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Study for the Image Acquisition Method and Medical
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Project Leader Se Byeong Lee
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Proton therapy is required to reduce range uncertainty in the CT number and their
conversion to relative stopping power in treatment planning system. As an alternative
diagnostic imaging for treatment planning, proton computed tomography (pCT) is being
considered remarkably, since pCT will provide accurate proton stopping power of material.

In this project we developed image acquisition method using proton. The first approach
of proton imaging was utilizing beam current modulation (BCM) on range modulator in the
proton beam nozzle. Optimized BCM made depth dose curve of proton beam linearly
decreasing and that facilitated proton radiography on a single detector. BCM-based proton
radiography was precise enough to tell thickness difference over 1 mm but spatial
resolution was degraded owing to scattered proton generated while passing through high-Z
material in range modulator. The second approach was utilizing beam energy modulation
(BEM) water phantom that is basically energy absorber depending on water thickness.
Continuous water thickness alteration modulated proton beam for imaging purpose as BCM
made linearly decreasing depth dose curve. Since BEM water phantom does not include
high-Z material, BEM-based proton radiography method showed better image resolution
reducing scattered proton. Therefore, BEM-based proton radiography method was used for
obtaining projection image of proton CT.

In order to analyze spatial resolution of our pCT system, phantoms with sectors of holes
with 1.2, 1.6, 24, 3.2, 40 and 4.8 mm diameter were taken at 120 evenly spaced angles
using BEM-based proton radiography method. Detector system consisting of a rotary
stage, a scintillation screen, a reflective mirror and a charged coupled device (CCD)
camera is fully light-shielded in a dark box. Filtered-back projection and total-variation
minimization algorithm was used for image reconstruction.

Holes in the pCT image started to be discerned from the diameter of 2.4 mm. However,
this resolution did not indicate the best resolution that our system can achieve, because
spatial resolution of proton CT was found to depend on phantom diameter considerably.
Even though the relationship between phantom diameter and spatial resolution and
optimized recontruction algorithm are yet to be studied further, our prototype proton CT

scanner showed substantial imaging capability.




Besides, BCM-based proton radiography method was applied to quality assurance of
proton range compensator using a single EBT film. Obtained proton radiography of
compensator was compared with planned geometry of compensator and manufacture
precision was analysed. Also, BEM-based proton radiography method was utilized for
measuring water equivalent ratio (WER) of material. In this case water thickness was
varied discretely and then light output of scintillation screen which represents amount of
dose was taken by CCD camera. The position where maximum light output was shown
was considered as Bragg peak position and we compared peak position in case of placing
particular organ like flesh, adipose, liver, lung and bone instead of water. Measured and

calculated WERs on each organ was compared with WERS in treatment planning system.
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Modern commercial treatment planning systems for proton therapy use the peneil beam algorithm
for caleulating the absorbed dose. Although it is acceptable for clinical radiation treatment, the
accuracy of this method is limited. Alternatively, the Monte Carlo method, which is relatively
accurate in dose ealeulations, has been applied recently to proton therapy. To reduce the remaining
uneertdinty in proton therapy dose caleulations, in the present study, we employed Monte Carlo
simulations and the Geantd simulation toolkit to develop a model for a of a proton treatment
nozzle. The results from a Geantd-based medical application of the proton treatment nozzle were
compared to the measured data, Simmlations of the percentage depth dose profiles showed very
good agreement within 1 mm in distal range and 3 mm in modulated width. Moreover, the lateral
dose profiles showed good agresment within 3% in the central region of the field and within 10%
in the penumbra regions. In this work, we proved that the Geant4 Monte Carlo model of a proton
treatment nozzle could be used to the caleulate proton dose distributions accurately.

PACS numbers: 87.18.Bb, 87.03. Wz
Keywords: Commissioning, Geantd, Monte Carlo simulation, Proton therapy, Validation
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Parametric Study of a Variable-magnetic-field-based Energy-selection System
for Generating a Spread-out Bragg Peak with a Laser-accelerated Proton
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Laser-based proton beam aceeleration, which produces broad energy spectra, is unsuitable for
direet clinical use. Thus, employing an energy selection system is necessary. The purpose of the
present study was to investigate a method whereby a variable magnetic field could be employed
with an energy selection system to generate a spread-out Bragg peak (SOBP). For energy selection,
particle transport and dosimetrie property measurements, the Geantd toolkit was implemented.
The energy spectrum of the laser-accelerated proton beam was scquired using a particle-in-cell
simmulation. The hole size and the position of the energy selection collimator were varied in order
to determine the effects of those parameters on the dosimetric properties. To generate an SOBP,
we changed the magnetic field in the energy selection system for each beam weighting factor during
beam irradiation. The overall results of this study suggest that the use of an energy selection system
with a variable magnetic field can effectively generate an SOBP suitable for proton radiation therapy

applications.

PACS mumbers: 52.38.Kd, 87.53. Wz

Keywords: Laser-accelerator, Proton radiation therapy, Variable magnet, Energy =zelection system

DOL: 10,3038 /jkps.62.50

L INTRODUCTION

Over the past few decades, proton radiation therapy
has evolved into a widely practiced modality for cancer
treatment. The main advantage of this therapy is its util-
ity in offering a highly conformal dose to the treatment
target and in more effectively sparing normal tissue, both
of which result from the Bragg peak effect [1,2]. De-
spite the dosimetric superiority of proton therapy, its uti-

*E-mail: suhsantaficatholic.ac.kr; Fax: +82-2-2258-T234

-50-

lization has lagged behind that of photon and electron-
based modalities due to the high operational complexity
and expense of the required cyclotron and synchrotron
technology. An alternative, laser acceleration system was
first proposed in 1979 [3]. Laser-accelerated proton beam
therapy has received much scientific attention owing to
the compactness of the laser system and its use of far less
expensive devices. Because the broad proton-beam en-
ergy distribution of conventional laser-induced ion accel-
eration is unsuitable for therapeutic purposes, a bending-
magnet-hased energy selection system is needed to gen-
erate Bragg peaks and spread-out Bragge peaks (SOBP).
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Abstract

The aim of this work was to study the feasibility of proton radiography (pRad)
as a patient-specific range compensator (RC) quality assurance (QA) tool and
to validate its clinical utility by performing QA on RCs having three kinds of
possible defects. In order to achieve pRad for a single EBT film, proton beam
currents were modulated with new weighting factors, maximizing the linearity
of optical-density-to-thickness ratio. Two RCs, examined to be accurately
manufactured as planned. were selected to estimate the feasibility of our pRad.
The optical densities of the EBT film on which the RC was irradiated with the
modulated proton beam were digitized to pixel values (pv) and then converted to
thickness using a thickness-pv calibration curve. The thickness information on
the pRad was compared with plan data that had been extracted from treatment
planning system. The mean thickness difference (TD) over the flat RC regions
was calculated as 0.39 mm, and the standard deviation as 0.22 mm, and the
proton scattering effect was analyzed by step phantom measurement. Even
proton scattering effected a TD of over | mm in the large gradient region,
the percentage of pixels over the acceptance criterion was only within 1.11%
and 3.49%, respectively, when a | mm distance to agreement tolerance limit
was applied. The QA results for both precisely and imprecisely manufactured
RCs demonstrated the high potential utility and clinical applicability of the
pRad-based RC QA tool.

(Some figures may appear in colour only in the online journal)
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