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Cancer and Immune System

Tissue changes during neoplastic transformation are 
sensed by innate immune system

Interferon γ – a mediator
of immunosorvellance

against tumors - is
produced by natural killer 

to promote cytotoxic
activity of macrophages.

Elimination phase

Cancer and Immune System

Tissue changes during neoplastic transformation are 
sensed by innate immune system

Elimination phase

The cytocidal activity of
innate immune cells leads to
the release of TAA for cross 

presentation to DC



Cancer and Immune System
Elimination phase

DC process the antigens into
peptides that can be

recognised by CD8 and CD4 T 
cells : ! activation of tumor-

specific T cells to perform
antitumor activities

Cancer and Immune System

Equilibrium phase

between proliferation and killing of tumor cells by T cells.



Cancer and Immune System

Escape phase
Tumor cells continue to engage the immune system, 

which can still slow down the tumor progression

Cancer and Immune System
Opportunity to recover effective immune 
reactivity:

• Radiotherapy may promote the release of 
tumor neoantigens in an immunogenic 
way

• Strategies to overcome dominant 
immonosoppressive pathways



Total Body Irradiation
• Myeloablative
• Immunosuppressive

Low-doses systemic RT

Bleakley & Riddell, Nature Rev Canc 2004

High-doses local RT

Prasanna et al, Journal of Thoracic Disease 2014

Int Journal of Radiat Oncol Biol Phys 2012

Radiation and Immune System

Kwilas et al, Frontiers in Oncology 2012

Stereotactic Ablative RT 
(SABR) immunogenic
potential > conventional
RT?

Immunogenic
cell death (ICD) 
features

Radiation and Immune System



Tumor Rejection by the immune system as the “5th R” of radiobiology

The “4 R’s” of radiobiology
1. Redestribution of cells into

radiosensitive phases of the 
cell cycle (G2/M)

2. Reoxygenation of hypoxic
cells in a tumor core

3. Repair of sublethal damage
4. accellerated Repopulation of

cells due to proliferation
+ intrinsic Radiosensitivity

Effects caused:
• directly with a 
damage on DNA of
tumor cells
• indirectly after the 
induction of free 
radicals

Withers HR, Adv. Radiat. Biol 1975

Active crosstalk between
tumor microenvironment

and immune system

Burnette et al, Semin in Radiat Oncol 2013

Tumor Rejection 
by T cells

modified from Gameiro et al, Oncotarget 2013
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Radiation induces in vitro the hallmarks of immunogenic cell death

• radiation-induced immunogenic modulation 
of tumor enhances antigen-processing and 
calreticulin exposure, resulting in enhanced T-
cell killing

Gameiro et al, Oncotarget 2013

Nude mice bearing 
prostate xenografts

Antigen-processing 
machinery 

components

Immunogenic 
cell death (ICD) 

features

Calreticulin



Radiation and Immune System

ASTRO 2014

Radiation and Immune System



Radiation and Immune System
Radiation-induced tumor cell death 

<–>
priming of antitumor T-cell response

1. Cell death is an efficient process to transfer 
antigens from tumor cells to DC

! activation of tumor-specific T cells

2.  Signals for achieving an “immonogenic cell death”:
- Cell surface translocation of calreticulin
- Extracellular release of high mobility group 

protein B1 (HMGB1)
- Release of ATP

Radiation and Immune System

The relationship between Radiotherapy and the 
Immune system can explain 3 clinical scenarios:

1.Effect of local control on survival

2.Success of concurrent chemo-radiation vs. 
sequential chemotherapy and radiation

3.Abscopal effect



Radiation and Immune System
1. Effect of local control on survival.
Two metaanalyses of randomized trials in breast cancer demonstrated a 
direct contribution of adjuvant radiotherapy to patients’ long-term 
survival.

!Successful immunization against the primary tumor once residual 
microscopic disease at the tumor bed and involved nodes is irradiated.

!Immune memory would reject early systemic recurrences

!Improved recurrence-free survival could reflect a return to the  
equilibrium phase between tumor and immune system of the host.

Radiation and Immune System

2. Success of concurrent chemo-radiation 
vs. sequential chemotherapy and 
radiation

!Both local control AND systemic control are higher with 
concurrent treatments.

! Radiation and chemical agents may complement each other in 
fulfilling the requirements for each of the three molecular signals 
of immunogenic cell death.



Radiation and Immune System
3. Abscopal effect.

The “vaccine role” of RT may induce the abscopal effect 

Modified from Kamrava et al, Molecular BioSystems 2009

Radiation  

Bone metastases

Abscopal effect?



Why Abscopal effect is so rare?
1. A highly suppressive tumor microenvironment 

2. “Escaping phase” : the more immonogenic antigens are alreadey lost.

3. Cancer cells release immunosuppressive cytokines (TGF-β)

4. Cancer cells express surface receptors with inhibitory function for T 
cells: programmed death ligand-1

5. CD4 T cells with regulatory funtion (Treg) inhibit tumor rejection by 
direct contact with effector t cells and by secretion of 
immunosuppressive cytokines.

