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Motivation: Heavy lon Therapy
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Durante & Loeffler, Nature Rev Clin Oncol 2010
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Key research areas in hadrontherapy

1. Moving targets

2. TPS: RBE modeling, reducing uncertainly
3. Secondary cancer risk

4. Individual radiosensityvity

5. Genetic background

6. Cancer stem cells

7. Hypofractionation
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Motivation: Radiobiology for Space Research Energy Spectra of GCR

1. Galactic Cosmic Rays (GCR) - high energy protons; highly charged, 5
energetic atomic nuclei (HZE particles) . ;
2. Solar Particles Events (SPE) - medium and high energy protons %
3. Trapped Radiation - medium energy protons and electrons >
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Heavy ions for radiobiology in ITEP

Beam parameters

ITEP Accelerator facility

Accelerator-storage ring U10 (34 T m)

Ton 1206+ S6F 26+
Energy 215 MeV/amu 230 MeV/amu
Particles per pulse 106 -10° 106 - 108
Pulse width 800 ns 800 ns

Internal target beams

b 6 11 -l
y (10 -10 s upto 10GeV)
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Fast extraction areca ~ 10

(0.7 GeV/amu, 100 kJ/100 n) Tonguide 13/UK

4 10+ 23+ Ion injector 13 (1-2 MeV/amu)
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Results of beam dynamic calculation with
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Experimental setup 3-axis
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Depth_dose curve measurements SSD dose rate linearity in entrance region

5HO CI) SSD, exp.
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Absorbed dose determination Transversal distributions

_120, E—I19;)1\"Ie\//lamu'_ ____i_______é_-_____i__-

1. Measurements of the depth-dose curve 2 e T T T T T
10— i S |

2. Position of the Bragg peak z [
2028 c | ' ' f '

- 0 I T A R
3. Calculation of the ion beam energy E at the point z0 (with E ; 6'"?" - | | | |

TRIM code) -0 N I O O O R M
L A

4. Absorbed dose for a thin layer at the point z0 BRI .
02— i i o

D =1.602-107" dx . S ~ 0.0% 20 | 10 | 0 | 10 | 2030

L E p Coordinate X, mm

i 12C, E:199 NIGV/QHIU _i____i__ -_E__- ] ____i____i_ N
. . 1.2H O O z=0mm : : : : :

Uncertainty in absorbed dose o0 swm |1 v ] L]
7 S e N

of f Relative uncertainty, % | g% e I ki
| s A EEEE R S
. Number of particles <35 = o B R S Bf EF B R SR
. I A N I i
| Field size 1 S B ] |
2 | Ion energy 1 =04 — T S T e T T
g Stopping power 2-3 R BN |

0 20 40 Degglnwateiomm 100 120 140 Total <5 __E_o__i________i____i____i____E_________i__ _E__
0.0p

—50 —40 —30 =20 —10 0 10 20 30 40 50

Coordinate Y, mm
06/10/2015 7



Radiochromic Film Dosimetry
MD-V2-55: 1-100 Gy, thickness 317.5 mkm 0.50 F——r——T——17——
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Radiobiological experiments “in vitro”

A

Human peripheral blood lymphocytes. For irradiation cells were placed 1n tubes
(eppendorf 5 ml). Chromosome aberrations were analyzed in metaphases 48h after
radiation exposure.

Breast cancer cell line Cal51 with normal karyotype. For 1rradiation cells were
grown as monolayer and placed in 12.5 cm2 culture flasks. After irradiation
chromosome aberration were analyzed

Chinese hamster ovary cells CHO-K1. For irradiation cells were grown as
monolayer and placed in 12.5 and 25 cm2 culture flasks. After irradiation cell
survival was measured with a colony assay.

Melanoma B16F10 cells. For irradiation cells were grown as monolayer and
placed in 25 cm2 culture flasks. After irradiation cell survival was measured
with a colony assay.

'B,C,D

1. Eppendorf 2. Culture flasks
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Methods of analysis DNA damages

. . LR BRIl
1. Analysis of chromosome aberration

Centric rin
Normal Chromatid Chromosome Acentric : 8 . Dimer }
. with Translocation
break fragment ring
fragment

| ase Modification
s |Single Strand | Baseloss | [ Base Mcdfica
. c ® s N[ e
7 Sin . POV 7 nm
Chromatid exchange Dicentric with fragment Reciprocal exchange \ \’

L 7:; = “beads-on-a-string” "@ 1 1
form of chromatin \' //¢ nm
oy # :
Zal )
iber acke .
|

2. Cell survival based on a colony assay Not used
A cell 1s considered surviving after N..,
exposure, if it forms a colony consisting of | |§' = —
more than 50 cells. Cell survival was (Neews x (PE/100)) nm
determined as follows: T e e
Control Dynamic of colonies grouth Alberts, 2002

%3
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Results of lymphocyte irradiation
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Summary of radiobiological experiments “in vitro”

Depth 1n Dose ran
Cell type water eq., | LET, kev/mkm OseG 8% | RBE (X-ray) RBE (60Co)
mm Y
1 | Lymphocyte 0 16 0-8 1.53 +£0.11 1.77 4+ 0.13
0 16 0-4 - 2.02+0.11
2 Cal51
82 40 0-4 - 3.63 £0.16
23 20 0-10 - 1.45+0.12
3 B16F10
85 44 0-8 - 246 +0.15
0 16 0-8 1.65+0.11 -
4 [ CHO-KI
82 40 0-5 2.27+40.13 -
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Radiobiological experiments “in vivo”

Structure of the ridge filter ~ Spread-out Bragg Peak , o
s SR AP G e s e e e R Results of mouse 1rradiation
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Further radiobiological research in ITEP

Proton linear accelerator I-2
Max. Energy, MeV 22.5 _ !\

Pulse width, mks 2-30 — |
Max. field size, mm 85 o L =
Particles per pulse, protons/cm? 107 - 1011 , s -
Range 1n water, mm ~5 3 &r
Min. LET, keV/mkm 2.4

X

1. RBE of low energy protons
2. Bystander effect
3. Micro-beams (single cell - single particle)
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