[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

oo /00000
Article / Book Information
oo@a) 000000000000 0D00D0OXoOooDoooooooooaoo
0
Title(English) Development of evaluation method of the dose distribution of a syringe-
needle type proton-induced X-ray source for prostate cancer
brachytherapy
oo@a) ooo
Author(English) Yuchao Hu
oo@a) O0:00@0),
oOooooo:0oo0ooa,
O000:00106480,
O0000:20170 90 200,
ooooo:0o0o0a,
Oo00:00 00,00 0,0000,0000,0000
Citation(English) Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 1064801,

Conferred date:2017/9/20,

Degree Type:Course doctor,

Examiner:,,,,
oooo@oD) oooo
Category(English) Doctoral Thesis
oo@o) oooo
Type(English) Summary

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

(PR R)

Doctoral Program

X EE

THESIS SUMMARY

. ErTRVE (%:Efj A x
;i;frtr-nent of JE%IFXI? ﬁj& ;T;Eiiql;@ee &qm\ﬂz - ifd ( I)%L )
FERA FRHEE (5 % -
Student’s Name W T Academic Supervisor(main) /q N % %L

REER &)

Academic Supervisor{sub)

BEE (¥ 800 FETREE)

Thesis Summary (approx.800 English Words )

This thesis is titled “Development of evaluation method of the dose distribution of a
syringe-needle type proton-induced X-ray source for prostate cancer brachytherapy’, and

consists of four chapters.

The first chapter, “Introduction” gave the necessary backgrounds of this research. The first part
described the current status of prostate cancer therapy, including the diagnostics (PSA and
Gleason score) and the treatments. The methods of treatment can be categorized into three
groups: hormonal therapy, surgical prostatectomy and radiotherapy. The radiotherapy consists of
two types of approaches depending on the position of the radiation source: external beam
irradiation and brachytherapy. Compared with the external beam irradiation, the brachytherapy
has an advantage that the damage to the normal tissues is low due to the internal irradiation.
However, it also has some risks such as the loss of the “seed” sources and the exposure of the
surgical staff and caregivers. On the other hand, although the temporary implantation method
with the technique of remote afterloading can avoid such risks, the usage of high-energy
gamma-ray sources restricts the application of this method to tumors with small sizes. Thus there
is an issue that the choice of implantation method is limited by the type of the radiation source
based on radioisotopes. To overcome this difficulty, we have proposed a new radiotherapeutic
method based on a compact proton accelerator. The concept of this method is to insert a syringe
needle attached to the accelerator into the tumor, instead of inserting radioactive “seed” sources.
The proton beam from the accelerator is transported inside the needle and impinges on a metal
target at the end of the needle to induce characteristic X-rays of the target atom. This X-ray can be
used to irradiate cancer cells. The energy of the X-ray is variable by changing the atomic species of
the metal target. In addition, the dose rate, i.e. the X-ray intensity, can be adjusted by the incident
proton beam current while keeping the energy constant. As a result, the customization of X-ray
energy and dose rate is possible to fit various types of tumor. As a similar device, there exists an
electron-accelerator-based interoperative irradiation system. However, being different from
electron-induced X-rays, the proton-induced X-ray (PIXE) has high monochromaticity, which is an
advantage of this syringe-needle type source for better defining the irradiation volume. On the
other hand, the main issue needed to be investigated is the uncertainty of the dose distribution

around the needle type source. Thus the purpose of this research is to develop appropriate




experimental and calcuational methods to quantitatively evaluate the dose distribution.

The second chapter, “Experimental and calculational methods” described all the methods used in
this work. Firstly, the basic experimental setups including the tandem electrostatic accelerator
and its beam-line components were explained. This explanation was followed by the description of
the principle of the calculational methods. In this research, two types of Monte Carlo simulation
toolkits were used: PHITS and Geant4. The properties of these numerical tools, especially the
treatment of PIXE were explained. In the third part of this chapter, four separate studies operated
in this research were explained in detail. The first was measurement of the intensity of the X-ray
emission by using a detector set at various positions against the syringe needle source. The
intensity data could represent the dose distribution at the measured points. The second
experiment was a direct observation of the X-ray emission using liquid scintillator and a high
sensitivity CCD camera. The third was a combined method, in which the experimentally
measured data of the proton beam emittance using “pepper-pot” method was inputted to a Geant4
simulation program to calculate the dose distribution around the syringe needle. The fourth one
was an improvement of the second and the third experiments focusing on the evaluation of the

absolute dose under the experimental condition.

In the third chapter, “Results and discussion”, the results of each work explained in the previous
chapter were exhibited and discussed. The first was the result of the measurement of X-rays at
multiple angles, including the X-ray energy spectrum and normalized X-ray angular distribution.
In the liquid scintillator imaging experiment, the images of scintillation light induced by the PIXE
source were shown. The results of the beam emittance measurement experiment consist of the
photograph of a Mylar film showing the “burn spots” and the emittance ellipse data calculated
from the spot sizes and positions. 3D views of X-ray distribution around the syringe needle
generated by the improved Geant4 program with the measured beam emittance data were
presented. The last is the results of the improved beam emittance measurement and liquid
scintillator imaging experiment, from which the absolute dose rate under the experimental

condition was obtained.

The last chapter, “Conclusions”, gave a summary of the investigations above. Some conclusions
such as the high monochromaticity of the X-ray and the effectiveness of the experimental and
calculational methods for evaluating the dose distribution and dose rate could be obtained. The
issue of the low dose rate under the current setup was discussed and the possible improvement

ways were proposed.
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