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The development of treatment resistance is one of the key 
challenges in modern cancer and antibiotic therapy. New 
therapeutic approaches aim to curb the spread of resistance 
through the targeted timing of treatment cycles. Researchers 
at the Max-Planck-Zentrum für Physik und Medizin (MPZPM) 
have now demonstrated how a deeper understanding of the 
physical processes occurring in growing tumors and microbi-
al biofilms can contribute to the success of “evolution-based” 
therapies.

Solid tumors and microbial biofilms consist of densely packed 
cells. Nutrients, oxygen, and other resources essential for 
growth decrease from the periphery of the cell population to-
ward the center. This declining supply of resources regulates 
cell growth. Resistant cells that arise deep within a popula-
tion are restricted in their growth and can spread only slowly. 
Treatment fundamentally alters this situation, sometimes with 
serious consequences for the course of therapy. An interdisci-
plinary team of scientists led by Dr. Jona Kayser, head of the 
Emmy Noether Research Group “Cellular Evolution” at MPZPM, 
is investigating how fundamental biophysical processes influ-
ence the emergence and development of resistance in dense 
cell aggregates. Their new study in Nature Ecology & Evolution 
shows that physical processes play a decisive role in determin-
ing the optimal timing of treatment cycles.
The team combines microbial model systems and computer 
simulations to observe the “evolution” of resistance and deci-
pher the underlying mechanisms. “We use a ‘Real-To-Sim-To-
Real’ approach. In this approach, therapy-mimicking experi-
ments with genetically modified yeast cells serve as the basis 
for digital twins. The therapeutic strategies optimized on the 
computer are subsequently tested in experiments,” says Nico 
Appold, one of the two lead authors.

Using this approach, the researchers were able to show how 
the physical coupling of environmental and growth dynamics 
divided treatment outcomes into two distinct classes. The 
“sweet spot” – the range of optimal therapeutic efficacy –is lo-
cated precisely at their boundary.
“Our results show that even small changes in treatment timing 
can determine the success of therapy,” says Timon Citak, the 
other lead author.

Physical Understanding as the Basis for Future Therapies
The study shows that treatment not only directly affects cells 
but also indirectly influences their environment, and that the 
two interact. For evolutionary therapeutic approaches, there-
fore, in addition to the overall size of a tumor, how and where 
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The image depicts a genetically modified yeast colony. The colony was grown 
from a single blue fluorescent cell and was able to gather synthetic yellow 
mutations during initial growth. Subsequently, an attempt was made to halt the 
growth of the population by increasing the temperature, against which, the yellow 
fluorescent cells are immune, thereby causing what we call “treatment failure”.
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cells regrow during treatment breaks could also be important.
“Our findings are fundamental in nature and reveal underly-
ing mechanisms. They cannot be applied to the treatment of 
patients yet, but in the long term, this physical understanding 
could be crucial to the success of future treatment strategies,” 
emphasizes Kayser, group leader and corresponding author of 
the study. “In the next step, we want to investigate whether sim-
ilar physical mechanisms also occur in more realistic model 
systems, such as three-dimensional tumor organoids.”

From left to right: Dr. Jona Kayser, Research Group Leader “Cellular Evolution”, 
Nico Appold, Auguste Palm, and Timon Citak.
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Scientific contact:
Dr. Jona Kayser 
Max-Planck-Zentrum für Physik und Medizin, Erlangen
Research Group Leader “Cellular Evolution” 
www.mpzpm.mpg.de / jona.kayser@mpzpm.mpg.de

Original publication in Nature Ecology & Evolution
Appold, N., Citak, T., Palm, A.A. et al. A microbial therapy-
mimicry assay shows how spatial resource dynamics 
control resistance escape. Nat Ecol Evol (2026). 
DOI: 10.1038/s41559-026-03178-z 

The Max-Planck-Zentrum für Physik und Medizin is conceived as a joint effort between the Max-Planck-Institute for the Science 
of Light (MPL), the Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU) and the Universitätsklinikum Erlangen (UKER). The 
new scientific center aims to apply advanced methods from experimental physics and mathematics to basic biomedical research 
with an emphasis on the intercellular microenvironment. Learn more at mpzpm.mpg.de.
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