Investigating Intra-tumoral Heterogeneity Driven by Nutrient Dynamics
and Radiotherapy Using an In-silico Avascular Tumor Growth Model
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spatial heterogeneity, a Monte-Carlo
scheme was used to sample radial shells
and assign cell types based on solutions to
the PDE model. Cell coordinates were RESULTS DISCUSSION
pixelized into density maps weighted by
their entropy to characterize total-cell
heterogeneity. As an experiment, we ran
the model for different nutrient uptake
factors a and radiation doses. Radiomic
texture features were extracted from the
time-dependent cells maps to quantify
biological-driven heterogeneity.

-channelenergy va time for different doses The model reproduces expected qualitative
behavior of nutrient-limited avascular growth,
including a proliferating rim, quiescent
transition region, and necrotic core.

Nutrient uptake factor a had a strong effect
on the timing of P/Q/N transition and
radiomic-based heterogeneity.

Radiation dose altered the proliferating-cell
profile in a time-dependent manner, with
delayed decrease and recovery patterns that
depend on the LQ, delay, and extinction
parameters.

Necrotic clearance changed late-time map
appearance and may affect texture features,
especially when necrotic regions dominate.

Results: Increasing a lowered nutrient
level, narrowed the proliferative rim faster,
and expanded Q/N compartments earlier,
leading to lower texture heterogeneity and
earlier necrotic saturation. Simulated
heterogeneity peaked during tumor
expansion followed by stabilization. Across
modeled radiation doses, the simulation
captured P-cell spatial distribution changes g
in energy over time. The post-irradiation i
energy decreased, followed by a recovery B
towards reconcentration of the
proliferating cell maps. At later times, this
effect decayed as necrotic cells became
more dominant.
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CONCLUSIONS

We implemented an in-silico tumor cell culture

Conclusion: Our model mechanistically

M:S m;me:;dyr: TI?S :ndt radlanlo "~ model combining nutrient-limited P/Q/N
induced cell death to intra-tumora ek .
heterogeneity via radiomic features. It Figure 2: Parameterization of nutrient uptake factor a. (a) grOWt?’ Sllmp|lfled radlotherapy response, and
provides an in-silico framework for Time-resolved Shannon Entropy weighted total cell grey scale necrotic clearance.
computational radiation-biology pixel map across a=0.1:0.3:1 with black backgrounds. Rows Figure 3: Radiation response experiment. (c) Statistical « This framework provides a practical
experiments. show increasing nutrient uptake factor a and columns show denergy afprol[feras:’ng cell dens:‘jty with ;/,0’/‘7"5 rdﬂdiatiun computational platform for controlled
time. Brighter regions indicate stronger local mixing oj loses at t = 15. With increasing doses, all curves drop in a - . L
simulatedi/Q/N cf’ell states, while darier regions /’ndgcafte sigmoidal way transiently, then turning up again, except for radlatlon-bmlOgy and radiomics-methodology
either lower density or dominance of a single cell state. Higher the bottom 100 Gy curve that had extinction of the viable cell experiments.
a produced earlier P/Q/N transition and earlier necrotic-core population triggered by the high dose threshold. This shows
dominance. (b) A representative radiomic texture feature simulated radiotherapy can slow the in-silico tumor cell
(joint entropy) used to quantify image heterogeneity shown culture with appropriate parameterization. (d) Snapshots .
CO NTACT across time for different values of the nutrient uptake factor from the Monte-Carlo sampling algorithm for 2D tumor ?:)\ M E D I CA L P H Ys I C S
a. From top to bottom, the a value increases, meaning faster growth. Subject to initial cell densities and nutrient access, the GRADUATE PROGRAM
Runhe Tan nutrient uptake during the tumor growth, which leads to a _ simulation can model resulting heterogeneity in cell
Lafata Lab, Duke University narrower proliferating rim and faster saturation of necrotic distributions. Clear layers of P/Q/N cells appear at later times
runhe.tan@duke.edu cells. with the formation of a necrotic core near the end of the

simulation. Radiation induces a perturbation that selectively
reduces the density of proliferating cells, which has
downstream effects on cell heterogeneity.
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