematical modeling of phototoxicity 
during fluorescent imaging of tumor spheroids, in IEEE 27th International Conference on Intelligent 
Engineering Systems 2023 (INES 2023), 2023, pp. 291–296 

3 M. F. Dömény, M. Puskás, L. Kovács, and D. A. Drexler. Population-based chemotherapy optimization 
using genetic algorithm, in SISY 2023 IEEE 21st International Symposium on Intelligent Systems and 
Informatics, 2023, pp. 23–28 

4 E. Virágh, D. A. Drexler, and B. Kiss. Motion planning and modeling for isothermal parallel chemical 
reactions, in IEEE 17th International Symposium on Applied Computational Intelligence and Informatics 

SACI 2023 : Proceedings, 2023, pp. 91–96. 
https://ieeexplore.ieee.org/document/10158663  

5 L. Kisbenedek, M. Puskás, L. Kovács, and D. A. Drexler. Clustering-based parameter estimation of a tumor 
model, in SISY 2023 IEEE 21st International Symposium on Intelligent Systems and Informatics, 2023, pp. 
43–48. 

6 L. Kisbenedek, M. Puskás, L. Kovács, and D. A. Drexler. Indirect supervised fine-tuning of a tumor model 
parameter estimator neural network, in IEEE 17th International Symposium on Applied Computational 

Intelligence and Informatics SACI 2023 : Proceedings, 2023, pp. 109–116. 
https://ieeexplore.ieee.org/document/10158651  

7 M. F. Dömény, M. Puskás, L. Kovács, and D. A. Drexler. In silico chemotherapy optimization with genetic 
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tumor size measurements from animal experiments for virtual patient generation, in IEEE 27th 
International Conference on Intelligent Engineering Systems 2023 (INES 2023), 2023, pp. 53–60. 
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9 T. D. Szűcs, M. Puskás, D. A. Drexler, and L. Kovács. Model predictive fuzzy control in chemotherapy 
optimization, in IEEE 17th International Symposium on Applied Computational Intelligence and 

Informatics SACI 2023 : Proceedings, 2023, pp. 103–108. 
https://ieeexplore.ieee.org/document/10158569  

10 E. Virágh, B. Kiss, and D. A. Drexler. Closed-loop control and motion planning for parallel structural 
chemical reactions, in SISY 2023 IEEE 21st International Symposium on Intelligent Systems and 
Informatics, 2023, pp. 283–288. 
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13 B. Czako, D. A. Drexler, and L. Kovacs. Control of a T1DM Model Using Robust Fixed-Point 
Transformations Based Control With Disturbance Rejection, in 2022 IEEE International Conference on 
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https://ieeexplore.ieee.org/document/9828296  

16 E. Nagy, M. Puskás, and D. A. Drexler. Comparison of artificial neural network and ANFIS for parameter 
estimation of a tumor model, in IEEE 20th Jubilee World Symposium on Applied Machine Intelligence and 
Informatics SAMI (2022), 2022, pp. 133–139. 
https://ieeexplore.ieee.org/document/9780819  

17 M. Puskás, B. Gergics, A. Ládi, and D. A. Drexler. Parameter estimation from realistic experiment scenario 
using artificial neural networks, in IEEE 16th International Symposium on Applied Computational 
Intelligence and Informatics SACI 2022, 2022, pp. 161–168. 
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=9919464&casa_token=C4AzC_jEV6MAAAAA:Pz
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18 E. Nagy and A. D. Drexler. The Effect of the Choice of initial estimation for a tumor model parameter 
estimation problem, in IEEE Joint 22nd International Symposium on COMPUTATIONAL 
INTELLIGENCE and INFORMATICS and 8th International Conference on Recent Achievements in 
Mechatronics, Automation, Computer Science and Robotics (CINTI-MACRo 2022), 2022, pp. 227–231. 
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19 E. Nagy, B. Czakó, M. Siket, B. Gombos, A. Füredi, G. Szakács, L. Kovács, and D. A. Drexler. Tracking 
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 Scientific dissemination 

1 D. A. Drexler, L. Kovács, and G. Moza, “Towards personalized medicine by mathematical modeling of 
tumors,” OPEN RESEARCH EUROPE, vol. 2, p. 59, 2022. 
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 Book chapters 

1 D. A. Drexler and L. Kovács. Modeling the physiological phenomena and the effects of therapy on the 
dynamics of tumor growth, in Modeling of Mass Transport Processes in Biological Media, 2022, pp. 391–
403. 
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Tumour Volume Control using Nonlinear Optimization, STUDIES IN SYSTEMS DECISION AND 
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 Conference presentations 

