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• Recognize the connections between RT-induced cellular responses 
and inflammatory signalling

• Appreciate how this signalling alters TME

• Gain insight to how these signals might manifest and be harnessed in 
the clinic

Learning Objectives
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Harding et al., BSO, 2012 

BRCA1

BRCA2
Rad51

Major DSB repair pathways: NHEJ and HR
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van der Burg, JCI, 2008

“A girl (patient ID177) from consanguineous parents…was clinically diagnosed with 
SCID when she was 5 months old. B and T cells were virtually absent from peripheral 
blood.”

Patients who lack DSB repair through a pathway called non-homologous end-joining 
are radiosensitive and have defects in V(D)J recombination

Radiosensitivity, DNA repair and immunodeficiency
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RT-induced cell death
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Rodier, Nat Cell Bio, 2009

Debacq-Chainiaux, Nat Prot., 2009

Rodier, Nat Cell Bio, 2009

Senescence and cytokine secretion are co-incident
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MCF10A cells

Delayed cytokine response to RT
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Adapted from: Zheng, Cell Rep, 2013
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Adapted from: Zheng, Cell Rep, 2013
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Harding, Nature, 2017

MCF10A cells

Delayed cytokine response to RT
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cGAS

H2B

Micronuclei are a link between DSBs and cytokine induction
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Adapted from: Hornung, Nat Rev Immun., 2014

ISG54
(IRF3 Target)

Innate viral sensing pathways are activated by RT
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Chen, Harding et al, Cell Reports 2020 

Contextual cell cycle regulation governs post-damage cytokine signaling
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cGAS (and micronuclei) are not unambiguous IFN agonists

Ha, DNA Repair, 2023



Clinical and Experimental Radiobiology Course 2025

Vanpouille-Box, Nat Comm., 2017

TREX1 can counteract RT-induced cytoplasmic DNA
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• Dermatitis was noted even in early experiments by Rontgen and 
others

• These short-term responses “burns”
   can lead to long-term changes
   in tissue structure
• Alterations in cellular signaling from RT
   can impact tumour responses

Radiotherapy and inflammatory signaling
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• Lymphocytes are classically considered the most radiosensitive cells in 
the body, so RT is generally considered to be immunosuppressive

• This has recently been called into question for tumour resident T-Cells (Arina, 
Nat Comm, 2019)

• In the lab, whole-body RT to animals is used to ablate bone-marrow 
before transplantation (sometimes in patients too)

• Despite this, multiple lines of evidence suggest that the immune 
system restricts tumour growth and contributes to positive therapy 
response after RT

• We use a lot of transplanted models in the laboratory, these are not 
ideal (Wisdom, Nat Comm, 2020)

RT and the immune system
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Burkholder, Biochimica et 
Biophysica Acta, 2014

RT impacts signaling in the TME in many ways
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Herrera FG et al CA 
Cancer J Clin 2017

RT impacts signaling in the TME in many ways
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Immune mechanisms triggered by RT

Herrera FG et al CA 
Cancer J Clin 2017
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Wilkins, J of Path, 2019

Deng, Immunity, 2014
Woo, Immunity, 2014
Diamond, Cancer Immun Res, 2018

Harding, Nature, 2017
Mackenzie, Nature, 2017
Vanpouille-Box, Nat Comm, 2017
Etc.

DNA release after RT drives multiple immunogenic events
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McLaughlin, Nat Rev Cancer, 2020

Its not so simple immunologically…

Plus…

-hypoxia
-cell death
-trafficking
-heterogeneity of 
tumour cells
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Lee, Blood, 2009

Immune contributions to RT response
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• An exceedingly rare clinical scenario where a tumour not subjected to 
therapy regresses as a result of local treatment to a distant tumour

The abscopal effect
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Immune competent

Abscopal effect is driven by the immune system
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Immune competent

Abscopal effect is driven by the immune system
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Immune competent

Abscopal effect
RT + α-CTLA4
(“Away From Target”)

