Fatal attraction: Using cancer traps against glioblastoma — Team Blue (Sahebjam/Whelan/Enderling)
Recurrent glioblastoma (GBM) patients face a dismal prognosis with median overall survival rates of less than
one year. Patients accrued to a recent Phase 1/2 clinical trial (MCC 17978) of combining hypofractionated
stereotactic radiation (HFSR; 6 Gy x 5 fractions) with bevacizumab (Avastin) and pembrolizumab (anti PD-L1)
had promising responses — yet median time to progression remains less than 7 months. There is a critical
unmet clinical need to improve response rates and overall outcome for GBM. While HFSR is very efficient in
eradicating cancer cells, radiation of the whole brain is too toxic for the patient. The highly diffusive nature of
GBM leaves a large population of cancer cells outside the radiation target volume necessitating the additional
therapies. The current protocol of continuous maximum tolerable dose bevacizumab and pembrolizumab (B/P)
is applied without consideration of evolutionary dynamics, and every patient inevitably develops resistance.
We hypothesize that improving GBM outcomes requires two novel approaches: (1) to increase the
number of post-surgery residual cancer cells exposed to curative radiation using an ecological trap,
and (2) to deploy novel B/P protocols that harness evolutionary principles to maximally delay time to
progression.

An ecological trap is a habitat feature that appears to enhance fithess when selected, but instead reduces
fitness. This may occur because cues of appropriate habitat become uncoupled from survival and reproduction
within the habitat. For instance, a shrub that appears to provide sturdy architecture for bird nest placement
may, at the same time, also provide scaffolding that allows a predator to reach and depredate the nest. The
goal of an ecological trap in GBM is to engineer an attractive post-surgical microenvironment to “lure” GBM
cells that have invaded the brain parenchyma back into the post-surgical tumor bed and, thus, into the killing
zone of high-dose radiation.

To counteract development of or selection for pre-existing resistance in the residual GBM cell population
during B/P therapy, evolutionarily-guided therapies must be developed. The current prevailing continuous MTD
approach inevitably facilitates the competitive release of a resistant population.

Evolutionary therapy approaches can include treatment holidays as intermittent therapy, or adaptive
schedules that pause and resume therapy dependent on patient-specific response dynamics. Furthermore,
different treatments may be applied in alternating schedules to limit the risk of evolution of cross-resistance.

The overall goal of this proposal is to improve response rates and outcomes for recurrent high-grade
GBM patients — not only statistically significant but clinically significant. We will develop highly innovative eco-
evo-guided treatment schedules— a general schedule that improves outcomes for the population as a whole,
and schedules tailored to individual patients based on their pre-treatment demographics and clinical
presentation characteristics. To achieve this goal and to test our hypothesis we propose the following Aims:

Specific Aim 1. To analyze the response dynamics (tumor volume every 3-6 weeks, neutrophil &
lymphocyte count every 2-4 weeks) of N=104 recurrent high-grade GBM patients treated with either Avastin
alone (N=20), pembrolizumab alone (N=20), HFSR+Avastin (N=20), HFSR+B/P (N=32; MCC 17978) and
HFSR+B/P+nivolumab (N=32; MCC 18661). Randomize the data into a training and testing cohort balanced by
demographic and clinical variables. Use the training data to calibrate the rates constants for the different
available therapies alone and in combination in a mechanistic mathematical model. Use the testing cohort to
simulate clinically applied therapy. Model outcome prediction performance will be evaluated based on standard
measurements of classification accuracy, including sensitivity and specificity to predict response rates.
Receiver Operating Characteristics (ROC) curve analysis will be conducted to assess overall prediction
performance, i.e. Area Under the Curve (AUC) value across the entire range threshold cutoffs of sensitivity and
specificity values. Statistical significance of overall prediction performance (AUC) will be tested with the
Kruskal-Wallis test.

Specific Aim 2. To simulate evolutionary therapies and evaluate model predictions vs. actual patient
responses and outcomes. We will use the calibrated and validated model developed in Aim 1 to simulate
different treatment protocols based on evolutionary dynamics. We will first evaluate intermittent and adaptive
protocols, followed by innovative protocols that deliver treatment in different sequences and with potentially
adaptive doses for HFSR. Our lab has established a variety of heuristic (particle swarm optimization and
genetic algorithms) and deterministic optimization procedures (Nelder-Mead simplex method, trust-region-
reflective and Levenberg-Marquardt) that can be built upon for this aim.

The successful execution of the proposed approach will motivate profound changes to how we treat GBM,
and may hold the key to significantly improving cancer outcomes. The ecological trap approach will maximize
the number of cells exposed to high dose curative radiation, and residual tumor cells will be combated with
potentially patient-specific protocols that maximally delay time to progression. The proposed treatment
protocols will be evaluated in a subsequent prospective clinical trial for which additional funding will be sought.



