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INTRODUCTION METHODS

GEANT IV Monte Carlo was used to generate microdosimetric and kinetic energy spectra of a standard clinical carbon therapy beam, the parameters of which were determined by a survey sent from IROC Houston to
evaluate relative biological effectiveness clinical carbon facilities. Both microdosimetric and kinetic energy spectra were generated for energies ranging from 120 — 440 MeV/u in 2 MeV/u increments. In order to calculate RBE using the Linear-Quadratic (LQ)
J formulism implemented by each of the three models, a . and 3 . were used along with accepted reference radiation values (a . and 3 .) and MC generated physical dose to calculate RBE due to each model using the

RBE) in carbon ion therapy. The calculation . . . . . N .
( ) PY linear-quadratic formulism shown in the equation below. Accepted values for reference radiation are shown in Table 1 below.
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Kinetic energy spectra were extracted for each relevant fragment contributing to a therapeutic carbon beam, as detailed in Figure 1 - | | | |
(including C, H, He, LI, Be, B, secondary C, N, O, and F) 20 25 30 35

Depth (cm)

Calculate and compare RBE values across

several models to determine agreement using . . . .
GEANT IV Monte Carlo generated » KE as function of depth was used to interpolate a and (3 values from clinical LEM | tables for each fragment independently

* a.and 3. calculated using a and B of each fragment along with the respective dose weighting

Figure 1. Energy deposition by each fragment for 424 MeV/u monoenergetic beam.

microdosimetric and kinetic energy spectra.
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RBE and biological dose, shown in Figure 2 to the left (top and bottom, respectively), are While no conclusions may be drawn as to
plotted as a function of depth for each model. Two clinical beams are shown for comparison,; the accuracy of any one model, these results
that for a 424 MeV/u monoenergetic beam (left), and that for a 15 cm SOBP (right). Physical emphasize the inconsistencies of each

dose is plotted along with biological dose for reference. As can be seen, the biological dose is model. Though the two clinical models, MKM
similar for both MKM and LEM |, despite having very different RBE trends and magnitudes. and LEM I, show very similar trends and
This is due to the location of the magnitudes in biological dose, their RBE

peak with respect to the physical Ry Pt ot 148 MOV e values are vastly different due to the peak

. . . . . . 15 = - - 0 | depth. The percent difference —wm | location of each in comparison with the
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Biological Dose Calculated with All Models 15 cm SOBP entrance region of the
S MBu \ — MKW monoenergetic beam, while

| ' KM — RMF

—RMF LEM - differences in the Bragg peak and
LEM K = -Physmal Dose . . . - .
| tail were significantly higher.
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Figure 3 to the right, showing Absorbed Dose (Gy) effectiveness model-based biological dose optimization
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