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Project objectives:

DFNA Seminar, 7th of December 2021

Innovative technological developments at the
Tandem accelerators, in order to maintain the
capacity for analysis and irradiation at the highest
level.

Technological developments of the experimental
area, in order to meet the new needs of the users of
the research infrastructure.

Development of new techniques and technologies
that will find their applicability in the industrial,
environmental and/or security area.

Prototype developments for international projects
where IFIN-HH act as a member.




L) MOTIVATION
CIFiN-HH

ONCOLOGY

CHEMOTHERAPY SURGERY : S RADIATION THERAPY

https://www.youtube.com/watch 2v=MS590Xtq9M4
How does protontherapy work?
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3 MV HVE Tandetron™ accelerator installed at IFIN-HH

|. Burducea et al., NIM B, 359, 12-19, 2015
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2D Experimental Setup (v1)
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3D Experimental Setup (v2)
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Courtesy of A. Enciu
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SECTION A-A

Scheme of a cell culture chamber (1.
Aluminum front cover; 2. Mylar foil; 3.
Silicone gasket; 4. Teflon chamber; 5.
Breathable sealing tape sterile; 6. KF63
vacuum clamp)

1st dosimetry attempts with Tastrak* detectors

D [Gy]=1.6 * 107 * ¢ (p/cm?) * dE/dx (keV/um)

A. Tastrak® detectors irradiation (1. Si,N, window
holder; 2. Tastrak® detector) ; B. photo taken under
microscope after etching procedure was applied.
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Beam dosimetry (Markus ionization chamber, RCF & Si particle detector)
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A. Lateral uniformity of the beam as
recorded with radiochromic  film
expressed as gray level distribution along
the spot diameter; B. Lateral energy
distribution simulated with Geant4
expressed as the energy profile along the
diameter at the air target interface in the
same position as the film.
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Depth dose profile measured with Markus vs Geant4 simulation
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A. Experimental recording (red points) and Geant4
simulation (line plot) of protons/alphas Bragg peak in
Mylar/air, x = 0 represents the air-mylar interface
position during irradiation

B. energy distribution of the proton beam at the
air-Mylar interface and Gauss fit (LEFT) and energy
distribution of the alpha beam at the air-Mylar interface
(RIGHT).
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Experimental results

It ® Cell survival rate of V79 cells irradiated with doses
0.8 between 0-5 Gy. The red line and dots represent the
survival rate for protons. The black line and dots

represent the survival rate for X-rays.

SF = exp(—aD — BD?)

02 Q%
@ SF- survival fraction

Survival rate

: . . : D - dose (Gy)
2 3 4 5 ) ) )
a, B - linear & quadratic fit coefficients
Dose (GV)
Radiation type a+sd (Gy") B +sd (Gy?) D.; (*D,) (Gy) RBE 50; (RBE 10)
Protons 0.27 +0.02 0.035 £ 0.007 2;(5) 1.5; (2)
X rays 0.22 £0.005 | 0.0005 = 0.002 3;(10) 1.00
V79-4 cells 1d after seeding in *D,, was estimated by fitting function.

EMEM with 10% FBS
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Conclusions

— anew cell culture irradiation setup for basic radiobiological investigations and preliminary experimental results
obtained for the first time at IFIN-HH 3 MV Tandetron™ are reported.

— the proton beam was extracted into the air through a Si,N, membrane, and the dose was estimated by several
methods.

— preliminary cell survival results show a similarity to data reported in the literature using other proton beam facilities
for V79 cells.

— Geant4 simulations confirmed the experimental data of the Bragg peak for two ion species (protons and alpha) and
provided promising predictions for switching to the FLASH regime and also the use of high ion beams with high LET
("Li**, "B*" and '2C®") which could be supplied by IFIN-HH’s 9 MV Van de Graaff tandem accelerator.
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Perspectives - high dose rate (FLASH regime)
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Review

Ultra-High Dose Rate (FLASH) Radiotherapy: Silver
Bullet or Fool's Gold?

Joseph D Wilson 1, Ester M Hammond , Geoff S Higgins !, Kristoffer Petersson 1 2

A. RCF irradiated at 100 Gy/s (left) RCF irradiated at 250
Gy/s (right);

B. Geant4 simulation of dose (line plot) and LET (dashed
plot) in water after protons propagation through different thin
foils; red: low flux protons through the 6.7 um Au foil, blue:
high flux protons through the 2 um Al foil;

C. Lateral energy distributions of the low and high flux proton
beams at the Mylar-water interface simulated by Geant4
expressed as the energy profile along the target diameter;

D. Energy distribution of the low and high flux proton beams
at the mylar-water interface (low flux: mean energy = 1.9
MeV, FWHM = 104.02 keV; high flux: mean energy = 2.45
MeV , FWHM = 56.18 keV).

> Front Oncol. 2020 Jan 17;9:1563. doi: 10.3389/fonc.2019.01563. eCollection 2019.
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@ Perspectives - high dose rate (FLASH regime)
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A. Geant4 simulation of dose (line plot) and LET (dashed plot) in water after
heavy ions propagation through the 2 pm Al thin foil; green: '2C®" of 56 MeV,

Perspectives - heavy ions

brown: 'Li** of 32 MeV, magenta: ''B3* of 48 MeV;

B. Energy distribution of the 56 MeV '2C®" beam at the mylar-water interface

(mean energy = 28.87 MeV, FWHM = 679.63 keV);

C. Energy distribution of the 48 MeV !'B>" beam at the mylar-water interface
(mean energy = 9.83 MeV, FWHM = 245.14 keV); D. Energy distribution of
the 32 MeV "Li*" beam at the mylar-water interface (mean energy = 28.7 MeV,

