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RT may stimulate the immune system by: 

•  Broadening up the immune repertoire of T cells 
(vaccination effect) 

•  Attracting T-cells to the irradiated site (homing effect) 
•  Rendering irradiated cells more vulnerable towards T-

Cells mediated cell kill (vulnerability effect) 

Van Linbergen et al, Brit J Radiol 2017 



Chen and Mellman, Cell 2013 
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Radia+on	  induces	  in	  vitro	  the	  hallmarks	  of	  immunogenic	  cell	  death	  

• 	  radia+on-‐induced	  immunogenic	  modula+on	  
of	  tumor	  enhances	  an+gen-‐processing	  and	  
calre+culin	  exposure,	  resul+ng	  in	  enhanced	  T-‐
cell	  killing	  
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Chen and Mellman, Cell 2013 



Migration of T-cells in 4T1 Breast Cancer Mouse Model after RT 
(2 x 12 Gy) 

Matsumura/Formenti/Demaria et al., J Imm, 2008 
Pilones/Demaria/Formenti et al. Clin Cancer Res, 2009 



Chen and Mellman, Cell 2013 



J Exp Med 2006 



Wiechselbaum et al, Nat Rev Clin Oncol 2017 

The role of IFN  



E. Dolgin PNAS 2017 









RT + ipilimumab: single fraction vs. fractionated RT 

Demaria et al, Clin Canc Res 2009 



Radiation and dual checkpoint inhibition activate non-
redundant immune mechanisms in cancer 

Twyman Saint-Victor et al, Nature 2015 



Twyman Saint-Victor et al, Nature 2015 

Resistance to anti-CTLA-4 and radiation depends on 
PD-L1 expression in melanoma patients 



Vanpouille-Box et al, Nat Comm 2017; Formenti et al, IJROBP 2017 



Demaria S et al, Trends in Cancer 2016 

Low-dose 
radiation? 

High-dose 
radiation? 



Filippi et al, Radiother Oncol 2016 

Different clinical strategies: overcoming resistance? 



Golden et al, Lancet Oncol 2015 

RT + GM-CSF in metastatic solid tumors 



Golden et al, Lancet Oncol 2015 

RT + GM-CSF in metastatic solid tumors 



Golden et al, Lancet Oncol 2015 

RT + GM-CSF in metastatic solid tumors 



Luke et al, JCO 2018 



Luke et al, JCO 2018 

Correlation between IFN-related immuno-score and 
non-irradiated tumor response 



How to potentiate RT-immunotherapy combination? 

1.  Overcome barriers to antigen release and antigen-
presentation at treated site (appropriate RT dose, type I IFN 
release) 

2.  Enable T-cells trafficking and cytotoxic T-cells killing in non-
irradiated tumors 

3.  By-pass antigenic heterogeneity among different metastases 
(broadening of TCR repertoire) 

4.  Counterbalance the immunosuppressive effects/T-cell 
exhaustion (suppress PD-1 axis) 



RT on Immunological Compartments? 



GHSG study on early stage HL 
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Pulsoni et al, BJH 2007 



FLOW CHART
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“MIRO’”	  study	  (Molecularly	  Immuno-‐Radiotherapy	  Oriented)	  

INRT 24 Gy 

Courtesy A. Pulsoni, FIL Follicular Lymphoma Group 





2 Gy x 2 

Immunecheckpoint inhibitors +/- 
Rituximab? 
 
 
 

Possible innovative uses of low dose RT for 
advanced stage FL 

Lenalidomide +/- Rituximab? 
 
 
 Repeated RT? 
 
 
 



Oncoimmunology 2018 



Results: Neoadjuvant radiation two days before CAR T cell treatment, 
even at a low dose of 2 Gy, dramatically increases the rate of tumor 
cell killing relative to no radiation (57% vs 96% tumor death at a ratio 
of 1:1 effector/tumor cell, P<0.001).  
Although radiation alone results in significant tumor cell death, the 
tumor cells surviving RT are more sensitive to CAR T cell mediated 
killing, at a wide range of CAR T cell/tumor cell ratios. 

ASTRO 2016 abstract 



RT&Immunotherapy: a bright future? 


