Feasibility of using *¥0O-enriched phantoms for PET range
verification of proton therapy treatment planning
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INTRODUCTION IMIETHODS . Analysis of range
* Proton beam therapy offers a conformal » PET scans were taken of a multi-part water + gelatin phantom, after — Profiles along the beam path for the
dose due to Bragg peak, but introduces irradiation with proton beam dose and activity concentration for

sensitivity to beam range [1]

« PET scans present the possibility of
verifying dose delivery location

each of the tubes were averaged
within the center of tubes

- Phantom consisted of three tubes with
different mixtures: 100% H,'°O and 0%

. H,780, 50% H,'®0 and 50% H,'80, and 20% — The ranges for the 80 distributions
~ PET isotopes are produced by nuclear H,1%0 and 80% H,'30 were then compared using the “shift
interactions while the dose is mainly from 2 0 y P S
electromagnetic interactions - Irradiated with a uniform field of 48 Gy, f== method” [3] as follows:
— Typical in vivo PET production does not give range 10 cm and modulation of 6 cm = The two distributions were first
dose like distributions [2] . . L. normalized by their distal peaks
. PET images of 8F produced from the reaction * A4 hour PET scan was taken 30 minutes after irradiation, and - e P
: : = A falloff comparison window was
180(p,n)'8F have a dose-like distal falloff due reconstructed for both the first 15 minutes and last 2 hours established between the distal peak
to the high cross section at low energies —~ i:nitialtr’:S mintf:es ?:(;he::an \1/\1/25 dominated by ''C activity (t,,, = 20 min.) of the dose, and the depth where
rom the reaction ,3p3n :
Cross sections for 8O(p,n)'8F h Cip .p )d Hy 18 . _ : PET dropped to 20% of the maximum
a0l . . . . . - Last two hours were dominated by '°F activity (t,,, = 109 min.) = Falloffs of the dose and the PET
g | * A Geant4 based Monte Carlo program [4] was used to simulate the were compared as one distribution
5 planned delivery of the proton beam and interaction with the 80 water was shifted in depth in steps of 0.1
S 200 h mm until the residual sum of squares
3 phantom L
2 . . . . was minimized
S 100} — Each tube was specified with the appropriate density and elemental
composition based on the percent of 80 present
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Energy (MeV) — The production of '8F was calculated with the cross sections shown in the 300,
C tion b t for th tion 180(p,n)"8F. :
Cross sections above 30 MeV were extrapolated figure to the left [5]
\- Y, 2001
y \ Interaction Threshold (MeV) Half-life (min) Table of the nuclear interaction < 150,
OBJECTIVES 160(p,pn)*0  16.79 2.037 production of PET isotopes and I
16 13 their half lives original PET
« Explore the feasibility of using 80 Olp,2p2n)=N 5.66 9-965 .l N
based phantoms for quality control in “N(p,pn)*>N 11.44 9.965 ot the 180(p. 1 18F threshold 0 S| T
proton therapy 12C(p,pn)1IC  20.61 20.39 g'f;e 6t Af;vtiselowéf’t”h)an ttheristh‘;r | oept (om
- Would make 3D range verification 1*N(p,2p2n)C 3.22 20.39 th ' . Profiles of the dose, original PET
. . ) : resholds, and the longer half life distributi d the PET distributi ft
possible using a direct comparison 160(p,3p3n)iiC  27.5 20.39 : e istribution, and the 1Istribution arter
o . ’ makes it easy to distinguish from PSR o
etween planned range and PET activity 180(p,n)8F 2.6 109.77 other isotopes shifting it -0.5 mm to the minimum RSS
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RESULTS
« The range of the '8F activity induced from proton irradiation of * |n the latter scan, the high activity level at the end of the proton
180 water coincides better with the dose than the "C activity range, where proton energy is low, shows the effect of the high
- For the tubes containing some percentage of 80, the distal falloff of cross section at low proton energies for *O(p,n)'°F
the dose and '8F PET signal agreed within 2.0 + 0.5 mm (2.0%)
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PET d]St,”,b,Ut]OTS fm thzllrradlatecrl] O phgnri:om Eor the tirst ;!(5) (ymn;utes Profiles of the PET activity along the beam path shown with the
O ac.qu151t19n.(de. t) argl ?S; two 9“'15 (rg t)l: os$hra|118gFe ( °l° - corresponding MC-PET and MC-dose (green) profiles, for regular water
maximum) is indicated with a vertical green (ine. The ™ signal, unlike and 80% 80 water. The left profiles are normalized to emphasize shape.
the "C signal, coincides with the dose depth.
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