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contrast, the irradiated tumor regressed completely and lung metastases were strongly reduced in both RT-
treated (p < 0.001) and RT + aPD-1-treated mice (p < 0.001), compared to untreated and only aPD-1-treated 
mice. Control of the lung metastases strongly depended on CD8+ T cells, and control of the irradiated tumor 
depended partly on CD8+ T cells. RT and RT + aPD-1 strongly reduced immunosuppressive granulocytic MDSCs 
in the irradiated tumor, the spleen, and – to a lesser extent – in the lung. Moreover, RT and RT + aPD-1 
increased bulk CD8+ T cells and tumor-specific CD8+ T cells in the irradiated tumor and in the lung, but not in 
the non-irradiated subcutaneous tumor. The frequencies of tumor-specific CD8+ T cells as measured with MHC 
tetramers were increased in the circulation both in mice treated with RT or with RT + aPD-1, with a trend 
towards higher frequencies upon combined RT and aPD-1 (RT vs. RT + aPD-1: p < 0.001), and tumor-specific 
T cells found in the spleen of mice treated with RT + aPD-1 lysed 4T1 tumor cells ex vivo. 
Conclusion 
Our study supports the notion that high-dose ablative RT can induce abscopal effects on micrometatases even 
in poorly immunogenic tumor models. We show that these effects depend on CD8+ T cells and that ablative RT 
alone can induce systemic T cell-mediated effects against micrometastases almost as effectively as RT + aPD-
1. In addition, our study reveals that RT can induce T cell-mediated abscopal effects on micrometastases even 
if macroscopic metastases do not respond or progress. These findings have implications for clinical radiation 
oncology. 
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Purpose or Objective 
Proton minibeam radiation therapy (pMBRT) is a novel therapeutic approach which uses spatially modulated 
narrow (< 1 mm) proton beams [1]. In this approach, the dose distribution consists in high doses (peaks) in the 
path of the beams and low doses (valleys) between the beams. Experiments on small laboratory animals have 
shown that pMBRT displays a remarkable reduction of neurotoxicity [2] and an equivalent or superior tumor 
control than conventional proton radiations [3], even when with highly heterogeneous dose distribution. Even 
though the toxicity and efficiency of pMBRT have been established, the underlying biological mechanisms 
under pMBRT efficiency remain to be unravelled. In this study, we hypothesised that immune system was 
involved in the anti-tumor response to pMBRT.  
Materials and Methods 
For that purpose, we performed two experimentations, collecting original in vivo radiopathological data in 
rats, thanks to the implementation of pMBRT at the Institut Curie Protontherapy Center. Firstly, we compared 
the response of RG2 glioma bearing-Nude (athymic) rats versus immunocompetent (Fischer) rats (n= 12 Fischer 
rats per group, n= 6 irradiated Nude rats, and n=3 non-irradiated Nude rats). Animals of the irradiated groups 
received a dose prescription of 30 Gy (average) in one fraction, with approximately one third of the tumor 
volume receiving (valley) doses of less than 10 Gy. A survival survey was performed as well as 
histopathological analysis.  
Results 
While a significant increase of lifespan was observed in the irradiated immunocompetent rats compared to 
non-irradiated controls, the irradiated Nude rats showed no response to the treatment (See figure 1). So, we 
aimed to investigate the immune microenvironment of the RG2 glioma. Seven days after radiation, and a 
histopathological and immunohistochemical analysis was performed on tumor samples (n= 7 for controls and 
conventionally irradiated (BB) rats, n= 6 for pMBRT). pMBRT irradiated-tumor displayed a composite 
morphological pattern, characterized by areas of small spindle-shaped cohesive cells (non-irradiated RG2 
glioma histological aspect) interspaced with areas of large round non-cohesive cells presenting numerous 
nuclear and mitotic atypies (conventionally irradiated RG2 glioma histological aspect). The mitotic index was 
similarly reduced in pMBRT and BB groups, compared to control group. While quantification of 
immunolabelling for CD3, CD4, CD8 (T cells) and for CD68 (macrophages) is still ongoing, preliminary results 
showed an increased proportion of infiltrating CD4 positive T cells in pMBRT irradiated tumors as compared to 
conventional proton irradiated and non-irradiated tumors. 
Conclusion 
Together, these results demonstrate an important role of T cells in pMBRT anti-tumor response and that 
pMBRT induce changes in the immune microenvironment of tumor that may lead to efficient tumor 
elimination.   
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