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Outline
Emerging Technologies in Cancer Therapy

1. FLASH
2. Minibeam Radiotherapy
3. Nanoparticles
4. Immunotherapy with RT
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How to improve radiotherapy ? …

Radiotherapy

Safely reduce the margins
Reduce NTCP

Integral dose (protons)

Adaptive radiotherapy
Molecular imaging

Motion management
New beams ? (carbon 12)

New combination strategy
with Immunotherapy

with molecular targeted therapy

Less side 
effects

More
efficient

Slide curtsey of J Bourhis
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FLASH Radiation Therapy
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FLASH! – Ultra-high dose rate in radiotherapy

1. Technique developed at Institute Curie (France) by Vincent Favaudon

2. Delivering a dose of radiation in a short period of time (~ 200 ms)

Conventional FLASH
Dose Rate 4 – 7 cGy / sec 5000 cGy / sec (50 Gy/s)

Time for 20 Gy 500 sec (≈ 8 min) 400 ms
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Asses whether FLASH RT altered the neurocognitive function as compared 
to conventional RT.

Brain model – Flash-RT with a dose of 10 Gy delivered at 100 Gy/s did not 
alter neurocognitive function as compared to conventional RT.
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Oxygen Effect
• In the presence of oxygen, cells become 

radiosensitive.

• Oxygen enhancement ratio (OER)
• Ratio of dose administered under 

hypoxic to aerated conditions 
needed to achieve the same 
biological effect.

• OER for x-rays is about 2.5 to 3.5

Hypoxic

Aerated
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Mechanism of the oxygen effect
• Absorption of radiation leads to fast 

charged particles.
• Charged particles helps to produce free 

radicles.(highly reactive)
• Free radicles react with DNA and 

causes damage.
• But DNA damage can be repaired 

through reaction with a SH group
• Oxygen “fix” or make permeant the 

DNA damage – SH group cannot repair 
the damage.
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Why FLASH is effective ?

• FLASH is effective for treating 
hypoxic tumors surrounded by 
aerated normal cells

• FLASH RT causes a rapid decrease in 
O2 levels in the aerated normal cells

• Normal aerobic cells becomes 
hypoxic 

• Normal cells become radioresistant

FLASH effect is possible with 
sufficiently high dose and exposure 
duration must be sufficiently low
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1. FLASH RT Reduced normal tissue toxicity
• Dose escalation is possible

2. Ultra fast delivery
• No intra-fraction motion management
• Potential for markedly reducing 

radiotherapy workload

Time dependence of pulmonary 
fibrosis in mice after thoracic 
irradiation
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• Prototype linac producing an electron 
beam between 5 and 6 MeV

• Designed to produce a maximum peak 
current of 300 mA as compared to 1 mA 
in a standard linac.

• Deliver dose rates up to 200 Gy/s.

• No standard monitor chamber due to 
saturation effects
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Output stability

20 Month period  ± 10%

Beam Profiles

Specially designed 
scattering foil
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FLASH Protons

Slide courtesy of Lei Dong, Ph.D
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FLASH RT
1. Can deliver dose rate up to 100 Gy/s.
2. Hypoxic cells are more radiosensitive than aerated cells.
3. Electrons are more suitable for FLASH since they are more forward 

peaked than protons.
4. Animal studies show survival rate with FLASH RT is lower compared 

with conventional RT.
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Summary of FLASH RT

• FLASH RT demonstrate significant normal tissue sparing in animal 
studies.

• Biological effects and rationales of FLASH are unclear.
• More research needs to be performed to improve deliverability and 

safety before starting human trials.



MicroBeam Radiation Therapy
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Microbeam Radiation Therapy (MRT)

• Delivers ultrahigh dose 
(50 – 100 Gy)

• 200 – 1000 µm beam 
(peaks), separated by 
wider non-irradiated 
regions (valleys)

• Reduced normal tissue 
toxicities – NTCP 

• Most research are 
focused on Brain 
lesions.

