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Advantages of LhARA for Radiobiologic
Studies

Ultra High Dose Rate of Protons and lons generated
by LhARA and their ability to overcome Hypoxia

Investigate the role of Hypoxia in LhARA Driven
Proton FLASH Protection of Normal Tissue

Effect of LhARA Driven lons on Cancer Stem Cells

Potential to Manipulate the Temporal Delivery of lons
to understand how they affect normal tissues,
Including both viability and transformation (sub
lethal effects)



Effect of Hypoxia on U87 Tumor Cells Irradiated
with 62 MeV Protons

Normoxia 21%
Hypoxia 0.2%

Survival

Bravata et al, 2021



Example of Escalating Dose to Treat Hypoxic Tumor Regions
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TCP for Patients with Uniform Dose vs Escalated Dose
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Effect of Mitochondrial Complex 1 and 3 Inhibitors on
Increasing Tumor RadiosensitivityBy Making tumors

more OXxic
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Hypoxia Induces a Decrease in MHC | Expression
in a HIF Independent Manner
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Can LhARA Radiation increase MHC1 Expression in combination with metabolic agents?



The Origins of FLASH Radiotherapy
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Flash-Proton Radiotherapy Highly Effective in Controling
Pancreatic Tumor Growth and Reduces Normal Tissue
Toxicity
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Combined
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LhARA Proton FLASH Mechanisms to
Explain Differential Normal vs Cancer

Removal and decay of hydroperoxides and free radicals
Oxygen saturation of irradiated normal tissues

Effect of Different Beam Pulses

Genetic Approaches to Understand FLASH Effect in Normal Tissue



Effect of Hypoxia on Photon and Carbon lon Killing
of A549 Cells
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Carbon is More Effective In Killing
Cancer Stem Cells

In vitro clonogenic survival
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Nrf2-Keapl Pathway
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KEAP1/NRF2 Mutation Status Predicts Local Failure after

Radiotherapy in Human NSCLC
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Excess Relative Risk of Tumors after RT
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Excess Relative Risk of Second Cancer with
High Dose Fx RT
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Superior Dose Distribution of Carbon lons
Compared to Protons and Photons
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Secondary Cancer Risks after RT

* Patient Age-younger more risk

* Genetic Risk Factors-?BRCA, ATM, p53,
6g21,PRDM1?

* Organ and Tissue Cite being Irradiated

* Dose and Volume of Tissue Irradiated and Modality

After tumor recurrence, second cancers are most
common cause of treatment related death

Field has mostly been risk assessments and time is
right to move to more biology-based experiments






Hypoxia Leads to Decreased Antigen Presentation
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Survival of Cells Irradiated with Carbon lons
in Oxic (red curves) and Hypoxic conditions (blue curves)
for Two Different LETs
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