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1. Proton (and *°C) therapy beams
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1. Proton therapy beams:
depth dose characteristics
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1. Proton therapy beams:
Range modulation
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2. Inelastic nuclear versus Coulomb
interactions (ICRU 49 & ICRU 63)
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3. Monte Carlo calculations

 PTRAN_MEDIA (ICRU 49 + ICRU 63 data)
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4. In lonisation chamber dosimetry
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4. In Ionisation chamber dosimetry

Usually: only s, ,ir
IAEA TRS-398: Spencer-Attix s, i

Secondary electron perturbations: 0-1%
(Verhaegen and Palmans, Med. Phys. 28:2088-2095)

Inelastic nuclear interactions:

— Secondary charged particles (protons) in slowing
down spectrum

— Charged particles generated in cavity



4. In lonisation chamber dosimetry:
secondary protons in Sl. D. S.
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4. In lonisation chamber dosimetry:
S. Ch. P. generated in cavity

e Under investigation

 Rough estimate:

— Protons escape, other heavy charged
particles not
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5. Fluence correction factors:
definition (cfr. electron beams)
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5. Fluence correction factors:
calculated depth dose curves
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5. Fluence correction factors:
calculated corrections
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2. DISCUSSION: stopping power data
versus non-elastic nuclear cross
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5. Fluence correction factors:
correct dose conversion

D, (Z) =Dy (2) Sup +Dyn(z,).E(6,/A), , ]

(Zo )N

Ly = Zpi- (Zo )pl
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. Fluence correction factors:

calculated corrections
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5. Fluence correction factors:
correction versus penetration
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5. Fluence correction factors:
correction per cm penetration

Phantom Janni (1982) ICRU report 63
material
Unmodulated Modulated Unmodulated
beams beams beams
PMMA 0.14%/cm 0.15%/cm 0.058%/cm
polystyrene 0.19%/cm 0.20%/cm 0.064%/cm




5. Fluence correction factors:
without Inelastic nuclear interactions
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5. Fluence correction factors:
experiment at LLN (75 MeV)
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5. Fluence correction factors:
experiment at NAC® (191 MeV)

*) Now iThemba Labs
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5. Fluence correction factors:
very little experimental information

e Schneider et al. 2002 Med. Phys. 29:2946-2951
 Palmans et al. 2002 Phys. Med. Biol. 47:3055-3071

e Paganetti and Gottschalk 2003 Med. Phys. 30:1926-1931
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6. Graphite calorimetry
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6. Graphite calorimetry

e Fluence corrections
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6. Graphite calorimetry: water
equivalence — measured pdds
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I Markus in water, scan 2 /

~ |™ NACP in graphite constant SDD

- |™ NACP in graphite SSD = 150 cm

- [™ NACP in graphite SDD = 150 cm + fluence correction

[ e o ~llm ‘ A ‘ !’

- el —e A |

= == ' 44” ‘

I |

i ! ! ! ! | l l ! ! ! l ! ! | “
0.0 10.0 20.0 30.0

depth (mm)



/. Clinical dose calculations
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dE/dz (Mev cm? g1)

/. Clinical dose calculations
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/. Clinical dose calculations
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Conclusions

 |Inelastic nuclear interactions:
— Generally small effects

— Small effects In 1onisation chambers, but
need further investigation

— Fluence correction factors can be
substantial

— Effects In tissues can be substantial
— Experimental evidence required



