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COMBINED RADIATION THERAPY/PET 
APPARATUS 

TECHNICAL FIELD 

The present invention relates to a combined radiation 
therapy/PET apparatus Which can image the condition of an 
affected area and a treatment beam for monitoring in radiation 
therapy of irradiating the affected area With X-rays, gamma 
rays, or particle beams. 

BACKGROUND ART 

Positron emission tomography (PET) is attracting attention 
as an effective test method for earlier diagnosis of cancer, 
cerebrovascular disease, dementia, etc. In PET, a compound 
labeled With a trace amount of positron emitting nuclides is 
administered and annihilation radiation emitted from inside 
the body is detected to create an image of biological functions 
such as sugar metabolism and check for a disease and its 
extent. PET devices for practicing PET have been put into 
actual use. 

The principle of PET Will be described beloW. Positron 
emitted from a positron emitting nuclide by positron decay is 
annihilated With ambient electron to produce a pair of 511 
keV annihilation radiations, Which are measured by a pair of 
radiation detectors based on the principle of coincidence 
counting. The position of the nuclide can thus be located on a 
single line (coincidence line) that connects the pair of detec 
tors. An axis from the patient’s head to feet Will be de?ned as 
a body axis. The distribution of nuclides on a plane that 
perpendicularly crosses the body axis is determined by tWo 
dimensional image reconstruction from data on coincidence 
lines on the plane, measured in various directions. 

Early PET devices therefore have had a single-ring detec 
tor in Which detectors are closely arranged in a ring shape on 
a plane to be the ?eld-of-vieW so as to surround the ?eld-of 
vieW. With the advent of a multi-ring detector Which includes 
a lot of single-ring detectors closely arranged in the direction 
of the body axis, the tWo-dimensional ?eld-of-vieW has sub 
sequently been extended to three dimensions. Since l990’s, 
3D mode PET devices have been actively developed Which 
perform coincidence measurement even betWeen different 
detector rings With a signi?cant improvement in sensitivity. 

For cancer detected by the PET diagnosis or the like, treat 
ments have a critical role. Approaches other than surgical 
operations and medication include radiation therapy of irra 
diating the affected area With radiations such as X-rays and 
gamma rays. In particular, particle radiotherapy of irradiating 
only a cancerous area With a heavy particle beam or proton 
beam is attracting much attention as a method both With an 
excellent treatment effect and a sharply concentrated irradia 
tion characteristic With respect to the affected area. For irra 
diation, the direction and dose of the beam are precisely 
controlled according to a treatment plan Which is thoroughly 
calculated based on X-ray CT images or the like obtained 
separately. 
The patient positioning accuracy is the key to administer 

treatment in precise accordance With the treatment plan. The 
irradiation ?eld is often positioned based on an X-ray image. 
In general, X-ray images fail to provide a su?icient contrast 
betWeen tumor and normal tissue, and it is dif?cult to identify 
a tumor itself for positioning. In addition to such misalign 
ment of the irradiation ?eld at the time of patient setup, other 
problems have been pointed out such as a change in the tumor 
siZe from the time of creation of the treatment plan, and 
respiratory and other movements of the tumor position. 
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2 
Under the present circumstances, it is dif?cult to accurately 
identify Whether irradiation is performed according to the 
treatment plan. Even if the actual irradiation ?eld deviates 
from the treatment plan, it is not easy to detect. 

To solve the foregoing problems, attention is being given to 
methods of imaging the irradiation ?eld in real time using the 
PET techniques. In one study, ?udeoxyglucose (FDG) or 
other PET medicine for use in cancer diagnosis is adminis 
tered before treatment. Using a PET device installed in com 
bination With the treatment device, imaging is performed to 
directly observe the tumor position While positioning the 
irradiation ?eld. In another method, no PET medicine is 
administered. Instead, annihilation radiations occurring from 
a projectile fragmentation reaction, target fragmentation 
reaction, and/or photonuclear reaction in particle beam irra 
diation or X-ray irradiation are rendered into an image by 
using the principle of PET. Therapy monitoring is possible 
since the position of occurrence of the annihilation radiations 
has a strong correlation With the dose distribution of the 
irradiation beam (W. Enghardt et al., “Charged hadron 
tumour therapy monitoring by means of PET,” Nucl. Instrum. 
Methods A 525, pp. 284-288, 2004. S. Janek et al., “Devel 
opment of dose delivery veri?cation by PET imaging of pho 
tonuclear reactions folloWing high energy photon therapy,” 
Phys. Med. Biol., vol. 51 (2006) pp. 5769-5783). 

If a neW PET medicine that alloWs an immediate evaluation 
of the activity of tumor cells and normal cells is put to actual 
use in the future, it Will be possible to not only image the 
tumor position and the dose distribution but also monitor the 
effect of treatment on tumor cells and the impact on ambient 
normal cells in real time for more appropriate irradiation 
control. 

In an ordinary PET device, detectors are arranged in a 
ring-like con?guration. To install the detectors in combina 
tion With a treatment device, they need to be arranged so as not 
to block the treatment beam. Studies have so farbeen made on 
an opposed gamma camera type PET device in Which tWo ?at 
PET detectors are installed across the bed of the treatment 
device. Such a PET device has had an essential problem that 
the detector gap causes a lack of information necessary for 
image reconstruction, resulting in nonuniform resolution and 
loWer device sensitivity (P. Crespo et al., “On the detector 
arrangement for in-beam PET for hadron therapy monitor 
ing,” Phys. Med. Biol., vol. 51 (2006) pp. 2143-2163, and 
Satoshi Yamaguchi et al, “Development of molecular imag 
ing device for patient setupiA basic simulation on Open 
PET devicei,” Japanese Journal of Medical Physics, Vol. 28, 
Sup. 2 (2008) pp. 256-257). 
To improve the sensitivity of a PET device, as illustrated in 

FIG. 1(a), the detectors need to be closely arranged in a 
tunnel-like con?guration to form a multi-ring detector 10 
With an increased solid angle. The long tunnel-shaped patient 
port, hoWever, increases psychological stress on the patient 6 
under examination as Well as obstructs the patient’s treat 
ment. In vieW of this, as illustrated in FIG. 1(b), the applicant 
has proposed an open PET device in Which a plurality of 
multi-ring detectors (also referred to as detector rings) 11 and 
12 split in the direction of the body axis of the patient 6 are 
arranged apart from each other to provide a physically opened 
area of ?eld-of-vieW (also referred to as an open ?eld-of 
vieW). As shoWn in FIG. 2, images in the open area are 
reconstructed from the coincidence lines betWeen the remain 
ing multi-ring detectors 11 and 12. In the diagram, 8 repre 
sents a bed. 

As shoWn in FIGS. 1(b) and 2, the open PET device is 
designed to have tWo split detectors of identical Width (Taiga 
Yamaya, Taku InaniWa, Shinichi Minohara, Eiji Yoshida, 