6. Radiation has been shown to promote :
- ↑ TGF-β
- Treg are more radio resistant and can increase after radiation

Abscopal effect.

Radiotherapy may induce an immune-mediated 
abscopal effect only when has the ability to alter 

the preexisting immunosuppressive tumor 
environment with pro-immunogenic effects 
prevailing over immunosuppressive effects.



Preclinical Combinations of Radiation 
and Immunotherapy

Combination of Local Radiotherapy with 
Dendritic Cell Growth Factor



Combination of Local Radiotherapy and 
TLR7 agonist

Combination of Local Radiotherapy with anti-
Programmed-Dead Receptor 1



Combination of Local Radiotherapy with anti-
Programmed-Dead Receptor 1

Preclinical Combinations of Radiation 
and Immunotherapy



Postow et al, Clinic Canc Res 2012

CTLA-4
T-cell 
inhibition

block of 
T-cell 
inhibition

Ipilimumab

• Ipilimumab blocks cytotoxic T-
lymphocytes antigen 4 (CTLA-4) 
releasing T cells from this 
immunologic checkpoint to exert 
their full antitumor effect

T-cell 
activation

TCR

Peptide
/MHC

CD28

B7

Demaria et al, Radiation Research 2014

• The association RT+Ipilimumab
has a synergistic effect:
1. increased of immune responses
against tumor-associated antigens
2. clinical response

Combination of Local Radiotherapy with checkpoint 
receptor blockade

Clinical Combinations of Radiation and 
Immunotherapy



Clinical Combinations of Radiation and 
Immunotherapy





Clinical Combinations of Radiation and 
Immunotherapy





Many questions remain:

• Optimal site to irradiate in metastatic 
disease
• Patient selection
• Sequencing of RT/Immunotherapy
• RT dose and fractionation
• Best combination

Clinical Combinations of Radiation and 
Immunotherapy

Potential predictive role of immune biomarkers in SABR treatment?

Diagnosis 4 months 
after SABR

24h after the 
first fraction

1 month 
after SABR

Immunomonitoring

• October 2012-February 2014: 10 evaluable patients with tumor control 6 months after SABR 

• Phase II clinical trial employing SABR for oligometastatic breast cancer patients
• To evaluate SABR effects on anti-tumor immune response
Study design

Patients enrollment
• ≤ 6 metastatic lesions 

(diagnosis torugh FDG-PET/CT)
• controlled loco-regional 

disease
• no brain metastases

SABR treatment
• 30 Gy / each lesion

• 3 daily fractions 
(10 Gy/fraction)

Follow up
Possible concurrent treatments:

• hormonal treatment and/or
• chemotherapy

• steroids
• Trastuzumab



Enhanced survivin-specific CD8+ T-cell responses 1 month after SABR

survivin

CD8+ T lymphocytes specific for viral 
antigen-derived epitopes
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survivin-derived epitopes

CD8+ T cell

MHC Dextramer®

Flow cytometry 
analysis

Induction of polyfunctional HER2-specific CD8+ T cell responses after SABR

• In vitro prestimulation of patients’ lymphocytes with HLA-matched
epitopes derived from BC-associated antigens (survivin,
mammaglobin-A, HER2) for 12 days. Then, flow cytometry
characterization of antigen-specific CD8+ T cells

Diagnosis 1 month after SABR

SABR9
HLA-A*0201

- - - - + + + + + - +
+ + - + - + + + + - +
- - - - + - - - - + -
+ - - - - + + - - - +
- + + - + + - + - - +

CD107a - - - - + + + + + - +
TNF-αααα + + - + - + + + + - +
IFN-γγγγ - - - - + - - - - + -
IL-2 + - - - - + + - - - +

MIP-1ββββ - + + - + + - + - - +

Her2 EBV

IFN-γ
IL-2

Her2-derived

TCR
CD8+ T cell

TNF-α

IFN-γ
IL-2

MIP-1β

CD107a

4 months after SABR



SABR5
HLA-A*2402

HER2

Diagnosis 1 month 4 months

CD107a - - +
TNF-αααα + - +
IFN-γγγγ - - -
IL-2 - - -

MIP-1ββββ + + -

- - +
+ - +
- - -
- - -
+ + -

- - +
+ - +
- - -
- - -
+ + -

SABR12
HLA-DRB1*03

Mammaglobin-A

Diagnosis 1 month

CD107a - - - -
TNF-αααα - + - +
IFN-γγγγ - - - -
IL-2 + - - -

MIP-1ββββ - + + -

- - - -
- + - +
- - - -
+ - - -
- + + -

Differential modulation of T-cell responses after SABR

Possible correlation 
with clinical response?

• 5/10 patients showed the 
enhancement or even the 
appearance of anti-tumor 
polyfunctional T cells

SABR1
HLA-DRB1*03

survivin

Diagnosis 1 month

CD107a - - - -
TNF-αααα + + + +
IFN-γγγγ - + + +
IL-2 + + - -

MIP-1ββββ - + + -

- - - -
+ + + +
- + + +
+ + - -
- + + -

Thank you for your attention!

marco.trovo@cro.it