FWHM = 523.62 keV);
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DOSE-RATE MODULATE THE EVOLUTION OF TUMORAL CELLS IN CULTURE

AFTER SINGLE DOSE IRRADIATION WITH LOW ENERGY PROTONS
M. Riiileanu!, M. Bacalum', A. Enciu?, D. Iancu?, M. Straticiuc’>’, M Radu'

"Department of Life and Environmental Physics, “Horia Hulubei” National Institute of Physics and Nuclear Engineering (IFIN-HH), Migurele, Romania
“Applied Nuclear Physics Department, “Horia Hulubei” National Institute of Physics and Nuclear Engineering (IFIN-HH), Migurele, Romania
“mihai.straticiuc@nipne.ro

studies underline the great benefits of FLASH technique observed across various animal models, and also report the tre
us T-cell lymphoma in a human patient resulting in complete response and minimal toxicities. However, the details of the mechanism
‘the dose-rate modulate the cells responses remains still unrevealed. We present here preliminary results regarding the effect of do
cellular processes, when the cells in culture are irradiated by a 1.9 MeV proton beam with doses commonly used in radiotherapy.
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Figure 1 Irradiation facility i - left side; drawing of a cell culture chamber (1. Aluminum front cover; 2. Mylar foil; 3. Silicone
gasket; 4. Teflon chamber; 5. Breathable sealing tape sterile; 6. KF63 vacuum clamp) - right side
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Cell culture

Melanoma cell line, B16 was purchased from ATCC, cultured in Dulbecco’s modified Eagle medium (DMEM), and supplemented with 10% fetal
bovine serum (FBS) and penicillin-streptomyein (1%-100 units/mL) (Biochrom). This cell line was seeded in special chambers which were
manufactured in our institute out of steel, and the cells were grown on a smooth surface made of mylar (polyethylene terephthalate). Cultures were
maintained in a humidified atmosphere of 95% air/5% CO, at 37°C.

Proton beam was delivered by a 3 MV Tandetron™ located in the Applied Nuclear Physics Department at IFIN-HH [1]. The cells were exposed to
1 and 3 Gy with a dose rate of 5 Gy/s, 50 Gy/s and 250 Gy/s. In order to achieve the FLASH regime a beam electrostatic deflector was used [2].

F.gm 2 A. Radiochromic (RCF) film irradiation:
Si N, window holder; 2. GAFChromic HD-V2
/3] film and 3. PTW Markus ionization chamber
[4]; B. Lateral uniformity of the RCF; C. Photo
taken under microscope of a Tastrak detector after
etching procedure was applied [5]; D.
Electrostatic X-stereers (lefi) & 1 kV power supply
triggered by a function generator (right).

()
LR

REFERENCES

R o
83.' -e 3 ® -’ ;‘ [1] I Burducea et al., (2015) Nucl. Instrum. Methods Phys. Res Section B, p. 12-19
If » o - LRt ) ° ‘ (2] J. D. Wilson et al., (2020) Front Oncol... 9: 1563
- (3) 9 il HD-V2/index.as)
B cod o8, . IIF (o
-

[5] https:/wwwtasl.co.uk/index php

Cell Cycle Analysis  2°%¢ | &Y

Cell cycle analysis (B16 cell population distribution) was
analysed after 24 h of proton irradiation. The cells were
harvested and fixed with pre-chilled 70% ethanol at —20°C
Following, the cells were incubated with 0.2 mg/ml RNase and
20 pg/ml propidium iodide (PI) in a 0.1% Triton TX-100
solution in the dark for 30 min at 37 °C. Cell cycle distribution
‘was analysed by flow cytometry using a Beckman Coulter Cell
Lab Quanta SC Flow Cytometer, 771917 Laser, Arc, MPL flow
cytometer and data analysed using the Quanta Analysis
software. The graph represents cell distribution in the next
celular stages: pre-apoptotic, GO/G1, S and G2/M for the
control and the irradiated cells. All the data is represented as
mean = SD (n=3).

Figure 4: Cell Cycle Analysis

% cells.

ROS Measurements

After the irradiation experiments, the cells investigated using
MitoSOX  (MitoSOX™ Red reagent, Thermo Fisher
Scientific, Waltham, Massachusetts, USA). Cells were
incubated with 5 uM solution for 30 minutes at 37 °C. This
reagent is a fluorescent indicator of superoxide molecule
produced by the mitochondria. Afier the incubation period,
the solution is removed and the cells were lysed with trypsin.
Finally, the fluorescence of the samples was measured using
a plate reader (Mithras LB 940) at &__ = 485 nm/A_ = 590
nm. Data is represented as mean =SD (n = 3)

Figure 3: ROS measurements
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Senescence

After 24 h and 48 h of proton irradiation, the cells were
harvested and stained with CellEvent™ Senescence
according to the protocol. The cells fluorescence was
measured using a plate reader (Mithras LB 940) at & _ =485
nmA,
control cells

. = 590 nm, and the results were normalized to the

Figure 5: Senescence index in cells irradiated with protons

after 24h (1) and 48h (3).
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AOB

14th European Conference on Accelerators in Applied Research and Technology
https://ecaart14.nipne.ro/, 17th- 23rd of July, 2022, Sibiu organized by IFIN-HH
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About ECAART

The ECAART Conference is held every three years and is the most
relevant scientific meeting for professionals working in the field of
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- Sparc News / Summer Student Program at GSI - FAIR, July 25 - Sep. 15, 2022
INTERNATIONAL SUMMER STUDENT PROGRAM at GSI/FAIR
https://www.gsi.de/stud-pro/ [1]
https://hgs-hire.de/summer-program [2]

Applications are welcome till Feb. 15
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