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Path Road 

• Summarized Clinical Trials combining 
Immunotherapy and Radiation (IO+RT) 

• To discuss considerations in RT+IO clinical 
design such as endpoints and response 
criteria  

 

 



Impressive Advancements in Radiation Therapy  
Technology in the Past 100 years   
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Improvements in Radiation Therapy 

• More precise target definition 

• Correction for heterogeneity  

• Better understanding of normal tissue 
tolerance  

• Image-guided radiation therapy that 
minimizes normal tissue margins and reduces 
missed target 



Ionizing Radiation 

Historically,  therapeutic application of the IR 
is based on: 

• Its cytocidal power 

• Ability to selectively target tumors  

 

Radiation affects cancer patients survival: 

• Improve LC of the tumor 

• Decreasing systemic spread  

 

 



Immunotherapy System 

• The immune system plays a key role in controlling 
and eliminating multiple different types of 
malignancies (Immuno-surveilance) 

• Attempts at directly activating the immune 
system with positive stimuli have had a limited 
efficacy 

• Checkpoint blockade immunotherapy has 
revolutionized immunotherapy and oncology 

• Radiation may promote key steps in the 
development of immune responses 

 



Cells of the Immune System 



Flow of the Immune Cells 



 
Cancer Immunoediting 

 





Steps to Generate a Cytotoxic Adaptive 
Immune Response 

• Inflammation, antigen uptake and antigen-
presenting cells (APC) maturation 

• Migration to the lymph node and antigen 
processing and presentation 

• T-cell priming and clonal expansion 

• Cytotoxic effector response, tumor clearance 
and memory 

 



Sequence of Steps of Cytotoxic 
Adaptive Immune Response 



Step 1: Inflammation, Antigen Uptake 
  and APC Maturation 



Step 1: Inflammation, Antigen Uptake   
 and APC Maturation 

Radiation induces 
immune-mediated cell 

death and DC 
maturation 



Radiation Modifies  
Antitumor Immune Responses  

    
• DNA damage and free oxygen radicals 

• Inflammatory tumor cell death 

• Activation of the damage-associated molecular 
patterns (high mobility group box chromosomal 
protein 1) 

• HMGB1 activates antigen-presenting cells 

 
Up regulation of major histocompatibility 
complexes (MHCs) increasing presentation of 
antigens on the surface of tumor cells  



Step 2: Antigen Processing and Cross 
Presentation 

Radiation enhances 
antigen cross 
presentation 

 



Step 3: T-cell Priming and Clonal Expansion 



Step 4: CD8 T-cell mediated Cytotoxicity  

 
Radiation induces FAS 
and up regulates MHC 

 



 
Radiation Modifies  

Antitumor Immune Responses  

        
• Interleukin (IL)-1, IL-2, IL-6 

• Tumor necrosis factor (TNF)-alpha 

• Transforming growth factor (TGF)-beta 

• Chemokine (C-X-C motif) ligand 16 (CXCL-16) 

• Type I and type II interferon 

 
Radiation modulates the expression of 
cytokines and chemokines play a critical role 
immune responses 



T-cell mediated Cytotoxicity 



Radiation Induced Immune Responses 

Sharabi et al., Lancet Oncol, 2015 Oct;16(13):e498-509 



Myth: “Radiation Is Immunosuppressive” 

• Large radiation fields encompassing significant volumes of 
bone marrow or blood pool have been observed to result in 
decreases in white blood cell counts 

• SRBT significantly limiting the volume of bone marrow, 
thereby minimizing immunosuppressive effects  

• The advance in radiation technology calls for a re-
evaluation of the effects of focused radiation on the 
immune system 

 



• Experimental data from cancer models have 
provided sufficient  evidence to propose a 
paradigm shift, whereby the effects of the IR are 
recognized as contributing to the systemic 
antitumor immunity 

• Traditional palliative role of RT in metastatic 
disease has evolved into a powerful adjuvant for 
immunotherapy 

• IR has the capacity to convert irradiated tumor in 
situ, individualized vaccine 



   
Potential Immune-stimulatory Effects of The SRS 

 

• Increases permeability of the blood-brain barrier 
• Increases immune cell infiltration 



   Potential Immune-Stimulatory Effects Of  
 SBRT For Lung Cancer 

• Activation of antigen-presenting cells  
• Enhancement of the tumor antigen cross-presentation in the 

draining lymph nodes  
• Activation and proliferation of tumor-specific cytotoxic T cells 



In Vitro Assessment of Immunogenic 
Death Cell 

• Implication of concurrent Chemo and RT 



Strong Preclinical Trials   

• Immunotherapy enhances the local effects of 
the radiation 

• Radiotherapy potentiates the systemic effects 
of the immunotherapy: 

 Abscopal (Out-field) 

 Vaccine-like (In Situ) 



Abscopal Effect 
Imiquimod and RT 



Abscopal Effect 
Imiquimod + RT 



Abscopal Effect 



Granulocyte Macrophage Colony-Stimulating Factor- Leukine 



Abscopal Effect  
Increased OS 



Abscopal Effect 
In Situ Vaccination with TLR9 Induces Systemic 

Lymphoma Regression (Phase I/II) 



Abscopal Effect 



Abscopal Effect 
Abraxane and PDL-1 Blockade 



Preclinical trial experiences suggest 
synergy for radiation and checkpoints 

Metastatic melanoma patients 
SBRT and Ipilimumab 



Heavy Ions Therapy 
Protons, Deutrons and Alpha Particles 











Completed Trials RT + Ipilimumab 
Trend to increase OS 

Know et al. Lancet Oncology 2014 



End Points for the New Clinical Trials 
(Based on lessons from the preclinical trials) 

 

• Abscopal effect 

• Response vs. Survival 

• Biological effect 

• To evaluate a RT/IO isolate component effects: 
RT timing, total dose/fractionation, site and IO 
agent 

• Safety 

 















• Atezolizumab (Tecentriq) humanized monoclonal antibody IgG 
isotype against PD-L1 for solid tumors.  

• FDA aproved 10/2016 for metastatic NSCLC progressing on 
platinum systemic therapy 





SBRT and Immunotherapy 
Timing and Dose 







Gracias por su atencion! 


