
 

Using computer modeling to predict patient
tumor responses to radiation therapy
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Radiation treatment is one of the most frequently used therapies against
cancer. However, despite its long and wide-ranging use, radiation
therapy tends to be more of a one size fits all treatment with little regard
to the biology of an individual patient's tumor. Researchers at Moffitt
Cancer Center are trying to improve the personalization of radiation
therapy through computer modeling. In a new study published in the
journal Neoplasia, they model how interactions between cancer cells and
immune cells, and their subsequent responses to radiation, impact the
tumor. They propose their model may help to predict how patients
respond to radiation therapy.

Cancer patients respond differently to radiation therapy based on the
type of tumor they have, as well as individual genetic factors.
Additionally, tumors contain a variety of different immune cells,
vascular networks and surrounding tissue architecture that greatly
influence treatment responses. For example, the presence of a high
number of suppressor immune cells allows for tumor cells to escape cell
death, while a high number of immune effector cells can promote cancer
cell death. Many emerging therapies are trying to improve radiation
therapy by enhancing the effects of immune effector cells; however,
given the wide range of radiation doses, schedules, and timing scenarios,
it is difficult to determine the best clinical approach.

Moffitt researchers decided to take advantage of the advances in
mathematical modeling to improve their understanding of cellular
responses to radiation therapy. They developed a computer model to
study the relationship between the tumor-immune environment and a
tumor's response to radiotherapy, with and without specific patient
factors. Within their model, they included factors such as cell
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proliferation, migration, cell death, immune cell motility, cell to cell
interactions and the cytotoxic impact of radiation.

From their model, the research team discovered that tumor cells will
either escape immune predation or be eradicated by the immune system
based on the numbers of immune effector and suppressor cells present.
They analyzed samples from 10,469 patients across 31 tumor types and
were able to estimate tumor, immune effector and immune suppressor
cell numbers in each tumor. They mapped these results into their model
to reveal that radiation therapy has the potential to shift the immune
environment into one that supports tumor eradication, while other
tumors that do not experience this shift will likely regrow. The
researchers combined the factors that predicted these radiation-induced
shifts into an individual Radiation Immune Score (iRIS).

The researchers then used their model to analyze data from non-small
cell lung cancer (NSCLC) patients who received radiation and
demonstrated that the iRIS score correlates with tumor responses to
radiation and the overall survival of the patients. They found that the
combination of the iRIS values with a second biomarker that estimates
tumor radiosensitivity called the radiosensitivity index (RSI) stratifies
patient responses to radiation therapy, with low RSI and low iRIS scores
being associated with enhanced radiocurability.

With this model, it could be possible to simulate how individual patients
would respond to radiation and predict the minimal radiation dose
required to achieve tumor control with and without help from immune
targeting agents. With their model, about half of NSCLC patients were
predicted to have durable tumor control with a lower radiation dose,
whereas 40% needed a higher radiation dose.

"Agent-based model simulations predict that some patients may need
radiation dose escalation or combination treatment with
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immunotherapies, while others could be drastically de-escalated to
utilize favorable immune environments," said senior study author Heiko
Enderling, Ph.D., associate member of the Integrated Mathematical
Oncology Department at Moffitt. "This interdisciplinary approach is the
first step toward a conceptual understanding of the contribution of cell
intrinsic molecular radiosensitivity and cancer cell-extrinsic immune
environmental modulation of the radiation response."

  More information: Juan C.L. Alfonso et al, Tumor-immune
ecosystem dynamics define an individual Radiation Immune Score to
predict pan-cancer radiocurability, Neoplasia (2021). DOI:
10.1016/j.neo.2021.09.003
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