
  

GBM remains uniformly lethal, with a median survival of 14-16 months and a 5-year survival rate of less than 
3%, despite aggressive therapy consisting of surgery, radiation, and chemotherapy. Aging is a main risk factor 
for GBM, however to date how the aging process affects GBM remains unknown. Strikingly, in people aged 65 
and above, GBMs prognosis is even more dismal, with overall survival of less than 7 months upon diagnosis, 
suggesting that the aging process has a direct role in GBM aggressiveness. Polyploidy (elevated genomic 
content) is a hallmark of cancer thought to play a role in cancer progression and to facilitate rapid tumor evolution 
to survive anti-cancer therapies. However, while polyploidy confers significant advantages to cancer cells, it 
comes at the expense of higher metabolic demand to meet the requirements to synthesize higher amounts of 
DNA, RNA and proteins. While the exact metabolic requirements of polyploidy remain largely unknown, our 
preliminary data suggests that the availability of metabolic substrates in the environment (e.g. glucose, 
phosphate, oxygen) drives different cell fate decisions (e.g. proliferate, migrate or die) in cancer cells of different 
ploidy. This puts forward the idea that the metabolic state of the patient is crucial in shaping the evolution of 
tumors and in allowing for polyploid cancer cells to thrive. Interestingly, polyploidy has been recently shown to 
increase in the brain with age, supporting the idea that aging drives an environment in the brain conducive to 
high ploidy cancer cells to thrive. Our central hypothesis is that a major determinant of the variable GBM 
cell fate in response to the metabolic state of the host is determined by intra-tumoral differences in 
ploidy. This hypothesis has three implications: (1) that the age-driven changes in global and local metabolic 
conditions tip the balance of the GBM community favoring GBM cells of variable ploidy; (2) that adaptive 
therapeutic strategies designed to metabolically “rejuvenate” the host environment have the potential to 
restructure the GBM cellular communities. We will address our hypothesis with the following three specific aims: 
 

Aim 1: Identify how ploidy of GBM cells modulates thresholds for cell state transition with respect to 
resource availability. Infiltration is the first response of cells to hypoxia and recent evidence suggests that 
infiltration is an early phenotype in the evolution of GBM. We will genetically engineer 5 GBM cell lines to obtain 
2N and 4N lineages for each. Using these as a model, we will test how exposure to variable gradients of glucose, 
hypoxia and phosphate affect their migratory patterns. This data will be used to calibrate a partial differential 
equation (PDE) model to recapitulate how each lineage migrates in response to reduced resource availability. 
The inferred lineage specific diffusion coefficients will be analyzed with respect to the ploidy of each lineage to 
verify the expectation that high ploidy cells migrate more rapidly in response to resource limitations. 
 

Aim 2: Model how changes in GBM cell ploidy composition and phenotype affect GBM and inform a 
personalized adaptive radiation regimen. We will extend our stochastic state space model of the brain (S3MB) 
to the 3D setting. We will apply this model to a retrospective cohort of 5 primary GBM patients and will use BOLD 
imaging to quantify the spatial distribution of oxygen in tumors prior to surgery. Geo-tagged surgical specimens 
collected at the time of surgery will be sequenced and T1-weighted scans will inform the coordinates of the 
resection cavity and of enhancing regions around the resection cavity. This data will be integrated will serve as 
initial conditions to S3MB. The model will simulate regrowth of the enhancing region into a recurrent tumor. The 
temporal and spatial dynamics of recurrence will be compared to those measured on follow-up scans of the 
same patient. This will allow us to calibrate the model and to verify whether assumptions on the relation between 
ploidy, resource availability and cell fate generalize from the in-vitro to the in-vivo setting. The calibrated model 
will be validated on 5 additional patient-matched primary and recurrent GBM. Once calibrated, SSMB will be 
used as a hypothesis generating model to evaluate the potential of administering a spatially heterogeneous 
SBRT regimen targeting low-resource tumor regions with higher radiation dose to delay recurrence. 
 

Aim 3: Evaluate how age and metabolic “rejuvenation” strategies affect the ploidy composition and 
growth of the GBM. Based on published evidence demonstrating that aging promotes an increase in glucose 
levels as well as changes in stiffness and oxygenation in the brain, we hypothesize that aging drives poor 
prognosis in GBM by providing the optimal environment for GBM cells. In this aim, we will use the model 
developed in Aim 2 to generate predictions to guide pre-clinical research using young and old mice as models 
to test if and how aging contributes to the ploidy evolution in GBM. Moreover, informed by this mathematical 
model we will test if modulating host physiology with FDA-approved drugs that have been shown to metabolically 
“rejuvenate” the host (e.g. anti-diabetic drugs, osteoporosis medications, phosphate and oxygen modulating 
drugs) can modulate ploidy evolution and thereby sensitize older GBM patients to standard of care therapies. 
 
Impact.   Together we expect these aims to contribute to a better understanding of how microenvironment 
resources shape the community of GBM cells of varied ploidy and how to best modulate host physiology to delay 
recurrence and progression. 


