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Presenter
Presentation Notes
This concept is for an FOA that aims to establish a firm scientific foundation for further development of high LET / high RBE radiotherapy.

Concept arises in part due to interest from the NCI director following visits to National Labs (Lawrence Berkley) and in part from interaction with German counterparts (DKFZ) with interest in collaborative projects.
Overlap with moonshot goals of  1) Therapeutic target identification, 2) development of new enabling cancer therapies, and 3) cancer immunotherapy
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* Precise targeting to tumors

« Can be delivered by external sources
or systemic radionucleotide therapy.

* In US only systemic radionucleotide
therapy is available
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I would like to start with some definitions:
High linear energy transfer radiation therapy results in focused energy deposition and molecular damage to DNA that make repair inefficient and leads to higher relative biological efficacy than low LET radiation where the damage is more diffuse. Damage to other macromolecules and cellular organelles is also more localized. 

Clinical implications: Precise targeting, less impact of hypoxia on survival of tumors, sparing of normal tissues

Currently in the US, clinical use of high LET/ high RBE therapy is limited to systemic radionuclide therapy with Radium alpha particles for metastatic prostate cancer. Other radionuclides and targeted approaches are being developed.



Justification for Concept Proposal:

Interest in High LET radiation for therapy (both targeted and
systemic) is growing rapidly.

The infrastructure for clinical particle therapy centers is costly
and the justification for developing these centers needs to be
based on firm scientific evidence of their utility.

There are significant unanswered questions about the basic
characteristics of the molecular damage caused by high LET
radiation, its repair, and the cellular responses to this damage.

Better understanding of the basic biology of high LET radiation
is essential to inform future decisions regarding its application
to cancer treatment
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Presentation Notes
US used to be a leader: In 1953 and 1957 Lawrence Berkley labs treated patients with protons and Helium ions respectively.

Proton therapy was subsequently developed in the US (in part with NCI support), but heavier ion therapy was only developed abroad.

Physical basis for the superiority of heavy ion therapy: more focused beam and more clustered ionization leading to higher RBE
There are clinical data from Japan and Germany indicating the potential for improved outcomes

There remain significant questions as to the basic biological rationale behind this therapy

There is a window of opportunity to answer these questions prior to the commercialization of this technology in the US.

Concept arises in part due to interest from the NCI director following visits to National Labs (Lawrence Berkley) and in part from interaction with German counterparts (DKFZ) with interest in collaborative projects.
Overlap with moonshot goals of  1) Therapeutic target identification, 2) development of new enabling cancer therapies, and 3) cancer immunotherapy



Barrier 1: Requirement for specialized

HIMAC Chiba, Japan
Carbon ion treatment

Main tor
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11 clinical sites (4 in Europe and 7 in Asia) none in the US
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Make the point that US doesn’t have the appropriate facility for external beam treatment.

Beam facilities are expensive ($500M+) and costly to run.


Barrier 2: Lack of understanding of how human
cancer cells respond to therapeutic levels of high
LET radiation

How do tissues, cells, organelles, and macromolecules
respond?

Are there differences in tumor vs normal tissue?

Are different DNA repair pathways activated under high LET?
How are cell stress, death, and survival pathways impacted?
What is the impact on innate immunity?

What is the effect on the tumor immune microenvironment?
Is there a different neoantigen spectrum?

How can high LET and its effects be exploited for cancer
therapy?
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Presentation Notes
Make the point that US doesn’t have the appropriate facility.


Example: DNA damage after high LET radiation

24 hours post low LET photon treatment 24 hours post high LET ion treatment
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* High-LET signature: Clustered DNA damage and chromosome breaks
« Evidence for biphasic DNA repair

- Different DNA repair pathways activated

« Link to G2/M checkpoint decay and mitotic replication
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Equivalent doses High and Low LET
High LET damage clustered, persistent and lethal
Different DNA repair pathways activated – but questions remain as to relative contributions to survival



Workshops and Extramural input:

RFI: NOT CA-16-011
Input on a Particle Beam Facility for Radiotherapy-Related Cancer

Research
WORKSHOPS:

« Workshop on charged particle radiobiology (April 2016)

* Mechanistic links between the DNA-damage response network &
immunogenic toxicity in transformed cells (August 2017)

« Utilizing the Biological Consequences of Radiotherapy in the
Development of New Treatment Approaches (September 2017)

 Immunobiology of radiotherapy (June 2017)

« Workshops on Targeted Radionuclide Therapy ( Nov. 2016 and
April 2018)
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Presentation Notes
The concept is supported by the conclusions reached in recent workshops , RFI, literature etc.  Leading to the following research questions:


Research topics of interest

Chemistry of high LET damage to DNA, proteins and lipids
Macromolecular damage
Simulation of damage propagation

Biology of high LET DNA damage repair response

Recognition and processing of DNA damage induced by High LET
irradiation

Targeting DNA repair pathways after high-LET irradiation

Impact on cell-innate immunity (e.g., cGAS Sting pathway)

Impact of high LET radiation on tumor vs normal tissues
Cancer cell stress responses

Inter- and intra-cellular damage signaling

Mitochondrial effects / Cell death pathways.