Abscopal effect is driven by the immune system
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Demaria, IJROBP 2004

Dendritic cells are also important (as are MDSCs, NK, Tregs, etc.)
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Clinical example of RT-IO combination
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Baseline

Irradiated Tumor

Abscopal Tumor

Slide courtesy of A. Minn (UPenn)
Postow, NEJM, 2012

UPenn Patient “0”
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Baseline Post-Treatment

Irradiated Tumor

Abscopal Tumor

Slide courtesy of A. Minn (UPenn)
Postow, NEJM, 2012

UPenn Patient “0”
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Another UPenn example

CT-S Victor et al. Nature doi:10.1038/nature14292
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Derive resistant line (Res-499)
-Increased PD-L1

CT-S Victor et al. Nature doi:10.1038/nature14292

CTLA4 and PD1 combined ICB with RT
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• Systemic response driven by RT+IO is tantalizing
• This is an area that has received a huge amount of hype (>200 ongoing trials)
• Evidence suggest abscopal effect remains rare in the clinic

• Probably related to the models we use in the laboratory (Wisdom, Nat. Comm, 2020)

• Even if primary tumour responses are improved with RT+IO an 
opportunity to tailor treatment would be presented

• (Lowering doses, less normal tissue, etc could all be explored)

Notes on the abscopal effect
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• We are irradiating tumour and 
normal tissues, where is specificity 
from?

• Idea is that tumour specific antigens 
are what drives the response because 
of central tolerance

• Open question as to whether RT 
induces novel antigens, improves 
presentation or just generates a 
favorable environment for immune 
activation (to pre-existing antigens)

Macrophage
T-Cell
Dendriti c Cell

g
Fibroblasts

Endothelium

re

NEOANTIGENS are newly formed antigens that have not previously been recognized by the immune system

Neoantigens
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• Conducted in stage III NSCLC where standard of care is platinum-
based chemotherapy + 60Gy fractionated RT

• Pacific is a randomized double-blind control trial in which Durvalumab 
(anti-PD1) was added to standard of care Antonia, NEJM, 2018

Pacific trial
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Javelin H&N 100 study design
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Javelin H&N 100 study design
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Javelin H&N 100 study design
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• 200 ongoing (Arina, Nat Comm, 2019)
• Safety is a major consideration

• In Pacific adverse events of grade 3-4 occurred in 30% and 26% of the 
Durvalumab and control groups, respectively. 

• 15% of patients in the durvalumab group and 10% in the controls had to 
discontinue the trial regime.

• Nevertheless, in many settings toxicity is manageable and not necessarily 
worse than ICB alone

• Toxicity of RT can develop over many years, so full outcome including 
quality of life, is not likely for some time

Additional ongoing trials
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• In 1995 Hellman and Weichselbaum suggested that metastatic cancer is a 
spectrum of disease and that some forms may in fact be curable (JCI, 1995)

• Advances in RT mean that multiple lesions in the body can be targeted and 
potential eliminate cancer

• A means to reduce disease burden and suggested that this may be used in 
conjunction with IO to increase likelihood of cure (Pitroda, Lancet Oncology, 
2019)

Beckham, BJC, 2020

Oligometastatic disease
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Palma, Lancet, 2019 and JCO 2020

SABR-COMET
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RT of only the tumour, sparing lymph nodes modestly increased response Darragh, Nat. Comm, 2022

RT delivery: Nodes matter?
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Darragh, Nat. Comm, 2022

RT delivery: Nodes matter?

Also see:
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B78 model MyC-CaP model

Spatial fractionation can preserve/enhance immune response
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• Classical DNA damage responses influence cytokine signalling post-RT
• RT-induced cytokines alter the TME in myriad (and variable) ways
• Signaling between components of the TME are important, but 

incompletely understood
• Abscopal responses remain rare in the “immunotherapy era”
• Tumour site(s), dose regime, drug choice all remain open areas of 

inquiry
• ICB is not like flicking a switch—there is plenty of promise here, but 

not universally effective today

Summary
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Questions?
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