S Bazyar et al.
Phys. Med. 
Biol. 62 (2017)

Prezado et. al. 
Scientific Reports 
(2018) 8: 16479
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Convention Vs MRT beam
Conventional RT MRT 

Peak Dose

Valley Dose

• MRT dose profiles consist of patterns of peaks and valleys
• Ratio between peak and valley doses is called peak-to-valley dose ratio (PVDR)
• The higher the PVDR the better the biological response
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Beam Profile effect
Peak Dose

Valley Dose

• MRT spares normal tissue when beam spacing is less than twice that of beam width
• Sparing effect of MRT depends mostly on valley dose and little on peak dose
• Normal tissue sparing effect vanishes when valley dose approaches tissue tolerance 

of to broad beam

Less effective MRT

More effective MRT

PVDR = 2.5

PVDR = 10
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Preservation of normal cell function with MRT

• 140 Gy was delivered to side of the visual cortex of female mice
• 3 groups 1) 1 mm wide beam 2) 75 µm 3) 25 µm

• 1 mm wide beam resulted in complete tissue destruction and cavity formation
• 25 µm caused no damage with a 240 days observation period
• Only after 4000 Gy, nerve and glial cells died in the path of the 25 µm beam
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MRT Vs Broad Beam – Aggressive tumor type

Control

BB

MRT• Medial survival time (MST) :
• for BB ~ 20 days
• for MRT ~ 41 days
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Tumor Vs Normal cell – Microbeam radiation

• Total destruction of capillaries
• Large areas were no longer perfused after 

6 hrs (asterisks)
• Destroyed supplying vessels (arrows)

CAM8 – Cells representing tumor 
vasculature

CAM12 – Cells representing normal 
tissue vasculature

• Negligible effects on vasculature
• Large density of preserved micro vessels
• Few small suppling vessels were mildly 

affected

Sabatasso et al – Int J Radia Oncol Biol Phys 2011;80:1522-32
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Perfusion Rate – Tumor Vs Normal tissue after radiation

Tumor Normal Tissue

• Immature tumor vessels cannot repair 
damage induced by MRT

• Mature vessels in the normal tissue 
are able to repair themselves

Sabatasso et al – Int J Radia Oncol Biol Phys 2011;80:1522-32
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Control
Non-irradiated

MRT

MRT efficiently slows down the intracranial 9L gliosarcoma growth in rats
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Requirement of MRT
• Very high dose rate ~ 100 Gy/s

• Avoid dose smearing due to movement

• High peak to valley dose ratio
• Maintain high dose to target while avoiding reaching dose limit to 

OAR
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Proton minibeam radiation therapy (pMBRT)

• Reduced lateral scatter – more distinctive 
peak to valley doses.

• Sparing of proximal tissue (Bragg Peak)

• Can produce very high dose rates with 
protons.
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Microbeam radiation preferentially affects tumor 
• Sparing of normal tissue:

• Resistance of MATURE normal blood vessels to microbeam irradiation

• Damage to tumor:
• IMMATURE tumor vessels cannot repair damage

• Decrease in number of vessels

• Decrease in perfusion

• Increase in tumor hypoxia

• Death



Nanorobot
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What is Nanotechnology?
• Nanometer is 10-9 meters (one billionth of a meter)

• The thickness of one human hair is 100,000 nanometers

• Nanotech is the design of technology on the very small (nano) scale

• Made possible with advances in microscopy, chemistry, physics and 
computer science
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Nanotechnology and Cancer
• Currently cancer is treated by surgery, 

chemotherapy, or radiation therapy

• These treatments have side effects

• What if we specifically target cancer using 
nanotechnology (Nano robots)

• Nano robots have potential as intelligent drug 
delivery that respond only to tumor cells
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Nanobots
• Selective occlusion of tumor blood vessels, to deprive tumors of 

nutrients and oxygen and start an avalanche of tumor cell depth
• This strategy can be used on all solid tumors
• Coagulation protease thrombin regulates obstructive thrombosis

• Nanobots - Little devices the size of red blood cells
• Nanobots protects the thrombin until exposure is triggered by 

interaction with tumor marker
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Creation of DNA Nano robots

Thrombin

Targeting 
molecules

DNA Nano 
Robots
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Cancer treatment with Nano Robots
https://www.youtube.com/watch?v=H4ALjfzDSpI
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Mouse implanted with 
human breast tumor