Impact of high LET radiation on immune response
Neoantigen shift
Immune microenvironment (TiME)

 Proposals must show relevance to cancer therapy and
include study of particles from Helium to Carbon
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How does the damage differ from that caused by low LET  particles and photons?
e.g. Phospholipids, Histone H2B ubiquitylated on lysine 120 (H2Bub) is specifically induced several hours after irradiation in response to high-LET a-particles not low LET

Are there differences in the DNA damage response that can be exploited for therapeutic gain?

Are there biological differences in the response of normal tissues including stroma and vasculature to high LET radiation�and are these clinically exploitable?

Does high LET radiation differ in its effects on immune responses to tumors?

Both innate and adaptive immune effects. (CGAS/STING pathways as well as T-cell modulation)





NIH Portfolio (FY16-present):

Over 80 applications on or related to this topic NIH-wide.
The majority have been studying targeted radionuclide therapy (59
applications, 12 funded)

Fourteen applications studied various aspects of high LET beams
that closely align to this FOA, including particle beam modelling and
DNA damage repair. Of these three were funded.

In addition: Two planning grants (P20) were awarded and have been
completed and a contract to compare Carbon to photon irradiation is
being carried out through Einstein University in a Carbon facility in
SHEL[ G ETR

None of the funded applications dealt with the underlying
mechanisms of high LET-induced cell death or mechanisms of
resistance in irradiated cells.
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Presentation Notes
There is a window of opportunity to define the science behind high LET irradiation prior to its commercial development.
Could avoid costly errors and problems currently encountered in the delivery of proton therapy.


Concept Proposal FOA:

Request for Applications (RFA):
-Need for expertise in particle beam radiation, radiation
chemistry, DNA damage repair and cell biology
-Need for SRO/ Program coordination and
reviewer orientation to programmatic goals
-Special review criteria
-Propose review by NCI DEA

R01 and R21 applications eligible

Multi-Pl requirement with clinician or clinical physicist / basic
scientist collaboration

Foreigh components encouraged
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No support for clinical trials or for facility infrastructure development
Proton and x-ray beams (Low LET/RBE) acceptable as comparators only

Possible use of alpha emitting radionuclides to address certain questions




Anticipated Budget and Awards and Timeline:

Standard receipt dates, 3 per year
Anticipate funding 5 R01 and 2 R21’s each year for 3 years

Budget estimated at $2.4M direct costs $3.84M total costs
per year for new awards

The term of the FOA (2019-2021) will result in a maximum
estimated total project cost of $31.65 M over 8 years.

Timeline:
FOA to open 2019 and run through 2021
Anticipated first applications Fall 2019

Funding start in FY2020, ending 2022



Back-up slides



Particle Therapy Centers world-wide
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Depth-dose distribution of external beam radiation
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Particles Emitted from Therapeutic Radionuclides

10 keV and 0.5 keV
electron tracks

Pt
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4 MeV alpha particle
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Low LET radiation High LET radiation

Difference in range Differences in macromolecule
ionization and damage



Quantitation of initial and residual DNA damage foci - High vs Low LET

High-LET irradiation Low-LET irradiation
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50 nuclear sections at 0.5 and 5 h post high-LET or low-LET irradiation (10 Gy).
Both the initial distribution and the evolution of the damage over time differ between low and high LET


Carbon Bragg Curve

RHIC Accelerators

The Relativistic Heavy Ion Collider
complex is actually composed of a
long “chain” of particle accelerators

Heavy ions begin their travels in the Electron Beam
lon Source accelerator (1). The ions then travel to
the small, circular Booster (3) where, with each
pass, they are accelerated to higher energy. From
the Booster, ions travel to the Alternating Gradient
Synchrotron (4), which then injects the beams via a
beamline (5) into the two rings of RHIC (6). In
RHIC, the beams get a final accelerator “kick up” in
energy from radic waves. Once accelerated, the
ions can “orbit" inside the rings for hours. RHIC can
also conduct colliding-beam experiments with
polarized protons. These are first accelerated in the
Linac (2), and further in the Booster (3), AGS (4),
and RHIC (6).
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Relafive LET

8 10 12
Degrader Thickness (cm of HDPE)

Max Energy LET in H,0 at Max Range in  Maximum Intensity
2 Energy Peak LET H,0 [K&]]
lon Species [1] (MeV/n) (keV/micron) (keV/micron) (mm) (ions per spill)

2500 0.206 84.3 10490 2.2x10"
1500 0.83 237 4170 0.6x10'
1500 0.84 237 5550 0.6x10'
1500 1.8 4340 4x10°
1500 7.55 1856 1.2x10'°
1500 13.4 1391 0.4x10'0
1500 20.97 1113 0.10x 10'°
1500 41.1 795 0.3x10"
1500 674 0.2x10"
1500 687 0.02x10"°
1500 552 0.08 x 10'°
1470 0.2x10"
383 2.0x107
300 1x10°
300 1x108
350 5.0x107
342 3.0x10®
165 1x108
217 1x107




Potential therapeutic targets for combination
with high-LET radiotherapy

c-NHEJ - DNA PKcs inhibitors (in clinical trials)

CDK inhibitors of the cell-cycle checkpoints

Alt-NHEJ - polymerase © and PARP1 inhibitors (PARPi) —
small-molecular inhibitors are in clinical use or clinical trials

HR — ATM, ATR and Mre11 small-molecule , inhibitors at various
stages of clinical trials
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