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Immunotherapy timeline

• Wilhelm Busch and Friedrich Fehleisen- immune status and cancer.

• 1890’s William Coley-‘Father of Cancer Immunotherapy’- extracts of 
heat-inactivated S. pyogenes and Serratia marcescens- ‘Coley’s 
toxins’. 

• 1909- Paul Ehrlich- immune system eradicates cancer antigens.

• Lewis Thomas and Sir Frank Macfarlane- Cancer immune surveillance. 



Nobel 2018
Immune Brakes

Dr James P Allison

Dr Tasuku Honjo



Hodi et al N Engl J Med 2010;363:711-23



CANCER IMMUNOTHERAPY: harnessing the immune 

system to battle tumors



Immune surveillance

Adaptive 
Immunity

B Cell
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CD4+ T cells - MHC class II 
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Regulatory T Cell- Dampens 
immune response

CD8+ T cells- MHC class I molecules-
direct cytotoxic reactions







Immune-evasion

Tumors overcome the prolonged
dormancy/latency phase through a process
of immune editing, resulting in selective
pressure eradicating or diminishing the most
immunogenic clones.



Immuno-editing



Types of Immunotherapy

Zhang et al Cellular & Molecular Immunology (2020)



Immune check point Inhibitors

• T cell immune checkpoint molecules:
• Cytotoxic T lymphocyte antigen 4 (CTLA4) 
• Programmed cell death 1 (PD1) 
• Lymphocyte-activation gene 3 (LAG-3) 
• T cell immunoglobulin and mucin domain 3 (TIM-3) 
• V-domain immunoglobulin suppressor of T cell activation (VISTA)

• Inhibit T cell activation and proliferation- prevent antitumor response. 

• Upregulation of these molecules in tumor



CTLA4 Blockade



PD 1/PDL1



• Trigger autoimmune and inflammatory toxicities- immune-related 
adverse events (irAEs).



Biomarkers for response

• PDL1 on IHC

• Mutational load or burden

• MSI-H/MMR status



Adoptive T cell therapy (ACT)

(1) Isolation of naturally
occurring tumour-
specific T cells from
existing tumour masses

(2) Genetic modification of
blood-derived T cells to
allow for specific
recognition of tumour
cells.



Vaccines



Cold Spring Harb Perspect Med 2020;10:a036863



Interaction of Immunotherapy with Radiation

• Preclinical studies- 1979- Radio resistance in immunosuppressed.

• RT can deeply reshape the tumor environment by modulating the 
immune response.

• RT induces in situ vaccination by killing tumor cells and triggering a 
systemic immune response. 



Immuno-RT (iRT) 

Zhang et al Signal Transduction and Targeted Therapy (2022) 7:258



Mechanism of action

Limbergen et al Br J Radiol 2017; 90: 20170157

(1) Induction of immunogenic 
cell death (ICD) broadening 
up the immune repertoire 
of T cells

(2) Increasing vulnerability 
towards T-cell-mediated cell 
killing 

(3) Recruitment of T cells 
towards the irradiated 
tumour

adenosine triphosphate, calreticulin, HBMG-1

CXCL-9 and CXCL-10

MHC class I 
Fas surface 
receptors



Biological rationale for iRT

RT exerts potent antitumor immune 

response influences almost all steps 

in the cancer-immunity cycle.

Stress response induced by RT –

Release of DAMPs- cellular 

response driven by DNA damage 

changes the immunogenicity of the 

irradiated cancer cells.

Reprogrammed tumor 

microenvironment(TME) induced by 

RT plays a role as a “game 

changer” to transform “cold” 

tumors into “hot” tumors - a pre-

requisite for response to IC



Immunomodulatory effect induced by RT is a double edge sword that not only enhances

systemic antitumor immune response but also promotes immunosuppression to some extent.

RT influences tumor microenvironment: by increasing Treg cells and myeloid derived suppressor

cells (MDSCs) and elevation in immunosuppressive cytokines.

Zhang et al Signal Transduction and Targeted Therapy (2022) 7:258





Just a local therapy? Abscopal Effect

• Latin- ab scopus meaning on a distant site (away from target)

• Also termed “invivo vaccination effect” or “accelerant”

• >20 case reports

• “The abscopal effect is a phenomenon in which local radiotherapy is 
associated with the regression of metastatic cancer at a distance from 
the irradiated site.”



Mechanism

Zhang et al Signal Transduction and Targeted Therapy (2022) 7:258



Palliative radiation to 
Para spinal mass 
28.5Gy/3 fractions

Postow et al  N Engl J Med 2012;366:925-31. 



iSABR



Low dose radiation and Radscopal effect

• The technique of combining HDRT to the primary tumor, LDRT to the 
secondary tumor, and an ICI was coined the “RadScopal” concept

• Stereotactic RT and low-dose RT was proposed by James Welsh -
strategy as “RadScopal” technique.

• Low-dose RT can increase secretion of chemokines involved in the 
attraction of T cells. 

• Increasing T cells, NK cells, polarizing M1 macrophage, upregulating 
immunostimulatory factors and downregulating inhibitory factors. 

Ji et al Cancers 2022, 14, 3505.





Ji et al Cancers 2022, 14, 3505. https://doi.org/ 
10.3390/cancers14143505



Factors for iRT

• The agents

• Sequence 

• Timing

• Dose 

• Fractionation

• Irradiated sites



Sequencing



Sites to Irradiate

Ji et al Cancers 2022, 14, 3505. 



Type of Radiation

Wang et al Clin Cancer Res. 2019 March 15; 25(6): 1709–1717



Trials







Ongoing trials



Conclusion

• Immunotherapy and Radiation are a powerful combo 

• Potential Game changer for metastatic disease. 

• Biomarkers needed for selection of iRT strategies. 

• Understanding of underlying biology to harness the potential. 

• Large studies needed to demonstrate clinical benefit for various 
tumors. 
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