Immuno-Radiotherapy
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Immune Sub-Systems

• Response is non-specific
• Exposure leads to immediate response
• No immunological memory

• Pathogen and antigen specific response
• Lag time between exposure and response
• Exposure leads to immunological memory

Innate Immunity
(rapid response)

Adaptive Immunity
(slow response)
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The Cancer detection by Immune system

Chen and Mellman Immunity 39; 2013

Tumor
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The Cancer detection by Immune system

Chen and Mellman Immunity 39; 2013

Tumor
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The Cancer detection by Immune system

Chen and Mellman Immunity 39; 2013

Tumor
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The Cancer detection by Immune system

Chen and Mellman Immunity 39; 2013

Tumor



50

The Cancer detection by Immune system

Chen and Mellman Immunity 39; 2013

Tumor
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The Cancer detection by Immune system

Chen and Mellman Immunity 39; 2013

Tumor
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The Cancer detection by Immune system

Chen and Mellman Immunity 39; 2013

Tumor
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The Cancer Immunity Cycle

Chen and Mellman Immunity 39; 2013
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Cancer - Immunosuppression

https://www.youtube.com/watch?v=3hlGq-3F1uQ



55

Cancer - Immunosuppression

https://www.youtube.com/watch?v=3hlGq-3F1uQ
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Radiation and Immunotherapy

PD‐L1

Tumor cell

CTLA‐4 • To kill tumor cells by the 
immune system
1. Induce tumor cells to 

release tumor specific 
antigens.

2. Suppress inhibitory 
molecules/receptors.
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Radiation and Immunotherapy

PD‐L1

Tumor cell

CTLA‐4

• CTLA-4 and PD-L1 are inhibitory receptors 
that down regulate T cell function. 

T cell

Down regulate
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Radiation and Immunotherapy

PD‐L1

Tumor cell

CTLA‐4

• CTLA-4 and PD-L1 are inhibitory receptors 
that down regulate T cell function. 

• Radiation increases the expression of 
death receptors called MHC 1 and 
promotes the release of tumor antigens.

MHC 1

X-rays
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Radiation and Immunotherapy

PD‐L1

Tumor cell

CTLA‐4

• CTLA-4 and PD-L1 are inhibitory receptors 
that down regulate T cell function. 

• Radiation increases the expression of 
death receptors called MHC 1 and 
promotes the release of tumor antigens.

• Macrophages and dendritic phagocytes 
picks up the tumor antigens.

MHC 1

X-rays

TCR

iDC
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Radiation and Immunotherapy

PD‐L1

Tumor cell

CTLA‐4

• CTLA-4 and PD-L1 are inhibitory receptors 
that down regulate T cell function. 

• Radiation increases the expression of 
death receptors called MHC 1 and 
promotes the release of tumor antigens.

• Macrophages and dendritic phagocytes 
picks up the tumor antigens.

• Radiation also has immunosuppressive 
effect – upregulates PD-L1

MHC 1

X-rays

TCR

iDC

PD-L1 PD-1



61

Radiation and Immunotherapy

PD‐L1

Tumor cell

CTLA‐4

• CTLA-4 and PD-L1 are inhibitory receptors 
that down regulate T cell function. 

• Radiation increases the expression of 
death receptors called MHC 1 and 
promotes the release of tumor antigens.

• Macrophages and dendritic phagocytes 
picks up the tumor antigens.

• Radiation also has immunosuppressive 
effect – upregulates PD-L1

MHC 1

X-rays

TCR

iDC

PD-L1 PD-1

X
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Radiation and Immunotherapy

PD‐L1

Tumor cell

CTLA‐4

• CTLA-4 and PD-L1 are inhibitory receptors 
that down regulate T cell function. 

• Radiation increases the expression of 
death receptors called MHC 1 and 
promotes the release of tumor antigens.

• Macrophages and dendritic phagocytes 
picks up the tumor antigens.

