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Response to some immunotherapies may be inversely correlated with 
the burden of metastatic disease



Radiation directly kills tumor cells and may reduce the burden of 
metastatic disease

Radiotherapy directly kills tumor cells 
through induction of DNA damage 
resulting in death by mitotic catastrophe

Ionizing Radiation (eg. x-rays)

Tumor cell



Radiation may also favorably modify the tumor-immune interactions

• Cell signaling pathways
• Stroma and vasculature 
• Tumor-immune microenvironment
• Tumor cell susceptibility to immune response

Ionizing Radiation (eg. x-rays)
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Immuno-Radiation Biology of Radiation Therapy
Radiation

Immunogenic cell death
Proportional to dose

Phenotypic changes in cells surviving radiation (MHC-
1 expression, type I IFN response)

8-12 Gy

Cytokine release
2-5 Gy

Seconds

Hours

Days

Weeks

Temporary local depletion of lymphocytes 
(suppressor and effector)

2-3 Gy

Increased immune infiltrate

Dendritic cell maturation, antigen cross-presentation, and diversification of T cell response

Time, dose, and fractionation may impact these 
mechanisms in different ways



Cytokine response following radiation therapy

Schaue et al. Rad Res 2012

Seconds to days

Days to weeks

Weeks to years



Large field, fractionated radiation therapy may reduce circulating 
lymphocyte counts

Afghani et al., JCO 2015 – Breast
Jiang et al., IJROBP 2016  - Esophageal
Joo et al., IJROBP 2016 – NSCLC
Rahman et al., IJROBP 2018 - Glioma
Kitayama et al., BMC Cancer 2011 – Rectal 
Liu et al., Cancer Res Treat, 2017 – Nasopharynx
Crocenzi et al., JITC, 2016
Grossman et al., JNCCN, 2015
Durante and Formenti, BJR, 2019

LD50 ~ 2 Gy, LD90 ~ 3 Gy
Apoptotic cell death2



Radiation can favorably impact tumor infiltrating T cells and distant 
non-radiated tumor sites may modify this effect

FoxP3+ Tregs CD8+ T cells Ratio of CD8+ : FoxP3+ cells

Morris et al., Cancer Imm Res, 2018



5 R’s of the effects of radiation on myeloid cells

Recruitment
 M2 macrophage increased 7 days – 5 years 

after RT

Removal
 MDSCs reduced with RT + ImmRx

combination, not RT alone

Reorganization
 Increased macrophages in hypoxic and 

necrotic regions

Repolarization
 Increased M2 phenotype

Re-presenation
 Increased dentritic cell antigen cross 

presentation

Vatner and Formenti, Sem Radiat Oncol, 2015



Immunogenic tumor cell death following radiation

Barker et al., Nat Rev Cancer 2015Golden et al., Immunooncology, 2014



Radiation alters expression of genes that modify tumor cell 
susceptibility to immune response

Reits et al, JEM 2006
Sharabi et al, CIR 2015
Jin et al, Frontiers Immunol, 2020

RT dose leads to increased MHC-I 
expression on tumor cells

RT leads to increased expression of 
NKG2D ligands on tumor cells



Radiation alters expression of genes that modify tumor cell 
susceptibility to immune response

Cytoplasmic dsDNA  and type I IFN 
response ↑ with RT dose to 8-12 Gy

Trex1 exonuclease 
expression ↑ at higher 
doses decreases dsDNA 

cytosol

nucleus

Vanpouille-Box et al., Nature Comm, 2017
Diamond et al., Canc Immunol Res, 2018

Radiation may also lead to activation of 
cGAS/STING in DCs and tumor stroma, 

potentially via tumor cell exosomes



Radiation can have broad impact on the expression of markers of 
immune susceptibility on tumor cells
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Werner et al, Radiother Oncol, 2017



Radiation may modify the expression of pre-existing tumor-associated 
neoantigens

Lhuillier et al., Genome Med, 2019



As a result of these cumulative mechanisms, radiation may elicit an in situ
vaccine effect and this may prime response to immune checkpoint blockade

Preclinical

Radiation increases T cell receptor diversity among tumor infiltrating lymphocytes. 
Checkpoint blockade is needed for clonal expansion of this diversified T cell response.

Clinical
Twyman-Saint Victor et al., Nature, 2015 Formenti et al., Nature Med, 2018

Radiation stimulated recognition of an 
immunogenic tumor mutation



Heterogeneous dose radiation may be more effective for in situ 
vaccination
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High Dose Optimal Moderate Dose Optimal Low Dose Optimal

20 Gy 8 Gy 2 Gy
Three separate mice (EBRT)One mouse (BT)

BT  
source B78 melanoma two tumor model
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Justin Jagodinsky, unpublished



Low dose radiation targeting metastatic tumor sites can help 
propagate anti-tumor immunity and the in situ vaccine effect

86Y-NM600

Ravi Patel, unpublishedBarsoumian et al., JITC, 2020



Questions are welcome 
during the Q&A to follow!


