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Radiation to produce biological damage!

* Doses of the order of 1 Gy have to be provided
*1Gy =1Joule/1Kg

 In which way the tissues have to absorb this amount of energy to obtain
the desired result?

* Radiobiological damage deals with chemical bonds
* Energies of the order of 10 eV
- ...but 1 J is one billion of billions larger! (1 eV =1.6 E-19 J)

* We have to find good carriers of energy (i.e. particles) in order to distribute
inside the target volume a very large number of “bits of energy” (of the order
of 10 eV)

* This has to be done uniformly and sparing at best the surrounding volumes
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» Single photon energy of the order of 10 MeV

M —
— /\j\j\/\ No interaction, no energy is transferred

M 7

— Interaction, charged particles (ex. electrons)

with energy of the order of 1 MeV are formed

g

These particles produce other interactions
releasing energy “in 10 eV bits” (ionization,
biological damage)

The process for a single photon is unpredictable.

Statistics governs these processes.
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» Since thousends of billions of MeV photons are used in radiation
therapy, the effects are deterministic and can be calculated

absorbed dose or karma

_ absorbed dose

About 20'000 patients per year every 10 million inhabitants
are treated with photons produced by electron linacs
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And charged particles such as proons?!

* Single proton, energy of the order of 140 MeV

13.5cm

‘ Bragg peak region

The proton comes to rest, producing
many interactions (ionization)
releasing energy in 10 eV quantities

(large biological damage!)
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The proton slows down, producing some
interactions (ionization) releasing energy
(about “10 eV bits™)




* Protons and ions produce a Bragg peak and STOP! Fantastic but...

e ...where?

« Statistical processes determine the penetration and deviations from
linear trajectory!

* Fortunately, billions of protons (ions) are used for therapy. The effects are
deterministic and can be calculated!
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Charged particle_

The Bethe-Bloch formula:
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= 0.3071 MeV / (g/cm?)
dx expressed in g/cm?
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very low LET radiation ! Proton momentum (GeV/c)
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The basic concept of hadrontherapy.

Fundamental physics

Particle identification

L3 atL
Negative

dE/dx (Arbitrary Units)

Medical applications

Cancer hadrontherapy
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The Bragg peal

Depth dose profiles

Straggling and
— multiple scattering
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lonization at nanom-

1 MeV protons in H;O 1 MeV/u C¥-ions in H:O

= -
.51|._| 0.0

» {nm) % (nm)
Courtesy GSI

Low LET High LET
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Calculations an

Photons Carbon ions _

Simulation on a nucleus of a cell

(about 10 um x 10 um)

Fig. & leftt photons deposit their energy randomly distribeted and thus  nearly
homogeneously over the iradiated medium; right: iong transfer their energy to the liberated
elecirons, which form a track around the particle trajectory. In a high LET track the damage is
produced in high density and thus with a high possibility 1o form "clustered lesions” which are

to a large amount ireparable. The immuncfluorescence-stained visualisation has been

described by [32].
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Why lons have a large biologi_

»
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Protons and ions a

Tumour between the eyes

9 X ray beams 1 proton beam
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The first idea ~ Bob Wilson, 1946.

® Bob Wilson was student of
Lawrence in Berkley

® Study of the shielding for the
new cyclotron

® Interdisciplinary environment
= new ideas!

® Use of protons and charged
hadrons to better distribute
the dose of radiation in cancer
therapy
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A very interesting and still actu

Radiclogical Use of Fast Protons
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The beginning of hadrontherpay_

* 1948- Biology experiments using
protons

« 1954- Human exposure to
accelerated protons and alphas
» 1956 - 1986: Clinical Trials— 1500

patients treated

Cornelius A. Tobias

C.A. Tobias, J.H. Lawrence et al., Cancer Research 18 (1958) 121
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The basic figures of hadrontherapy:

Protons 27 cm
200 MeV A R T e i - TUMOUE
1 nA ; target

— —_— \ MM |

Carbon ions Beam of hadrons N /

4800 MeV which slow down in matter X 5
0.1 nA —

|V

® Bragg peak

— Better conformity of the dose to the target — healthy tissue sparing
® Hadrons are charged

— Beam scanning for dose distribution
® Heavy ions

— Higher biological effectiveness
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® \Why 200 MeV protons and 400 MeV/u C ions?
— Range in water: 200 MeV p — 27 cm penetration depth
— 4800 MeV C ions — 27 cm penetration depth

® \Why 1 nA current?
— Requirement: 2 Gy per Kg per minute
—(2J /200 MeV) x (e) x (1/60 sec) = 1 nA
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Exercise: calcul
scatterin
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