• Radiation also has immunosuppressive 
effect – upregulates PD-L1

MHC 1

X-rays

TCR

iDC

PD-L1 PD-1

X
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Radiation and Immunotherapy

PD‐L1

Tumor cell

CTLA‐4

• Anti CTLA-4 or anti PD-1 drugs/antibodies 
suppresses the inhibitory receptors.

MHC 1

X-rays

TCR

iDC

PD-L1 PD-1X

XX

X
X

X
X

T cell

Distance 
metastasis
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Radiation and Immunotherapy

PD‐L1

Tumor cell

CTLA‐4

• Anti CTLA-4 or anti PD-1 drugs/antibodies 
suppresses the inhibitory receptors.

MHC 1

X-rays

TCR

iDC

PD-L1 PD-1X

XX

X
X

X
X

T cell

Distance 
metastasis
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Radiation and Immunotherapy

PD‐L1

Tumor cell

CTLA‐4

• Anti CTLA-4 or anti PD-1 drugs/antibodies 
suppresses the inhibitory receptors.

MHC 1

X-rays

TCR

iDC

PD-L1 PD-1X

XX

X
X

X
X

T cell

Distance 
metastasis

Abscopal Effect



Abscopal Effect
• Is a phenomenon in the treatment of metastatic cancer where 

localized radiation treatment of a tumor causes not only a shrinking 
of the treated tumor, but also a shrinking of tumors outside the scope 
of the localized treatment.

• Combination of RT and immunotherapy are resulted in successful 
treatment of:
 Metastatic breast cancer
 Colorectal cancer
 Lung cancer
 Melanoma



Patient with Metastatic NSCLC

Progression after 3 lines 
of chemo: Multiple lung, 
bone and liver metastasis

RT to one liver met 6 
Gy x 5 (TD 30 Gy) + 
lpilimumab

Slide courtesy of Silvia C Formenti



Metastatic NSCLC: Response to RT 
+ ipilimumab

August 2012 January 2013 August 2012 January 2013







Advantages of RT Based Cancer Immunotherapy

1. Exquisite specificity for target; limit collateral damage.
2. Target non-resectable tumors.
3. T cells can target tumors at sites throughout the body.
4. Long-lasting protection.

Slide courtesy of Elizabeth Rapasky



Many questions remain:
• Optimal site to irradiate in metastatic disease.

• Patient selection

• Sequencing of radiotherapy/immunotherapy

• RT dose and fractionation

• Best combinations



Summary

• Preclinical and clinical evidence suggest that local radiotherapy can 
contribute to the efficacy of cancer immunotherapy, by rendering the 
irradiated tumor more immunogenic.

• Radiotherapy can be harnessed as an adjuvant to immunotherapy as it may 
convert non-responding patients to responders to same immunotherapy.

• Dose/fractionation and sequencing of radiotherapy need to be explored in 
combination with immunotherapy strategies.



1. Target cells down regulate the proteins responsible for presenting 
the tumor antigens to the immune system.

2. There is a anatomical barrier preventing the T cells from reaching 
the target cell  

3. Target cell can use a FAS ligand to promote T cell apoptosis
4. Regulatory T cells could send false messages (TGF–β and IL-10) to 

the killer T cells preventing the T cells from killing the target cells 
5. All of the above

What are the mechanisms of Tumor Escape from 
Immune Response ?



Thank You
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Mechanisms of Tumor Escape from Immune Response

• Loss of MHC or TAP – proteins responsible for transporting and presenting 
foreign substances to the immune system.

• Secretion of immunosuppressive factors 
• e.g. TGF-b, IL-10

• T cells don’t penetrate solid tumors

• Exhaustion of T cells
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Decrease in tumor blood volume, and vessel density

• RECA-1 (green labelling) is absent in MRT irradiated tumor cells
• RECA-1 is a protein essential for DNA repair.

• Significant decrease in the fractional blood volume and in diameter of 
tumor vessel.

Normal Cells Tumor CellsControl MRT
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Decrease in tumor oxygenation

• Significant changes in blood volume causes hypoxia in tumors
• Over-expression of GLUT1 (marker for hypoxia)

• MRT preferentially induces vessel damage in tumor cells which led to 
reduction of tumor oxygenation


