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Development of efficient Monte Carlo simulations and
precise patient setup techniques in radiotherapy
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The accurate targeting of tumor volumes in modern radiotherapy enables doctors to destroy
cancerous cells while sparing healthy critical structures. Proton therapy, in particular, has
attracted attention due to the ability to spare distal volumes. However, this high degree of
precision necessitates a high level of accuracy in the planning and delivery systems. The aim
of this research is to address two areas concerning precision radiotherapy: the computation
speed of dose distribution simulations and patient setup accuracy.

Although the Monte Carlo method is considered the most accurate technique for simulat-
ing the passage of high energy particles through inhomogeneous matter, computation times
are prohibitively long. Less accurate analytical techniques are therefore used in clinical prac-
tice. If the computation speed of Monte Carlo simulations could be improved, this more
accurate technique might be better utilized. Parallel computer architectures offer an opportu-
nity to reduce simulation times.

Another area of concern in high-precision radiotherapy is the patient position during de-
livery. If the patient is not positioned exactly as planned, the target volume may be missed,
. reducing the treatment benefit, while healthy tissue may be destroyed, increasing morbidity.
Doctors have traditionally judged patient position by comparing a portal image, taken with the
patient on the treatment couch, with a digitally reconstructed radiograph (DRR) constructed
from patient CT data along the beam’s eye view (BEV). The images are viewed side-by-side.
But the process is subjective and error-prone. A software application could aid doctors to
make better judgments of patient setup errors, insuring the accuracy of radiotherapy.

Chapter 1 provides an introduction and scientific background of the research.

In Chapter 2, a technique to improve the speed of Monte Carlo dose distribution calcu-

lations with Geant4 is discussed. A linear speed improvement on a cluster of 23 PCs was
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achieved. Using a customized Geant4 simulation code navigation library running on a clus-
ter with the parallelization method, a combined speed improvement factor of more than 3000
was achieved, reducing simulation times from several days to a few minutes. Although issues
such as fault tolerance or load sharing were not considered, the approach is well suited for
many kinds of Monte Carlo simulations on a homogenous cluster of local PCs.

In Chapter 3, the results of Monte Carlo calculated dose distributions of proton treatment of
ocular melanoma are presented. The parallelization method described in the previous chapter
was employed. An efficient spot scanning method utilizing active energy modulation, which
minimizes the number of target spots, was also developed. It was found that a 2.5-mm-
diameter proton beam with a 5% Gaussian energy spread was suitable for treatment of ocular
melanoma while preserving vision for the typical case that was simulated. The energy spectra
and the required proton current were also calculated and reported.

The evaluation of a custom patient couch position setup error software application is de-
scribed in Chapter 4. The ability of humans to estimate offset values improved statistically
using the software for the chest phantom that was tested. Setup error estimation was further
improved using an automatic error estimation algorithm. Although estimations were not sta-
tistically different for the pelvis case, consistency improved by using the software for both
the chest and pelvis phantoms. The algorithm performed well for clinical head and breast
cases but performed poorly for pelvis cases, probably due to lack of contrast in the megavolt-
age portal image. The software incorporates an original algorithm to fuse portal and DRR
image which is described in detail. The offset optimization algorithm used in the automatic
mode of operation is also unique and may be useful if the contrast of the portal images can
be improved.

Chapter 5 summarizes the concluding remarks for chapters 2-4 and the specific points

found in the study.
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