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A. Range verification
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Zinc-doped iron oxide nanoparticles as a proton-activable agent for dose range verification in PT

a. Nanoparticle synthesis and characterization IONP@Zn-cit
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Zinc-doped iron oxide nanoparticles as a proton-activable agent for dose range verification in PT

b. IONP@Zn-cit Cytotoxicity
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Zinc-doped iron oxide nanoparticles as a proton-activable agent for dose range verification in PT

c. Influence of IONP@Zn-cit on X—Ray radiation-induced clonogenic cell death
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Linear-Quadratic Model (LQM):

Cell culture flasks used to perform clonogenic assays with NPs.
Farmer lonization chamber (model NE-2571) as monitoring chamber. SF (D) — exp—aD—ﬂDz
X-Ray irradiator (Philips MCN 321 X-Ray tube, CIEMAT).



Zinc-doped iron oxide nanoparticles as a proton-activable agent for dose range verification in PT

c. Influence of IONP@Zn-cit on X-Ray radiation-induced clonogenic cell death

* Results for U251 cell line and parameters to study NP effect:

[IONP@Zn-cit] . . 104
(ugzn/mi) a (Gy?) B(Gy?) SFy6y D10y (GY) ~=- 0 pg Zn/mL
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1 and 10 pug Zn/ml NPs Matsui et al. 2019; Ahmad et al. 2020; Rajaee et al. 2019; Subiel etxal. 2016



Counts

Zinc-doped iron oxide nanoparticles as a proton-activable agent for dose range verification in PT
c. Proton irradiation of IONP@Zn-cit d. Biodistribution and pharmacokinetic studies of ¢’ Ga-IONP@Zn-cit
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IONP@Zn-cit water solutions (red) were irradiated with 10-
MeV proton beam and prompt gamma were measured. Zn foil
sample (blue)/powder (pink) and water (green) were used as
positive and negative controls, respectively.

10 mg/mL in this set-up
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B. Radiobiological optimization for protons (LET/RBE)

* Limitations -> Research facilities and reproducibility

PTCOG60

Activities the coming year

- Work with physicists to standardize dosimetry across institutions 'by using
a zoomorphic phantom (plastic mouse)- Will start with photons with the
plan to move to protons and FLASH

- Position Paper: Defining the areas of biology that require reductions in
uncertainty in order to translate into clinical use

- Survey to identify particle facilities available for biological experiments
(Beams, energies, animals, infrastructure, and costs)

» Increased interaction with SPS and Education Sub-committee for
selection of topics and speakers for PTCOG61

- Identify mem~Rers for Radiobiology Sub-committee Working groups

Radiation Oncology UTSouthwestern
Medical Center
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Radiobiological optimization for protons (LET/RBE)
a. Development of a set-up for proton irradiation with different LE'Is in a clinical

facility
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Radiobiological optimization for protons (LET/RBE)
a. Development of a set-up for proton irradiation with different LETs in a clinical

facility

Proton Irradiation, Hitachi (CUN, Madrid)




Radiobiological optimization for protons (LET/RBE)
b. LOM adjustment for cell surveillance measurements in 96-well cell culture plates
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(o) \ ‘;’/ (00)
Take home message )4¢

. IONP@Zn-cit produce prompt-gamma at a certain concentration and the
biological characterization was performed successfully, obtaining results about
what could be our next steps in this topic.

2. The set-up for proton irradiation in a clinical facility built allows irradiations at
different LETs with uncertainties measured below 9 %.

3. The new method of cell surveillance is giving results comparable with the gold
standard used in radiobiology, the clonogenic assay in which colonies are
counted.

4. Our Unit is interested in continuing with this research and further more...

I. Endpoints (ferroptosis, ROS, study of DNA damage...)

2. Radiotherapy in combination with immunotherapy
3. FLASH radiotherapy
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Timescale of the effects of radiation exposure
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