1 D. A. Drexler, B. Czakó, T. Ferenci, A. Füredi, B. Gombos, E. Nagy, M. Puskás, G. Szakács and 
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Mathematical and Theoretical Biology, Sept. 19-23, 2022, Heidelberg, Germany 
https://ecmtb2022.org/program/bookofabstracts/  
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2 T. Ferenci and M. Szigeti. Anomaly detection and extreme value analysis of blood glucose measurements, 
12th European Conference on Mathematical and Theoretical Biology, Sept. 19-23, 2022, Heidelberg, 
Germany 
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 2. Development of physiological control algorithms for artificial pancreas (work 
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1 K. Novák, L. Kovács, A. D. Drexler, and G. Eigner. Glycemic control metrics for in silico testing of 
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https://ieeexplore.ieee.org/document/10029513  
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 Scientific dissemination 

1 L. Kovács, G. Eigner, R. Tóth, M. Siket, K. Novák, G. Kocsis, and L. Barkai, “Mesterséges hasnyálmirigy 
közösségi fejlesztése – kitekintés a „csináld magad” mozgalomra,” DIABETOLOGIA HUNGARICA, vol. 
31, no. 1, pp. 27–37, 2023. 
https://m2.mtmt.hu/api/publication/34079754  

 Conference presentations 

1 Á. Varga, J. Tar, and G. Eigner. Fixpont transzformáció alapú adaptív szabályozások implementációjának 
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pp. 22–23. 
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2 EVALUATION OF DIGITAL MEDICAL DEVICES: 

EFFICACY, SAFETY AND SOCIAL UTILITY 
 
Prof. Márta Péntek, head of subproject II. 
 

2.1 ABSTRACT 

The aim of this research subproject is to develop methods for measuring health gains and socio-
economic benefits from the use of digital medical devices (DMDs) in order to support scientifically 
and economically successful development of innovative DMDs. In the first two years of our sub-
project (2022, 2023), our focus is on the first three (out of the five) research objectives outlined in 
our research proposal:  

- Are DMDs clinically effective and safe? How much more effective and safer than 
existing DMDs? Are the DMDs more effective and safe than DMDs?  
- What is the outcome of DMDs from the perspective of patients and users? Outcome 
measurement, patient user skills, knowledge, attitudes and preferences 
- How can digital data from DMDs be used in medical decision-making?  

 
In addition, we are preparing research for work packages No. 4 (cost-effectiveness analysis, 
health technology assessment) and No. 5 (measuring innovation performance and 
competitiveness of DMDs). 
 
Why our research results are useful... 
 
-… for developers of digital medical devices? 
Our research project helps to conduct a systematic literature review of existing DMD 
developments, 
evaluate the effectiveness and safety of DMDs that are comparators in the field, 
designing clinical trials of DMDs and 
measuring and disseminating results in a way that can be directly used in the evaluation of new 
technologies (health technology assessment) and financial decision-making. 
 
- …for physicians? 
Our research project provides scientifically sound evidence about DMDs using and adapting 
methods of evidence-based medicine, helps to understand the value of DMD outcomes from the 
patients’ perspective, and how to use digital DMD data in clinical decision-making.  

https://ieeexplore.ieee.org/document/9801950
https://m2.mtmt.hu/api/publication/34079754
https://phdworkshop2023.kvk.uni-obuda.hu/static/2023/03/08/KVK_PhD_workshop_absztrakt_kotet_2023_V02.pdf
https://phdworkshop2023.kvk.uni-obuda.hu/static/2023/03/08/KVK_PhD_workshop_absztrakt_kotet_2023_V02.pdf


 

 

 

 
- …for patients?  
Methods developed as a result of our research provide an opportunity to consider the patients’ 
perspective (preferences, acceptability, usability) in DMD development and to accelerate the 
process of development, approval and reimbursement decisions of new devices, thereby improving 
awareness of and access to DMDs. 
 
- …for funders, health policy makers? 
Our methodological developments will allow better measurement of the individual and societal 
benefits of DMDs, thereby supporting clinically and economically sound decision-making. 
 
 

2.2 PUBLICATIONS 

 
 
Table 1 Published and submitted publications of subproject II.  
 
 

 1. Evidence synthesis on digital medical devices (DMDs), development of 
methods for systematic literatutre reviews using artificial intelligence methods  
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Budapest, Magyarország : IEEE Hungary Section (2022) 273 p. pp. 15-20. , 6 p. 
https://ieeexplore.ieee.org/document/9922639 

2 Barbara, Tóth ; Laura, Gulyás Oldal. Automation of systematic literature reviews: Development of a gold 
standard of articles in PubMed 2020-2021, a research protocol. In: Szakál, Anikó (szerk.) IEEE 20th 
Jubilee International Symposium on Intelligent Systems and Informatics (SISY 2022) Szabadka, Szerbia : 
IEEE (2022) 457 p. pp. 59-64. , 6 p. https://ieeexplore.ieee.org/document/10036252 

4 János, Tibor Czere ; László, Gulácsi ; Zsombor, Zrubka ; Márta, Péntek. Quality assessment of clinical 
trials with artificial intelligence based chatbots in healthcare: points to consider in the protocol 
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Symposium on Applied Computational Intelligence and Informatics SACI 2022, Temesvár, Románia : 
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